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Figure 2 1 

(er.1~al vc:rte!lfae 
Til .. sevemh cen,c~1 vC:1cll r'l 'iato! :he s.upffiOf :l!tl~u!ar pmc~>:;e~ :har are faclr. ~ 
dorSQcr:InI;,jlv f rom And~r ",n ( 1'l77) 
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:-:ecessary te Support the relatively large heavy heae of the great apes (Schutz 

196~) The spinous processes of Asian Prosimian Lons tardigradus Olre 

rel2t:vely Icng despite [he fact that Lons docs not have a rel2tively large heae 

(Slijper, 1946) The a;;[hor suggested thOlt in bot:~ Loris ane great 2pes the 

elorgaticn cf t~e cr:r,'1cal SplllCS oompensates :or head-support 'cst by the 

reduction of :he pcs[ocndylOlr portion of the OOOIPU[ 

Walker (1970) mted a 'sensory zone" of hairless ccrnified skin around :~e 

tips of the elongatee spines of the ~xth and seventh oer,'1COli vertebrae and 

those of t!',e first. second and third thor2cic vertebrae In t:~e African Prosimian 

(Perodictlcus). T!',e zone IS a grooming area dun:-:g "peaceful sooial 

Interactions" but this is a hitJ"lly speOlalised ad2ptat iOn 

Thoracio vertebrae and :horax (Figure 2.2 aile 2.3) 

As expeoted. t!',e primate lhoraclc ver:ebrae ,~2ve rib artlcdar fOlcets 

(ceml tacetsl cralli211y 2nd cOludally all the body and on the transverse 

processes A 'Ib artlct;lates with the eemlfOloets of ~ 2djacent ver:ebrOle and 

With :he transverse process of Its corresponding number Howcver, the first 

t:~oracic vertebrOl in humans Olnd the last tVON thoracic vertebrae In both :~umans 

and apes wrry single complete coslover:ebnll facets 011 their bcules. 

Therefore t:~e corresponding ribs artlcdate fdly with the bodies of these 

vertebrae The facets on :he tr2nsverse prooesses of the las: :wo thOrOlOic 

vertebr2e 2re absellt 21ld the last Me ribs 2re 2tt2ched [c these transverse 

prccesses by ligaments r<lther thall syncvi21 joints (Aiello ane De2n, 1990). 

The thoracic prezygapophyses face dorsally and the postzygapop~yses 

ven:rally In :he firsi thoracic vertebra t:~e prezygapop~yses are siill cervical 

type facing dorsocrani2l1y. In the las! thoraciC vr:r;ebra.1Nhlch is usually T,2 in 

:~uman and T13 In apes, ihe postzygapop:~yses :~ave ::~e iypical lateral 

orientation of the lumber :acet jOints (Aiello 2ne DeOln, 1990.1 The :horacic and 

ot:~er presacral ver1ebrac can be sequenced easily Olccording to ihe size 

(volume) cf ihe ver1ebral body. T~e volume (that IS lengih limes surface areal 

generally increases steadily down to ihe second lumbar (sometimes to the last 

lumber vertebra) (AiellO ane Dean, 1990) The cross-sectional shape of the 

thocacic ver:ebrae changes In a caudOlI direction, the cranial vertebr2e being 

'kidney" shaped (2S in the cervical vertebrae), but around the four:h thoraCIC 
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Figure 2.;2 

r:~r3ClC 'ienebr.u:: 
The hu:nan 'lIId cltir.JOOIlZCC lboflC:C ':enw.le. The ~"\Ipenor arnruJar _~lOCesses race 
dor5ilil".- me .we In ::1': .;c~onaJ plane <'rem, Wo::Toon IJ9T) 
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;{ 
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-...... ~. _.-

--- --, .. -
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vertet::ra the shape chances to a "hear1" form The most caudal three thoracic 

vertebrae are again ' kidney" shaped like the adjacent ~pper lumbar vertebrae 

!A.'ello and Dean 1990) The thoracic spinous processes make a sharD angle 

caudally more so ,n humans than in aDes. completely covering the vertebral 

canal ane hence the spinal core. The processes are fl;]ltened from side to side 

but the first and secane thoraCIC veret::rae have bulbous tios, '.~iie the 1;]51 

three are stubby and Droject less acuteiy li ke those of the ,umbar vertet::rae, 

(Aiello and Dean 19901 The last thoraCIC ver:et...-a has two tubercles. namely 

the cr8nlal mar'lmillary processes and the accessory lUberdes 

The reiatlve length of e;]ch thoracic vertebra and therefore the lengths of the 

thoracic regions vary among (he (axa, just iike the number of vertebrae 

rSch~ltz. '001) The iorisines have (he greatest nUr'lber of ihoracic vertebrae 

ar'lonsst orlmates (Sch~llz, 1961). 

The number of rlb·bear ing th0"8Cic vertebrae and (he shape of 'he rib CAge 

vary in prim;]tes even wl'h in gen~s or species In the horninoids 'he cib c;]ge is 

broad r'lediolater;]lIy;]rd flattened corsoventraily, the ribs beinS c:;rved and che 

vertebrae r'lore ventra lly Dlaced in contrast. the non-hor'lirlOlds have narrow, 

ceeo rib cages :Kelth, 1923 Schultz, 1961 Ankel 19721. The cltterences of :he 

thoraCiC cage are rela:ed (0 'he movement In ihe forelimb :hat affects the 

pOSiciOn of:he scaoula upon the thoraCIC cage (Keith, IS23, Schultz, 1961, 

Jenkins et ai 1978) Ilo'tlever, some non-hominOICS nameIY,PerodiCticus. 

Tarsus, Ate/es, Brachyteies anc Colobus tend '0 have homlnolc-shac-ed 

thoracic c,"lges :Ankei 1Sl2j 

The Thoracol~mbar trS!Dsitional vertebra m,aphraq:'1atlc vertebraj 

The ias' thoraCIC vertebra IS (he 'ransl'ional vertebra between the thoracic 

an:] iU:'1bar regions I~ is sometir'les callec the diaphrag:'1atic vertebra (Erikson, 

1960). It has thoracic shape<:: orezysapophyses an:] lumtar orientatec 

Dostzygaoophyses bUI is usually regarded as :horacic. In humans and great 

aDes it is often the last-rib bearing vertebra, but n other primaws there are 

usual~ one (0 th ree more rib-bearers Gaudal to It (Shapiro, 1995) However in 

some humans and ac-es ribS might continue in a caudai direction after the jOint 

tranSitional change In such a situation it is cifficult to cetermine the position of 

the transition between che 'horaclc and IU:'1bar regions Traditionally the 
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oosition of the last pair of nbs IS Ijsed to determine (he tranSition Maximum 

sagittal fleXion In hl:mans IS a:leged to occer at the transitlO,;al JOI<""t vertebra 

that is at the thoracolumbar joint transition, accOfding to Kashll'-;O!O et al 

(1982) According to Jenkins ~1974:1 this is not necessarily the case in other 

primates and non-primate mammals 

The diaohragmatic vertebra IS the last vertebra of the thorac.ie series If the 

zygapophyseal change IS co<"',sldered. then the vertebra sl:bJace:",t to the 

diaphragmat ic vertebra IS the firs! Il:rr:bar regardless of whether it IS carrymg a 

fib or not (Erikson, 19(0) 

Accoreing to Shapiro 11993a) more rr-:orphometric research s needed on the 

primate thoracic vertebrai coll:mn, because i7-:ost of the research in this region 

so far has been on COlJlts of vertebrae and comparative qealitative aspects 

o:",ly 

Lumb~.r~ertebr<l~ IFigure 24) 

