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ABSTRACT

The frequency " of - variations in nine ﬁlorbhtilogicai © Eeatures of the
cexvical colum in a sSouth African (S.A.} hlack and white sample of huﬁﬁn
skeletons waés _investigated. to determine whether thefe_ was a Fq;-aater. degree of
. mniphological variability in. the black as compared with the whit_e sample.
These findings were "coﬁpared with other population _gra_ups; Inl;ert:ribai, sex
-and side aif.ferencea. were examined. - ‘_I‘he DOélaihla -. aa.f.:ioio"gy of these
va.ria:tions wé's explored. " _ ' . -

The seven cervical and the first three thoracic vartebrée .of 3D0 S.,A.
black '{100_-S§tﬁo. 1_00. Cape Nguni and 100 Natal Nmmij: and 100 white ‘skeletons
from the Raymond A. Dart Collection were emmed.- The following non_-_mat:riéal.
variations wer.e recorded: numerical variation, occipitalizatmh of the atlas,
ceﬁiml rib, s_piné bifida occulta, configuration of the eervi¢al spinous
proceases, bipaftite foramen transversarium, bipartite guperior articular
fa.cet.s.'.of the “atias., posteriér- bridge of the atlas and os_sific;.;;::i..on of the
apical ligament of the dens of the axis. The Chi-square and Fiscﬁer's e:;:_'act
probability statistical tests were used to analyse tr_:Lbal, pop.ulata'.or“ and sex
: d.ifférances.- : | o . _ . .

No major intertribal differences were found among the N.Nguni, S_otho or
C.Ngunl tridal subgroups which “were than pooled to provide a aamﬁle g
repregentative of S,IA. blacks. ' .

A 'red.uc_tian to six cerviecal verﬁe.brae- was presept i.n oﬁly one column, a
.4, Black inale. Oveipltalization of the atla.'s was not present in sither the
black or white group'.. A ._cservical rib was present more often in blacks than
in whites. ISpina' bifida océulta was present in higﬁer frequencies in . che
atlas than in vertebrae of the cervico-thoracic region in both black and white
samples. Non-bhifid ce'rvical. =pinous processes were characteristic .of black
'spiﬁea. ' Bipartite foramina transversaria ) sccurred ‘significantly wmore
frequently in S$.A. whites thaa in blacks; the sixth cervical vertabra had the
higheat frequency of this feature. In the white sample there was a; Qnmew}mt
higher frequenvy of bipértit_:e superior artic.ular 'face_ts_ of the atlaa énd .

ossification of the apical ligament when .cctnpared with the black sample. A

ii



complate poatera.or hridge of the atlas was present more frequmtly in S.A.
_blacks than whites. _ - _ )

T A 1ow degree of sexusl dmorphism for all the var:l.at:.ons in the ca:mrical
spine was foun.d save for that of cervical rib where the i:raquency for blacl:

: males was s:.gnif:.cantly higher “than that for females. It was not.ewnrthy tlint'

there was a female preponde’fanue for spina. bifida oceulea in hoi:h blauk and o

white groups.
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CBPTER 1

 INTRODUCTION

“ Tha'obsétvatian_of moxrphological variability om the bhaman skeleton is as.
old as the study of human eanatomy itself. - anmétrical traits wexze of
occasional 1nte¥est to early ;hysicai anthropolqgisbs, wko treafed thzm-in a
purely dgscriptibe.:mannar. . Tmportant eafly' Btudieé- employing _vaxigtiqng':tﬁ
: _descrih_e. populations include ILe ‘Double's T "Traltes de Variation de la’ Colonne
vert:ébj._-al&' (1912). This study examined almost every possible variation of
 _the vertebral columm. ‘Skeletal studies based upon - the anaiysis ﬁf ‘hon-

metrical traits of the huﬁan- sgkeleton bave since '5aen rised extensivuly in.
”stpdies of archaealogica; populations as markers of poﬁulation diffarénceé'
. {Berry 1974, 'Einnegaﬁ 1978y, - &ll series of .skfiefohs- display some
variability irrespectiva of the hbmogeneity' of the péﬁulafions_ which they

represent,  Variabiliry is characteristic of all forms of'lifq and thus the

study of the variability of man is the stﬁdy of human races. .

In the human there are seven cervical vertebrae cut of a tbt#l af twenty
four - presacral vertebrae. The cervical wvertebrae are characterised by a
foraman_in each transverse p&ocess. Cervical ve:ﬁebrae'thres,'fourr five and
six are typleal, having a small but relatively_brﬁaa Body{ a large and roucghly
triangulayr wvertebrai Loramen and & siaort anr."l. .usuall_.y ‘i fid spinoué provess.
The ablas is .unique in lacking a .body;' its centrum is fused with that of the
axils _to' form the dens. Moreover, it has no true spine and coneists of two
laterr i masses conmected by a short amterior and - a longer ocurved . posterior
arch. | The 'superior _sdrface of  the posterior ‘areh of the atlas is
characterised by & groove for the vertebral artery and first cervical épinal
nerve. . The. axis is charéctariéed, by the wvertically projecting dens, which
articulates with tﬁe back of the anterior arch of the atlas. The dens is
considered dévulopmentally to have been the centrum of the atlas. The seventh
cervical vertebra is chafactexizad by a lung.élub—shaped'spinﬁus prﬁcessgéni
is called the vertebra prominens. _ZTb ‘the cervical spinous .pracagses are
attached the liﬁamentum nuchae _and AUMSTaUsS 6eap- extensars  of. the neck,
inéluding _semispinaiia | eervicls and thoracis, . multifidua_ and the .

interspinales,



_ Redué:;tidn in the mumber of the cervlical vertebrae to six is a rai:e‘
ocourrence in mels and this reﬁgion. is ﬁmnericallf ‘one of the 'mdsﬁ constant
in the verteb:_:el_ colutm_ (Alliaraok. 1955) . .CQmﬁerative 'si_:.v_z.diee of the
 vartebrsl columsy on different ﬁopuletion groups have sugéested' that Afz_:icen.
material  yielded more -m.orphologic variability in this .rega::a ‘than in other
_ race groups (Allbrook, 1955) . Shore {1-933} carried out studies on . the
vextebral ccalmm and on the shape of the cervicel sp-.naus processes in black
and white 8.1, -popule‘t:}.nn -groups {Shore, - 1931}, He found a s:r.gnzficantly
higﬁer incidence of j'._-:variations in the 'verte'ki_:fal columi as well as of non-
bifidity in the b]_;_;;}c!: S.h.. Ieemple, .than in the white s'emple. : Shoi:e (19.30-_} g
corcluded that th_f,_i .I?erta.bral column of 'Ehe SE;A..' Negro is ‘strikinély u.nstable_
with an: indidem‘}e of each abno::melity' higiier than is regorded 1in other
.:r:ecc':'rds." The - }_gresent study investi ga.tes shore s reaults in larger samples
of 5.4, blacks an& whites. '

Another variation sought for in the prer*mt study was the frequency of
sﬁima 'bif:l.c‘_ia “ocoulta. Greal:-_ interest has heen sghown in the geographica’.;.
distribution and ravial incidences of spine bif.ida. A report by the Wo:_'ld.
Health .Organisation Seientific Group (197D},  summarising the evidence
" regarding the frequency of spina' bifida, concludes that "the:r;'e is littla daukst
that there are real va:r.:.atlons in the frequencies of splna bifida in d:.fferent:
comnnmities".'_ Most of the pubhlished mat:ar:.al dealing  with the incidence of
spina bifida is almost exclus:.vely. concerned with the clinical conditien of
spina bifida aperta in the lumbo-sacral regior'x. of the vertebrai colum,. 'I‘here
iz ligtle iﬁformatiqn on the  relatively benign condition of spina bifida
oeculta in the cervicai and upper thoracic regions. The present study 'thus.
examines the -inci_dence of spina bifida oﬁculta in these two vertebrel reg’ibﬁs.
.'I'he oceipito-cervical region was additionally examined for the raze cenditj.on'
of oceipitalization of the atlas: Vsxiations of the superior articular facets
of the atlay were also examined, In the cervico_—thoraci-c region, the
incidenc.e. of cervieal rib was investigaﬁed. ~ Its presence may have clinical
consequences. | ' _ '

The use of non-metrical traits of the ekeleton to Aistinguish between -
 population groups is employed by many physical anthropologists. Despite .many .

studies, anthropologists still = dispute whether metrical or mnon-metrical :



studies  are the moxe useful moa_ela for research (Corruceini, 1974} . For
exaﬁple, anthropolagists disagree over the relétiva value of metrical vars'us:
‘non-metrical variables for. the caleulation  of biological' &istance- berﬁegn
popuiations {Gsberty, 1873; Corruccini, 1974). This st:uc'ly' uges only non-
metrical varisbles. ' . | _ B - ' "
' Grgneberg (1852), conaugted'.genetic experiments by. érnssing puré_ lines
of mi#e in an attémét to determine the mode of inheritance of different
ékaleﬁal variations. The study found a great deal of skeletal Variﬁtian' 'in.
the diffareht nouse s&dcks which had bean inbrad-for a number of generations.
The reéults showad ﬁhat ﬁo_'simple_ genetic.-ihtsrpretation was possibie.
Suhﬂeqilant.- to this, Searle {1954) investigared the 'non—geﬁetic factors which
atfect trait appearénce.' He._studied tw_ézlve vé.r;lations_ in one strain ﬁf miée_.
' aﬁd nine in another and examined the contributions to vﬁriation'_erm sex,
litter size, parity, maternal age and geatation length. - All of these factors
were found to have some effact, particularly asymmetry, sex, nmiexnal age and
iitte: gize. - However, intangible factors aﬁabunted for over eighty percent
of the total variation inm three-quazters of the variants. Beiry and Hearle
{19631 proposed a'_credibla explaﬁation._of how ganétic and environmental
3factors.ihtexact.using tha concept of “gene:ic asgimilation". This means that
a trait which  is at - first produced by an environmenﬁal stimulus will
eventually come under genetic control. ‘Those workexs in favour of non-
metrical analysis have stressed that non-metrical tﬁaits are not influenced |
by side, sex or age of the.inﬂividﬁal, and are not correlated with each ather..
Searle (1954} has shown t:hét for mice, taere is = tendency for right side
asymmetry »of Lralts. HoMer, Berry a_\nd Berry {1967) _'bal:_i.eve_ that in . most
cases the degree of 'significant differences in side incldence is  low and,
therefore, the 51&55 could be justifiably paoled., The present study will,
however, examine side Aifferences as well aé poaled samples.
pifferent workers have devalof;ed var_iaué methods for dealing with Bex
variation in the frequencies of human non-metrical traits, Gaherhy (1973}
poolea samﬁiea where traits showed no sex asseciation. . Corruecini {1974)
proposed that the'only prbper_way was to keep sexes sepafate. The present
study initially exaﬁines males and females separately, Thereafter, if no:

significant sex differences are present, the results arée pooled,



':B;asjear::'ij;ars who have studied the §.A. tribal 'grcups {8hapixo, 1951;
de Villiers, 1957; -de Beer Kaufwan, 1975), found little o no intertr:.bal.
.differenc_:_e's and. poqied the réSults from the various -subgroups ta  torm a
rapi-eséhh'at_ive S_.A?f’ black sample., - This study will ..nitie.lly examine t-ribal"
fr’-eqi.xenci_.-eé for. _:_éaz_:h - of "he non—metncal  traits  examined. | The tribal
subg'rbups. wiil tliereafter ‘ba  péoled “to form & sample represantativg. of B.A.
hlack_s,_ | . : . .- | '. ) . -

. fhe ubj-ééi:iVea- of thie aisserhgtion; " which is- & 'deécr:_'.pt'ive. aud
statistical study of fine nor_x—'metricaj. traits .of ‘the cervieal coluwwn, is to
dstermine: ; ' . | | ' |
1. .Whether there is any morphological ' variabila.ty amongy- the different tribal

-grcups of the b_lack_ S.A. sample, -rep_rasen_ted by the C,Nguni, N.Nguni and

‘sotho. - | | |
2._' Whather there is a greater degrae of morphological var:.ab:.lity in the

%.A. black mamy le as compared to the 8.4A. white sample.

3. Whether thaxe are significant sex differences for indiv:,dual traits.
.4, Whether thers are any d:.ffgrenues ‘between left and right sides for'

individual traits. | - | o
| §.. The pogsible acticlogy of these variations.

. In the Jlayout of this di‘ssgrtation each trait will be ailo_cat;e_d' a
3aparai:_a_ cliapter" in. which_' the results, discv.ésion and conclusion foxr that

particular trait will be presented. .



CHAPTER 2
~ Tha taterial- used in ’(:his.-_ zstudy' w.:i.l'l'_._ ba con_sidéfed undser the fo]_.iMng.
| 'haédings _!.'.— C ' '
A. The Source Ppbu'lations.. ' _ .
| " B. | The Céivicai Column: Ei:hnic_, Sexuai aﬁd Age Breakdown ..'c»f che Beries,
"A. 'The séurc_e Populations | _ _

The material for_ this study was ._drawﬁ f.i:om two  SB.A. popu_latibn .groups..,__
.namaly,_ §.A. black and S.A. white. Over .the years, vai:_-ious ﬁazﬁrs ‘have _lﬁeén
used in soientific literature to refer to these groups. The black group has
bean aeaignat'.ed. variously as ‘Native;, _”‘_Ba'ntu' . “Bfrican’, “Scuth Af_ri&:an
Negroid' ané_ ‘South African | Negre®' and 't'he_' white gfoup as .‘_Eurgpe'an‘ .
‘Cauéasia-n" or ‘Caﬁcasoid‘ .  'The Council of the Anatorﬁical Society of Southern
Africa, in May 1992 suggestec‘i that the Ffollowing terms be accepte&: 5.A,
black and white. . In keeping with this decision, the terms S.A. black and

white will be uged in this study to refer to the two population groups,

Al The South African (5.A.} Elac?f Sample

S.A. ialack_s are grouped inte six _majox .t:ribes: Natal ﬁguni. ‘Cope Nguni,
Sathe, Tsonga, Venda and I.uemba.‘ According to van Wé.rme&lo {1974} the Natal a.nd
Cape Nguni constitute approximately 66% of the entire black population, thé
Sotho 28,18 and the remainder only 5,9%. In this study, the S.A. black
material wa.s. drawn from the N.Nguni, C.Nguni and Sotho- ‘tribal groups, the
thyee most numaroua. af the six major tribal groups. The N.Nguni are
represaﬁted by' a sample ﬁrc;m the Zuluw tri‘be, " the C..ﬁguﬁi' by a sémplé from the
Xhosa tribe and the Sotho fgrbup has repressntative samples f:mfn gouth, Western

and North Sotho tribal sub-groups.

A.2 The South African (S.A.) White Sample _

The white__populat'ion'_ of South Africa are not ind.igenuu.s to the country.
The first white'people to settle in South Africa waxe the butch. They . were
followed by the French, BEnglish and other E.ropean .imigrants.. The @hite

sample in this study was not divided into the dlfferent nationalities, because



_' such reaords were not ' ava'ilable. The indiv:.ﬂuals wers thus grouped together'

as a sample repreaentative of 8,4, whites,

- B. The Cervical Columm : Ei:hm.c,. Sml and .P.ga mlysis of the Series .
_ B. 1 {I’he ‘Bouth African Black Sample .
Th ' Raymond A, Dart Collect:.nn o of  Juman skeletons huused in the
.'Department: of Anatom:r.cal Sc::l.ences at the Un:l.vers:l,ty of the Witwatersrand was
used as the aaurae of the sample The - collection was start:ed :Ln 1924 and the
bulk of the gkeletons were collected by the 1970's.  Most of the skeletons :,n
this collection have been . derived from hosp:.tal sources, and hetce they aré_
of kncmn ethnic group, tribal subgroup, sax and stated age. .':

The _material nused in _this study c.onéi_shs of 300 cervigal columns fr.om the

three major txibal divisisns of the s.'_a. black pepulation group.

a. Chiefdom: The cervical columms - {Takla 1}. are’ dram_::' from i) the Natal
Nguni represented by 100 individuals of the Zulu tribe, ii} the Cape Nguni
rapresentea by 100 individﬁals of the Xhosa. l:ri.be and i1ii} the Sotheo
rapresemte:’i by 100 inaividuala of the Sotho ‘tribe. '

Table 1: = The Composition of the South African Black Cexvical Columns

CHIEFDOM. OR TRIBAL : :

Grove | OHIE DrvISTON TRIBE | WAL | PRMAIE | TOTAL
Natal | Souni ' Zulu 50 | 50 100
Cape Nouni Xhosa 50 50 - [ 100
1 s.a. Brack ' : .
‘Botho - jsetmo | s0 | 50 100

TOTAL S.A. BLACK SAMPLE 1 aso § aso | soe

.'Infomation on the chigfdom of the =subjects repreéent‘.ed in  the _-p_resént
study -_:i.s.,- as gtated, obtained from hospital records. The individuals were _
drawn largely from the local Witwatersrandﬂ hla_ck pupﬁlatinn. .. : This popﬁlatiqn
i.s undergolng detribalisation, but by the '19'70"5 thie pra%-.esa. had not affected
the majority of the adult population to the ext_e.ﬁt “that they themselves were

products of intertribal marriagea (a2 Villiers,. 195’?}_.' ﬁ'or this reason the



. i_nfo_r.ma.tioﬁ on the chiefdoms ﬁf ‘origin of the skeletons in the Ra&ﬁond A. Dart
Coilection may .be Iadcepted as probabif\r reliable, exdept:- pei:haps f.or. so‘rﬁa of
- the most i-eae_ntly acqil'iied Skeletbps._ This problem was overcome by uéiﬁg'
s!';.e_-,.l.etohs that were accea'sion.ed prior to 1975. Individuals wﬁnse chiefdom was
‘not specified wera excludad.from this studf. o | i ' .

. Seors '_‘far_ecisf;_é “infermation as to the sex . of the indiv:.duals is available
- from Hhespital records. Of the 300 cervical columns examined, 153 were male

and 150 female.

. Age: The age of the individual stated on the death cert:.ficate iz not
'alﬁaya éccu;:ahe, siﬁce not ali 5.4, blackg_ were certain af t:he:u: date of
bi:i:‘th.' Purther, | if the patient was unable to give this infoxm_at_:.on on
admission Lo hnspitél, age was often estimated by the ht:s;:itals gtaff. In this
study. the range aof stated age Ealls betwsen 12 and 86 years (Table 2_]; Table
2 'ghows that the majority of individuals (males and females) whi_cgh' coinprise :
79% of the total, fall into the third (48), fourth (62}, £ifth (66) and sixth
 (61) decades, The remeining 21% of the total fall outside theée 1im'it's. | Tha
ma.j.o:l.;ity of . the males, howeva:r:, fall within the f£ifth decade and the majority

of the females Withln the sixth decade,

B.2 The South African White S’a.mpla _
The sample of S.A. white cervmal colmms cunsists of 100 skeletons, 50

male ana 50 femals, and was drawn frem the Ray'uoné{ A. Dart Collection of humarn

skeletons. The natlonalities ‘of the cadavers from which these skaletons were
derived were not knowns they are listed as S.A. Caucasoid in- the record

books.,

a. Ag‘e* The age range for the 5.A, ﬁhite '.sample of cervica;l colu_mns__f_a.lls
between 15 and 95 ysars (Table 3). BAnalysis of the table shows that the
maj.ority ‘of the white i.ndividuals. [nﬁles and females), which comprisa 73% of
the total, £all into the sixth c‘lecadé .{351, seventh dE\-aﬂE (17} and the e:.ghth
decade {21). This differs from the black sample wha:e tha majority of the



mable 2: ©  Distribution of Age and 8ex in a Serdes of 300 Black South .
' African Cervieal Columns s : : : '

acew | wmms | emmmes | waie s pEwaE
10 - 19 5 | - 33 | 2 [ 13 | a3
20 - 28 15 ] a0 | w73 | 26 8.7
30 - 39 Y ia.e. 21 | 140 w8 | 1.0
a0 -4 | s | a0 _' 3. | 2007 |0 ez | 2007
50 - 59 s 25.4 | 28 | 17 | e | 220
60 - 69 20 | 13.3 | wa 61 20.3
70 -79 | 1z g.0o | 1z .t 7.3 | 23 T
8¢ - 89 2 1.3 s ¢ 33 7} a2
| w50 | z00 ) aso | o0 | 300} 10

n = nuinber of skeletioné

T&ble 3 bistribution of Age and Se¥ In & Series of . 106 White South
- African Cervical Columna ' :
AGE IN  wamms . pEaarms | MALE + FEMBLE.
YERRS n_ | % . ..n ' % _ | n % |
10 - 19 1 2.0 0 0 1 1.0
20 - 28 0 0 2 4.0 | 2 2.0
30 - 39 1 2.0 o 0 1 1.0
40 - 49 5 10.0 3 §.0 8 8.0
50 - 59 8 16.0 - 4 8.0 12 12.0
60 - 59 13 | 28.0 ca2 ] 24,0 25 25.0
70 - 79 14 28.0 13 26,0 - 27 27,0
80 - 89 7 14.6 ] 14 - 28,0 2] 21.0
50 - 99 2| a0 2 4.0 3 3.0
50 | 100 .80 100 ] 100 | 100

n = number of skalatona



 individuals (wale and female) fall batween the th:Lt-d and sixth decades. - When

atye distr:.butmn is analysad for males &nd £emales senarataly, the _majé‘rity_

(

of the wh:.te males " fall w:.thin the sefventh decada a.nf thg majority of the

' wh:r.te females fall within t:ha alghth decade



CHAPTER 3 o

The methods and techniques. vsed in this study of the cervical columi of -
" 8.A. black and 'Wh:l.te groups are cansidered undar the follcwing headings: |
‘A, Non-metrical methods

B. Sta!:ist:.cal methods '

A Non-Metrical Methods

The cerv:.cal vertebrae and the f:.rst: three thoracic vertebrae were first
articulated with one another by moulding plast:tc:.na onte the supenor and
'mferio:r: artlcu“ -= facets of aach of the. vertebrae, and then articulating them
in =eguence wj_.th_ one another. This was done to exelude from the survey: a_ﬁy .
cer'vi.cai. golunns with miésing Vafteﬁi-ae. ' The articulaticns and .gahe?al_
conformation of the vert.ebrae preceding and succaeding each vertebrg_ e:iamined
were strictly scrutinized. The following non-metrical observations were made

(Appendix 1):

1. Ni.lmerinal Variatiun
Addition or- reductmn ta the normal count of seven cervical vertabra.e was
recorded, - Oc.cipital:l._zat:.on of the atlas was not counted as a reduqtion‘. {sea

“2' below).

2. Occipitaliéabicm of the Atlas _ _ _

This is present when there is fusion of the atlas (c1) wifh the ccciput
of the skull. - Tha fusion is between the occcipital c¢ondyles of the skull and
the superiaﬁ: articﬁlar facets uf ths atlas, f.he transverse pr"ot;eésaé; 'antsr:'.or.
arch and/or posteriecr arck = Assimilation may be uniipterél or bhilateral.
Since the assimilated wvertebra has the Itypical féaturas-‘? of a first ceﬁical '.

vertebra in all other respects, it was thus counted as a cervical vertebra.

3. Cexvical Rib _
Thae transverse processes of the cervical vertebras ({which -contain the
foramen transversatrium} consist ‘of anterior and pnstaric.-r roots cammected by

.a costotransverse bar. All thasé parts save  for the medial. p_qrﬁion of the
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posterior root, constitute the homologue of a rib (Williams et al., 1989).
Occasionally this costal element may develop inte a cervical rib in the
seventh cervical #aztébra. When present, such a rib may end freely, or it may
be bound to the first thor':.c xib, or be anchored to the first costal
cartilage (by connective tissue, cartilage or bone}. Cccasicnally the
cervical rib may possess a castal cartilage that reaches the manubrium, An
example of a cervical rib is sesn in Figure 1 which shows the seventh cervical
vertebra of a black S.A. male with bilateral cervical ribs. In skeletal
studies, this rudimentaxy rib, which is small, may be lest during preparation
of the skeleton and its presence may only be detected by the finding of an
articular facet on the body of the seventh cervical vertebra. In this study
the presente of a cervical rib wag recorded on the evidence of such a facet.

Its unilateral or bilateral occurrence was noted.

Fig. 1 The seventh cervical wvertebra of a black S5.A. male presenting
with a bilateral cerwvical rib.
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4.  Spins Bitida Ouculta of the Cervical and Upper Thoracie Re;qiaﬁ

SPina bifida ocoulta is present: when the two halves of .the vexteb:;al'
- lamina meet in the milila.ne\but fail to . fuse, It is thus a mit_il:_l.ne_ _claft or' _
defect of the cervical ‘spinous . processes (Fig. 3), or in _.t'he case of t':lié..
atlas, in the posterior : '_;arch {Fig. 2}. It is ‘a. bénig'n .ééndif.ion' anﬂ haz no
- apparent clinical .effect'.on .the indiviﬁual 'I‘he prasence or ahsaw*e -of Spa.na
_ blfz.da scculta was recordad in all the' cervicatl and the upper t:hrae thcrac:l.e'
vertebrae, Smce many. workers have reporte& l im the cexrvico- thora.c:l.c junction

enly, +he results for ‘that region. wa.ll be recnrded sez:;:aau:e!d:ta.ly~ I:nit:l.ally. the

results for all vertebrae examlned will be presented

Fig. 2 Spina bi_fi&a'dcculta of tﬁe atlag in a white 5.3. male.

T



Fig, 3

Spina bifida oceculta of the seventh cervical
thoracic vertebrae (bottom) in a black S.A. male.
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5. 'C'onfigﬁration of Cervical Spineus Pracéssés

The f:l.rst cervical veartebra has no true ‘spinous process The postériar-

tubercle teprasents a spinaus process.’ “The" ;:a_nflguration of the spinous
-procasses of c2 to 7 were examzned ey were classified -according to ‘the

schema suggested by Shore t1§31}-. ‘I‘his: ‘classification is 'illustrat’éd. in.

Figures 4 a.ud 5. The processes were fivst grouped according to whether a
b:.fid pracess was pm-asant or aibsant. shnra B r.:ritarion, that any spihdﬁs' _'

 process having a dorraal greove deeper thai lmm is “bif::.d_." was adopted. . Tae -

two main groups wers further subd:l.vided as followa

a). - Bifid N _
i B:.furcai:.e - with aj,vargert a'lae

~ii., . Cleft - with non-divergent or parallel alae.

b)  Non-Bifid
cod, a Acinate - pointed and ta.périﬁg
1i. - Obtuse - blunt ended and squat
111, Pediculate - stud-1ike

v, Clavate - long and club-like.

14 -
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Fig, 4

Bifid . Cervical Spinous Processes

Four tracings of cervical columns in norma Vertii;alis- are shown.
Column No. 115 on the left is Europsan, of Nordic type, No. A 78

is alsa PBuropean, but Mediterranean, while No. 152 repreéents ‘a

 8.A. Neoro specimen.  These three tracings illustrate bifurcate

spinous processes. The column on the right, No .. 340, _illustratas

the cleft type in its fourth"a.nd‘ _fifth members. A cen'timet:re -

scale ls shown on the 5 ft of the tracings (from Shore, 1931},

15
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Fig, &

Non-Bifid Cer\fical ‘nor + Processes

The four types L ncn-bifid cervical . spinous processes are

illustrated. Ver\:ebr_ae'III,.' IV and V of vertebral column No. 179

show the obtuse type. The pediczulate type is shown ‘in vertebrae

IIT and VI of specimen No. 224. The columns (Nos. 263 and MMK

144} illustrate the acinate type of spinous procesz. Tha clavate

tyvpe is shown in each sevenh vertebra of all the columng

i'llustrvt:ad. IbMK 144 is a Bushman (San) and the cthers ave 8.2,
Negroid (from Sheye, 1931). ' ' '
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‘6. Bipartite Forasw Transversaxium
The *ransverse processes '.nf Lall eervical .vert:ebr_a_.e c;._oﬁt_a:].h the forétmén.'
: .gtansversarium,.' _whidh is characteristic of the .cewicél eolumn.  The - foramer: - ..
._tran_smits the wvertebral artery {(in all but C.'?} , its. accompany:'iﬁq venous plexis
and a méthatié .plexu._s. The foramen trénsvarsaiium' s usﬁally single,
except for that in the aixth cexvical vertebra, where it is commonly bipartite
(Williams et al., 1989). The, vertebrae - in which bipartite foramina
transw:sar*a {Fig. - 6} occurred ' were vecorded, as well as whether the .-

bilpawtite 'foramen was bilateral or unilateral.

Fig. 6 A bilateral bipartite foramen transversarit.m pa:esent on the sixth
. cervical vertebra of a 8.3, black male.
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7. . Bipartite Superior Arvticular Faret of the Atlas

il

5t

This facet is normal'ly lnng. and oval or kidney-shapéd. A varistion may

be present ‘in the form of twe distinct facets, separated by a groove or ridge

of bene (Pig. 71, ~The bilateral ox unilateral occurrenca of this variation

was recoxded.

Fig. 7 - The presence of a unila::eral 1aft: b:_partita superior
facet of the atlas in a white 8.4, male.

is8

articular



B. Camplef:.a Posterior B.r:ldge of the Al:.las e

In this skeletal - trait, the groova for the vertebral artaxy which lies
o the uppu surface of t:he, posterioxr axch of tha atlas behina the 1aLeral
mass, ie cc'm_rerted inte a foramen by a spicule of bone _{F:_Lg. 8). ‘l'hj.s sp:.cule;'
arc.h'es. ‘backwarde to :fdm a brid_ge. from the upper surfacﬁ; of the 1at_eral .méss_:
. onto- the 'pcstérior' ai:dh. It was not. recorded as prese'nt”unlass a complete
brid'ge Was ’"r:und. The 'biiatexal’ or wnilateral ccaurrence of 'It'his' trait v..\rafé

also rarcrdad

Fig.. 8 Cmnpletc bilateral posterior br:.dge of the atlas in a hlack 5. }\.
: male, _ _
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B, Ossification of the Apical Ligament of the Dems of the Axis
This .skeletal tralt iz an qssificaéian of ”thé_ é.pical ligament (Fig. 9)

which xnuns ﬁpima.fds' from the tip of the dens of the axis "-‘;:o .I_t:h'e éil-__iirus_'of' the

qcc;ipita_l_ bone (Anderson, 1968). The presanée- or .abse'néa of this Variafipn_

was recorded. .

Fig. & - 'Dssification of the apical l:.gament of the dana of the axis in a
black 8.A. male _ .
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B. Statistical Methods _

Two statz.stical tests were used to test the sigmfmance of intergroup
and sex’ differences of the non-metrzcal featuras studied These teets were
recommended by the Bioata;tist:l.cs unit of the South A:Eric::m Med:l.ca.l Research
cOuncll of the University of the Witwatersrand. '

i) Chi-—Square Test

‘The value of ch:.-square was cal. d&ted accerd:.ng to the fo:mlax

?.:Eto-m*
X..-- -

The chi-gguare test was orly used when 20>N<40 and the expected value for
_ali-calls_was gregter thah or egial to 5. '
When N=40 and the expéct".e;l value greater than or egual tu 5 foﬁ all the

cells, then the continuity adjusted chi-square test was used,

il) Figher's Exact Erobabllity El'iast
.'The PFilsher's exact prubah:.la.ty test was _.caiculate_d: ueing contingency
tables, | _ _ | .I
The __Fieher‘_e exact probability test was only used when,
a) 1#_520 | |
b) N»20 and the expected value was less than 5 for ome or more cell,
The 5% level of significance: .(P<0.05} was accepted as the level of

statietica_l\eignificence of a tralt in thie study.
The following statistical comparisons were carried out:

Tribal co:qpar.isans_ _ _
Sotho ﬁrsue C.Nguni versus N.Nguni (males and females combipea} .
- Sotho males versus C.Nguni males versus N.Nguni males.
Sotho females versus C.Nguni .Eemales varsus N.Ngunl females.
Sotho males versus Sotho females. |

C.Nguni males versus C.Nguni Females.

th U1 o W B S

. N.Nguani males versus N.Nguni females.
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a.
10.
11.

1z.
13.

14. .

i5.

16.
17.

18.

19, o
20.

Whole sample comparisons
Whita versus Black {males a.nd females t:ogs-.ther}

White males versus Black males. _

White fmales vw:sus Black females.

White males versus White females.

-Black males versus Black females.

White - {I'ribal camparisans

" White versus Sotha {males and females aombmed}

. White. versus C.,Ngun:u {malaa and famales conbined) .

White versus N Nguni {malas and females combined} .

White ma.les versus Sotho males.

White m_alas' versus c.Nngi maleas.

White males versus N.Nouni males. _
White .female_s versus Sotho females.
White females versus C.Nguni females.

White females ve.réus B.Rgquni females.
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. CHAPTER 4 | _ _
NUMERICAT, VARIATION OF THE CERVICAL COLUMN
A. Number of Cexvical Vertebrae in 8.A. Black and White Samples (Table 4)
~ The _immber_ of cervical vert.ebrae for each skeleton was sxamined in the
‘Sotho, the C.Nguni and the N.Nguni subgroups of the 5.A. black series, the
combined S.A._'_'black sample .a.nd- the S.A. white sample (Table 4]. The modal
_nuaﬁber ‘of seven cervical .\.rertebraa was prasent in all samples, save fof_
C.Nguni mal;za where the seventh cervical vertebra was abgent in. oné individual
(2.0%). The frequency for .a reduction to six cervids.l' vertebrae - in tha'_
comﬁined male plus female C.Nguni sample was thus 1.0% and in ﬁhe. combined
" black male sample 0.6%, In the tu;.mtai ~male plus female black’ aamplé it was
0.3%. There. was no statistically significant difference for a reduction in
cexviecal wvertebrae aﬁoﬁg the male tribal groups or betwsen black and white
mzles, i'l.or_ 'in_ these grouﬁa- for total males plus femah#_. In none of _the.

. celumns studied was there an incresse in the number of cervical vertebrae,

Table 4: Humber of Cervical Vertebrae in the S.A. Black and White Samples

! REDUCTION TO SIX CERVICAL VERTEBRAR _

__ TomAL | Male _ Femala | Male + Female

. Male | Pemale n & n R oo | 0%
Sotho s0 | so 0 - 0 - 0 | -

ledguni | s0 | s 1 2.0 [0 - 2.0 { 1.0 |

NNgquni ! 50 ) so 0 - 0 - o -
S.A, Black | 180 | 150 1 0.5 0 - 1 0.3
§.A. White 50 | s0 0 - 0 - . Q -

n = mumber of skelatoné

In kthe C.Nguni male skeleton in which. the gevanth ¢ervical  vertebra was
absent, the following faeatures were c:hsérVed. The ‘spinous process of CE was
long and club-»like. & feature chafact_:eristic of C7. . The " trausverse processes

.were large and - presented with bipartite' foramina transversavia. Bipartite
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forami_na are commonly present on | C6. The sixth cervical vertebra was thus
.considerad to '. be transitional since ik .preseﬁta'd fsatures.. cﬁar&ctéristic of
- both ¢§ and Ry S ’i_‘here-were 12.'thbrac.iq-vert':ebraa in the colmmi_.. - The firsf
.thoracic var‘«:eb.?:a'- sh_owad __the normal econfiguration of a co’mple_’t:e cireular
superior articular facéts for articulation with the first rihé ..and infer.ibr

demifacaté for the second ribks.

B.  Number of Cervical Vertebrae in Various whtion :;inugs

Faw erkéra "have investigated the mumber of vertebrae in the cervical
region only. Most have :.:e;c-ﬁ;ded numbers £¢r the entire presacral colum.. It
is posgible, however, to extrapolate figures for cexvical numbers. from thres
souré_es ava.i'lablé.. _Allb’rook-.{lSSS)' found a single skelston with a raductiﬁn
to six cervical 'Vertebrae. in 206 East African vertebral =olumns, a fréquendy
of 0.49%. 'The sex of this individual was not recozded. Stewart (1932) found
a single female with cervical reduction in 217 Eskimo vertebral columns, a
' frequenéy of 0.46%. Bornst_:ein-and Peterson {1968) found Ebur gkeletons with
- a reduction to -s:ix cervical wvertebras out of a total of 1 239 vertebral
columns of Ameriaari .Neg_roes.. Caucagoids and ﬁc_rigoloiéé. a frecuency of 0.32%,
Thase hhrea fraquencies are similar to that of tha present stndy for S.A.-
blacks {0.3%). Kone of these authors rejorted an increase in the numbar of.
ce:rvical vert:ebrae _

A reduction to six cervical Vertebraa is thus seen to be rare in all the
popﬁlation studies available to me and varies from 0.3% to 0.49%. ~ The
i:elatively high frequency of giw cér-vical vertebrae"in the C.Nguni. male sample
{2.0%) is not significant and is most likely owing to the smai'l sample size

{n = 50%1.

C. Sex Differences _

There were ne statistically significant differences in the number of
carvical vertebrae between male and female skeletuns for any of the groups of
this study (Table 41.. This tesult supports the contention of Willis {1923)
that numerical variations ave independent of sex. His study however, may nok
be reliable because of the small number of female skeletons in his se:t;'ies.

Furthermore, the study was carried out on the thoraco-lumbar region and iz not
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'utric'.:lf comparable t§ the pfesent_:_ study. Bornstein ana ?eﬁerscm (19866)
Ehoﬁad however, tha.:ﬁ males tend to have_ é higher frequenc:y of 25 presacral
vei‘tebrae' and fér_nalés a higher frequency of 23 presacral vertebrae, a finding
confirmed by de Be;e:r:_Kaufma_n. {1974} foﬁ: S.A. blacks. Since the preseht:- stua} :
is on c..ertri.c_al irarté'brae only énd the rare findiﬁg of-,a .redﬁction in _cervicai
vertebrae, whilst in a male, is not éﬁatistically significan_t:_. the findings.

C-am;ot__be -equated with those of Bornstein and Peterson {1988), -

D, Discussion _

The finding in the preseﬁt gtudy that & reductibn m the number of'
cervical vertebraa ié ‘rare, is confirmed from a study .o:E'_ the - literatute.
_Winga_.t.e {1922) étatad that numerical wvariation in the cervical region was very
rare in any mammal, and added that this region was numexically one of the most
constant in the .. entire vertebral column.. The poss:’.bia aetiological factors
causing numerical vertebral wvardation have been examined by many workers.
 Because of the numerical stability of the gcervical region, most of the
'_.1i‘l_:axa."l:u:r:a however, focuses on the entire presacral column. This literature
will be exemined in the following discussion. _

Barde:en_ {1904) in morphological and embryological studies on hu_lmar; adulks
and embry_os,. stated that ‘'regional wariation in  the vertebral cﬁlmm' iz an
inherited -ocondition which .mak.ea - itself . manifest early' in emhr‘yonic
development" . Rihne (1932 cited by Allbrook, 19855) wused vertebral
. roentgenograms to study vertebral variations in many families and de.tﬁonsi:rated.
a tendéncy' _for wmorphological wvariations to ocour in the same direction in
genetically related individuals. He 'proposed that cranial wvariation, that is,
one in which the seventh cervical vertebra beafs a .cervicr;\l rib and whers the -
first sacral segment is eithef partially or totally separated from the sacrum,
' is dominant over caudal variation. Caudal variation ls one in which the
“twelfth ¥ib is inocreased in 'size and the fif_th iumbar segment is partially or
totally fused with the sarrum, It was assumed by Kithne {1932 cited in
Allbrock, 1955} that in early ontogezﬁ, .there -is' an egual potentlality for
shifting of the intersegmental borders in either a cranial or caudal

direction. ‘As  development. procesds he sald, the shifting of the
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:_ntersegmantal borders in a eranisl or caudal direct::.on is detamine& by tha
_presence of inhexited genmes. o '

These_ Findings w.er_e -ektendéd- “by Sewin, Gow and Mushlke (1967} who -
presented eiperimémal evidence carried ouﬁ o rabbi_.ts; They showed that
variation ai..t verfébrai'. bardefs and of vertebral numbers -'{especialiy thoraé:o{
lumbar vertebrae) oan be influenced hy ‘one major gené and  several quifying :
. g'ene_s; Bornstein and Deterson (1966} iﬁ. a study on three population growups .
' she: ..'tl-m't in man, 'the"'fact:ors_'of ‘race and sex iﬁfluence the- expre'ssmn of
‘the gén.es for 'nﬁmarica.l vertebral ﬁariat:i.on and they suggested Ehat: the total
(male plus female} incidence of variation in prasacral vertebrae is a specific
characteristic of any . populatinn g:r:cup This suggestion was suppurtad by
de BReerw Kaufman {1974} for a S.A. black sample. The study of Bornstein and
' Peterson (1966) found that the American Negro semple differed from the
Me_ric'an Caucasoid sample and from the Mongolaid. sa_mpla' with respeat to the
distribution. 6f specific vertebral variénts. The rare vertebral variant of
a raducti‘on in number of cervical vertebrae has not, however, been shown to
.be aharactérist:ic of anv one population group. Furthermore, consideration of
the total _ﬁresacrai colunﬁ; is more likely to xeveal pupulaﬁion_ diffefencea'

. than that of the _cervical' region enly.

E. Summary and Conclusions |

Numerical variation-, in - the f.orm of a reduction jin the number of cervical
vertebrae to six is rare. It was present in only one maIt;- of the total black
~ 8.A. sample {0.3%). There were no .significant' intertribal, 4nt t or &ex
differences for a reduction :m number of c:e:w:n.cal vactebra in o study.
‘The possibility is discussed that numerical vertebral variat:l.o'* may indicate

genetic differences among populatlon groups. This avidence is hpwever. baged

on tetal presacral vertebyrme and the results of this study, which are based -

on cervical vertebrae only, are inconclusive.
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CHMETER 5 _ _

- OCCIPITALIZATION OF THE ATLAS N

| A; Occipitalization of the Atlas in the 8, A. Black and White Samples
: Occlpitalizatian of tha a,tlas was nobt present in either the S.A. bla.ck.

or white’ samples. .

B. Occipitalization of. the Atlas in Other Human Populations - i A
. " oéciﬁitaiizﬁtion of the étlas Iun:s"beeﬁ .-nbéerveﬁ in a rumber of skaléi;:af;\

spei::i:__nena and '.has'-__ been | describe_d by Mcﬁlisi:er {1893}, Dwighﬁ {1908}, and I-th :

Double (1912). XNone o.f these studiss however, I'.giva the fregusncy .'o-f' this

vafia{:ion.' *rhe frequency of occa.pitalization of the atlas in . Japanese was

raported .by Hasebe {(1913) to be 1.0% in B00 skulls and 0. 5% in nearly 4 000

European skeletons. = Lanier {1939} feund a single whikte American’ male

presenting with 6ccipitalizatiﬁn_ of the atlas in a total of 200 American black

' and white skeleéons, thus giving a freguency of 0.5%. No significant racial

differences were present between American blacks and whites in his study.