It is difficult to conSider adjacent regions of the vertebral coi"mn i:", isol<ltion 

from each other, since they effoc.! each other flmctionaily A,though faces IS on 

the thoracic vertebrae In this stljdy, the lumbar and other vertebrae are also Pl:t 

I~ perspect ive, so that thetr Interaction w;th (he other vertebrae ,n locomotion 

and postural behaviou is recognised 

Lumbar vertebrae can be ide:",lifled by their size, shape (orientation) of their 

zygapophyses <¥',d by the absence of rib :acets. Their rlljmber 1<"', the vertebral 

COlumn cepends on how tney are defined Thus by the lygapopnyseal 

defi~ltion the number of I',mbar vertebrae IS mcreased a<"',d the thorac.Ie 

vertebrae decreased The mcrease or eecrease cepends on the presence oi 

rib-bea'"mg vertebrae, (caudal to the tranSitional vertebra), that will lose ther r 

thoraCIC staiL's by havlrg lumbar zygapophyses 

Research by Schultz (1961)_ Erikson (1960) an::i Washb"r<"', (1963) shol'lS 

that by eithor dofmition, tho rr-:ost numerous Il:mbar vertebrae are found i~ 

leapi~g pmsimians such as Lepilemur. indn. Propdhecus_ Avalli. and ironically 

ir Loris thai is a slow-moving quadrupedal prosimlan 

The atelines leg Ate/es, Bracllyteles Lagothrix, A/ouatta) have relati'lely 

few vertebrae in the lumbar regIOn, altnough not fewer than those of the great 

apes (Rosenberger ane Strier, 1989), Pan, Gorilia and Pongo have the fewest 
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nJmbers 01 lumbar vertebrae among the homlnoids (Aiello and Dea'1, 1990). 

Keith {1923) suggested that the reductfon 01 lumbar vertebral number In the 

hominoids IS related to orthogrady arxi brachiation 

AIH10Ugh cercoplthecoids generally have a uni form nJmber of lumbar 

verteorae, those that leap frequently such as Presby/is ana Colobus have 

relatively longer lumbar regions than quadrupedal non-leapers (Fleagle, 197721, 

1977b Rose. 1978). This Increased length is largely due to the Increase In 

craniocaudal length 01 each vertebra but definitely no: to an Increase in number 

(Ward. 1991) The long lumbar region of leapers is also accompanied by strong 

back muscles for leaping (Enksoo, 1963 anc Fleagle, : 988) 

In the !10minoid lumbar region , the diaphragmatic vertebra ,S also usually the 

bearer of the last rib. so by either definitio'1 the numoer of lumbar verteixae 

remains the same Secondly the lumbar region is short relative to the trunk 

length and to the presacral spine 'ength. due to the fact that the ,umbar 

vertebrae are relallvely fewer and shorter if compared to those 01 non­

hominoids(Schultz, 1961, 6enton.I967, Ankel, 1972) 

Keith (19231 attributed certain hommoid features to orthogrady and 

brachiation but Similar features were exhibited by some nO'1-homl'1old primates 

rhal engage in various dlfferenl postural bellavlo!.;rs Keith (19231 cld not 

delmeate between features for the orthograde posture and features of primates 

that keep their spines erect when Sitting or climbing (mere postural features) 

More explanation was ,ecessary. from researchers like Cartmill and Milton 

: 19771 wro for example, '1oted th.s.t lL<mbar reduction in atelines enables these 

primates to control ;he trunk dUring brldgmg across the gaps Irl trees For the 

purposes of bridgmg, ;hese primates had long thoracic regions Their lumbar 

regions were comparatively short, In order to reduce the Irunk :0 manageab;e 

length. and had nottlmg to do IIYlth orthogrady 

Cartmill and Mlltoo (19771 agam noted that Galago (bushbaby) , 

Perooictlcus_ (potto and LOris) have an elongated thorax just as hominoids and 

atelmes, possibly to help 1'1 jumping :Walker ,1969) 

Jungers (1984) observed that the iesser apes have a reduced I!.;mbar region 

that was thought by the researcher to prevent txJckling of the trunk in climbing. 

jumping and landing, Although cercoplthecoids have a Ioog lumbar region 

(compared to apes) that enables them to leap and jump, the region exhibits 
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negative ailometry This means that tho !arger the cercoplthecoid IS, the shorter 

the lumbar region (Jungers, 1984), helping them to gain spine rigidity anc 

stability According to Shapiro (1993), this may be consistent IIY1th the findings 

of Hur~lV (1987) that vervets use their spinal flexibility to Increase stride, ',''Ihlle 

~arger-tx:Jdied patas monkeys do not However, the above author su;;gests that 

mo~e reseaTil should be carried out on the primate spine length and flexibility 

ir order to Ulderstand ItS relation to locomotion better 

The consecutive caudal 'ncrease of transverse diameters of lumbar venebral 

bodies IS highest Ir humans (Rose 1975i Though the lumbar verlebral surface 

area scales Isometrically (proportionately) In non-human homlnoids, the area ::If 

the Intervertebral surface IS iars;er in humans, ard increases With ~he body 

weight of the 'nd,v,dual (Shapiro, 1991a: Ward, 1991) Scllultz (196") was of 

'he View that the large dlalT'€ter and surface area increase ir humans must be 

due to ccmpreSSlve forces from bipedal locomotion 

The ~uman lumbar vercebrae a'e weds;ed and play a part in the 

establ,sicrr,ent of lorcoss In tice region Lc .. cosls due to wedS;lrg 's enicanced 

by a s~.arp lumbosacral angle Lordosis IS also accentuated by the wedging 

between l~.e sacral cisc or bocy of ~he first sacrai vertebra and the body of the 

'ast lumbar (usually L5) (Nissan ard Gilad, 1986 Bogduk anc T'NOI'rey, 1987) 

It must be noted that tllere are other primates especiaily icomiroids, whicll 

have lorcosis and a lumbosacral a:1gle but ~hese features are not as 

pronoUlced as they are in humans (Schultz, 1931) On the other hand 

pronograde primates can develop lorcosis If trainee to become bipec:ai 

(Preuschoft et ai, 1988; Hayama et 011 1992) Thus accorclng to Abrtbol 

(1987a) the ontogenic deveiopment of lordosis and the lumbosacral angle 

coinciced with the adoption of blpecaiism The lumbar lorcosls promotes 

stability ~ecessary for bipedalism, by placing tile centre of gravity of the 

individual directly over the hip joints (Figure 2.5). 

The mammillary tubercle of the lower ihoracic vertebrae (towarCs the lumbar 

region), wdens to become the maml'rillary process of the first and Oiher lumbar 

vertebrae, located on the lumbar articular processes, The accessory processes 

are attachment points for the lumbar head of extensor caudae iateralis, 

longiSSimus and Intertransversarli muscles In l'rOSt primates the accessory 

processes are prominent and pointed in the first few lumbar vertebrae, but 
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Figure 2,5 

Centre ofgravity 
The centre of gravllY and supporting rectangle of the pedestal in chimpanzee 
quadrupedai[o;Jll and human bipedaiism. From Aiello and Dean (1990), 

• 
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caudally t.~ey are red(;ced or oosent In ":Jmlnclds they are small bumps that 

are nlg'oly red(;ced (Sllapiro. iS93) However. Ward (Comment, 24[" March 

1999) states t:,at homlnclds, except hylobatlds and early forms such as 

Proconsul and Kenyaplihews have no trace '~atscever of any accessory 

processes 

The lumbar prezygapophyses are typically ooncave and faoe medially, lNhile 

the postzygap0:Jhyses are convex, facing laterally These ,'Otnts are designed 

to gUide ventral flexion and limit ane lateral mcvements lor slioplng) This ty:Je 

of articulation In the primate I(;mbar regiOn IS also found In the vertebral column 

of ot'oer vertebraies. Including rep>lles and bwds [Aiello and Dean. 1990), It is 

S(;Pposed to be t:,e primitive fa-m :Jf vertebral articulation Most of the rotation 

of tile human tl1oracclur:-;bar colur:-;n occurs In tile lumbar region IBogduk and 

Twomey 1973, i98n. 

In "umans, the sequence of tile size of the lumbar boGies Increases 

proo:Jrll:Jnally With the distances between t .~e prezygapopl1yses :Jr tile 

oostzygapophyses these distances also Increase tOWflrds the caudfl l aspect 

but decrease in great apes. The lur:-;bar facet :'olnts become loss medlolateral ly 

:Jrlentatec and more ventrooOl"sally Cflentated at t:,e lumbosacrfll articuiatlOn 

For example, the postzygapQP.~yses of the last lur:-;bar vertebra are ventral!y 

crieniated, such that t~ey secure the last lumbar from sliding ventrally off the 

hig"ly angled promontory of the saCrLJm (Iumbosacrai angle; In the gceat aoes 

the pr:Jmontory does not "-ave a s'oarp angle and t.~e facet joints :,ave not 

c"anged fr:Jm their mediolateral crieniation 

Sacrum and Coc,":Q; 

The sacrum articulates with t:,e ossa coxae and consists of several 

vertebrae that are fused to form a single unit (Abitbol 1987b). Hominoids have 

mOl"e sacral vertebrae t:,an m:Jst non-homlnolds The ir;crease in t.~e number 

cf sacral vertebrae in "ominoids IS often at the expense of lumbar vertebrae 

(AMbol, iS87b). In apes L4 can be sacrallsed, but in "umansl! is no! (All brook. 

1955) In humans. in 10-15% cf cases it is L5 that IS sacralised (Abitbol, 

1987b), Sacralisation can be compiete :Jr partial. involving only part of a 

vertebra. s(;ch as a transverse process It must be pOinted out that the a:Jes 

usual Iv have 3-4 lumbar vertebrae, lNhile humans rnrmally "ave 5 and 
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sometimes 4 or 6. In sacralisatlOr. the last lumbar verteera becomes sacrallsed 

In apes Olrd humans reduCing the lumear vertebrOle by one 

Prehensiie-tailed primates have Ol wide distal sacral OlpertUre of the neJ...'rOlI 

canal for the well-developed nervous system to the prehensiie muscles ir. the 

tai l (Ar·kei. 1972). 

CoccygeOlI vertebrOle are rudimentary in humar·s and apes. showing only 

reduced bodies. except the first which shows some transverse processes and 

facet joints In the human foetus, there are at least SIX segments in the 

coccygeal region cut these are reduced to three in the adult. oecause the last 

three to four are fused into one. However, in tOliled primOltes more so in those 

having prehensile tails, the coccygeOlI vertebrae are numerous Olr.d relatively 

well developed In prehensiie tails the vertebrae have high neural and ver·tral 

Olrches to protect and guide the vessels to the tail 

Modal Patterns of Vertebral Arrangement 

BornsteJr' and Peterson (1966) found 14 numerical pOltterr.s in 1239 

verteeral columns belorging to vanous rumOlr. populations In the Amencas, 

while Kaufman (19741 observed orly seven pOlt\erns :r· 462 vertebral columns 

South Africar. indigenous population.. The number of numericOlI pOltlerns 

observed by Allbrook (19551 ;n 206 vertebrOlI columns from Central Olr.d East 

AfricOlr Indigenous population is 18. HO'NE'ver the approach that Allbrook (1955) 

uses to Idenlify the vertebrae in thoracic and lumbar regior·s is r.ot clearly 

stated. It IS r.at stated 'Nnether Allerook applies the cor·ventionai approach that 

uses the preser·ce of ribs, or wt"iether he applies the modern method of 

count;ng USing changes In the zygapophyses The most common model patterr. 

observed by Bornstein ar·d Peterson (1966). am Kaufman (1974) consists of 7 

cervlca. 12 thoracrc Olnd 5 lumbar. making a tola l of 24 presacral verteerOle 

(PSV) The r·ext common patterr. is C7 T12 L6 making a sum of 25 PSV, and 

the third IS C7 T13 L5 (25 PSV) Accordi ng to the above studies there is a 

higher Incidence of 25 PSV ir· the males than In the females, Olnd a higher 

ir.cidence of 23 PSV in Ihe females That IS. the speCific vafl8tion of 23 PSV 

occurred almost twice OlS after. in the females (7 9%}, than in the males (4.2%) 

The PSV of 25 IS more than !-Mce as often In the males (68%) than In the 
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females (30%) The layo(.! below shows the vertebra) panerns as oeserve<:! by 

Bornslern and Peterson (1966). Kaufman drd not (.se :he COnvefluooal no 
rconhficahO<1 for the vertebrae but used other m:ena such as shape or 

)orn/s.'zygapophyses anC SPinoUS process 

Cervicai 

--
7 

7 
-

The variation of human PSV patterns 

Table 6 0 
- -

ThOf<!CIC Lumbar 

" 5 , 

12 4 
-

PSV 

Paltem 

23 

I FreqLr­

, 9f1C)! 

12% 

7 11 6 211 89% 

7 " 5 
- -

7 ., 
" 4 

-
7 12 5 

7 L_B 5 

This tacle IS modified from Bornstein et ai, (1966) 

24 

24 

25 

I 25 

C) Functional Specialisation 01 parts 01 Primate Vertelxae 

~_nebral Bodv 

9.8% 

Func1ionally the >Jertebral column may be dlvrded rmo anlenor (ventral) end 

postenor ;dorsal) elemert!s The antenor element consisls 01 !he v6f1eeral cody 

(and diSC) while the postenor element cO[1sists of the peocles lam inae and 

zygapophyses In order to essess morphological expression of load 

transmission between the ooterlor ane postenor ~ements, the ' size of tha 

crosS-sectional area of the amerior etement, pec lcles and :amlnae has to be 

measurec: (ShapIro 1993<1) The surface area of me vertac ral cody gives a 

rel1E1ClIO<1 01 the weight transmiSSion (compresslO<1 forcej Ihrou90'l the antenor 

column induding the disc. The aSSumpIJon here IS tha! lhe size 01 a 91ven 

portion of a vertebra is rela:ed \0 the magnitude of 100 forcas acting upon i! 