C. Discussion

In the daevelopmental process by .wh'ich the prhipive _cer{r_iéal_ segments are
formec’l; the three sclerotomes above the atlas participate in the farmatim_x of
the occipital bone. Oocasienally, a part or all of the atlas may become
insorporated in the accipital bone w:n.th a resulting f:.xm union betwean it and_
tha atlas. Elliot Emith {1908) stated that nost a.uthors regarded congenital
fusion of the atlas teo t‘.ha.'ccca.pita.]. bone as’ shortaning of tha vertebral
é.oiumn and a further stage of the evolutionary process. ’I'hey tharé_fcre looked
ﬁpon these anomalies as ‘*progressive® modificatioﬂs of the vertebral columi.
Rcase_nberg {1876 cited in Mcﬂélly et al., .1990}_- howaver, +wviewed the
manifestai.;.ion of an. additioml. occipital wertebra cﬁ:aniai to the atlas as
lengthenin‘g the vertebral columnt and, therefore “regressive” z.n nature.
_ Dwight {1906) in an attempt to harmonize this discrepancy, advanced the
_ theory that these varxiations did not indicate progressive or. regressive chaﬁge
in the direction _of shortening or lengthening of the column buﬁ were the
expression of variatiéns about a mean, and - that ‘they were freguently

accompanled by compengatory changes in other regions. Gladstone and Er:l.chsen—
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Powell (1915 agreed. with this Ehiry and -éuppor-tad it by desczibing a -
skeleton with a fus:.on of the atlas to t:he oocipital bone anad which.also had )
b:l.lateral carvical r:.bs:. ~ The presence of the cer'ncal ribs, t:hey. said,
1mgthened the thuracic region al. the expense of the cervical :region, which .
 was shortened to six. The partially liberated occipital _vertebra in gixis
skeletoﬁ could thus be regarded as a cdmpénsatory lengthening of thé cexrvical
region, but the fuaion of the atlas negated this view. Thus, the cervical.
. region WaS diminished in 1ength in both directions; by the fusion of the
atlas with the occipit‘_al bona at one end and the. development of cexvical r:l_bs
at the other end.

GGladetone and Erichsen-Powell ([1815) further suggested that instead of
the mnormal development of the diarthrodial ‘joint betwean the suﬁaric’:r'_'
:.;rticula.r. facets of the atlas and .the ocoipital condyles, the tissue binding
‘the cartilages at the atlas and the occipital bone did not break down to. foxrm
a diarthrodial .:!oint:. .- In this sense there may be an “arrest" of the normal
dev’eln'pmars.!: of " the joint. _ _"I'héy called this the ‘“arrest of developmeni"
theary. sdnece ti:e diarthrosed verﬁebra. has the typical features of Cl and is
onliy a_tt:édhed tb the oceciput by the tissue which will form the atlanto-
. ocoipital joint, the "arrest of development® theory is favoured, _
Ludwig {21/} proposed that '_the. atlas is bést kegarded as an isolate;&
" eranial béné, and that the ontogenetic cram.ow;rtebral buundary is between- thea'
_at]_.as and the axls.  This propasal, however, does not take into account: the
fact that tha. atlas, alt_hough an atypical cervical -veftebra, de.fveiops from the
same elements as a typical veri:ef:ra namely. the centrum and neural arch.
Fux thermors, _Ludwig {1957} propoéed that the atlas is not a presacral
wvertebra, Thié i not the view of most workers who count the atlas as a.

presacral vertebra as does the present study.

D. Summary and Conclusions

: Occipital_.'izaticn of the é.tlas was nﬁt present in @it "34;\_: the black ox
white. §.A. 'samplas. of this study, Studies frex the literature report
frequencies of 0.5% and 1,0%, Secipitalization is thus a :&ﬁre finding. A
nuwber of theories have been put forward to waplain thiz vafiation. ‘fhe one

favoured by this study is the _"'ar'z_'est of development” thecry by Gladstone ‘and
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Brichsen-Powell (3915), - They <uggested that the tiesue present during
developwent which binds the atlas and the pccipital hone does not break down
and there is résultant fusion between the two borss. This study suggests that

the atlas even if occipitalized, be uoun{':_e'd as a cervical vertebra.
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CHAPTER 6_
CERVICAL RIB |
A. Cervical Rib in S.A. Black and White Samples (Table 5, Figures 10 and 1l)
A cervical rib wes present in 7 N.Nguni males (14.0%) and 2 females
(4.0%) giving a. fraquency of 9.0% in the cdnlﬁined-sex ‘sample.  In the Sothﬁ
sampls, 5. males (10.0%) _ané ‘2 femnles ([4.0%} presented with cervical rib, a
combined-zex freacuency of 7.0%. In the-C.Ngﬁﬁi subgroup;.tha only indiviauals
with cervical ribs were both male (4.08) and this gives a conbined-sex
fregquency .'of 2.0% _{Tah’le' 5 and. Fig_x_;rg 10). The high Irequencies in . the
.  combined-sex samplas ox N.Nguni =and Soﬁho_ skaiatbns were significant when
compared with the C.Hguni sample (P<,05). | | |
| In the combined S;A. black  =gample, cexvical rib was p:esent in 14 males
{9.3%) and four femaleé.tz.S%).' A cervical rib was thus présent'in 18 (5.0%}
~out -of a total of Joo_skélqtons in the combinéa S.A. black sample lTéble_S and
Figure 3il. In the 8.A. white sampls however, this ﬁrait was present in onty
one male (2.0%) and tﬁis glves a cambined sen frequency of 1.0% out of a total
of 100 skelatons {Table 5 and Figure L11J. The difference in freguancy of
cervical rib between the S.A, black (6.0%) and white (1.0%) samples was
gignificant (P<0.05}, This difference (between the two major groups) was dua
to the infiuvence of the N.Ngﬁni and Snfhc subgroups on the combined biac_k
sample,: since these two tribal subgroups had.'significantly {B<0,05]  highax
freqﬁancias (é.o% and . 7.0% respectively) when cempared to the S.A. khita

sample (1.0%).

Table 5: The Freguency of Cervical Rib in 8.A. Black and White Samples

| PERCENTAGE FREQUENCY
. ' MALE FRAALE | MALE + FEMALE
Sotho . _io.0 oy 4.0 9 7.0
C.Nguni _ 4 40 4 - 2.0
| N Nguni _ _ 140 4,0 __ 8.0
Total §.3, Black | 9.3 2.6 5.0
Total 8.A. White | 2.0 - 1 1.0
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Fig. 10

0 ® Indicates signif.zant difference (P « 0.05}
A = Absence; P = Presence

M. Nguni P §§ N.Nguni A Eﬂ C.Nguni P
C.Nguni A Sotho P HH sotho a
The incidence of cervical rib in the N.Nguni,

tribal subgroups (males plus females combined).
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B.. Cervical Rib in Other Human Fopulations (Table &)

In an early stuly on 8.A. blacks, Shore (1930) faund a .frequency of.
_cex'vic_:al rib in 3:\5% out e.::f._a_ total of 80 black vertebral .columns.  Moke
recéntly,.a_radiographic study on a S.A. black sample by Asvat and;§éll (19§0i
found 11 - individuals {1.8%) 'mi;n cervical wib out of a - total of 622
radicgrﬁphs'studied.' Ih;s finding.is'in contrast to the-preéent Study which
" ghows & much higher incidence of this trait (6.0%1' in black South Africans..
" The différance in fraquenay. between the skeletal and racliographic studies was
| signifidant {P<0.b5]. It is ﬁossiblé that a small cexrvical rib (br.one.with
fibrous components ,ﬁerhaps) did not show ﬁp o the radiographé. It is hoped
te extend thesa sEn&ies ke explcre and poésibly account for ithis apparent
_-d._iffarence in frequency of cervical rib between the two black samples. A -
skelstal study by Allbrook (1955) on 206 Bast African blacks yielded a
ftéquandy of 0.5% for cerwieal rib. ‘'hus,. the freguency for cervical rib for
blacks on the M‘Zridan continent in the studies available to me varies from
0.5% teo 6.0%, A low frequency .for Ameri&an blacks (0.6%) was found by Lanier
{1939) and is -similar to that bv Allbrook (1955} for Hast African blacks
(0.58). All studles discussed, save for that by Bevat and Pell (1990) were

on skeiel:al material.

Table 6: Fraﬁuanciea of Cexvical Rib in Bifterent Population Groups

o POPULATION _ s | o

'8.A. black (present study) S 6.0, 300

(Asvat ond Fell, 1990)% | t.se 822

Elaalk {Shore, 1830) .} 2.8% éu
East Africsn black. (Alibroak, 1955) | o.5% a0

| american black (Lsnier, 1939) 0.5% 326

8.A. white (present study} . 1.5%_ _ . 100

White | Awerican side (Lanier, 1938) B | 1.7% 233
White (Barbosa Sudira, 1933) 1 2038 | 327
Japanese {Hasehe, 1512) o, 2.:3% | 181

nurber of gkeletons/radiographs,

= 9
"

*
n

radiographic at;u&y_-
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' The result for the frequency of c_:érvicai zib in vhites s 1.0% for S.A,
whites (present study) and 1.7% in Auerican whites (Lanier, 1939). The
ocourvence. of uervic'.al ribs repurﬁed in the Ilitérature were summarised by
‘Bavbosa Sudira (1933) who reported that 31 cervieal ribs (2.03%) were found
in- a total of 1'-_5_27 Eﬁrapaan skeie'tdns.' Hagabe (1'95.3}- fouﬁd tha variation in
2.2% of 181 Japanese. skeletons. = The results for white .samples thus vary
slightly £xom :I_.:.Q% to . 2.03% and the d@ifferences among the groups :az:e _nét
éignificaﬁt. The Japaneﬁe h_eur'ei. B slightly higher frequency 1{2.2%); the .
white/Japanese dﬁ.fiaran‘ce: ﬁoo, is ‘not gignificant S.t the 5% level of
‘significance. ' | | .

i " Im sum, Ehe highest freqﬁenci_es for qej:vical- rib- ﬁe‘ra found in . the
.skelet_&l-studiés on $.A. blacks {prasent study. 6.0%, Shore (1530} 2.‘_5%}.
Lower frequencies were found in skeletal studles on whites -and ranged from

1.0% (present study}, 1.7% (American whites) to 2,03% (Burcpean skeletons},

¢, . Sex Dififevences _ o

 In the present study, black S.A, males showed a significantly (P<0.05)
higher frequency of cervical ribe (9.3%) than females (3.6%). fThese Eindings
are gimiinr tc findings of the radiqgré.phic study cartried out by .Asvat and,.-
Fell (1990) where bilack &.A.. males (2.2%) showad a 'higher frequency than
females {0.8%), though this difference was mot statistically significant. The-
black Ame: zan ssmple of Danier (1939) consisted of 218 males of which -one
(0.46%) presented with the trait, and 108 females of which orly onh  (0.9%)
showed this wvariation. In summary, there 1s & general tendency for thers to
b ore  males than females wish cervical rib in the black populations
avai'shlz to me. _ : | |

- The only S.A. white in the praesent study t‘.c; éﬁhibit a cervical rib was
' a_;}_’.so a male.'. In contrast, in .the white Amaric;an- sample of Lanier’ (1939];_'
Whiéh consisted of 132 males and 101 ‘females, not one male -pres;nt:ed with the
varlation but four females {3,96%) had cervical .ribs. | :
.Hona:l.:i {1820), ' after xreviewing the litezature on a variety .of- Buropean |

populations, between the years 18§4 and 1918 found_ that out of a total of 200
skeletons with cervical rib, females were affected in 70.8% and males in 29.2%

of skeletons with servieal xib. _ Reen {1907} studled 41 akeletons {racial



group. not atated) wi_th cervical ribs and thé_ _ 6ond.it'ion was praseni: :.n '75.6_% .'
of females aﬁd' 24 .4% o'f. maias-. Comparshle _figures for S.A. .blaqks giﬁé a r'nal.e'
preponderance ot ’J’? B% ' _ . | . | |

In sum. the results for the frequency of cervical rib in 8.A. blacks of
_Ehe present study and those »f a previous study {Asvat and Fall 1990} show
ﬁhat' the trait oceurs more fregquently _in. black males than 'in females. This
is '_ in conti‘.‘aa"t' to tha.- fihdings in the atudy of Lanier {1939) on Ameficén
whitas and to . the Mmean s{_:.udy. of Honmeij {1920¢) where carv:l.cal rib occurred
more frequently in females. It is pcssible that the male preponderance of
carv:i.cal rib :Ln blacks may signify a populaticn difference apd further stu.d:.es

are neaded to gubstantiate this possa.bil Y

D. EBilaterality and Unilaterality of Cervical Rib (Table 7)

In the S.A. black sample, 13 skeletons bhad bilateral cervical ribs

(72.2%) and 5, unilateral right cervical ribs (27.8%). This difference was
significant (P<0,05), = Thers were no individugls with the unilateral left
condition, | . ' '

In the S.A. vwhite sample, only one skeleton __preseﬁted with the copdiﬁi.oﬁ

of cervical rib and it was bilatewal. '
| In the xadirgraphic study carried out by Bsvat and Pell (1930), the

bilateral ceccurrence of cervical ribs in 8.A. blacks was, as w:l.t_‘.h t:_he present
study the .ost common {72.7% - 8 inaividuals) and the wnilateral right-sided
cervical rib .was preseni: in only two individuals. {13;2%1. Tha u_ni_lateral left
condition presented i but one individual {9.1%). '
. The prepondovance of bilateral (as- opposed to unilataral} cervical ribks
is in agreement with the findings of Tilmann (1908 citad in Honeij, 1920} who -
teported ﬁhat .67% of cervical ribs acourred bilaterally in 80% éf individuals
‘who had the condition of cervical xib. Keen (1907} reported that cervical
ribs oscurred bilaterally in  spproximately - two-thirds of his ) gample of '
skelatons.’ ' _ o | '

Thus the findihgs’ of tha.'present study that bilateral’ ce‘;cvical ribs were
present in over two- thirds of 5. A blacks is in agraement with c.-omparable

studies in the 1iterat:ura.
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Tahle 7: The Numbey of Bllateral of Unilabwral Cezvical Ribsg in the 8. A.
- " Black and White Samples . .

_ BILATERAL | UNILATERAL RIGHT |  UNILATERAL LEFT
waLE | yEwae | ToTan | wane | veware | vomar | wnm | remre | vomr
Sotho 3 2 . j. s jo2 4 - b2 ) o - ) -
C.Neuni 2 - a1 - - R - .
N, Nguni 2 a | s 3 - 3 |- -] -
Total Black - 13 s { - 1 s { - « -
N=300) S P N | S e e
S.A. White 1 I T - - -1 - -
(N=100) . : . _

B. Discuaéion

The literatu.{ce was #_urveyad to t-.-xam-.ine: the. many theorles put forward to
account for cervical ribs. Barly theories such as that by Rosenberg (1876
cited in McNally et al., 1990) suggested that a decrease in the number of ribs
wag = manifestation of an ordered, » alutiom proﬁess . | Rosenberg (1876
cited in Lanief, 1939} furt_:har _sﬁggested tﬁat the phylegenetic ahqrtanihg o_i
the rib-bearing segment .'of thé vertebral .column from .its craniél and caudél
énds,. together with diminutive xiba én vertebrae 8 and 19 were indieat_ive ;:af
a ‘"progressive® evolutionary tendency. Futrthermore, he inteﬁp:eted large ribs
on _verteﬁrae 8 and 18 (fe, Ti and T12) as well as 'the. presence of cervical and
Yumoax xibs to be “regressive _charagferiatics.  Dredgold (1897) believed that
additional xibs in cervical and lumbar regions mf_ere due to the persistence of
a former condition and that a decre: se in rib number was simply a part of that
steady progresaive .cha_nga which had been seen to run xight through the q;-dar-
of mm;;.mai_l;j_.a. He atated therafore, that a gra&uaﬁl but _marked.raduct;ion in the
total nuber of ribs  takes place as man rises in the evolutionary scale.
Tredgold (1897} pubklished _tables derived  from ot.har invesi:igato;:s which .showéd
that in. 'man, the eleventh and e “i5¢h :thoracic ribs were fréqueﬁtly
rudimentary, In addition, he pointed cut that in the chimpanzes, the twelfth
and thirteenth vibs were poorly developed and, in the lemur, the th.{rteenth
to the sixteenth (the la(tter being - the last rib) were poorly deveioped. He..
thus attemptéd ta show that as men ascended the evolutionary scala, the number
of ribs becéma rgdnﬁad. The presence of an éxtra rib, when present in man

was, in hils opinion, a regression in evelublonary advancement. Baxdeen (1904)

36



and Dwight {1906} disagreed and suggested t:hat var:l.atmns were accidental and
.had no evsluticnary significance '
Tod‘l‘,_'_ {1a11) observed- that the costal element of the seventh cervical
vertebra, the precursor to a cervical riB, ‘was normally prééeﬁt as a 'séparat_e
entity iﬁ the r:erviqa;l-xagion in the. 'foet:ﬁs. He sug‘ges'ted_-that it. disajppaarad
after birth, because it became ineorporat-eci by' synestosis into the transverse _
procegs of the aaéociated vertebra. He. beliaved .t.hat tﬁé pérsisti_ance' of a_...
'r:érvidéil"rib was Icau_,ééd by an inl_:erferencé .in' absorption of ti;g costal'_' 'elemént'_
in .the tré:r_twe.-rse process. - MeNally 'al:_a.l. {1990} cnnfihned that a separate .
caﬁtre Eor.%ﬁg-. custal lement in €7 can be L éntif:i.ed' in__ﬁp._tb 70% of foetuses
from_ as eaarly és 14 weeks of-intraﬂuter_ine iife. In 30% of the foetused, no
such . geparate céntre cm._tl& be identified. ~ Alternatively, | he.- ppétulated' fhat
"the disappearance of the cervical vib on the _se.«renth. cérv.ica_l vertebra may be
 due to& -pressure of nerves and vessels and .céns'aquentily a..trophy. of the
comprassed " tissue. | Jones  (1913) noted that when ‘there was a lﬁrgé -
contribution to th: brachial plexus from the -se_coﬁd thoracic reot;, a
kudimenbary first - thoracic rib resulted. - C-onvarsely ‘he suggeslﬁeé. that, where
tharé is a 1:].m:l.ted contribution Ffzom tl_:e fir._st thoracis rooi:,' carvical ribs.
. were often present. He found sume support fc:.:-._t:his_:. theory in disséct:irxg room
cadavers and auggeétp.d that prefixation of Ehe .b:':achial plex'us: {contributing
‘rooks from €4 - C8 rather thén ¢ ~ T1} allowed the seventh cervical rib to -
persist: Todd (1911) howaver;' dissectad many cadavers whic_li showed & normal
configuration of the brachial pleyus. in the presence of cervical riba. He
concludad that neural deﬁeloment alona was insufficiant to account .for the
condition of the xibs, but might be a cnntr:.buting faator Two workers,
. ‘I'hampsnn {1903} and Weber {1912-13) reported a familial occurrence of cervical
ribs and suggested that genetic factors may play a rale in the expression of
the traiz, | | _ |
‘There is thus no general : agrea'ment .among workars". an _the origin of '
cervical ribs, The theories range from évolutionary "['I'redgold, . 1897},
ontogenetic _(':L'éad,' 1911) * to  genetic (Thompson, 1908;  Weber, 1:913—1913)". A
study by Kﬁhn;a {1932 cited in_Allbrook,' 1955} howwér. subscribes to a genetic
"basis for thé trail;..' He proposed'.that the presence of a cervical rib on C7

wasg evidenae of 'crahia]_. variation, Porthermore, he damonstrated that there was
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.a. tendency for morpholegical variations to owcur _in' the same direection in
geneticaily_-- related _iﬁdividuals. His find:i.ﬁgs were éxtehde’d .by Bawin, Gow and
Muehlke {1967} who "éhWe&. f:hai: variation at vertebral Eardéi:s can  be
influengad  genetically (see f_ull. discussion, Cha;pter 4 pp 36). -. Thue the

significantly - high ffequency of éervicaf_l. ::5,1_-.-. iﬁ ‘the S.A. black smle _as
. compared. to the low. ffequency in the $.A. white _sa:hpla suggests a- poas.ibla

genetic bamis for this trait.

¥. Summary and canciusioh' _

The .high frequency of riarvical rib in the S.A. black sampls was owing to
the high frequencles in the N. Nguni (s, 0%} and Sotho {7.0%) tribal subgroups._
The:se two aubgroups, showad i significant c'iifference when compared to . the
frequenc_.:y For the__.c.Nguni {2.0%). The - combined black £.3. sample };_l_ad a
sigﬁificaritij higher. frequency for cervical r»ib (6.0%) than that for the S5.A.
vhite sample (1.0%). It iy suggested that i-.hig black/white aifferencé may
represe.nﬁ a .pdssible populatien difference. .'l'ha- freguencies of pervical rib
in tws other étudies on whites .{1.7%, 2.03%) .too, are lower. than that for S..ﬁ.. '
Ylacks. : | ' _ '

The -freqmncieé:' of cervieal ribs .in skeletal .studies in thé present -S.IA.