(DaVIS, 1961). Due to the ~pedal posture and locomotion, the surface areas of 

t/le vertebral bodies of IOl'/€r lumbar vertebrae of humans are large relative to 
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the species body size or INelg!"'.t. (Shapiro, 19930) There is a decrease in the 

~el.ebral' body surface areas between ~he penultimate and the last lumbar ill) 

~ertebrae in human and some habitual pronograde primates T!"'.ls ieature IS 

therefore not dee te bipedalism as previously thought ,Shapiro, 1993b) 

In hominoids t!"'.e surface areas of the ~er(ebral bodies Increase 

progreSSively along the column and then decrease at the last rumbar (Shapiro 

~99~a. 1993b) WorK by Shapiro ,1991a1 s~ows t~at In !"'.ominolds the areas ef 

the ~el.ebral body are correiated Slgnificantiy 'N!th overall animal body weight 

When humans are elir,inated frem the hominoid sample the correlation 

becemes cleser This indicams thai humans !"'.ave reiatively iarger vertebral 

body areas in ccmpanson to their weight (Shapiro, 1993bj, 

In spite of other~uman-like fe"l lIes of Australopithecus africanus its 

~er.ebrai bodies are not human-like That IS, A africanus has relativeiy small 

ver.ebral s"rface areas ThiS featlIe 'NBS noted as a c!"'.aracterlstlc of 

australopit!"'.eclne theracolumbar ~ertebrae (Robinson, 1972, Sanders. 1990) 

T~e expectations of earlier studies of the vertebral body area were t!"'.at 

ort~ograde primates have rela tively larger vertebral bedy areas t~an 

pronograde primates (p'eusc!"'.oft,19i8 and Shapiro ~991a) A second 

expectatien was that body area ·profiles" 'NOuid have values t!"'.at Increase 

progressiveiy along t!"'.e cOlumn caudally in orthograde primates since t~e 

caudal ilovver) end bears vveight of the trunk In pronogrades, Since weight IS 

distributed ar,ong the lir,bs, it is expected that t!"'.e body area values \'/Cuid be 

mere 0' less constant Among the hommolds only the humans ha~e ~ertebral 

body areas thai are larger chan expected, in comparison to the overall body 

'N8ights in thiS group. The most orthegrade non-!"'.uman heminoid. the gibben 

has ihe smallesi values of the absolute vertebral body area Among t!"'.e nen­

human hominoids vertebral body area 's correlated Significantly with body size 

Increases of the vertebral bedy areas aleng the column appea r to be a 

common feature among both pronegrade and orthegrade primates (Preuschoft, 

1978, preuschoft et ai, 1988; Shapiro 1991a) These ,noeases are due te 

axial load increases (8adoux, 1968). However, at 1!"'.e last lumbar vertebra ihe 

area decreases In~umans (Da~ls, 1961), but in all nonhum<3n prlr:iates l!"'.e 

lumbar vertebrai body area decreases caudally (Shaplre. 1993<3) This~as 

resulted In the relative increase in pedicle size of t~e~uman L5 or last lumbar in 
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other mmlnoids as the case may be, The pedides of the last lumbar 

part,;clpate in transmission of forces irom the vertebrai body area to the pelvis 

and lower limbs The sim ilar'ty in the transmission pattern or in the profile of the 

vertebral forces among differeot orthograde and pronoc;;rade primates can be 

explained as follows 

Compressive loads (Figure 2 61 placed on the axial skeleton of quadrupedal 

primates are responsible for the forces experienced by the vertebral COlumn 

(Slljper, 1946 6adoux. 1974) Thus the resultant epaXial and hypaxial forces 

that maintain the stability of the bow produce an aXial oad throughout the 

COlumn The craniocaudal differences :n the vertebral body surfaces and 

compressive load IS less extreme :n quadrupeds In biped the Increase in the 

vertebral surfaces are conSiderable and are an adaptation to lhese forces 

(Rose, 19751 

Spinous process 

The primale spinous process and its interaction vvith the back musculature 

have been exam ined by researchers such as Ward (1991) and Shapiro 

(1991al The following account IS primarily based on work by the above and 

others mentioned laler, The spinous processes act as bony levers for muscl es 

of extension, the most important Within the lumbar region being the erector 

spinae and muitlfidus {Shapiro, 1991a) According to Shapiro (1991a) the 

dorsal projection of the spinous process does not register different values 

among closely related primates The spinous process inclination has been 

investigated by Latimer and Ward (1993) and Jellema et ai, (19931 The 

inClination :s the sp:nous "craniocaudal orientation It is referred to as the angle 

S" formed t;etween a coronal plane and a line passing from the base to the tip 

of the spinous process (Figure 2 71 A spine at an angle of less th'ln 90° is 

caudally Of"Ientated and a spine at an angie of more than 50° is crania lly 

orientated (Shapiro, 1991a), Generaily the thoracic spinous processes would 

point caudally at an angle less than 50° (Ankel, 1972), 

In the pnmate lumbar region, the spinous process Inclination varies but is 

usually cranially or:enlated However in the lumbar region, reference to the 

indinatlon must be accompan ied by a clarification of wr,ether me IS referring to 

the cranial or caudal edges of the spine, since the NA:J edges may be inClined in 
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F gum 2.6 

Ma)(:lnt ... m t:e ndlr~ mcmem '; uw';l a~ 121 loa dln~ 

In Ire draw,()g Celow me T-Clarglc :;;Iocl<;s r",urese~ t lQ.""g (AI and shCrt ; 8) 
',cr:c Cra8 T~, e wre,,", f8prcscn:s h ", r axlmum cl1nd lng momc~ t dt..r~ rg aXial 
loaClng oi Ihe ;;",~:",:)r;;1 coll.rn The St"o--:er Co;"~s \Mjl,1,.: resUl: n sm211er 

romen!. F"em '/-iar::j '1 93 1: 
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Th E! lever2.ge c'the sp inous ~C.-cess de :>end~ en t:-E 3ngiE s' the prcce~s :~~3kcs 
wth t:-e bcjy 01 a vertr-br3 a:-c :-01 :1i1 L~€ le:-s"h :)1 the pr::ccss A splno:...s 
prci.es~ 1.;'";0): ""'.aIlCS a large 2.ng,8 ;ha: IS 3lrM!t SC dEgr8E~ ""L~ a ~er:S't:ra has 
CI ~Igher le"le·a~ than!! S;;I:-:):"'5 pro...."ess 0: :ha same ~nglh mCl~lng a small"'f 
l<leu:e: angle 'M~h Ihe bccv ::' Ihe -,er.ebra ,Fro"" ShJl::er 'Sl61 

( 
, , 

Incacasmg :he ~rgle S "a;se~ the :10 : f the ~C' I i"'OU S precess 'urtrer 'rem :he 
eer:re ~i ':;e .. sr.eora l t::ccy Ie, :h€ 2.:<:15 ::1 mcve:;1en:s ~ns ':..r:her :re "10 ci :he 
~Olncus Gr~cess IS 'ro l""1 the axiS, :he orger S :he lever ar- c f t!"le SCIIlOUS 

;:rccas~ '3.nd rw'ce '!"Ie gr€al€~ :he t€',e~age d the SCIIlOUS ~ r.;:cess 
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different directions : Clauser. 1980) 

The cra~lally inclined spine of the lL.mbar regicn meets the spine of the 

anticliral vertebra at a translticn that mayor may not ccincide with the 

diap.'1ragmatic vertebra The anticlinal iumoar vertebra ,s [he venebra ',Nhose 

spine terds to De vertical its spine is neither caL.dally nor cranially i~ciined, and 

the diaphragmatic veneora is the thcracic veneora at the thcracolumbar 

tra,-.sitional joint 

Ir homiroids, the lumbar splncus precesses have square dorsal edges The 

difference betwee~ (he incllnatio'-' of the lumbar SPI':OL.S processes In 

homlnoids and other primates is visibie bU difficL.lt io qua~tlfy, dL.e to the 

anaiomical ':ature cf the soinousorccesses In thiS reglo~ (Shapiro , 1991a1 , 

ReSearc.1ers have not ccme tc a uniform method of cua~tification cf thiS 

structure (Ward , 1991: For these and other reasons stated iater nc spi~oL.s 

a~gdar measurements " ... ere taken In ~1is stL.dy 

The c:uestlOrl as to why the i~cii~atlc~ cf the SOInOt.s prccesses var:es has 

still to be answered, S:ijper (1946) reascred that each spirousorocess IS 

orientated perpendicularly tc the lire of force cf the mcst ;mportant muscle 

acti~g on:1. If more than one Impcrtant muscle ac;s 0'-' a spine, the orientation 

of the spine is intermedia:e tc the perperdicl.lar of the forces of those mL.scles 

(Shaplrc, 1991a1 Ir most pr;mates the pcst-diap.'1ragmatic spincus processes 

are aa,-.ially orie,-.tated, 'Mlie.1, accordlng:o Slijoer (1946) shcws [hat spinalis 

muscles is acti~g on these spires The caL.dally Inclined Sp''-'OUS precesses 

are responSible for the exte,-.sion cf the trunk through the action of the 

ml.ltli:dus 

Then:ersplrous distarce and the aa,-.iocaudal expansio~ of the dorsal e~d 

cf the spincus processes need further Irvestlgatlons (Shapiro, 1991 a) Erikso,-. 

(1963~ explained ;hatthe '-breaS' Interlocking spi,-.es of Meles seem to limit 

mob;l;ty cf the spire As noted by Gambaryan (1974), these wider expa~sions 

of the spinoL.s processes reduce irtersplrous spaces for the supraspinous 

I,gamerts ard Iniersplnous ligamen;s maki,-.g the Il.mbar region rigid The 

same resea~cher cbser,ed i,-. car,-.ivores that narrcw Spl~OUS process tips 

,ncrease spinal fiexlbllr:y Ir the sagittal plane, becaL.se the ligaments a~d 

ml.scles have more space to altae.1 on in crder to effect movement 

Since the spi~oL.sorocess is a vital muscular attachment. it is imponan: to 
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examine how Its aosoiute length ,ts perpendicular length or helgrt and "ts angle 

of 'ncllnation (81'a te ~o the back muscular action ~n" loc' • '''''' umQ,IOn BadOUX 

(1968), obs81-ved that the further oorsally We s~inous process ~roJects the 

further tre outermost f ibres of ihe erector spinae muscle 1M 11 be placed relative 

to tre aXIs of the vertebra WIl ich is near the centre of tre vertebral oisc I-faher 

et ai., (1989) remarkeo that longer spines would Improve momenis for 

transversosplnai muscles 

SIIJper (1946) pointed out that Ire angles the spinous processes rnake wiih 

~he 'ong axis of ~he vertebral column are re lated to the lines of action of the 

Important muscles acting on these processes Tho abovo auihor also nmed thm 

the s;Jinous processes are onentateo perpendicularly to tre most impor:ant 

m~scle ' Ibres act ing on the-n to provide Ire greatest mechanical aovantage 'or 

the m~scular action 

Srapiro (1991a) suggested trat in order to compare the leverages ~n 

pnmates for example, ~he leverage of multifidus muselen extenSion, a 

T.easuremeni has ~o be dev~sed to reflect the lever arm of the precess on wn~cr 

the muscle aitaches. The lever arm 0: the 'TlUitlfjdus 'S considered to be the 

perpendicular distance from Ire centre of rotation of a vertebra, to the tip of the 

SpinoUS ~rocess The ,everarm is a prolectlon ct the st)inous precess, 

expressed in tre for'Tluia ISPL+ h)+ (1/2) SOC (Figure 5.1) The variations ~n 

~he angle of orrentation of the spinous t)rocesses do r:ot affect the Clfojected 

lever arm, but may be related to the economic use of material (Srapiro, 1991 a 

1995)_ ThiS may Imply tha( the angle of incllnat~on of a spinous Clfecess might 

not be the 'Tlajor factor in the forces generated by the back muscles. ThiS 

further ex~lalns wny thiS angie was not inCluded among the measurements in 

the stUdy 

In humans, (I""e centre of rotation of a vertebra lies In the centre of we oisc 

(Pennai et al 1972) Shap:ro (1991a, 1995) suggests that ~n (he non-human 

;:x-imates it is reasonable to assume that the centre of rotation is also in a similar 

poslt~on_ Therefore tre lever ar'Tl for extension of erectores s~nae or multifidus 

IS given by the follollVing fo rmula 
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The variable spine = (s + h) + (ch) (Shapiro, 1991a), (Figure 5.1) wnere 

s=SPL = spinous process perpendicular lengthi height 

vertebral foramen height 
, SOC" Cr. Vert body 'l1id-line sagittal diameter 

c/2 = -/2 SOC = radius from the centre of the cranial 

articular surface of the vercebra to its dorsal surface 

From the variable spme 'Spine Ratio' the can be calcuiated by using a 

consistent size var;able and a reiative cOl1parison of leverage in pri'l1ates of 

different body weigflt (size) can be possible 

Thus, The Sprne Ratio = (5 + h) + d2 -i- 3, Body Weight. 

In crder ~o make comparisons across taxa of different sizes the rallos frol1 

linear values are divided by ~he cube root of ~he species body weight (Sneath 

and Sakal , 1973; Jungers, 1985a. 1985b; Shapiro, 1993a. 1995) The cube 

root of the species body weight is applied in order to put the weight into a form 

comparabie to linear value since the ratios being co'l1pared are fro'l1 linear 

measurements The body weight has a direct relationship to volume mich IS 

proportional to the third power of Imear di'l1ensions (Shapiro 1991 a, and 

Jungers, 1985b) 

Henneberg et al (1989) hOl'l8ver state that in all Old World 'l1onkeys apes 

and humans the weight of the body scales to the exponent of ;wo times the 

body length Tl"€y argue that because the primate body is elongate and not 

spher:cal. the weight scales approxil1ately ~o the square root of the body 

length On the other hand, Shap iro (1993a 1995) who has also carned aut 

studies similar to the cur~ent researcr, has supporced the use of the cube root 

of the body l'I8ight in the formulae (personal com l1unication, see StallsllC 

methodS:i After discussions with ather authorrhes, Shapiro's approach has 

teen fo llo'Ned In thiS study This point about the application of the cube root has 

teen discussed furcrer under the section on Statistic methods 

Since the esti.l1ates of the species body weight and how they are applied 

are arguable some authors have used the "geometric l1ean" instead of the 

body l'I8ighl. The "geol1etr;c mean' is defined as ' the equivalent of ire d" root 

of Ihe product of n linear variables" of one vertebra that IS not induded in the 

analySIS (Moslmann, :970; Mosimann, 1979 Shapiro , 1991a), The '-geol1etric 
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mean' IS supposed by the above authors to be more accurate because it is 

calculated for each individual ard is not an estimate The diaphragmatic 

venebra IS usually the orle from wIlich the geometric mearl IS determined 

because for some reason it appears to be tl lghly correlated with the species 

means of the body \/I'8lght (Johrson and Shapiro, 1998) (r = 95 across 

species) 

Though the geometric mean is mentioned this study did not use the 

geome(rlc mean It was not used because the diaphragmatic venebra, wIlich IS 

recommerded for use in the geometric mean, IS at the same time pari :)1 the 

study, as It IS a transitional veriebra Henneberg (direct communication) also 

pOinted out that substltutmg the geometric mean of linear dimensions of a 

',eriebra for the weight leads to CIrCUlar reas:)ning This IS so because other 

venebrae am exp~essed as fractions of one parilClvlar vertetra of the same 

spme 

The spme ralJo also evaluates the 'effioency" of extersion produced by for 

example, multifidus mUSCle In orthograde and procograde pnmates of si-nilar 

prylogeny ~Shaplro, 199~ a) Aocording t:) Keith ('923) the spine calio should 

be large~ In orihograde primates than in pronograde xes Ward (1991) noted 

that as m:)nkeys become larger the s~;nous process becomes ionger to reflect 

the largec erectores spinae. The lever arm Similarities m incfn ard Proplthecus 

have no ~eiati:)n to bcdy weight (size) (Shapiro, 1995) The relatively long 

extensor le,er arm in indri sh:)uld theoretically facilitate powerfu l back 

exrenSIDn dUring leaping andlor verilcal dmgmg (Shapiro, 1995) 