. black sample {6.0%) as well as that of Shores' (1930) were hicher than those

in two other black " populations {Bost African black 0.5%, American biack 0. 6% .
It is suggested that further skaletal and radiegrphlc stud:.es are needad o
investigate and extend these findings, ' .

Black S A. males showed a higher frequency of cew:.cal rik than females
and thil sex Jifference wis sign:l.f:.cant '

'Bllateral cervieal. ribs in - 8.A. blacks. occurred. significantly more
freq;antly {72.2%) than a un:l.lataral right or left rib (27.8%). This finding

is in accord with results raported in the 1:_.terature. :

38



SPINA BIFIDA OCCULTA OF THE CERVICAL AND CERVICU-THORACIC REGION
A. Spina Bifida Occulta in the 5.A. Black and White Bamples |
' (Table 8, Figures 12 and 13) | |

The results giva the corhbin’ed. freﬁuency for spina bifida occulta of all
cexvical vertebras including the atlas and the vertebrae at the -carvico-

thoracic junctien.

'1.. South African Blar:ks _ _

Tha Sotho tribal subgrotp pregented the highest fraquency of spina biflda
occulta (7.0%}, follqwed by the C.Nguni (4.0%). ‘“he lowest fre_quency was :Ln
the N.Neguni (2.0%)} (Tabls 8.,. B‘igu:;e 12). There wére however, no significant
differences amonyg these subgroups. I.n'--'the.-c:om._bined black & 3. African sample,
13 vertebral cqlumns- were affected,_ a freguency of 4.3% ['I'-‘;.Lble 8, Filgure 13) .

Table 8: The Fraquency of Cervico-Thoracic Spina EBEifida Occulta and Bp:l.na
: B:Lf:l.da of tha Atlas in 8.A, Black and White Samples

SAMPLE MALE _ FEMALE MALE +.FEMA]_’.:E

- _ _ n_ % ] % n %
Sotho . _ 100 8.0 6.0 [ 7 | 7.0 1
. Nguni ot 100 - 8.0 | 4 4.0

| N.Nguni - 200 | 2.0 | 3.0 2 2.0

Total S.5 Black_ 300 ) 3.3 | 5.3 13 4.3

Total S.A. White s06 | a0 8.0 5 5.0

2. South African Whites

Sp:l.na bifida occuli:a. was pregent in five vertebral colums, giving a
fraquency of 5.0% in the white sample (Figure 13j.. '

The .S.A. black (4.3%) and white [5.0%} samples showed.no st:atist.'ically'
s.i.gn-ificaﬁt differancé for the frequency of spima hifida ocoulta.  In SUMATY,
.no significant intertribal or intergroup diffarencas weﬁ:e found for the
fref;u._ency' of spina bifida occulta wﬁan tﬁe ‘Eotal cervic_al and cervico-theracic

wertshrae were examined.
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Fig. 1? The incidence of ceﬁr‘ico_—thorﬁcic apina kifida occulta and apiné

bifida of the atlas in the N.Nguni, C.Nguni and Sotho tribal
suhgroups (Males plus females combined). ' '
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The incidence of cexrvico-thoracic sp:iné. bifida cuculta and spina
bifida of the atlas sn the total black and white 8.A. samples.
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3.  Vertebral Levels of Spina. Bifida Occulta in S.A. Black and Whlte Samples

{Tables 9 and 10) - '

'Ifabla 3 g.ows that in S.A. blacks, spina bifida occulta wé.s . present _mdra
c;ft:«'an in. tﬁa atlas 't§ out of 13 affect:ed “molumms) tﬂan at othaf ~avils, In
eight 'coiumis, the atlas was the dr_;ly vertebra involvad"aﬁd_ in one col«wn, the
atlas together with C7 had the defect, _ | o

. Less often, .spin'a_ hifida oeeulea wa.s_. present in 'I‘i. (3 ouf. of 13 affected
. columns) .. In two 'o'f.-' these colume it _was. .the. cmiy .i.rert:ebﬁ:a' affected and in
one, thae adjagent ©7 and T2 were alse affecsted. In this reyion only ons ecolumn
showed the defect in both C6 and C7. - - |

Table 10 shows that in &.A. whites, aﬁd_;na bifida occulta was prasent most
often in the atl_a.é {4 .out of § affected columns) - In three of thesé colums
the étlas waz the eole vertebra invelved and in one individual, four a_djoiﬁing
vertebras, £1-C4, were affected. .In the cervico-thoracic xegion, only ane
individual showad. spina bifida .oceulta and it was present in C7 c:;nly. _ .

Ir summazy, ip both black and white samples, spina bifida occulta was
praéant rogt fregquently in the atlas {(blacks = 69.2% of affected columns;
white.s -~ B0.0% of affected columns) and it was usual.ly the only vertebra
é.ffeqted; The dQefect was present less often: in the cervice-thoracic region
{'blé.cks - 30.8% of affected célumna; vhites - 20,0% of affected columas) and
in this regi‘dn'adj oining vertebrae were usually in\rolveﬁ. _ -

Thus, the vertebral level at which spina blflda seculta occurs is similar
in Both S.A. hlacks and whites. It is n&teworthy'hawaver_, that it i_s present
almost sxclusively at transitional regions of the zervical spine namely, the

oveipito-carvical and cexvico~thoracic regioms.

Table 83 Vartebral Levels o Spina Rifida Ocoulta of the Atlas and the
Carvico~thoracic Region in 300 Black $.h. Skelstons

NUMBER OF | - o TOTAL
' VERTEBRAR wgm;gmgnr. N"‘;:E;‘B"F - %f%gﬁ' MALES + FEMALES
_AFFECTED SVEL e _ n=300
One el . 5 -
- o) 2 - 2
Tore, - s, 7 - 1 1
X ) CI: 7 1 - i 1
Three €7, 71,12 - 1 !
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Table 10: Ve'-t:abra.l Levels of Sp:i.na Bifida Oczculta of the - Atlaa and the
: Cervicc-'l‘horacic Ragion :I.n 100 vhite 8.4. Skeletons -
NUMBER OF ; - _ . TOTAL
VRRTEBRAE oAl MALES | FEMALES MALES + FEMALES
_ AFFEC‘I‘ED ) . : n=100
One clL 1 2 : 3
¢7, IS RRE 1
Four 2,234 | - | 1 | 1

4. Sax Differences (Table 8)

Table 8 shows that spina pifid opeulta 'wa;t.: .present_ slightly more often
in male {8.0%) than in female Sotho columms (6.0%) but with equal frequency
there w&s a female

I’his

in the N.Nguni serles (2.08).  In the C.Nguai, however,

preponderance {8.0%) and no mala spines showed the defect (Table 8).

finding ‘was significant (P20.05), In view of the amall sample _sizas however,
the subgroups were combined to present results for the combined black sample.
{5.3%) and S.A.

This

Spina bifida occulta was present more often ir\ 8.A. black

white (8.0%) females than in males (3.3% - black and 2.0% - white),

difference was not, howaver, signifiéant:. Previous studies suggest that sgina'
bifida ogculta is more prevalent amongst ﬁamalgas' ‘than males, - Brocklehurst
for exemple, recorded a wmale to female ratic of d_._‘?'?- to 1 and James

{1878} recorded a ratio. of 0,44:1.

{1978)
This female praponde:;aﬁcé % confirmed in
the present study where both black and white females showed a higher inci.dence
than the black and white.malas. The maie to fétnale ratie in the white 3.3, |

- Thus,

" sample was 1:4 .3 in the' black S.A. sample 0,525:1. the findings of

the present study agree with £indings in the literature.

B. - Spina Bifida Occulta in Various Population Groups

The resulbs aré now separated into thosze With sp.ina hifida occ;ulta'. of the
atlag only and those with Spina’ bifida occulta of the remaining cervical
column ineluding . the cervico-thoracic Jjunctien. ‘he reason for the separation
of data was that the méjoritg of studiés reported findings on the lower
cervical and gervico-thoravle junction only ‘whexeas some studies reported on

Ccl only.
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3 Spina B:lfida Oaculba of the At:.las in Other Populatjm
' In the preaerit study the frequency for sp:l.na b:l.i!:l.ﬂa oscults of the atlas -
was 3.0% :Ln_. the combined black sample and 4.0% in the white sample.  Shore
{1930} found spina bifida ocoulta of the atlas in four (4.5%) m;r.' of the total
of 82 colums of 5.A. Negroes. Allbrook (1955) found a frequency of 3.9% in
- an Hast African population. Lanier (_19_39]. found spina bifida oceulba of the
_ atlas in 2.0% of black American males. | | ' '
Thus the frequency of spina bifida ooculta of the atlas in blacks is
relatively high and ranges from 2.0% in :An_\a:_:fican blacks to 3.0%- and 4.9% in
two -S.A;. blacl; saﬁples. Thé_ fraguency in the F.A. white s’an‘rpié too is high,
 being 4.0%., ' ' ' '

2. spiml Bifida Oveulta. of Cervico-Thoracie Vertebrae rexaluding the a.i:J.asJ_
in Wrious Papulation Graups
'l‘ak.la 11 gives the frequenciaa of spina bifida oceulta of the cervico—

thorac:l.c vertebras {exciuding t:ha atlas} in various populat.ons.

(i} Present Study

The frequency in S.A. blatks of the present study is 1.7% and thatb in
8.A, whites 1.0%. This difference was ﬁot s'hat.istically .sign_ific:ant.'

(ii) Blaaks/Negraes _ ' | .

'I'he frequency of spina hif da ogculta in blacks of A rious populat:j ons.
ranges from 1.7% {prasent: study) to 3.6% {Shore, 1930} Bath  thess studies.
 were on S.A. blacks. A radiographic study on S.A. blacks by Levy and Freed
(1973) reported a Erequency of 2.49%, A skeleta. stu.dy oh Bast Afriean
Negroes by Allbrock (1955) ylelded & frequency of 2.9%, whereas a radiegraphic
study on Eést Africen Negroes by Whittaker (1957) found a slightly lower
ﬁﬁequenc‘f of 1.3%. tockshott (1958) reported a frequahcy of 2.2% in Wést
2irican Negroes. ' '
{iil} Whites. _

The .frequency in the ralatively' small S.A. whita sample of the present
study is 1.0% and is the highaét in table 1i for whites. This ra.sult. is in

con'trast to @ radiographic gtudy on S.A. whites by Asvat and Lazavus 11891}
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Table 11¢ = Cervico-Thoracic Spina Bifida Occulta in Variouws Population Groups* (modified from Levy .and Fraed, 1973)

SPINA BIFIDA.

* The data is from workers
atlas.

Skeletons

100

" AUTHOR . POPULATION STUDIED marERrAL | GRR | YRR e ocCuLTA
Shores (1930) soﬁth Afyican Negroes | Skelastons ' '32.1_ C'J, T1, T2, T3 2.60
' Allbrook {1955) Rast African K.groes | Skeletons 206 | ‘¢7, Ti, T3 %.90
Whittaker {1957} . Rast African Negroes | Radiographs 1.226 - | c7, 7L 1.30
| Cockshott (1958} _ West African Negroes Radiographs 1 bou <7, T1, T2 2.20
Levy and Freed (1973) | South Lfrican Negroes Radicgraphs _ 5 363 | c6, ©7, T1, T2, T3 2.49
Asvat (present study) | South African Blacks | Skeletons 00| c6, c7, T1, T2 1.70
Walker & Bucy’(lsﬂ) " | North American Whites 'R#diographs 2 oss | ¢3, ¢7, T1, T2, T3 | 0.02 - 0.10
Kerley (1950} British Whites | Radiogrsphs | 10 000 | — 0.16
Asvat & Lazarus (1991) | South African Whites R.%&i.ographs | 500 —_—— 0.00
_Asfat {present - =tudy) ' South African Whites | 02, 03r c4, C7

1.00

who giwve results qu spina bifida occulta of the cervico-theracic region excluding the

g i e b e
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i
where no indiv:.duals ‘were found with apma bifida oceulta in a sampla of . 500
radlographs. '

T A _1nw frequency :m " whites . .is - rapnrt.ed Sin sé\reral  laxge 'radiqgré.pﬁ:ip'
studies on Horth Americans and rariges from 0.02¢ to 0.1% (Walker and Buey, |
1934). - In another study on British whites by Kerley (1950} where 10 000
radiographs were é:iamine_d the frequency too, was low {_0.. 168} . | _

_ -Whites, _ in genei:al, thus .h'ave a .:un.ifomly low frequency of spina bifida
' occulta whereas all black groups have a higher frequency of tha defect, |
_ An axplanat:.nn is sought for the conflicting results. in S.A whites
{praesent atudy :L.O%; radiographic study of Asvat and Lazarus {19381y, 0.0_%1.'

. Since the radiographlc: sample was relatively emall {n = 500) when compared

with that for exaﬁtpla,' of Rerley : {1950) where iO' 000 radiographs . weve
eq-i:aimined,_ it is possible that evidence of spina bif__ida scoculta would be found

in a larger radlographic sample of S.A. whites. Furthermore, even though a

radiologist was consulted on interpretation of the zadiographs by Asvat and o

Fell t1990}, it is not. impossible that evidence of the defact in the form of
a narrow cleft (as present in Fig. 3} was missed on the radiographs

Tis prcbability is - stxengthaned by the findings of a relatively hich
freagquency in the pressnt S.A.._ white skelatal study {1;'0%} in which vertabrae
are émbj.ect:ed ko individuél scrﬁt‘.ini;. |

‘Tt is notable that the low fraq_uencies for whitea are all bhased on
radlegraphic studies save for the sole .x.‘elat_ively high frequ'enéy ih the .
prasent ggglg;gl_'atudy of S.A.-.'whites.- .In acldition, The &.A, white sample ia 3
small (n=100) whereas the various studies from the litersture mmber in the_.
thousands {the sole Finding of a relatively kigh frequency ofﬁ the defect in
the prement white skeletal- aampla. will be investigated in a larger. é'_a_mple} .
Sample size too, may _accourﬁ: fof the relatively low frequency (1.7%) in the
present bl.'ack gample (n=300) when compared with the lé.rge radiographic s:i;udy
{n=5363} of Levy and E’read {1873}, In the latter, the freguency _Waé_ 3.49%.

It is intended to extend the study on §.A., blacks to provide a larger sample,
F. Discusgion
The term spina bifida reférs' to a number of defects of the vertebral arch

where t'he. two halves £fall to dévalop fully. Yhese rangée Lrom sp:'l_.na bifida:
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ocoulta, which is -an . unfused posterior arch, to abnﬁrmalities that inwvolve i:hé '
,«t1al cord and its mgninges such as' meningomyelocale - and myelocele. The
latkér are 'c:l,gss\éd in general terms as agﬂ.na bifida aperta'.. . Most of the work
on the ae.tioiogy of spina bifida has been done on spina bifida aperta. The
' present stuéy way concerneﬁ with spina  bifida 6ccu:|._ta in which 'tﬁare' is only
a honir defagt. :Ln t.he -pmsferior - axch, Since this .produce.s_ --no. symptoms 'it. is
riot diagnéqsed cii_niea_\lly ‘and little work has been done on its -'ae_tialo:.;:?._
Howéve_;.i-,' ‘since "the defects are part of ‘a - range of relate'&- -de_:velbpmerx‘(_’él ._
&eéeata of the vertebral column, it was considered jus.tifiable' fc present
" poseible :agtiological 'cauﬁﬁs, mast .of which are baged on st:u&i_es made oﬁ
groups or in&ividualst: with spina bifida aperta. These results are
extrép&lab_ed where pOSsﬂnle for spina bifiéa pccults. ' '
The possible causes of spina bifida aperta have been sought for hy many
workere. All researchers agree that a copbination of gane.tic and envirofimuinal
influences  are responsikble for the oceurretice and’ sever‘itf_ of this défect.
Influences. such és popula.t:ion group, sex and family history fall under génet:ic
aetiélogy whereas time, place and pareﬁtal- circumstances are grouped with

envirommental influences (Leck, 1974; Janerich, 1974).

Population Variation .

- Dheek (1974) states t_liat_ the natural in(.:idanea.of spi_na bifida _*_.raries
h.etwaen different races, religion and cﬁlture and. he suggests that these-
factors play a majox role in maintaining this variation. RAnalysis of results
iﬁ _black. and white powulation groups for the frequency of spina bifida ocoulta
_ahows that blacks, on the whols, have a higher freguency than w_hitas [Table
11}, This supperts Leck's (1974} finding on spina bifida aperta that
frequer;cry varieé between differen’c_ races and suggests a. J_.in.k between the
eticlogy of spina bifida ccculta and aperta. '

Genetic Epldemiology of Spina Bifida |

When coumparing the ocourrence | éf épin'a bifida in twins and single
. sihliﬁg&. Leack (19"(41;' reported an incraase&. recurrence :rata émbng_ ‘sibships.
 In ad_diti&n, the toncordance rate of spina bifida in twinz was higher among -
monozygotic twins thah dizygotic tmns (Jan&ich, _19‘?4; '.Leck:._ 1974}, The

recurrénce of ‘spina bifida within an affected family was also higher than in
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the general population (Janerich, 1974; Nevin et al., 1981). These findings
give support for the genestic basis “of apiz&a bifida aperta, and  poasibly, for

_ spins bifida ocoulta if the results are extrapolated for the lesser defsct.

[ " N o . o . . L RS T A
T A e L g b e AR JEE, T L N i

There _aré_ a wvariety of other causes implicated in spina bifida aperta, .

' ’_I_'ha.se includs seasenal variation Iarodklehurst; 1876;  Maclean and - Macieod._.
1984), soclo-aconomic alass [Emanual, 19_22_,- Neirin et al,, 1981) ..and materhal
factoxs such as age and parity (Elwood, 1§76) and blooc group _.{19'75 MecKeouwn
and Pecord cited in .'Leck,. 1977 . " Wwith regard to. Fhe preseﬁt study the most
important_maf ke a genetle factor, It is tentar‘.-..r;.‘.f suggested Eh&t t_:he.
rélat'ivaly' high fxecuencies of spina bifida -ouéulté. found in black samples aé
'cn_mpared with whites may be characteri'stic. of blacks 1n general and that
genstic factors play a part in the e_xpﬁesaidn of this bony defect. -

Vertebral Levels of Spina Bifida Oceulta _

An explanation was sought for the higher frecuency of spina bifida
ocoulta in the atlag than in suaceeding wver.. . Examination of
pzsification in the wvertebral uolu:rm.'.revg_als_ that the acl.as may differ in its
pattern of ossification from typical cervical vertebrae. .‘I‘he spinbus.
processes in typical cerx}iaal vertebrae are osaified from two centres which
appear in the vertebral arch and'_.spraad_ backwards into the lamir_lae. They Lhen
fuse to form the sp_inaus procass. In the atlas, centres similarly appear :l.n
the lataﬁ_;al masses, sextend into .the_ ._post_eriur arah.- and unita.-. However,
according to Willlams et al., (1989), they may unita_direcﬁly or "through the
madium'.of a meparate centre.” This alternative pattern of a separate midline
ossification centre in the atlas m#y-wall be u factor in the felat:ively high
frequency of nen-fusion of the"postarim":._ arch (and théreby spina  bifida
oeculta} of the atlas. . . ' _ _

Another developmental factor which might be invelved in differing
frequencies of spina bifida ocoulta at differeqt'-vertebrél levels may be .the
potential for wvariatien which is present in all tran_sit:innai regions of the
vartebral columm {aﬁd ﬁhia variation is, indeed, the subject of many répo;rts) .
It was found {Tables 9 and 1.0} that rpama ..S.J_.'-.t"!\";‘é" -. auculta vas present only at
the transitlonal reglonas of the - qervieal column, that is, the ogeipite-

vervical and. cervicnn!_:horacic 'junct':ional areas (indead, apina bifida is
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charact&ristically found &t the succeeding thoraco-lumbar and lunrbo-sacral .
junctional areas). L

The oceiplto-cexvical ':iunc_ti_onal area I:I.si -howev’,r., unigque in that it iam
bounded éraﬁially,. not by vertebrae, but by the woccipital bone. ' Du.ring
development, a se.ries. ;f- 'mesbderma]_. scmites pravide the tissue from which the
vertebral _' column is .'derived. . "The somites cranial _to. the position of the
poteﬁtial 'atlas However, are different from the potential vertebral soinites
in that they are dastined to form part: of the occipital bone ‘They axre termed .
occipita.l scmites. ' _ - |

The potential fn-r variation which is present in all janctional areas of
the vertebral column, in the occip:.to-cervical ragion is thus subjec.t: to an
additional infliuence, that of the occlp:.tal bone which may contribute te the
po-sibz.lity of :.ncraa.sed variahil:.ty

Evidence of the influence occipital somites may have on. the atlas is seen
in the occasional xeport of oc:ciﬁgita.]_.ization of ‘the .ét:ELa.s'.