Spinous process Extensor leverage :)r lever arm 

The extensor le',erage for muscles attaching to the SpinOUS process IS not 

necessarJiy greater in those Primates in vvhich erect posture dominates the 

locomotion ceperioire Exceptions are among the prosimians, such as "ndri and 

PropitheclJ$lhat do have relatively larger extensor lever arms than Varec,'a for 

most of the lumbar column The difference in the spine ~atio among the 

proslmlans (i.e Indrl and PropdheclJ$ on the one hand and Varecia on the 

other) could be a reflection of differences in function, but not necessarily due to 

orthograde ',s pronograde posture For example, it could be ~elaled to the fact 

that indn and Propithecu$ practise leaping more than Varecla (Walker, ·979 
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Gebc, '987, Dagoslo. 1989) 

In hom wOlds L':e spine lever <If"" again does nct 5ee.- '0 e ,,-tubu orthog-aae 

and prCllograde dlchotOf"Y For exampla t:;o relative va:ues of the lever arm CI 

t~o spines in t,~e glbtcns wt'IC ,~ Me re la' lveiy orthograde pnmates are not 

sll"ilar :0 t~ose of ~um<lns and ;n the upper lumb<lr region t~e,r range CCf"'es 

Wlt~lr.the values of prOrlOgrades suc.", as gOrillas <lnd orang-utan 

However. the dlffere.-,ce tr; Ihe 'ever arm of prooograoe al"d orthograde 

pm"ates may eKlst, bUI because of the approach 10 the ana,ysls vf t!":e prootEr. 

the results could ~ave been Influencea by the follow.ng facters iShap,ro 

1991a) 

• T:"1e aXIs et lolallon could have been placed at the facet 10lnts, ana 

no! at 'he contre of the D'SC 'Mlere It 'Nere supposed 10 be 

• T"e dlftereoces In20Y nct ~e II' t~e iever aff'" bul porl";!PS In shape 

and oner.I(ll lo,-, of !he splr;O\.lS precess € 9 In the dlrectlo" of put'!" of 

a muscle <Ind Ir; (he <lb;lIty 01 the spines 10 "(ock', thus Pf€venl:ng 

hype r e~ t ens l on. 

• The pr{'s{1nce of human lurrbar ,erdesls "Mllch 'elol"g,ates the lever 

arms of muscles' (Preusd1ef[ 19781 tn the 20bsence 0' Ihls :ordcsls 

t:1e human SPinoUS process tevemges are not s;gnrliCFIntly different 

from these of chimpanzees Thus It r-ay !:;€ a combnation of L'1e 

spinous precess lever arm spinal curV<lture and pelvIc orlentCltion 

t:--: at i'l ilow for <l reorgarlsatlOI" ef :"1umClI" back. I"uscles for 

bipeda lism So Clr;<llysl rg tnf' lever arm v-/it:--:cut conSidering Ihe ether 

IClctors Ihal come 'nlO play m'ght nOI shoo,," [t,e d,fferel"C9 bello'.'gen 

the muscle leverages of pnf"'aleS uSIr:g dlfferenl forms of locomotIOn. 

It IS poSSibl e th<lt mere f"'lgh[ be rc (j lffere"Ces :n extoosor !everages ot the 

sp,reus processes of orthograde ana pronograoe primCltes ThiS mears tha t t:"1 e 

'extensor ;everage' I" ight be as ecu.ally If'"pcrtilnt In prenegr;:;ae 

cuadn.ped;:l!lsm as II :s In orthogr;!de 10CCf"'01:on The electrol"ycgr<lphic dala 

(Shapiro, '9S1b) suppons \:"1IS View, since mulUIQus S:lOWS slmll;!r recrullment 

pattems in tJoth quaarupedal ana bipedal walking Multlfiaus 11150 comes trto 

pl;:;y during gi'l llopln g:n the Vf~r"et f"'onkey {Stiapiro, 'gg'tJ j and cat "English, 
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19S0; Zomlefer et al 1984) 

Transverse process and the thorax 

The roots OT the lumbar transverse prooesses have been studied by Shapiro 

(1991a) and Ward (1993). It was pointed out that these transverse prooesses 

originate from different levels of the vertebra In different taxa In monkeys they 

originate "com the ver1ebral body while In great apes they are rooted from the 

neural arch and In hl1mans even higher (Eclkson, 1963: Ward, 1993) 

The position of the \ips of the transverse processes is also critical because it 

IS associated vl'ith the reorganisation of back musculature The iliac blades in 

apes are 'lared laterally and expanded, Influencing tne insertions of erector 

spinae and ql1adratus 111mborum :0 more dorsolateral posi:ions The transve.se 

process position affects lIiocostaiis action sinoe the ribs are attached to [he 

transverse processes by ligaments (Schultz 1961) The dorsal migration of the 

transverse processes Increases the d,s:ance of the erector spinae from the axis 

of bending, and so increases the monlent of these muscles to counteract back 

fleXion The changes also affect the actions of transversosplnal musctes (i e 

semispinaliS, IllL!ltifidus 'otatores), psoas major as well as quad.atus 111mborum 

(Shapiro, 1991b) 

In ITDnkeys the muscles have become reiatively longer and acquired greater 

'otational and lateral nexion leverage for greater mObility In great apes the 

orientation of the lumbar transverse processes is important In the extension of 

the trunk and hence stabiiity Ward ,:1991) sl1ggests that the above changes 

have no correiation to body \Neight In pnmates HO\oV€ver, In Afflcan bovids the 

transverse processes become more perpendicuiar relative to the sagittal piane 

as the species beoome larger, showing a welgnt relationship (Halpert et al 

1987 1991 a. Gambaryan, 19(4) 

The ieveis of the roots of thoracic primate transverse processes are high 

and constant a, the junction of the laminae and the pedicles (Aiello and Dean. 

1990) Hovl'ever the ievel of their :ips might vary in different species The more 

dorsaliy pOSitioned the :ransverse processes or their tiPS are, relative to the axis 

of extension, the bet[er the leverage of longiss1ml1s and iliocostaliS ooring their 

bilateral contraction, tn rnaHlt3lning the erect posture, these iong muscles ml1st 

resist fleXion of tne trunk by bilateral contraction (Shapiro, 1991 a: Ward, 1991 
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1993) Thus atelines and gibbons that practise more "antlpronograde' postures 

and movements have trarsverse processes arising high above the junc[ior: of 

the body and pediole (i.e at the root 01 reura l a-ohl. With tips projeotlng 

honzontally The great apes ald humans have (herr trarsverse processes 

arising even higher at the pedicle- lamina !urctions with tips prOJoctirg dcrsaly 

(Benton. 1967. 1974, Shapiro, 199Ia'Ward. 1991). 