In more general terms, 'the. ahsehce. of é ‘gpineoug process which provides
straﬁgth and stability in the atlas, may.. render the atlas more suscapt.iblé te

the formaticen of apina bifida occulta,

G. | Summaxy and Conclusions _

The - frequency of .spina .bif.-ida scculta in all . cervical vertebrae
{including the atlas and vertebrae in the cervico-theracic region] was 4.3%
in bléc]c South Africans and 5,0% in white ‘South Africans. When the résults
- were separated acce ding to the level of 't::_ccurrence. o_f spina bifida occulta, )
the atlas was the vertebra most frequently affected in both S.A. black(3.0%)
and white (4.0%) g;:oups . Similar relaktively high Freguencies were reported
in another two biack' groups; South African 'Negroes {£.9%) and Rast Afri.can
Negroes {3.9%]. ' _

" Tha freqursﬁc_:i.as of the defect in the cervicoe-thoracic weglon - (with
exclusion of results on the atlas) were 1.7% in bla;qk and -1.0% in white South
Africans. Two comparable studies om the dervieo-thoracic region on S.A.
blacks yielded frsguencies of 3.6% (Shore, 1930) and 2.49% {Levy and Freed,
1973) . | Btudies on other black groups range from 1.3% (a radiographic study)
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~and 2;9% {a skalétal studyl in Hast Africans, to 2.2% in'West;' :African;. In
sumi, fraquencies for blacks in skeletal studies range from 1.7% to 3.6%.

_ Frequencies in white groups from large radlographic studies are lower and
.range from ©.02% to 0,15%. ‘The h;ghast frequancy for whites was found in the
;ﬁ:esenf study (1. 0%), .It ls tentatively suggested.-that the results of the
white skélebal study pay be inflnenced by the small sample gize and that a
larger aampls nght yiald a 1awer £requency~ more in. line with results for

_ otha; white groups, A tentative suggest:c“ is also put forward that some'
radiographi¢ studies might fall to detect a vertebra.wdth & narrow c;eft_ln
the lvertebral #xch._  This:might_auggest'a possibla esplanation_fbr'the Zero
frequean of - the defeét in.Eha white :adiographic atudy by Asvat and Lazarus
(1991.) B . - . . . ’

Famales preaentad with a higher incidence of spina b:l.fida ccculta than
malas in both black and white sam@les of the present study and this tendency
confirms fzndings in the literature.

With regard to the 1evel of spina bifida occulta, the #tlas vertebraa was
the vertebra.ﬁmSt'affactea in botﬁ.the bladk and white South African samples
and 'this was followed by the defect in vertebrae at the cerv1conthoracac
regiqn; The defect thus occurs most frequently at transitional regions of the
vertebral column.' It is tentatlvaly suggested that the occipzta—cervxcal
region may be méra sulnerable than tixe cervico—t‘ﬁoracid reglon te Influences
whidh could contribute to ﬁﬁriétidn in vértébrae in.general'ana specifically_
to spina ﬁifida ocaulta. These factors includé'a} the absence of a spinous
procass, b} variation in Ehe.pattern of osgification. of thé pesterieor arch. of
the atlas and o) Ehe proximity of the atlas to'tﬁé cccipital somites which
will develop inte the basioceiput.,

The causal factors for spina bifids are numerous, but the general
consensus of opinion iz that geﬁetic and environmental influences combine te
cause spina biflda aperta The ptesent study conﬁlxms raports that sapina
b:t.fida occulta is present more frequently in black t’han in wh:l.te population
groups. It is thus suggested that genetic factoers play a part in tha eticlogy

of spina bifida occulta,
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- CHAPTER &

COMFIGURATION OF SPINOUS PROCESSES IN CNRVICAL VERTEBRAE C2 TO C7

A, cnnfz.guration of Cervical Spinous - Processes in the 8.A. Black a.nd White
Samples. : ' '
A praliminary a.nalysis ‘of numbara of spinous processes in ma.las and
females showed minimal differances. - Thusg separate data for the sexes are not

. .w'em.

Al. Bifid Cervical Spinous Processes (Tables 12 and 13)
. In the black §.A. sample, bifid cérvical spinous processes we:&e prasent

. in 546 cervical vextabrae. This g:.ves a frequency of 31. 6% sut of a total of

1 _729 spinocus processes {Table 12} . A b:u.fid spinous prcscass occurred most

commonly in _. the axis - ertebra and was present in 251 out of 300 spinous
procgsna' (83.7%). The fifth cexvieal vertebra (C5) .shéwed the second highast
incidence of bifiditf {36.0%), foiloﬁad .by €4 (27.6%), €3 (21.5%) and C6
{17.5%) .  The seventh cervical vertebra showed bifiaity in only one wvertebra
(0.4%) . There is thus a decreasing order of b:l.f:td:l. Ly fram 02-6. |

| - In the white S.A. sample of 586 v.a:_:tebrae, 345 {58.9%) had bhifid spinous
procgesses. (Table 12} and thié frequency was significantly higher (P<0.05} than
that in S.A. hl_acka. Phe axis vertebra again had the highest incidence of

bifidity (88.0%). This was followed by C5 (83.0%), C& (79.0%), €3 (59.4%),

€6 (41.7%) .ﬁnd €7 {2.¢%) and this decreasing order of bifidity was similar te -

that for blavks. ‘'The higher-freqqency.in the 5.A. white sample was a result
of the significantly higher frequencies of bifidity in {P<0.05}) €3, C4, ¢5 and

¢6 when compared with the correspon_ding vertebrae in the B.A. black sample.

The bifid spinous processes were - supdivided into bifurcate kdiﬁerg._ent

alae). and cleft {parallel or non-divergent alas} {Table 13}, In the S.A..

black sample, the bifurcate type of spinous process was present significantly

more often (60.8%) than the cleft kype (39.2%), In the white sample the

bifurcate type was present more often {(79.4%) than the cleft type (20.6%) and

this difference too was significant (P<0.05). When the individual vertebrae
were analysed in blacks, the axis presented with a significantly (P<0.05)
higher frgquéncy of the hifurcate type (85.5%) as opposed te the wleft type

(13.5%). Cervical vertebrae three through six however, showed a higher
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incidence DI:E the cleft type, &though this difference- ‘was not st_ﬁa,tistiually
significant. In the white S.A. sample the bifurcate type of ﬁpinous pr-_.;:ceas
-pocurred more frecquently in #11 . eervical vertebrae, C2-C7 'inclﬁsiim {Table
13 }... Though_' the prepcihdarance nf cleft spinous proceséas :Ln C3 to €8 in tﬂe
i:lack _sam:ile was not significant, the finding may be a characteristic of black

cervical vertebrae.

Table 12: Nimlbers of Bifid and non-Bifid Cervical Spinous FProcesses in the
5.A. Black and White Samples ' . :

. VHRTEERA .

_ 2 | o3 | ca | 5 | c6 | o7 |vomn| s
 Imigie o | 57 | 79| 78| 40| 2| 345 s8.9
 White |Non-mifid | 11 | 39| 323 | 16§ s6 | 98 | =241} 41.1 |
foomar | 100 | 96 | 100 | sa | 96 { 100 | 586

. | Bifid 1281 | 6o | 79 [10a | sa | 1| a6l 316
| Black | Non-Bitia 49 ) 219 | 207 | 185 | 240 | 283 | 1183 | 68.4
| woraL | 300 | 279 | 286 | 289 | 292 | 2ms | 3 729

Table 13: Rumbers of Bifurcate and Cleft Cervical Spinous FProcesses In
. Total Bifid Spinocus Progessas of 5,A. Black and White Samples '

_ VERTEBRA | _

o _ cz2 [ c3 o4 cs | os ¢7 | TomAL %

Bifurcate 70 | 51| es | s8 | 27 a | 274 | 79.4
white | Cleft | 19 R 13 20 13 0 71 | 20.6

TOTAL BIFID | 83 | 57 79 78 40 2§ 345 |

Bifurcate | 217 25 | 31 | 39 18 11 332 | s0.8
Black | Cleft .34 351 48 | 65 | 32 0 214 | 33.2

morar BrFzD | 251 | 70 | 79 | soa | s3] 1| 54

A2, Non-Bifid Cervical Spinous Processes {Tabies 12, 14 and 15}

The results for non-bifid cervical spinous processas in the thres tribal
subgrt;ups are given in Table 14, ‘:_Ehe resx_ﬂts for_ the pooled black aa.mple. are
givaﬁ in Teble 15, Table 12 shows that in the combined S.A. black sample, the

non~bifid cervical spinous processes were present more frequently (68,4%) than
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the ._b:l.fid type {31.8%)}). In the S.A. white sample the pomition was reversed
'wi..th. the bifid t:ypeﬁ_ h;:‘ving a higher  frequency {58.9%) as opposed. td thé non- '
bifid type {41.1%). ' | _ |
~ The non-bifid spinous processes wers consi_déred jri four subclasses - -
abinaté, : oi:tusa, padiculafe and clavate "f]?ig. 5, P. :LS}.'. In al]. three t:r:.bal .
subgroups, the cla.vata type i spinous prccess was the most comon. 1\-.
42.6% in the I\?.Nguni,_ 41.1% in the Scthe and 39.0% in the C.Ngum.p This'ﬁas.
followed by the pedlculate type, with the N.Nguni again shewing  the ‘highest
'.f__requ.ency (40.8%), followed by the C.Nguni (34.6%) and the Sotﬁo (29.7%) . The
obtuse type ' ﬁas  pPresent less fraqﬁe@éiy in both the C.Nguni (13.6%) and .
"N Nguni (13 2%} subgroups. The. lowest frequer cies in the table were for the
acinate type in the c. Nguni {12.8%) and 3.4% in the N.Nguni and for ths obtuse
type {10.3%} .':.n the Sothe. The acinate _type was howaver, the third highest
in the Sotho subgroup {18,9%). . |

“In tha combined 8.4, black sample {'I'able i5) the predom.nant type of noti-
bifid wecervical spinous .process was the clavate {40.8%), followed by the -
pediculéte' type (34.7%,. tha obtuse type (13.3%) and lastly the acinate .typé
(12.1%). In the S.A. white sample the clavate type presented the - kighest
frequency (62.5%). In &ontrast_: to the black_,sample_ hoi\rav:ax, thiés was followed
by the obtuse type (16.58), the pediculate ‘type {14.8%) and lastly, as with
the black sample, the acinate type (6.2%). There were however, no significant
differenca#_ 'bétWeen blac':k' and whitsa samples and it is noteworthy thaE the-
clavate s‘ﬁbtypé was the most commen in both .groups ‘Bnd the acinate the least
common.. The .;:radomi.n_anc'a of the _claﬂ;rata éubtype .was owing‘ in part ‘to the
finding 'thaﬁ all seventh cervical vertebrae {in both black and white samples)
ware of the clavate subtype. | _

The £indings in the presént 8.4, black sample of predominantly clavate
“eplnous process, differs from Sh&_ra's {1931) finding that the pediculate type
_waé predominant ir his black S.a, samplé..' followed by the clavat:é.- In a San
#ampla studied by Shore (1831}, the clavate typé was f'ounci to be the
predominant 'tfpe- followed by the pediculate type. .This cnrres'poncfs' with
results in the black sample of the present study. ' ' '

The resﬁlts of- the preéent study show ho siéhificant differanc'es. émong

the four subtypes of non-bifid cervical spinous procestas between black and
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Table 14: Nunbers of Non-Bifid Cervical Spinous Processes in . the .'I‘I:::ee
Black T+ibal Samples T : . -

_ . VERTEBRAR _
_ ¢a | c3 | c4 cs | ¢6 | =7 | goman %
_Aqinaée 31 26 | 17 8 4 .7t o | s2 13,8
Obtuse - - g | 5 9 21 1 i1 {. 0o 55 13.6
C.Nguni [ Pediculate of so | 4 | 28] s o | 140 } 34.6
- Clavate 0 0 o | .5 | e | 93 | 158 | 39.0
| womnr 121 80 | 72 | 64 | 84 93 | aos '
Acirate 4 29 | 26 | 18 4 o { 79 | 18.9
Chtuse 51 6. _ %0 17 ¢ | o) & 1e.3 |
Sotho Pediculate ol s 42 35 z 0 s | 29.7 |
Clavate N 0 o | o 75| 93 172 { 41.1
TOTAL 1w} s0 ] 78 63 85 93 | ais
| Acinate ol el 2 s, 1l el 13 | 3.4
Obtuss 12 | 10 8 8 s | o} a7 [ 132
N.Nguni | Pedigulste 3, 46 1 47 | 36 13 o | 5 | a0.8
Clavate . 0 o | ol of ss o7 | 131 | 2.6
morAL . [ 15 | &0 571 40 | @ 97 .} 355

Table 15: Non-Bifid Cervical 'Sp:l.nous Processes in . the coxbined &.A, black '
: and white samples : : ' : .

e2 | 3 | ca | o5 | o6 | o7 {woran| =
Acinate 1 721 as 45 | 30 | a1z 0 143 | 13.1
_ Obtuse | 27| 20} 27| a5} 2s o | s | 133
Black | Pediculate 3] 1s0 | 135 | 100 | 21 o | a0 | 34.7
| clavate 0 0 - ¢ { 5 | 103 | 283 | 481 | 40.8
TOTAL 37 | 220 | 207 { 181 ) 250 | 283 [ 4 178
Acinate o] a.q al 1 3 o | 15| .2
Obtuse el 16 | 10| s i 1 b 40 | 16.5
| white Pediculate 3 16 9 7 1 0 36 | 14.8
Clavate 0 0 0 3. _ 51| o8 152 | 2.5
TOTAL i1 [ 3% 23 16 | s6 | 98 | 243
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white samplas There is thus nn mdication of a pnpulat:l.on diffe:cence betweeu

the black and whita samplas in this rega:d

B. n’;_.i..a;_cussion .

Cﬁnﬁingham‘s Taxtbook of Anatomy - (Romanes, 1991) describes the spinous
processas of the third to. the fifth cexrvical _wrértabraa as "short and _hififi at
._ the free end'. Most standard anatﬁmidal..text-s, give condensed and .aimplifie.d '
descriptmns of this: feature, Mo:ﬁ-e datail, h.ﬁv}éver-, ig given by Morris [1915
cited by Ehore, 1931) who w::‘ota ¥ag a rul& a.mong Europeans, . the second, third,
fourth _and fifth_ veartabraa possess bifid spines ... =ometimes the sixth has
;&: l_:if."id epine, and, mare rarely, the seventh .presemts the same co'nditic:h .
He : Qcés' on to say that the cervieal spinous processes are réléi::i.valy shortef
and more stun'ted-_in Fegroeg than in Buropeans, and, as a. f"le, are simple
. {that  is non-bifid), He notes furt:her that the -only carv:.nal vertabra which
presents a bifid sﬁina in all races is tha a_x:.s and that -even this mdy be non-
_bif'id in the Negro; and. occasionally in the.. European. The present study is
generally in agreement with these statements since S.A.'. white cervical spinﬁus
processes are significantly more bifid (58.9%) than non-bifid (41.1%) whereas
non-bifidity is significantly more If_requen.t .in 8,8, Dblacks . (68.4%).
.Fu:_:'théx.'m&;.:re,. tﬁe present soudy also -confirfued that -the axis consistenﬁi'y'
displayed the bifid character in mest. individuals in both black (83.7%) and
white samples (89.0%). | | |

Shore {1931) sﬁudied Ehe configuration of spinous proceéses in samples
of 8.A. black and white populations. The. jincidence of .bifi.dity and non-
blfidity .:!.n his white sample was 71.8% and 2.8.3% respectively. In the pregen.t:
.st:udy-,. the white 8.A. "sa.mple' too showed a h:l.ghe.r frequency .of bifid spinois
procesges (58, 9%} as compared with non-bifid {41.1%).
| Shores' {1931) biack sample hawevar,_ had a high freguency for nnn—bifid :

spinous processes (78.8%).  This was even higher than that of the present
study (68.48]. A ftrend is thus shown towards non-bifidity in both black

samples, _ _
' The £finding that hifid uarvica_l..spinous. processes occur almgst twa  times
‘more frequently in the white S.A, sample (58.9%) than in the black S.A. sample -
(31.6%) of the present study as well as in Shore's ([1i931) study (71.68% az '
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_comparéd‘ with 28.3%) may suggest a 'pofpula‘cinn différence with regard to tﬁis
trait, | ' - . L ' ..
-VOri Eggeling (1922 cited by Shore, 1911] ‘made  extensive comﬁarativfé
" studies of the gkeleton and the musmllaz. systems oi man, anthropo':'.dé and.
monkeays and suggested that variations in the b:.fld:.ty of the cervical apinous-
pProvagses depend on posture and mob:.lit:y of the CL 'vical spine. 'The non—-bifid :
.character‘ of the cerv:mal spmous processea whlch he found in apes and monkeys
'was, in his opinion, assocla.taa W:Lth the mcompleta attainment of the movement
and aract‘.ion of the cervieal spine and thus, 1esser muhil:.ty ' He at:trihm:ac'{
the ocourrence of non-bifid cervical spinous processes to. the lesser degree
of development of the semispinalis . cervicis muscle in spines of lesser B
mobllity. | - | | | o
VOn Eggal:l.ng (1922 cited by Shore, 1931) also made a deVe_lppﬁnental. study
of bifidity. He obmerved that the “bifidn condit:i.on_ of the éervical ‘spinous
processes cdﬁld he racogﬁised in the cartilaginouc : stage 6£ dsve.lopment. Ha
also cbserved that some of the comoﬁly nop-kbigid sixth and seventh spinous
processes exhibit a bifid éana.itioﬁ in the cartilaginous stage. Fﬁrtﬁermo:&e,
he observed that -:Ln .{.'.he second half of the Eirst year, b:_lfidity wf the
cervical apinous processes bhegina to disappear, firs:t .a.t tha seventk and
thernce in a cran:.al d:l.rection He thus suggested that the bifid quality of .
_' the cervical spincus processea in wh:.tes ha.d antared a phase uf regression and
”that the increased hLifidity of these Procaesses was a transient product of
ei_rolut::i.on, which started in a post-Neanderthal perioc'i and" would eventually
disappear. - Thus Che results in the white sample would seem to ind:n.cate that
the <change of type of the ce:r_vical sp:l.nous procasses i_ndicated during
development, i.e. -bifid_ to ﬁon—bifia. has .naw attained vi_rt_tial completion in
the saventh verﬁebra, but has not attained an .appreciable fraqﬁencﬁ- in the
middle members of the. cervical éc_:lum ih. the white sample. The black sample
however, wQuld geem to be the more stable in tei:ms of wvon Eggelings. findings;
the cervical épinqus processes have tended to retain their nen-bifid characﬁér_
acquired during developmenkt. It is pﬁsiblé that t:ﬁere iz a dwelop_mental-
axplanation  for tﬁe pi:'eponderanca of non—bifid splnes in C3-07 of tke .S.A'.
" black éample. This is supportid by '_t':he finding of a prepondevance of non-

bifidity in Shore's {1931) 8,A. black sampla.
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C. Sumeary and Conclugions
"Bifid cervical spinous - proceésses were present significantly more

_frequently in 8.4. whites (58.9%-} than in S..A._ blacks. {31.6%1_. A bifid

spinous process occurred most cmon'l_y in the axis whera the. frequency in the

‘white sample was 89.0% and slightly less {83.7%) in the black sample. In the
white sample, the frequency was somewhat less in C5 (83.0%) Apd C4 (79.0%)
than in C2 and fell to 59.4% in C3 and 41.7% in C6. A bifid spine was rare

in €7 {2.0%). _This accords in general \ﬁth textbook stataﬁmts that cexvical

vertebrae 2-6§ ha.ire bifid spines whareas that of C7 is ugually .ncﬁ-'biﬁia.'

There ig a similar order of decrease in bifidity in the S.A. black sample.

The bifurcate subtype of hifid spinous process '{divergeni:' alae)

characterises _'thé'-a:.:is in both black and white samples .and predominates in C3-

€6 in the £.A. white sample. In the 5.A. black sawple however, the cleft typs

(parallel alae) predominates in €3-C6 and this finding may be characteristic
of S;.Ai .bla_.ck.s._ . . .

Non-bifid pervical spinous processes wexe present significantly more

frequently in S.A. blacks (68.4%) than in whites (41.1%), These findings were

. in agreament with those of Shore (1931) on S.A. blécks. It is postulateﬁ that
this relatively _high frecuency of non-bifld spincus processes in - both 8.4,
~ black :é'tudies as .ca;ﬁpare_d with B.A., whites .may éuggest' a . population
.differencé. IWhe.n the non-bifid .spines ware éubdiVidad .in_tu acinate, abtuse,'

pediculate and clavate, the clavate subtype was the most _donn'non in both groﬁps

(black - 40.8%, white - 62.5%) and tha acinate the least common (black -

12.1%, white - 5,2%). I iz noteworthy that the spines of C7 were alwayé of
the clavate subtype. ' _ ' o _ '
Von Eggeling ({1922 cited in Shore, 1931) presented evidemce that there

was a &evalépmental .pragressidn from bifidity in the Ffoetal stag. towards non-.

" bifidity im the first year of life and progressing up te puberty. This

developmental hypothemis could 'possibly acoount for the relativaly high'

frequency of non-bifid spinous processes in blae* samples; the black sbinous
prodanses .'have_ thus tended to zetaln the non;bifiﬂ. character acquired during
.devﬂopment. ' Vc:n. Eggeling .{éited in Shore, 1831} sﬁggestea' that .t'he
:relat:ivelj,r high frequéncy of hifidity in whites was a regressive step in the
evolution of bifidity. There could thus be a -developmental explanation for
.thé differing fa:equesnéies' of bifidity found in black and white groups. .
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CEAFTER 2 - .

 BIPARTITE FORAMEN THANSVERSARIUM

. A. Blp&tita Fb:fanien Pransversarium :I.n the S.!_'i. Black - and -ﬂhit_.é Jamples .-
(Table 16, Pigures 14 and 15) | ' |

Table 161 The Frequ.ency of Bipartite Foramen Tranaversarium in 8.4, Black
_ and Wiite Samples _ '

- - _PERCENTAGE FREQUENCY

saprE |  wate | gmeiE | MALE + FRIALE

. _ _ 2 _- % _ : % n
Sotho . - _54.0 440} 490 | 300
CNgwni - 460 L sae _ 400 100
Mgt ) s _33.0 27,0 100
TOTAL S.A, BLack | 4s0 | 1s7 | 313 300
| TOTAL 5.3, WHITE 52,0 60,0 56,0 140

_ The frequency of Pipartite foramen transversarium in all cervical
vertebrae in the tribal subgroups is given in Table 16 and Pigure 14. ‘The
Sotho sample had the highesi Erequency of 49.0%, followed by the C.Nguni -
{40..0%} and 'N.Ngiini -(27;0%}. Thé Sothe and CNguni '_samples presént_.ed with a
. statistically significantly (P<0.05) higher £frequency of-;__ this trait when
compa:_:‘ed to the N.Nomi sanlpié. The subgrnﬁps wer;aI combin.g;l to tive a; aai‘@le
'reprgsem:ative of S.A, klacks. "~ 'The - black aanwle'_.‘(combinad;ééx datal shoiréd
a ‘lower frequency of .bipart:'ité foramen -transvérsariﬁﬁi' 131.3%) than the white.
sample (56.0%) (Table .16, Figure 15). Thig diffareﬁce was significant
tP<0,05) an& -was mainly due "to the - white fema_le_ samplé_ which ha._a_ 8
-signiﬁicax_zﬁly {P<0.05} higher fregquimcy {60.0%} than the black female sample
(18.7%}. Whif:e maler too, had a ”highar- fraquénby {52.0%) than black males -
(44.0%) but the difference was not significant. _ ' _
The only other results in population studies available to .. was that by
Sauhdefs (1978) _th reported an exceptiénaily-_high £raquency of - B4.8% and

?é.i% for Bskimo-Aleut males and females respactively.
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The incidence of bipartite foramen transversarium in the N.Npuni, -

Fig. 14.
L C.Nguni and Sotho trikal subgroups (males plus females combined).
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Fig. 16 = 'The incidence of Dbipartite foramen transversarium in the total
black and white 8.7, samples. ' : ' : _ .
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Two other groups from her study are the Mobridge (males - 76.9%; females -
90.2%) and  Libban _sémplas (males - B89.2%; females . 81.0%} who both’ present
with similarly high frequencies. - These freguencies are far higher than those

of the present study and reguire furthep inirestigat:i._on.

B. Sex nifferences R _ _ -

Hone of the thraa tribal su.ogroups Ehowed statigtically signif:l.cant Sex
_ differanc_as, _although bipartite _fora_man transversarium had a- .a_lzght: male_-
preponderance in all three subgroups {Table 16). Tn the ‘combined 'S..A. _Zblaék
éampie, the miles showed ah:.gher frequency of this wvariation .{44.0%} when '
comparéd tL the black S_.A.' females (:8.7%] and this dif.ference was significant
{P<0.05), No s.;l_.gnificant sax différence was presant in ﬁhe S.A. white sémple '
' thouqh hers Ithere was & female prepondaraﬁca {femaleg &0 ._0%} nlélés 52.0%).
Saunders (1978) .found_ !_}o signifimaht sex diffarenca. ~for this trait in her
.study of ‘the Bskimo-Aleut, Mebridge and Libban samples. The male
prepondsrance in the black _s;mple ~und the slight female preponderance in t:hé
white sample together with the resuits of Saunders {(1978] indicate that mexual
.'.dimorphism is not marked in this trait. '

c. E’rem.ienuy of Bipartite Foramen Transversarium at Varlous Carvical Levels
| :in S.A Elack and White Samplas (Ta.bles 17 and 18]

A bipartite foramen transversarium cccurred most freguently at the sixth
cervical vertehwal lavel in both S.A. black (40.78) and S.A. white males
(47.8%) (Table 17) and algo . in §.A. black females {48.1%) and S.A. white
females (47.9%) ('i'abla 17}.  When the results for males and females were
éombinad,- the. frequency for bhipartite foramen transversarium in €6 was 43,8%
in blacks and 47.9% in whites. TLe Double (1912) found the trait most
- freguently on '¢6 and most often bilaterally. 'This fiﬁding was also reported
h:y the study of Saundexrs (1978} on tﬁé Eskimo—'AIeut .sample' Tulsl (1975 cited
in Séuﬁc‘lars. 1978) similarly found the highest fraquency of -this variat:.on to
occur in €6 in a sample of Australlan Aborigines. o _ ' '

In the black combined-sex gample a  bipartite foxamen trahsvérsaﬁ:ium
ocourred né&tt' most frequently at €5 (33.u%). _'I‘his was followed hy C7 {8.8%),

<1 -fa-‘z%}_,ﬁr.‘-‘ {5.1%} and C3 {1.0%1_; No bipartihe_r__ foramina transversaria were
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Ppregent - in €32, This oxder off __dec_aasi_.ng frequency v:ms siﬁile\r in the S.A.
-white combined-sex sauple {C6 - 47.9%,. C5 - 22.3%, C7 - 14.9%, C.:L - 10.6%,.-0'4
- 3,12% and.CB - 1.1%). In view of the similar results iﬁ thé black and white
5amples, ‘the frequéncias were combined to .p.rcrvide a glc;bal figure for the
diécussién.. These combined-group frequ_.encieé were 45.1% in C6, 29;5% in ¢85,

10.8% in C7, 9.0% in €1, 4.5%8 in C4 and 1.0% in C3.

Pable 173 . The 'f:equéncy of Bipa::tita' Foramen Transversarium in the Various
Corvical Vertebral Levels in the S.A. Black and White Samples.

BIPARTITE FORAMEN TRANSVERSARTUM .
_ TOTAL BLACK | TOTAL WHITE |
| [ wz | 2 |rome] » MALE | & | FEMALE %
er | 8| 7.1 8] e - sl 10.9| 51 10.4
o3 - = - . . - e
3 2] 1. —1 - v 2.1
|ce 9 8.0 1 1.2 2| - 4.4 1 2.1
c5 e 33.6 26| 32.1 10 21.7 | 11  22.9
ce | as| 40| 39 48.1 220 478 23{  47.0
c7 10 8.8 7 8.7 7 1.2 7 14.6
o313 ' 81 ' 46 § 48

Table iBa 'The fracuency of Yillateral and unjlateral bipartite Fforamina
tranaversaria in the £.A. black and white sarples.

BIPARTITE FORAMEN TRANSVERSARTUM
TOTAL BIACK | _ momnwErse
] # |om]| & || » o] s [m] &« [ou]| s
c1 7] 38| 5| 31.2| afas.o | 2 2000 3| s0.0| 5| so.0
[afr)} . o - - - — — ._ —_ - - —_— —_ —_
e | af so.ef af ses) |  —f -] | 1| 000] -1 -
[ 3| 30.0 3] 30,6y 4| a0.0§ ~-- -1 2} 86.7[] & 33.3
es | 27f s2.3{ 24 37.5] 3] 20.3f 12| s7.1]| s| 23.8] 4] 102
cs so| s7.6| 20§ 23.6( 15] 198 29| 6a.a] 9| 30.0| 7] 156
e s 471 5| 204 af 2350 4] 286 7| so.0f 3| 21.4
95 Y 47 NI
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.D-. Bilateralit;y and Unilateral:l.ty of Bipa:rtita Forames Transversar:.uu‘t (Table

18 gives the results for tha conbined black and white samples } '

.In the = total bla.ck 8.A. sample, »a ‘bilateral b;.part:itj:e_ foramen
_trénsv‘ersariﬁm was pﬁ:esent in 49 '{5.7.7;%} out of a'..l:utal of 85 siﬁ;th- cérvical
_.vertabra‘.? affacted. The condition was un:r.lateral in 20 wvertebras on the right

side {23 6%} and in 16 verl:ebrue (18.8%) on tbe left side. In. the total white -
S.A. sample, there was =z similar trend for the-sn:th capvical verteﬁra'. S In o
this grouﬁ; a b:l.lateral bipartite foramen tranaversarium wag present in 29
(64.4%) out of a total of 45 aixth carvical vartebrae affected. 'I'h:r.s was
‘again followed by a unilateral right bipartite foramen (20,08) and a
unilateral left - {15.6%). _This_. trend was again repeated for ¢5, whers the
"Pbilateral .bipa:tite foramen ﬁransversarium was .:more fréquerzt in both the total
black (42.2%) and white §.A. samples (57.1%). At othor cervical vertsbral
levels, the bilaterality and uniiate:ality af bipartite foramen transversarium
roourred infrééuent.lf with a slight unilateral preponderance but this was not

significant . .

E. .Difs_s'cussim

The forameén transversarium from Cl te C6 transmits the vertebral artery,
a plexus of vertebral veins and a sympathetic nerve plexus. The seventh
cervical tr-neverse foramen usually transmits an accessory vertebral vein'
wh:i.ch"'dgscends from_ the wvenous plexus arnﬁnd the wvertebral artary. Rarely,
it may transmit the vﬁz:tehral_ artery _{W_il_liams et al., 1989}, The acceésory
foramen of a bipartite foramen transversarium of C6 (or any other cervical
.verﬁeb.ra}: transrn:.ts vainsg from the wenous plaxus accompanying the vartabral
artery and peossibly nervous elemerits  from the sympathet:,c- plexus.  Le Double
{1912) nrbserved the accessory foramen t:énsversarinm ke be present most
fr’equmtly ‘on. C6 and most often 'bilateraily “oIn .the present study, bilateral
foramina transversar:.a too occurred most frequently at C6& and the bil ate:r:al. '
expression of this trait was the most common , -

Le Doubls (1912] examined a sample of eight human mbryos but found no
bipartite foramina transversaria. Saunders (19'78} howaver, found double
foramina in - foe.t.uses_ and newborn-; ‘infants. CIn a,dditwn, she noted a

significant decrease of the trait from the young to the old in adults, She
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-was not able to acoount for the latter findiﬁg‘- nor for the causa'l. factors of
this variation., She suﬁgested however, ‘that the presence of an addessory
foramen. could be influenced by the growth of art:ar:‘r_.ai, venous and nervous
channels In the embryo and that _the;s_e channels may parsist in the adult. Such
channels she added, gould alse influenve the bilateral and unil_ateral
‘expression of this trait. She sugges_tea further .that venous ghazméié ware the .
most impo:i:tant_ factors . in the development of accessory fo_raming - transversaria.
The presént ..e_study supports - i:ha#a suggestibns' and offexrs a tentative
thepretical  explanation for the presenve of bipartite foramina .tré-nsversaria
at varving cérvicai l'avél.s. . R

_ I_t is noteworthy that no bipartibe foramina. trangversaria were preserit
in €2, three only at €3 (1.08), 13 {4.5%) at C4 and 26 (9.0%) at CL. In
contrast their pr_esenc_:é in the lower three cervical vertebras is much h.ighér;
that in C” being the highest {(45.1%) followed by 29.5% in C5. and 10._8% in £7.
It is note_worthy. that tha. l&tter; two vartebrae lie :on éither side of C6G. It _
is . teﬁta_'t’ive]y suggested that .thése aiffaren_ces' in frequeﬁaies of bipartite
foramina may be associated with the anatomy iformation and drainage) of the
vertebral vein. '

Veins frem the j.ntaxr_xél vartebral plexus and from the deep imuscles of ‘the
back unite to form the vertebral 'ﬁéin in the suboucipita]_. triangl’é. The vessel
theh enters the foramen transversa.-rium of i_:he _aii:.'t.as in company with the
vea.:t;.éinral artery. Both vertebral artery and vein descend to enter the f;oramen'
transversarium of €2, The vein has .now formed a dense plexits around the
vertebral artery end ie thus in cloge associstion with it. This passage
through the .fora_mina .transﬁarsa:cia. of Cl and C2 is tightly circumscribed by
.boﬁes and_-ligaménts and it is suggested that the rigid and undeviating pathway
of the vertebral. artéry ag it  inclipes laterally  From the. foramen
transversarium of C2 and then aécends__ vertically to the foramen transversarium
of CL thus forming 'a.n 105;:, .i.mpo_ses stable conditions on tha venous plexus.
Hence, the few acvecessory faraﬁtina reportad at upper cervical -'1.evels,”¢3 in
particular (1.0%), C4 (4.5%) and the highest number being in €1 {(2.0%). This
sliglitly- higher number of bipartite foramina transversaria in €L wmay be
" attributed to ‘the .relative' instability of the venous channels ie. the

tributaries, which coalerce at this level to form the vertebzal veiln,
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The vertebral a:rtery and its accompanying yenous plexus descend, throuyh
succesaiva foramina, but now have different pathways. The vertebral artery has
arisen _f__rom " the - subclavlan artery and ascands to enter t'.he foramen
_ tranaversa::ium 6f :.C6. The venous channels coalesce at C6 to form, orice ag#in, _
the vertsbral ve:l.n. This wein merges from the foramen trax;sversérium of CB

and runs downway da to open int:o the bra:..hiocep]:m- fc vein. It is postulated

' that the dynamic flow towards the large brachiocephalic wvein at these ltawa:r:. 3

cervical 1evels may account for the . pers:.stenca of accesaary venous channels
and _that thesa chemnals are present it the adult in the form of aacessory
bipartite foramina transvergaria. This theory is based on Saundars' {1978]
- Bindings that dcuble foramina ars present in foetuaes and tewborn infants and
..alao on her suggestion that: venous channels are the most :..mportant factors in
the development of accegsory foramina. It iz surmised that more than one
venous pathway exists betwaen 6 and the brachio&ephalic vein in developing
tostuses and that the dynamic Elow towards the vein (at this level) accounts .
for the persisten_ce' of more than one channel in ‘the adult. Tt is 'pestulal:ed |
that the influence pof the dynamic -floﬁ may extend to the adjacent developing
. C5, though to a lessar degree. '

In suorwary, this suggested explanation could 'accaunﬁ for the
signi.fiéantly higher fraquencles of bipartite Foramina in €6 (45.1%) - and, to-.
a lesser extent in €5 (29. 5%) than :Ln vertebrae at higher 1eve=ls. .

. This postulated explanation relating to dynamic flow may also be linked
to variations in levels. of ocourrence of bilateral bipartite foramina. - Since
the flow is. sjmmetrical, that is present on both sides, it may aéeount, al.
leasﬁ_ in jpart for the greater number of vortebrae with bilateral bipartibt.

foramina at cs'a_nd possibly alsoe at €5 than at the higher'_'levels

F. Summary and Conclusions _

The ~ Sotho (49.0%) and C.Nguni (40.0%) .sa.mples ' presented .With - a a
._ signiflcantly 'higher frequenay than the N.Nguni {27.0%) £for bipartite foramina
_ £ransversaiia. TFhe 'combine_d 'S.A. black sample had a signifiéa.ﬁi;ly lower
f_requexiéy '(31.3%}_ for thg trait than whites ISS.O%i._ No comparable studies
on other pop'uiatid_n 'group:s with which to compars these results were found in

the literature available to me.

€5



B

‘Bipartite foramina transversaria were p&:aseni: more often in 8.A. black

males (44'9%]' Ehan 'faﬁales. {18.7%) . ’I'h::.s male prepondesrance Was prese:;t. “too

in the tribal subgroups but was not sl gnif:n.cant In cantrast, thera wag a

sl:.ght: ‘female preponderanue in S.A. wh:.t:es b'ut this was not 51gn1£:|.cant.

_ . B:Lpartite foram:n.na transVersarza ware present‘. mast fraquant:ly i.n -C6
' 143 #%) in bath the S.A. black and white co:rﬂa:med—sex semples {47.9%). Thia
. finding confim reports ‘in the . }iteratura by Le Double (1912.}-, Tulsi '{1975‘.

clted in g Sau:_xd_ars, 1978} -and Saunde:t;s (_19'?8). : Re].ative,ly_ .high .' frequ@cig&

_ .w'ei:e pcr_:esent._'too, in the both groups at the lavel of CS {black 35.0%,_ white.

22.3%) and C7 [black 5.2%, white 14.9%), -mra only vertsbra where a bipartite
faramen transveréarim_ was not present was the e_ixis ar_:d the conﬁiti@ was rare
too, in the aﬁjécent €3 (blacks 'i.u%',' whites 1.1%}. ' '

At C6, biléi:er;l_ biﬁartite '-fo:am_in& ..t'ra.nsversaria. were pregent more d'ften
than the imilatéﬁ:ﬁ]_._ cnridi,{:ion. ~This tenééncy was Dpresent. in both b]_.'ack and.
white samples. | _ ' | |

Venous - channels are suggested by Saunders (1978} " as being the mosat,
important factors in the development of accessory fbfamina _transﬁersaria. ' on
the basis of these findings a  ‘theory is postula.ted to account for the
relatively high frequency of bilateral foramina transversaria at lower
cervical fllevels'. {06 in particular) .as compared w.{th i:he_ low numbers at up;éer
cervieal. lmla;s. ' '

&6



CHAPTER 10 _
BIPARTITE SUPERIOR ARTICULAR FACETS OF THE ATIAS
A. Bipartite Buperior Articular Facets .af the Aflas _ in the &.A. Bladk and
| White Samples | (Table 19, .'Figures- 1& a_.nd 17) ' |

In the black S.A. sample, the N.Nguni (21,08) presented with the highest
frequeng:y qf .bipaa;-_tite supericr articular facei_:s of _tha.' dtlas. . 'I’h_is ﬁS'
followed by the C.Nguai (16.0%) and the Sotho (13.0%) (Tabie 19, Pigure 15).
No Statistiéaily'-significant mt;:rtr:l.bal differmqi:és were noted, . The tribal
subgroi.iﬁs_ were thus cnﬁbhed. I& -biparﬁite superior arLicula.r facet: of the
atia_@_. “was found iﬁ'lﬁ'.3% of the 1J.ack sampla and 2’3 0% of tha white sample
(Tatle 19, F_igufr:e- .17)'. 'I'here was no stat:l.stic:ally signif:l.cant diffexrence

ba;_tﬁeem these two groups.

Pable 19: The Fraq:uency of Bimartite Superior Articulay Facats of the Atlas
: ' in the Black a.nd Whi\."‘ s A, Samples . _

i PERCENTAGE FREQUENCY

SAMPLE _ —— ] _

_ MALE | FRMALE | MALE + FEMALR
| Sotho _ _ 190 | 14.0 { 12.0
C.Ngund 1200 12.0 [ 16.0
N.Nguni _ -~ 3az.0_| 10.0 __21.0.
TOTAL S.A. BLACK | 20.7 | ~12.0 16.3
TOTAL S.A. WHITE 26,0 | 22,0 { - 25.0

B, Bipartite Superiur Articular Facets of the Atlag in Other Human
Populations _ | ' . '
Lanier [1939) reported a frqumnéy _of 20.0% for klack hmeiican males and

13.0% for white Amerfé#n_ males for bipartite superier articular facets. The

8.A. black male sample {20,.7%} .presents a fregquency éimila:r: te that for the

Aﬁerican black male sample (20.0%). The S.,A., white male sample however, has

a higher frequency (28.08) than that of the white Américan male sample

(13.0%_}. A icwer freguency Was foun.d'by Singh (1965) for Asiatlc atlases

{5.5%}. The frequency thua wvaries frc;m's.S% to 28.0% in differan_t population

groups .
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€. Sex Differences (Table 1§)
o The N,.Ngumi male sample had a significantly (??0..05] 'high_e:'t' frequ_aridy of
bipartite superior articular'-facats of the atlas (32.0%)".1:}1&; f&ma_les ii.O.U%'}.
'rhe ¢.Noguni male sample. too. preaented with 8 h:l.gher frequeney (20, 0%}. th'a.n'
he c Ngun:l_ female sample {12 0%}. hut' this was net .sta.tiatically s:.gnif:cant.
in contrast, t:ha Sotho sample, had a higher fre: Jeney for the females (14.0%)
than for males (10.0%}. This differencs was not statistically signifi&ant.
The. tribﬁl | subgioups 'were combined and in both the $.A. black and white
Isamplés. .the. males (20.7%} : 23.0.% respeﬁtively) showed | a higher Iregquency ﬁf
~this trait when .'cqmpared' o females 1{12,0%; 22.0% reépectivély}. ".T.fhese_'
diffarandas were nut.,.. however statistically. 5ign:l.fi.c._ant.- Finnigan {19.78},. in
his study of the Eskimo, also found the male sample to have a higher frecuency
of bipégtite supericr afticular facats ‘than the female sample. Thus males in
genara.l tend to have a highar frequency of bipartite auparior a.rticular

' tacets of tha atlas than femalea

D, Bilaterality and Unilaterality of Bi.'par'tite -Supar_i-or Articula&:. Facets of

tha.atlas'. _ _ _ _ |

A billateral bipartite suparlor ‘ articular facet of the atlas wérs present
in .17 {34.6%) skeletons in thé black S.A. sample and in 13 (B2.0%) ‘of the
Wh.ite 8.4, sample (Table 20}. A unilateral right bipartite superior articular
_facet: was present iﬁ 16 (32.7%) skelstons in_ th_e .bl.ae.k samplé aad 'in four -
{16.0%) of the white Sample.' .A.unilate.ral left bipartite superior axtic_ula.r_ .
facet was present in 16 {32.7%) of black ‘gkeletons and a unilateral right
bipartite superic‘:r articular facet in § (32.0%) white skeletons. Thl;is, the
bilateral expression of this trait was the most frequemt, although ita
ocourrenta was not siqnificantly diffexent from the unilateral condition
Lanier's (1939) study also found, as in the S.A. samples. that the bilateral
oxpression .of __this trait was the most. comnﬁn. He reﬁort_ed that klack American
males pﬁes’gnted a G50.0% fréquency of billateral bipartite 'supeficr articular "
faceta and white Amexican males a 46.0% frequency. In contxast, Singh (1965)
found thg’e bipartite unilateral left facet {52.6%) to be the most freéuent,
followed by ths unilateral right (31.6%), whereas the bilateral bipartite

- superiocr articular facet oncurréd in only 15.8% of skeletons, It would =eem
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Pabie 20: The Bi}.ate::al, Unilateral R:l.ght or Lef.t. Occurrence of Bipartite St:pen.or Articular Facets of the M:las

T TL

in the Black and Whita S.A. Szmples

BIPARTITE SUPERIOR ARTICULAR E‘BCE!I.'B ‘OF THE ATEAS

u BILATERAL UNTLATERAL RIGHT | tmmmam LEFT
uaLE | FEMarE TOTAL | xate [Pewars |  Toran . | MALE | FEMALE TOTAL
n n 2 | a2 | = n | % - n n n | %

Sotho 3 - 1 2 3} | a2 6l

C.Nguni, 2 2 | 5 - 5 | 3 4

N. Nguni 9 1] 4] e 4 8 ] 3 - 3
| zoran sBrack | 14 2 17 34.5 10 6] 18] 32.7| | s| 16| 32.7
| 5.2. WHITE 6 7 131 s2.0 2 20 4} 160 & 2 gl 32.0]
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that thara is no discernable pa.ttern Eor bllaterality and un:.late:cal:.ty and

it cannot be J:alated to any one population crou.