The [ips lie further dorsaliy In primates that tend to practise or1hcgrady 

(atelires and hominoids) than in primates that re1y prlmarily or prorograde 

postures Shapiro (1995) found Ihalln Indrids the tips are lccated more dorsaily 

than In '1aroeia. T~is arrangement IS lJ":derstood tc Im;:>rove the !everage of 

Indn back extensors, v.hch explanation agrees well with the leapirg and 

orthogrady of Indri The Varecia arrangement IS the best for 

quadrupedalism/pronogrady (Waiker, 1979 Gebo, 1987, Dagosto, 1989) 

The higher ana more lateral the tips of the transverse oraoesses are relative 

to the ventral surface ala axis of the vertebral body the beller are the 

leveraoes for lateral ,1eXlon of multifidus, iliocostaliS and quadratus lumborum 

Lumbar transverse processes ','"hlch are cranially orientated may improve 

leverage for iateral flex,or by keeping the moment of arm" of the spinal 

muscies large (Gambaryan, 1974) The cranial orrentatlon of the transverse 

processes improves the leverage of the spmal extersor muscles thai insert or 

the dorsal surfaces of the processes by moving their attachment pOirts forward 

to the axiS ct exterslon which IS at the cer:tre of the cauaal erd of each 

vertebra 

Gambaryan (1974) cbserved r carrivores tr.at .he cranioventral ly crientated 

trarsverse processes occurred 'Mth strong Intertransversal muscles 8itached to 

.helr rarrow 'lpS, v.hch gave lateral fleXibility 10 the :umbar spine In 

quadrupeds Gambaryan (1974) noted 'hat expanded {flattened) trarsverse 

processes Increase the area for attadlment of the muscles and promote rigidity 

by limiting iateral movemerts, and enccuraging sagittal pane movpments 

Shapiro (1993b) was of the view that more studies should be oameo ow to 

ciarify the shape positior and orientation of the transverse processes of 

primates 

The lever arm for lateral movement is knOINll as the Lallrar (lateral leverage 
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Of transverse ~ocess) ana IS e~prP.S5ed as. 

lattran =("h) a {ShaPiro, 1991a. 1995i, (Figure 5 3i. v.f1ere 

, a ' is the Qlstance belween the tips of the right af11.:J left transverse proceSSf\S 

of th~ same vertebra (TPP; 

The laterat leverage also kr.own as the lattrar. RatiO IS given In tr.e 

folJOIMn~ formula by ShapIro, { l991a; 

lelttran RatiO ~ lanran · 3 \:Species Boay wt. 

" {~r.;! af3\'SpeaesBodywt 

The 'ateral movement lever arm lor ihocostalis and quadratus. tumborum. and 

hence the laUran ratio WOIJld be relallvely larger at each vertebral tevel Ir: 

onhogace pr,mates than In pronograce ones (Ke,th. 1923) 

Comparing 11"p. rrar:sversp. process leverages 01 different taxa IS more 

complica ted because of :1'.13 differences in position of the bases (in lumcar) ar::::! 

t iPS (in thorax) of transverse processes i;l different primates Measuring and 

comparlnlii the lever arm directly WOUIG therefore g ive bi ased resul ts 

The position of the tiP of ~he transverse process reial ive 10 Ihe ventral 

elspec: of the vertebral t:>ooy IS Ire measurement thelt is taken ThiS 

meaSlJrem~nt IS appllP.(l to Obtaii"' a fair quantification of the leverage for the 

tong musctes insertinG on the tiPS The more dorsally places the tlps of :he 

transverse processes are, tile be:ter- IS tile leverage for extension (Shapiro 

1991a, 1995), The a)(IS of rotation of a vertebf"a It; humans IS In tile centre of the 

IntP-rVP.I'lebral d'sc Shapiro (1991a, 1995) assumea that In other pnmates, the 

cenlre was Similarly tocated. Selbie et aL (1993) expfflmertally confitmed that 

In !Me cat (quadruped) spme. :he cemre of rmanon was located ,n the 

Ime-vertebral disc dunng e;ttenslon. f eXlofl ar:d rotailon. 

The poin 10 note In Ihls measurfflnenl IS Ihal ever. il the axiS of rotation 

d'ffers amor:g thp. pnmates, It IS always ventral to tile transverse processes. 

TherefQ(e the most venlral aspect of the vertebral body and not ,ts aXIs,s 

taken as a pomt of reference for Ihe measurement of parameter "b' (FIgure 5 3) 

(Shapiro, 1991a, 1995) Thp. ventrodorsa' transverse process ratio (Vctran 

ratio) IS expressec as blc by ShaPIro (: 995) where: 

b " TPV " the vertica l Glstarlee between the ~rar:sverse 
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process tlP;SJ and the most ventral ooro:--:al plane of 

the vertOOfal body 

c = the cranial sagittal diameter (SOC) of the vertebral body 

(tt",e media'"': ventrodorsai height (or lengih) of the craniai 

surface ofthe vertebral bodyj , 

If the tips are more ve::tral, tt",an the most ventral coro,'"':ai pla'"':e of t~,e 

vertebral body. then tt".e dista,'"':ce is taken to be negative According to Keitt", 

(1923), the tiPS of the transverse aocess would oe more dorsal ,n ortt",ograde 

primates tt",anl'"': pronograde ones Tt".e Vdtran ratio w01.1d De larger In 

orthograde p-jmates. 

The validity of this formuta (b/c) depends on the fact tt".<It c does not differ 

significa,'"':tly relative to body weig~,t among primate taxa (Shapiro, 1995). This 

is 'Nhy it is not necessary to rationalise thiS ratio by us:,'"':g a cmstant (I e body 

weight iSlze) 

Later~ Leverage of the Transverse Process (LaUra'"':) Ratio 

Tt",eever a-m for lateral movement or Law<'ll ratiO ai tt".e lumbar transverse 

0rocess is not '"':ecessarily lo.'"':ger i.'"': tt",e orthograde than in pronograde primates 

(ShapirO, '991a). al,t",ough some researchers oredlcted it",at tt",e lever arms for 

rI,ocos,alis and quadratus lumborum are longer i.'"': ortt",ograde primates (Kelih. 

1923) Such oredlctio.'"': :s based on +t",e assumotlon that the lateral balance is 

more Important I.'"': orthograde pOSitional oehavlour tha'"': I.'"': oro,'"':og-ade postures 

It has been st".o~ that mammalian quadruoedal walKing also demands aXJ81 

morphology that restncts lateral bendi,'"':g of the tru,'"':K. fhls gives a rigid 

a+tachme,'"':t for the propulSive hi.'"':d limb muscles cy stacillsl.'"':g the trunk and 

pelvis (Carlson et 211 1979: Engtish, 1980 Carrier, 1984) I.'"': other words, 

longissimus a.'"':d Iliocostalis playa s+abilising lole in quadrupedal ism by bilaterai 

contraction during eact", hind footstep (Carlson et al. 1979: Zomlefer et ai, 

1984 and English. 1980J. The restnctio,'"': of iateral bending distinguishes 

mammalian c;uadrupedalism from the reptilian quadrupedalism. 'Nhereoy lateral 

undulaiio.'"':s increase stride and propulSion (Carrier, 1987), Electromyograpt",ic 

data provided by Shapiro (19910) suggest that baCK muscles that produce or 

restrict lateral trunk movements are equally Important for DOth pronograde 

c;uadrupedalism and orthograde behaviour such as arm swinging and 
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b!pedalism 

Ventrodorsai (Vdtran] Ratio or Ventrodorsal Transverse Tip Leverage 

The position of the root and the orientation of ~he lumbar transverse processes 

'Nere in distinct positions 'hat varied in the different groups of primates Benton, 