B. Discussion _ _
'Sihgh {1955} repdrtad 'th_a't the superior articular facets of the a_tﬁlas nay

_take' a variety of forms. The facet may be long, more or less oval, and

c"uncava‘ Mternativaly, ik n2y congist of two d:i.stinct' facets which are’

-_se,arat ed aither v a grnova or a r:.dge of bhons. Tha latter dasc:ription was
a&opt:ed for the definition af a bipart:l.te super:.or a::ticu].ar facet 1n this

Singh {1965)  examined variation in the .superior articular facets in a

random sample of .200 dry bones in Asiatics, He was . impressed with the wide
range of shapé' and form. He xeported that 86.0% of all atlas vertebras
‘demonstrate sca'ne farm of a tendency towaxds facat separat:ion, i.a. they had
bipartits art:l.cula.r facets. - wvon Torklus and Gehlg (1972} m_..ggestéd .that tl_-;e
ocourrence of bipartite atlas ‘eondylar faéets_ was owing to the fact that the
eu:iterinr aréh of the atlas, together with '_t':he anterior part of the superior

articular facat 'originaites from the pro-atlas,. whilast the posterior arch

together with the posterior part of the superior articular facet develop. '
in&ape\ndently. : Singh (1965]'_ alternatively ‘puggested that the occipital and

vertebral components of the atlante-ocelpital joint have both been undergoing
a vcontinuous succession of changes. He suggested that the atlanto-occipital
jcirit daveloped as a result of the mode of life of the animal. .According to

him, the atlantb—-ocuipital joint developed from a primitive triple condyle on

the occipital bone which comprised a ventral median condyle nearly ecirculax

in shape and two. elongated latera]_. condyles 5:i_.tuata|:1 aorsall.y on each side.
In amphibians the iataral condyles have become .dominant, while in birds, the
median condyle has gradually increased aleng with fecgssion and ultimate
exclusion of the 1ate_ral confyles. In mammzls reverse chaﬁgéﬁ have taken
place whaere only the létera.l .com.:'iyies remaiin v}hich rastricts the movements of
the head to nodding only.  Singh (1965} cundludeti that the tendency of the

suparior articular facets of the atlas to split inco Lwo separate facets was

an evolutionary trend resulting from restrictions of ..mrements of the atlanto- '

ogeipital Jjoint. Since this study did not investigute development of the
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atlas or movement at the atlanto-ocecipital Joink, ne. cqnclusi_dhs relatix_ig to

'these theories are possible. The theory of Singh (1965) however., is. favoured,

& -

F. " Bummary and Conclusions

In the $.A. whit_é sample there was a tendency for a higher frequency of -

Blpartite aupe'ri_or ' articuiar facety of the 'atlés (25;0%) than in the black

group (16.3%) but the diffevence was not significant, Both $.A. black and -

‘white males tend to' eshiblt this variation more frequently than females,
tﬁbu'gh'- ﬁhé_ée differences :wer.e not significant. 'The biiatéral e.xpfes;sion. of
this trait was the méra “Fraguent in _both the hlack and white 'gréﬁps {34 ..5%-' #nd
52.0% respectively} but .thi.s was n'_ot significant]-_y _..di.fferent. fram “the
o uniiata:fal .. exprassidn of the ;.-""h ‘i.t .I Siﬁg‘h's {19651 theory _'.-t'hat. bipartite
superior articular facets may betha expression of an evolutilonary f_rand ia

favoured.,
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CHAPTER 4.1
CQMI'LE'I‘E POSTERTOR .‘B‘RIDGE OF TEIE A‘I‘I&S

AL Posterlor Bridge of the m:la.s in the S.A* Black and White Samples

{'I‘able 21, Fig‘ures 13 and 13

A posten.or br:l.dge of the atla.s was present- in- 19,0% of the N. Nguni '
.sample.. 'I.’his__ was f.olluwad ny somewhat lower f:l:a_quenc:_tes for the C.Mguni
(15.08) and the Setho (10.08) (Table 21 and Figure 18). Thers were no.
'stat:isticaliy sign:l.ficant intertri-bai 'differeﬁce_s and - thé '5nbgrot1§é _..;;ére'
combined to form the 8.4, ]_:léck sample. 'I‘hi.s showed ‘a highe.:.r frequeﬁcy of
_posterior bridge of the atlas (14.7%) than the whits smlg {10.0%) tTéb_lé 21

and Figure 19), This difference was -not however, statistically significant.

Mable 21; The Fre»:;uency of a L"qmplete Post:er:n.or Bridge of tha Atlas in tha
Black and White B.A. Mlples

: PERCENTAGE FREQUENCY
SAMPLE - .
. MALE FEMALE | MALE + B'EMLLE
| sothe - 10.0  } 10,0 | 10.0
i Neuni 20,0 1. 10.0 15.0
N.Nguni _ | 22.0 16,0 . i9.0
- | ‘roraL_sA BEACK 17.3 12.0  14.7

TOTAL SA WHITE . 10,0 10.0 |, _10.0

B, Posterior Bridge of the Atlas in Ol:her Human Populations

Ossenfort (1926) found a complate pcstarior bridge of the atlas in 12.0%
of 102 American white .and 12.D% of Bl Ameiican black skeletons, - This is
comparable £o the findings :l.n the present study fS.A. ‘blacks 14.7% and S.A.
whit.es 10.0%). & study by Selby et al. (1955) on Amari.can whites réport:ed'a
frequ-enﬁy of i2.i%. Anathar study on American whites by Saunders _'-et al.
(1978) reported a frequency of 9.3%. The frequencies obt;ameni in _these two
stu&ies {12.1§ and 9.3%) are similar to the results fnf the S.AI. white .s_ampla
(L0.0%}. Thus, the 'frequency foi- the presence of a courple{:e posterior bridge
.on the atlas varies little in different population groups and rangas f:l:'om 9.3%
in American whites to 14.7% in S.A. blacks.
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Fig. 18 The Ilncidence of a complete posterior bridge of the atlas in the
' N.Nguni, C.Ngunli and. Sotho tribal subgroups @ (males pluz females
cambined) . o : :
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.Fig. 19 The incidence of a completa posterior br:i.dga of i:he atlaas in the
total black and white S.A. samples.
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c. - Sex Differences | |

A ao:ﬁplete posterior bridge of the atlas was prasent more often in klack:
© B.A. males _{17.3%’}_ than in fémales T (12.0%). The di'_ffarence.. hewever, was not
.statisi.:ically. Eigﬂ_i.ficﬁnt {‘I'é.ble 21}, '.Whi.te' S8.A. males and females hbwav_f_er,' |
presented  wits ééuai freéue_ncies {10;0_%}_ . A male prepﬁnderance t;vas reported
-_i.n. the studies by Selby et al. (1955) and Saunders st al. (1978} on two.
American white sampies. ‘rhus in | general, thaice would. a.ppea;_r: to be a mele

' préponderéﬁcé_ for this trait.

The Bi,_iaﬁaiﬁlit:g or '_Lmi.lataralir:y pf Postérior Bridbing‘-of the Aélas

_ A complete posterior bridge of the atlas was pres-mbt in 54 (13.5%) of a
total of 400 atlasss (8.%. black plus white atlases. c_cmi:ineé). i Of the 54
atlases, 24 {44.4%) pi:e;itkmted the bllaterxal - vondition, 13 [(34.1%)  the
unilateral righi_:.l cﬁnditicm and 17 (31.5%i the uﬁilateral left condition (Table
22) . Bignificantly more malefs {P<0.05} presented.' with the unilateral right -

trait than females.

Table 22: The 'Bilate'ral.' Uni?".‘at:erél Right and Unilateral Left dcourrence of
a Completa Posterisr Bridge of the Atlas in Black and White S.A.

Samplea
POSTERIOR BRIDGE OF ATLAS
. BITATERAL UNILATERAL RIGHT | UNILATERAL LEFT |
MATE | FE- { ToTan | MaLE | FE-- | moman | Mate { ®E- | TOmAL
MALE i MALE - MALE -
Sotho - - 3 3 i > i 142 3
¢.Nguni 32 i 2 s | s - 5 1 3 '3 6
N.Nguni § 4 10 3 2 4 2 < -
TOTAL BLACK 1L 9 20 9 1 16. 6 ) 14
n = 300 . _ .
TOTAL S.A. 3 2 | e 2 1 3 1 2 3
WHITE o . :
n = 100 | _ .
TOTAL BLacK | 13 | 11 24 1wl 2z (-1 | 7 1 | 17
IND WHITE | o - _ .
n = 400
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_E.'. Discussion _

'I‘ha poster:.or br:.age of the a.t:las EpAus the groove for the ve.rtabral-
artery and e::tends from the lateral mass ‘of the atlas to  the poshen::.or arch.
It t.hus ~creates a bony foram:an through which the wvertebral arte.::y and first
cervical spinal nerve pass. It has  been described as the retro-transyverse.
foramnen {Le Db'ub_le,. 1912; Romanus and Tovi, 1964}, pax_;tj.dulus_ posticus {Selbj
et al., 1955} and foramsn retro-articulare superioras {Voﬁ' Torklus and Gehle,
1972) . h - T

© Phree thao:ciés | hava basen propeosed for :_lts formation. . Very. eariy woi':kérs
prﬁﬁo&ed the bridge to be a diréct homologus of the superior articular.process
of - other mamals {tleland, 1861; Allen, 1879; MoAlister 1.893i " Others have
suggested that t.he brldge i5 a2 remnant of an Occlpital vertebra and iz derived .
from the enbryonic tlssue of the c'iorf-.al arch of . the pro- —atlag (1927 Von Hayek
_ c:l.ted :.n SBgunders, 1978). _

. Alternatively, Barge t1918)._ and. . '-.M-.’.LQ (19_53}.. ‘believed that the atlas
bridge 15 aimply a late stific}ation '-’éf the posterior atl&ntouoccipital.
menbrane. During my ocbservations, I ﬁoticed that the. bridge is -oécasionally '
J’.nc'omp.late. fince the éoﬂrplete and incomplete bridge corresponds to the free
border of the posterior atlanto-oceipital me:nbrm as i.t arches ovexr the
-vert.ebral_. artéry, Barge's (1918} and Ludwig's (1953) ' explanation would seem -
to account for both an incomplete and a complete bridge. This study thus
supports - the suggestion that the poéterior bridge of the atlazs may be _due '.to
oassification of the free edge . of the posterior atlanto-cccipital mepbrane and '
is thus a hyperostotic bon trait., Ossenfort (1926) and Corruceini (1974)
have suggested that hyp_erostotic or excess bone traits are more coﬁm_on in.
males. Thus the mal.e preponderance found in S.A. blacks as well as that found
in American whites by Selby et al (1955) and Saundérs et ai {19;13) all offer
.support for tﬁis suggestion. N ' ' |

'.Selby et al. (1755} found that siblings and parents of affected children
show a higher proportion of atlas bridging than in .l:he_ general -fsopulation,
whilst the converse was txue of the parents of unaffected children. When one
parent v&as affected about half of the children shoﬁad atlas bridging. With
both parents affectsd, the proportion ‘of affected chi.ldr'an was almost  100%,
Selby et al, {19551.'hy their statistical analyses and examination of pedigrees
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suggestad that this t.rai.t was familial, genetic and thnugh influenced by sex, -
pumbably inhem.ted as a Henael:r.an dominant traj.t. '

F. Summary and Conclusions _ _ _

“Complate posterior bridye of the atlas was present more frequently in the
S5, black sample (14.7%) than the white sample (10.0%) but this diffeverce
was not significant. ."J?he frequencies reported foxr var:‘..ous papulatiohs a:éé__
a:.milar and vary from 9. 3% to 12.1%, ‘I‘he tfﬁit has been shown tE_a have a
genetic basis and it i prabable that it is inhé:ri’;ed as a ﬂmdelia:; dominant

trait (Selby et al, 1955). '

| Black males presant a higher frequency of this variation than black
females, but this £inding was net significant. The bilateral expressiaon of
this trait (44.43) was move common than either the unilateral left 177 &5 ‘or
right (24..1%} condition hﬁt thi= finding Was not s'i.gnificant. The finding of
hof‘h incoﬁpiete aé well aa. cmléte bridges o.f the atlas in 'tha p_re'sé_ﬁt: étudy
offers suppert for a .su.ggested explanation” that. the formation of the briaga -
is owing t:c .opsification of the atlanto-occa.pital membrane. and it is thus a

hyperostot:.c bone trait.
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CHAPTER 12 _ : _

OSSIFICATION OF THE APICAL LIGAMENT OF THE DENS OF THE AXTS
. A, ossifi_cati_sr. of the Apical Idgament of the Dens of the Axis in S.A. Black
' and While Samples (Table 23, Figtmes 20 and 21) _ -
OEEi_fication' of - th.a- apical li'gament .""'?‘B- present in 12,08 of . thé_ Sotho_
t.ribal subgroup end in 10._0'% of both the ©,Nguni and ‘N.Nguni subgroups {Tal__:le_
23, Fi_gl.ira IZG].. _ The diff-‘srence‘s 'anang' thesa gi:oups ware ndt statistically
':.significant ‘I‘ha frequancy ‘foxr ossification of the Fp:!ﬁ"al 1:.g'ament was 10.7% -
-in the combined S.A. black sample and 18.0% in the white sample (Table 23,
. F:_I.gure 21y. Althcugh the white sampla_ showed a higher frequency of thi.s

vari_at:ibn, the difrerence was not statistically significant.

Table 23: The Fraquancy of O‘ssifieatlon of the Apical L:.gamant of the hx:.s
: _ in the Black and White S.A. Samples :

SAMPLE - e
i | MATE | PEMAIR | MALE + FEMALR
gotho - _ 18,0 8.0 _ 12.0
cNguni - 1 12,0 | 8.0 19,0
N.Nguni | 18.9 2.0 1 100
yoman sABIack | 153 | 6.0 10,7
TOTAL SA WHITE | 20.0 _16.0 _18.0

B. !?:':equency._of Ossification ?_::f the Apical 'I;igaméﬁi-; of the Axie in Various
 bopulations | o | | |
 Frequencies for the ossification of the apical ligament of other living

black and whit;a -population groups _weré not found in the _literatui:e._ Howaﬁer,

ragults ‘were available for three avchasological skelét_al sémples atudied by

Saunders (1978).  These were the Bekimo-ileut, the Arikara Indian and the

Great Lake_# late Woodland Indian .sa_.mpla_. - The frequencies were 12,9%, 14.2%

and 16.9% respectively. Anderson (1%63 cited by. Saunders, .978) found a

somewhat higher fre@ency for oasifiéatiqn of the apical ligament of the axis

{27.0%} in Indiens £rom the Fairty Ds_suary' archaeological site. Comparison

of these results ﬁi‘th_ those of the present study shows that the $.A. black
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- sample -has.tha'lowe_st frequency-fqr thé traic (10.7%), whilst: tha 2.3, white_
sample had the second highest of 18.03. The highest frequency (27. 04) * vas
. from an archaeoiogical sita E‘ha frequency of th:.s trait: iz thus comparahle_

with all but one sample f.ram archaeclogical s:Ltes.

i« Bex Diffaranuas _ _ ¥

_ All ma.las in the tribal subgroups had higher frequenuz.es for bssified |
apical ligamenta than iemales The cnly algnificant dﬂ.ffez:eace however was
for the N, Nguni sample vﬂtera males (18.0%) had a significant:ly (P<0 05} higher
frequency of oassiFied . apmal ligaments t:han J.emales {2-.0%}. - Whe tribal
subgroups wera combined to form the 8.A, black zample. In both éh_e S.A. blsck
(males ~ 15.3%, females - 6.0%] asd white samples (males ~ 320.0%, females ~
: 16.0%), males had .a;. higher frequency of the trait., 'These Jifferences wors not
howevér, statistically significant. Saunders . {1978) too .:fou'rid ] slig'htzly.
highé:} _fre&uanoy of asaifiea apical - ligaments for males :L_n her. a&rc.haeo.logic_al
studies, though this was not significant, This male preponderance in all
samples offers sﬁppdrf for the suggestions of Ossenfort 'f.‘['g-l_zﬁ_ | and Corzuccini

{1974} that hypervstotic bone traits are ore common in males.

'B. Discussion _

wiliiams et al. _{1989!,. regards the aplcal 'l:i.'gamer_n:' ‘as a rudimentary
 intervertebral disc, piobably containing braces of notochord. won 'I'b'rklus. and
Gehle' {1872} state that . .the. assificétian "of the dens {(whkich ﬁ,s the
embryological body of the atlas) starts at the base of the axis and procaeds
¢zapially in f:.w_m rays. _'I‘}_::.a._ twe ce_n!::reé sppeay at about the fifth _ moﬁth of
intra-uterine lifé and fuse at .birt:h. 'I'hey; fiote that an oveasional ineonstant
oseification céntré, the ossicvulum .t.arminala .Bergmann, makes an appearanca at
© the tip of the dens between the uges of 10 months and 2 yesrs.,  This ossiculum
is sald to be derived from the centre of the pro-atlas. Nermal osa.ification '
“dis complete by the tenth to tweifth year.'_' Tha ossiculum #ra.-s foqhd in 26% of
70 children batwaaﬁ the ages of 5 and il yea;:é {Cattel and Filﬁier, 1965) .,
von Torklus and Gehle (1972) state that the ossiculum lies at the level of the
tips of ‘the two ossification rays of the dens. - These two ossificatinn rayvs

overgrow thé ‘essiqulum and incorporate it betwaen them. Thiz prompted von
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Torklus and ‘Gehle ({18724 to speculate that when oss:.f:.cation of the aploal
ligament is prasant, tha two’ ossification raya ‘of the dens do not overgrow the
. ossiculum, Inatead,-_. the ossiculum projects _abave the dens to form. the fusa@
apical ligamenb. - ' _ o '
'J!ha:. évidenre that an occasional - ossifmat:im centre results in “the
\presen*.e of an ossiaulum in sqme 26% of a sample of aevalopa.ng children

prompi-n tnis atudy to favour the theory of von Torklus and Gehla tls‘?ﬁs

B, Sunmary and éonclusiaﬂs-

No significant intertribal ‘Qifferences were presant amor;g she fraqnahcies :

for 'qssificu-tion of the apical lidemett. Ossi‘ication of rhe apit:ql a ?

\I.?

e

was somawhat. higher in S.A, whites (18.0%) than in 4.3, blacks ¢ ﬁ i ,5?\

th:h‘eg too was not s:l.gnificant _
Sex differences waxe noted in the form of & male prepondar.m ..a :!.n bo\:h
‘black and white 8. A._samplas, as well as in all Saunders' (1978) s;m:plrus- “rom
' archaeoluqical sitas :
The theory of von 'z‘orklus and Gehle {1972} that t:ha extess bone. t:rait of
an ossifiad apleal - ligament may he derived from an onaiculum is thought to be

‘more likely .than.it being a rudimentary intervertebral dise,
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CHAPTER 13 o
SUMMARY AND GENERAL CONCLUSION

- gince pecple vary in many bodily -charadi:erist.ﬁs_, _both .s__t:_ruc_turg'l and
functicnal, tha presence of. morphologi_cal differences among var:i.t_aus population

i;rroups_ is well  documented. Practically all human populations £or which

e e, e e

adeguate records are avallable, exhib:i_.t- some form of morphologieal -

variability, whether of bone or saft tissue. Varisbility 1s characteristic

of ali foxms of life. For exemple, children of the sanie. family may only bear -

E.light resemblances to one another to 'i_:.he extent that monoﬁygoti‘c _ twing may
eireﬁ ¢lffer From mach other. The study of the. variabilihy of man encompasses
the study of human races, The prasent | dissertation éxami_nes tha cervical
i‘egion of the vertebral _column - for ev:_Ldance. c;.f' varlability of certain traits
~and their variability in black and white 8.5, population -gr§_ups. : |

The &.A. black group consisted of samples from three tribal subgroups,

the N.Nguni, the C.Nguni and the Sotho, Since ne significant inktertribal

differenqes were found (save for the frequency of cervical rib and hipar‘cite
forxamen, transvar&a;rium} the aubgroups ;mare poo'led te form a sample
representatiﬁ of 8.A. blacks.

1., Numerical Variaticn of Cervical Vertebrae

A reduction in mmber of cervieal wvertebrae is rare in man. This was

confirmed in the prstent study on §.A. blacks where only one column had Bix

servical vertebrae {0.3%). Thiz column belonged to a C,Mguni male, No white

columns showed a reduction in the number of cervicdl vertebrae, "kt was thus

not possible teo demonstrate any intergroup dJifferences but variation in

vertebral numbers for the total pre.sacral column has hovever héan shown iy
somé workers to indicate geneti_c differences among population groups. It is
thus suggested that since numerieal vari%tion of cervical .vértebrae. occu.;:‘s BO
infrequ.ently, fheir mumbers - should be -examined in conjunction with the . total
preéacral collﬁtm; ' -
3. Ocoipitalization of the ﬂﬁlas

Doclpitalisation of the atlas was not present in either black or white
8.4, aamnies.. Bome 'workers_ hava sugg‘este& that accipitalisatioﬁ be regarded

as a reduction in the rumber of cervical vertebrae. The majority of workers
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hcﬁever aonsider _. the ;:r‘ai_t to be due to developmental facters. They thus count
an 'occipitalisad .a.atl'as a5 1, The prasent studﬁ subsc::ribe_s -té the latter view.
3. Cervical Rib | _ o o
_ The vértebﬁa_l vﬁriﬁnt of cervic:a_’_l. .rib en {7 was present 'aignif_:_lcarxtiy
.. more freyuently ‘in the N,Nguwni {9.0%) and Sotho (7. Q%) subgroups than. in the.
C.Mguni [2.0%). The freguency for the com'bineﬁ S.A. black sample wag 6.0% and
‘this was signif:.cantly higher i that for §. A. whites (1.0%). E‘u::thermore,: .
the frequency for S.A. blacks was higher than that for other hlack wh:l.te and .
Asian groups repc_:rt:ed in the literature.: It. is notewarthy t:hat: a skeletal |
sti.tdy on 8.A. blac]w by Sﬁore {1930} gave the second highest frsquencsy (2. 5%}.
amony the groups... It is suggested thakt the high freguengy may be
characteriébic_ of H.A. _'blac}:s"and. may have a genetic -basis. These resulte
wnﬁ.lﬂ supéort a possible popula.tion_ difference between S.A.. blacks and whites.-
Bilateral _cervical "ribs ware present more - frequently (72.2%) than
unilatergl ribs (27.8%) in S.A. blacks. This proportion was' pressm: not only
in the present (skeletal} sample  but also in a radiograph:.c study ot S.A.
blacks by Asvat and Fall [1990} whete b;lat:eral ce.rvic'al ribs w::re present in
72.7% of radj_.c:'graphs with cervical vxibs.  These _resulLs are in agreement with
the gtudies of Keen (1907) and Tilmann (1908 citad in Honedld, iSZOJ whe both
reported. the bil'a.!:eral. eondition in’ 'appr.oximataly two-thirds of individuals .
with- cexvical ribs _ : o -
Cervical ribs were present signifi.c:antly more frequently in &. A. black'
‘males - {9.3%) than in females (2.6%} There was only one skeleton with cervical
rit in 'thé small white sample and it was male. - The resﬁlts for S.A. blacks
glve a malé praponderance' of T7.8% in. the 18 s.keletons with cervical rib.
Thera was a similar prepondarance in S A. blacks in a radiog‘xaphic study of -
"Asvat and Fell {1990). In contrast, studies on Amer:.ca,n whit:es (Lan:.ar, 1939}'
'énd on a Eurcpean Qrdup which consisted of 200 skelstons with cervical rlb
{Honeij, 1920) all show a female prepondevance of cervieal rib {ranging from
70.8% in the large EBEuropean grnup.tn 1008 in the Americen sfudy)‘ ‘1t is
possible that these £findings of a.male preponderance of cervical rxik in S.a.-
blacks as oconmpared with a female preponderance in wh:.he graups, may be é

charactar:r.atic of the 8.A, hlack group.
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4. Spina Bifida Ocoulta

- 'I.'he. bony defect of spina bifida occulta in all cervical . vartebrae {the
atlas in::lus:b.i'e) w_ag " present. :’L__n _relat:wely_ high frequencies in both white
{ 5.0%} and black (4.3%) S..A. samples. This relatively high freguemcy iz due
~mainly to t'.he'. numbers of vertehrae with the daféct' in the atlas on'.‘y' {whites
4.0%, placks 3. D%}.. These frequencies were ' apprac:l.ably high#r than those far
© spina bifida acculta in the cemco—tharacic region. - '

- The _oc_c:u.rrem!e_ of spma bifida -oeculta in the cervico-thoracic .regi_cr_x
only (wii;.h-'exclusian of the atlas) was analysé.d separately in order to .'éompare
with s:b'n.ilaz_' reports in. the literature, ~The frequencies Wefa appreciably
lower than those for the atlas énd were 1,7% in black and 1.0% in wvhite 'Souf.h
" Africans. - Comparable studies in the literature reveal that blacks in general
rend to have higher frequencies of -ce;':_-vicc—thoracic spina bifida occulta than
whii:aé. ’I'_he fraquencles for .akeletal studies in blacks range from 1.7% and
3,6% in S;R. blacks, and 2.2% in West Africaﬁ Negroes and 2.9% in East African
ﬁegroes The fraquencies were -J.owar .;Lh whites and range frem ¢.02% and 0.16%
in two 1arge radiographlic studies, to 1.0% in the present skeletal study _

' -The :I.nc:.denca of spina bifida aperta has beeu observad to wvary among

'.different ~recas ({(Leck, 1874) and a ganet:.c basiz for this trait has been

suggested and i=s supporteci }:.; the results of famillal studies by workers.’ i€
is suggaste& that, in the 1ight of higher frequencies of spina hifn.da ouvculba
.in blacke than in whites, the et:.ological factora thought to ba respons:.ble
for spina bifida apverta may be extrapolated for spina bifida occuli:a.-_ It is
thus suggested that genetie factors may play a part in the expression of the
‘lesser bony defect of spina bifida cccﬁltﬁ in 8.A. blacks and__whites_. |
Attention is drawn .to several factars whi&h night :_:untribut_:e to
variability in the atlas and, thus possibly to é. rélativély high freguency 'o.f
apina bifida ocoulta  in this bone. Thesa include the obvious absence of a
spinouy process ar_lc'l' thus the 'absenc.e of its_ .supportive and sﬁabilizing
influence in the region of the posterio:f arch. Linked to this is a variable
pattern of wnssification of the posterior arch of the atlas. A .:Eur'c_:her iactor
wight be the proximity of ocﬁipital somites to the atlas, Evidence of their
influence at this Jjunctional area is seen in spines with occipitalization of

the atlas. - Gladstona and Ericheen-Powell {1815} suggested that the tissue
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bindj.ng 'th;e atlas to the skull at the atlanto-oceipital f]'oi.nt_ doas not "hré_ak.
down to foxm the joint. It is noteworthy that this part of the occipital bone
| is '&aval'_oped from oceipital somites: this junction betﬁeen skull and vertebral
c:olumn. is thus é. raglon 6f.. ¢omparacive insi:al_:rility, 'gre'a'tar perhaps than the
junction between the vertebrae of different regions, '. such as the cervico-
tﬁo:aqic Tegion. : | _ |

5. carvieal Spinous Processes _
| The cervical spinous ---pfoaesses' in' 8.3, whites were more bifid {58.9%)
.tha_th 'nnn-—bi'fiﬁ {41.1%). Non-hifidity was hc\wava:r: mere frequent in the S5.3.
black sample (68.4%) and this difference betwsen the black and white groups
| was signif:.cant. | _

The axis was consiatently bifid iIn botb groups (t}qhites 89.0%, blacks
83.7%) and non-bifidity was the rule in the seventh cervical vertebra (blacks
99.6%, whites 98.0%)., The relatively high frequency of bifidity in C2~CE in
the white group agrees in general, with statements :Ln the literature. The.
high Erecquency of non-bifidity in 03';(:7 of the S.A, hlack: group which was glso
reporteé_l by Shore '_11931). may be characteristic of &.A. biauks and may signify
a population &iffarence. The results of a developmental stﬁd_y which shows a
progresaion from bifi&ity {in foetal -stagel to non-bifidity din puberty and in
aéult life by wvon Egweling (1922 r:ited._ hy shors, 19231) axe tentativaly
'suggeist;e;n_d as a possible explanation for the findings of a ‘preponderance of
non-bifidity in black groups. - |

The bifurcate type of bifid spinous process pread_omiriaﬁas in. the S.A.
white mample, C2-C7 inclusive whereas the cleft type is characteristic of C3-
C& in the hlack sample, _ '

In both the _bl_ack. and -white S.A. groups, the clavate subtype of non-bifid
spinous process was the most commen and the acinate | subtypa the least comon '
The sw&nth cervieal apinous processesz were always of the clavate subtype
6. Bipartiba Foramen 'I'ransvarsarium '

Bipartit.e foramina hransversar:.a Were presenh in 31.3% of S.A. blacks and
56.0%' of S,A. whites and this lower frequency in blacks was -significant. When
presgent:, the tralt was most cumoniy_- found at C& (blacks 43.8%, whites 4'?.9%} |
" and this f:i_.nding' confirme a fact " widely reported in the literature, Fé_wer

* bipartite foramina wera present at €5 (blacks 33.0%, whites 22.3%} and the
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fr'e'q_ua_ncy. Eell sharply from 5.1% {blacks) and 3.2% {whites) in €4 to the
lowest frequencies of 1.0% (blacks) end 1.1% (ehites) in C3. No bipartita
foramiﬁa wére-present at €2, a finding attributed ka thg rigid and undeviating
pathway of the vessel at this ‘lavel, This influence may extend to' C3 nmaré'
' oniy ' three vartebiae .cut of - a ' total ~af 288 -had.. ‘bipartite _fpramina:
transversaria. | | ' _ . ' |

An explanation was sought: for _thé -.re_latiVelf_ high 'fréquenciés df
.bipartite foraming txanmrsaria in ©6. E Sa.unciera {1978} postulated that’
VEnous channels were the mast import:ani: faﬁhors iﬁ th'e developm«mt and
pérsistgnce of accessory foramina ﬁransveraéria.. | The vencus plexus-
sﬁrrounding the vertebral artery unites at C8 to form thé vertebral vein which
draiﬁ_a dnto thé Prachiocephalic vein, - It. is- suggested' tﬁat the dynamic flow
towards the large brachi'ocaphalic vein may result in the persistence of some
charnele " 6f the venous plexus at this level. .Such cham:els.. would jein the
" veytehral vein below the foramen "trénsversari‘nm of €6 and leave evidence of
their passage in the foxm of agcessa:;'y {or bipartiﬁe)_ foramina transversaria.
This may 'account._ fo.r the high frequenci_es af this trait .at C&. The influenca
of dynemic flow may be felt too, at the .imnediataly ad;i‘aceni: cs w_l:_:ere there
.are still an appreciable number of hipartite foramina tyansversaria.

Bilateral’ bipartite foramina transvérsari_a were present more often than
- the unilﬁtaral‘_ right or.lef‘:' -cnn&iﬁion- in c6. Bilateral forémina were present
less freguently in C5 and infrequently at higher levéls. It. im posﬁulated
that the symmetrical nature of the. dynamic flow towards. the brachiocephalic
vein may account foxr the telat:l.vely high frequency of the bilateral occurremce
of this t‘.ra:!.t at 6., _ _ o

Black 5.5, malas (44.0%) présentad_wi!:h a significantly higher freguency
of this trait when compared to females [18.7%1.. There was howaver, & sllght
but not significant female preponderance in the %.A. white sample.
7. Bipartite Superior Articular Facaus of the htlas |

Blpartite. superior ‘articular facets of i:he. atlas were present more  often
in S.A. whites (325.0%] than 8.3. blacks ({15.3%) and in males_ {both black and_
white) more than females. The trait also tended to be present more often
bilatergily than unilatarally,' Neone ‘of these . differences were however

gignificant,
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8., Postéﬁiaﬁ Bridge of the Atlas

: A édmplete -posterior bLridge .of ' the atlas was 'preéent mofe' Ifraquanﬁly ‘in
ﬁhe $.A. _b_léck-sampla {14;7%} than th# S.A. vhite sample 110, 0%). .B’l.ack_ males
tend to present with this trait ‘more freguenﬁly _ ﬁhan_ black females. Tha
bilateral axptr:aésiqﬁ of the trait was Present more frequently thaﬁ the
nnilateral cond:_l.tiqn.' The forma.t.ion of the bridge i= most likely to be dus to .
the ossification of ’t':he. posterior atlanto-cccipital membrane.
9. Oééifi‘&'a_.-himx ﬁf_-:tha Apical DLigament of the Bxls . _

- The S.A. white #ample _ (15.0%1 had g higher freqﬁenc:y of 6séificat;ipn of
the | a'.picél ligament of the dens of 'tl_-xe. axis than the S.A. black sample
{10.7%). Thers was, &8 with the posterior bridge of the 'é.tlas, a wale
préponderance for this trait. There is a tend_anc’:ﬁ for an “excess bone“. trait,
as present in the posterior bridge of _fhe atlas and ossification of the apical
ligament of the axig ko be more common in males and a *lack of bone* '.trait: ko
~ be more common in’ females. | | -
10, Variabiliby at Junctiopal Areas _

Junetional areas ave _cha.racteriaed by transitional Features ragula.riy
present in vextebrae which are in a process of adopting the Ffeatures typicai
‘of the next xegion. The poﬁential for variation at such transitional areas
is  revealed by the many ?aport:a of unusual and nb_n-typical features of .the
‘wartebrae at junctlonal areas, as well . as wvarlations in the mwbers of
vertebrae. . ' .

. Variation at the ‘opcipito-cervical reglon presents as oca:‘;pita_lizatidn
of the atlas. This rare condition was not found in the pfesant study.-

| Variation at the cervico-thoracic region was evident in this s.tudy by the
presence of cervical rib on c1. ~ Kdhne {1932 cited by Allbrook, 1855}
suggested that the tralt was evidence Qf' cranial irériatibn. His study |
.inc.luded' " 8l1 junctional ' ragions and .he- concluded that shifting of
intersemental borders as well as variation .in. vertebral numbers had & genetic
bagis. Bornstein and Peterson (1966} and the study 6f de Beer Kaufman (1974) |
provided evidence that 'var_iatidn in numbers of presacral vertebrae in .man may
. be a. speciiic charac_te:istic of a population group. Thus the junctional araa.s
may be é:onside;?:ad as potentiélly 'unstabla areaa. subjeét to genetic and

possibly other influences. The Zinding of # significantly higher frequency
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of on*viCal xib in 8.A. blacks than in 8.A. whites mey bea attributed, in part
- at least, to genetic influences. _ |

SFina_ bifida occulta was found at both the occeipito-cervical and cexvido-
thoracic regions. The higher freguency of .spina. Lifida occﬁlta in c1 than et.
" the .eervik:o—tharacic ragion prompt:eﬁ an examination of factora which might be
rasponsibla for this increase in variabiliEy. The atlas is ‘unigue among
vertebrae in having no s_pme and this was tentatively suggested as being a’

7int  of insl:ability. : The traneitional region in Cl1 between 'skull bone and
vertebra could be an additiopal = source of possible varisbility since
euceeeaing-junctienal'areas are betwsen vertebra and vertebra.. In additicn,
thers is an alteinative pattern of ossification in the fsoster:i_.or arch of €1’
ﬁhich, if'present,:differs frnm”the-peetern.in succeeding cervical vertebrae,
11. Sex Differences | "

Although no sex differences were detected foxr a xeduction in mumber of

cervical vertebras, workers who studied total presacral vertebrae (PSV)
{(Bornsktein and Peterson, 1966, 'de Beer Kaufman, 1974) reported a tendency .
towards an increased frequency for 25 PSV in males and a éeefeaeeﬂ frequency
.for 23 BV in. femalesr It is thus suggested that numbers of cervical
vertebree be exanined in . conjunct:.on with the rest of the epinel column in
this regaxc. . _

- & s:l.gnificantlv higher frequancy of cervical rib in males was present in
.two black Soutk Afric:_en studies (present study, males - 9.3%, famales - 2.6%;
Asvat. and Feil. (1990¢), males - - 2.2%, femalee - _0.9%)‘ ' This male
preponderance in $.A. blacks was in contrast to stutlims »~ = other groups
{m EHuropean and an American  white ﬁroup) vuere tkel & a female
prepnndez;ance of over T70%. It e suggesteed that th:I s .;\significant male
preponderance in the two £.A. black samples may be a charaetea‘istic of the
§.A. black group. _ _ '

A female preponderance in the occurrenae of spina bifida occulta wag.
present in both black and whl.te ‘B.A. groups and has . been reported in studies
Cin the literature. Thns g female preponderance is present for this trait
irvespective of population group.

In the atlas vertebra, there IWa.s a male preponderatce foﬁ the pr_esence

of hoth bipartite foramina transversaria and bhipartite superior “articular
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'chats in the £.A. black sample. In the amaller white sample however, thexe

was a female preponderance for thess traite.

There was a male preponderance for the "excess bone trait” of ossified

.apiaal ligament of the axis in both black and white groups and in the black.

group only fnr a c.omplete posterior bridge of the atlas. 'I‘hase resulks Follow .

| the patterns reported by Ossenfort (1926) and Corruccini (1974}  that
hYPernstotic bone traits are nmore commorn in maln.s R o

- :In ygemeral, thara wag a l-vw dag‘xea of sexual dimorphism for mast - nﬁ the
traits . examined in this c_iiss_er_tat:i-on. . fhe _c.nly gignificant mala{_imle
differences were ﬁhose ‘for cervical rib and bipertite Fforamina transvef#éria;

where the freque_:ic_ies were higher in the €.A. black male group. A female

prepondersnce of spina bifida occulta was present in both §.3. bi.a'ck'and white

. groups. This fé:ﬁule prevopderance has béen reported . in other populsktion -

groups.
1z. Intargroitp Differencas _ _

.'.S.ho:r:e's {1930, 1931)_ contention that S8.A. black skeletons are Strikingly
variable because they possess a high.e'r frequency of "abnormalities* of the
vertebr'al. calumn tham Caucasoid material 1s supported to the extent that the
g.4, i:lack sa.mple shows higha: frequencies for the ﬁraits 6f cervical rib and
- non-bifid cerviecal spincms processes whan compared w:.th the g, A white sa.mpla,
indeed tha results foxr cerv:.cal rib show a much h:.ghe.r frequency (6.0%) than
that of ‘Shore [2.5%). S.A. blacks also had higher frequencies for-'n\ﬁne.rical

variation ({a reduction in number of cervicai vertebrae in one colum only) an?

the posterior bridge of the atlas but dJdifferences were emall and not .

signdficant. The 8.A. white sample showed significantly higher fraqderidies
of bipartite foranina transversaria as well as é tendency towards higher

frequencies of cervieal aplna bifida occulta of the atlas. However, there was

s tendency for a higher frequency of spina bifida occulta of the cervico- .

thoracic region (exel_ﬁding the atlas) in blacks than in whites. Both the
traits of bipartite supsrior articular faceta af ﬁhe atlas and ossification
of the a‘.:l.cal l:.gament of the axis were: slightly more common in 8.A. whites

though tha black/wh:.te difference was not significant.
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_ _ APPRNDIX I
PROCEDURES ADOPTED FOR DATA COLLECTION |
Appaﬁdix i is aﬁ example of a data sheet showing the procedure for the

collection of data.

Procedurs Adnpted for Collecting Data
A.D NUMBER .......... POPULATION GROUP. AND TRIBAL DIVISION .....ovveeevnnsany

SEE chvrvrennsiinranae AGE .....

NUMERTCAL VARIATION: (IF SO STATE ADDITION OR REDUC'I‘ION]

OCCIPITALIZA‘I'ION OF ATLAS: PRESENT
' ABSENT
CERVICAL RIB: .~ PRESENT - if present is it unilateral or
bilateral
ABSENT
CERVICO-PHORACIC SPINA- an-rm ' _
- OUCULTA: - ) PRESENT - If so state what leval/s
ABSENT ' o
CONFIGURATION OF : : : '
SPINQUS PROCHSSES: BIFID Bifurcate (Divergent alae)

- Zleft {Paxailel alaa)
NON-BIFID ACINZ\TE {Poin_ted. and tapering}
OBRTUSE tﬁlunt ended and squét)
PEDICULATE (Studlike) '
CLAVATE (hong and clublike}

BIPARTITE FORAMINA TRANSVERSARTA: PRESENT — If so state what level/s
ABSENT

'SUPRRIOR ARTICULAR FACET OF ATIAS:  Single more-or-less oval

' ' OR

2 distinct facets saparatr.d by groove or
- ridge

POSTERTOR BRIDGE OF ATLAS: . PRESENT {Unilateral or Bilateral)

| - ABSENT
OSSIFICATION OF APICAL LIGAMENT: PhisENT

ARSENT
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