1967- Shapiro, 1991a), Shapiro's work (,%103. 1995) considered positions of 

'he tipS of the transverse processes onto 'Nilich iliocostalis and quadratus 

lumbOrum are Inserted (Figure 53) From the formula blc. Shapiro (199101) 

noted that a Vdtran of 1 0 Indicates that the tips of the transverse processes lie 

at the 'evel (height) of the dorsal surface oi the vertebral body A higher value 

of Vdtran means that the tips are dorsal to the dorsal surface of the veriebral 

body and a value iess ~han 1 0 indicates ~hat ~he tiPS iie ventral to ~he dorsal 

aspect of ~he veriebrai body A negative value indicates that the tips are ventral 

to the ventral aspect of ~he ver:ebrai oody 

The ,I-Iylobates have values close 10 1 0 great apes arC humans more than 

" [) and Cebus. Cercopithecus indri, Proplthecus and VareCia less than 1 0 

(Shapiro, 1991a) 

The pos!1ion oi the transverse process could have some relation to bo::Jy size 

(weight) This has been noted by studies by Halperi et al 11987) ,n African 

bovids, and Shapiro (1991 a\ In piatyrrhlnes SL:ch as Cebus, prosimians SL:ch as 

Varecia Hylobates and In other hominOlds Shapiro (199103) strongly 

recommends furiher Investlgallons on the position of the transverse processes 

and particularly the pOSition of ItS ~lpS 

VeriebraJ canal or Vertebral foramen 

The size and shape of the verteoral foramen or canal can De determined 

and compared among prima'es In huma~s the veriebral canal is said to have 

peculiar features not expiainaoie by the size (".wight) of the human body 

(MacLarnOl1 1%3) The size of the veriebral canal gives an approximation of 

the size of the spinal cord Maclarnon (1987) identifies differences in the 

vertebral canal of humans and modern primate species In the lL:mbar and 

sacral regIOns. Generally, there is little variation in the spinal cord and vertebral 

canal dimensions of the modern primate species In fact according ~o 

Maclarnon (1987) the size Of the spinal cord relative to cody Size (weight) 
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appears to nave li ttle ~<Ula:lon among 'TlOdem mammals The above researcner 

'Inds L'lat Ihe vertebral canals (hence spinal coras) In tIM) Eocene ::Inmate 

s:>eCles are reiatlvely sma,1 ,n the cervical and thoraCIC areas In com:>.anson te 

mooom pr;mates Again rne ~enebral canals In Ine :umbar region 01 :hese 

'ossi is are 01 similar relallve size to tnose of mooern pnmates Brewn et al 

(1985) find Ihal ihe vertebral canal III ~r l e cervical and tnoraCiC regions of Hemo 

ereclus fossil (KNM-Wr ~ SOOOII S re l ati~e ly sma ll , ccmpared to I ~I a t 01 modern 

humans. The vertebi"al canal In t ile I-.:mbar region, IS found 10 be abC<..i t trle 

same SILe as If1 i'lumans by I3rOWT1 et al ,(1985) It mlghl therefore be th'-l! t"Ie 

preserl fo:m of ::>nmale spinal ceo:! ana vertebra: coll.mn. aC"lIe~e-d .:9 cutTen! 

lorm much earlier than dunng ,he laSI lew milhon fears of separate nommlo 

evch ... t;on The d.ffecence ber-Neen the size of tna spinal cord cf Harne, efectus 

i KNM-Wr 1500l ana mcoern hU.l1ans IS specula:ed 10 bG due to the young age 

of !he Homo specimen Tnls Horno f:m:.tClus • ........ s only abcl.t ~ 1 years at t ime 01 

death (Walker <3nd teakey, 1993) 

Tne vertebral canai and core d!menSlons sr:ai a prcport lonately 10 body 

.....eIght Tnerefore If body weight IS taken into au;ount. all Ine dimensions of 

canal and cord ie g helghl and Width at any l ev~ volume ano weight) are 

fGt.nd to be POSltlVety correlated 10 Itle body IoVelgnl (MacLarnon 1957) Exce:)( 

at Ihe iCWilr Il.mbar regiOns wr.ere ltle :!pInal cord is absent and al IX near C 1 II 

IS pOSSible to estmata the dlmenslcns cline s::llnal CQ(d Irem lhe vertebral 

;-..anai a,mf:nslons The human llombar enlargemem 's located stigntiy higher 

tnan the beginning OIIM lumbar reglcn. The "erteDral ::anal IS alsc ocCt..pled by 

men inges. blood vessels These and trle absence of t,Ie S:) lnal cCfd at cer1al~ 

levaos dc affect csllmated size ThiS IS wily Ina rasulis Obtained here srlou ld not 

be regarded as the accurate SILe o~ t-Ie splnai cord The method can ho',vever 

be@ppliedtorare orextlnct Soecl:n enS, sur.h as :cssils 

Accoramg 10 MacLarnon (1987) the nalgtors and Wid ths at the levels of the 

cervical and lurnb.ar enlarsernents give the largest values fer the clmensions 

along the vertebral canal. Tne .11lnlml.m values are at the tneraclc level In 'he 

pnmalas Invas!tgated The heignt Of L'l9 vertebral canai decreases fro:n C7 mto 

the thoraCiC regIon in most modem primates , but in humans, orang-ulans 

gcnllas and KNM-\lVT1 500 fOSSil there IS an Incre<3se at C7 tha t cOTltlr1L.eS mtc 

the upper triOrax (Maclarn on, 1987) In rlumans the average nelght of the 
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lumbar canal ::lecreases In :he a-anial lumoar region and Ir1 modern pflm[l:es 

:he lumbar canai ne.grt st€<idlly cecreilses ti-rcughout Ire r8\;lOn (Hinck et al . 

1965, Twcmey and Tayior, 1988: Maclamon, 1987) In mes! modem prlma:es 

thoro IS a lumoor eriar<;;emer.t after ·...r,ch the canal Wldtr Ceo eases tcwares 

the sacfl.m The v.idth of the lumoor car.al var.es much mere than the r elgh! Irl 

h ... mans arc primates IrveS:lo;;a:ed fY1 Ir e abo'l€ ard at the last lumbil: Ihe 

canal 'Mdtr tends 10 decrease :C'Nards :he firs! sacrat v6rtebra In spec:es with 

a pre~enslle ta~ tre wldlh of Ihe lumbar ver:ebrat canal sl-ows a rls'ng prof,le 

inlO tre SOO'l.m (Maclarnon 1987) 

Larsen anc: Smlt:" (1961) noted Ihat If: hLmilns Ii-e relghl Gr.d wldlr al!re 

ievel cf Ire cervICal en,aro;;emen~ de nol Increase after puoerty Op,n,ons vary 

as Ie 'Nren maXlmLm sizes cf Ire canai aoo cervlcai enlarge.Tenl are aeh,eved 

Larsen and Sml~ll (1981: sta~e ~h<lt ,I s ~wo years 'Mlile "'''holey et ai (1958: 

sl,;ggesi 3--6 years anc: Hinck el 3' (1962) 18 years In Ire ti'cfaclc 'eglen the 

Ina-ease In :::i.menslcns (grolNlh} may De coseryed Lp Ic' 1 C yeiJrs Cf 

adclesce"ce I MacU;~ rl011 , '987) 

Artlo..;la facets (zyaaOODnyses ) 

The dflgle or plane ur ,;rlent;;tic" <)1 L"e Lygapuplly81s IlaS bam: ce~u lbed by 

by Srap,rc ('991a; arid l..allme' anC Ward (1993) It IS ti-e angle fermed 

b~(v,..een :he crord cf Ire curwd artlcuiar su-face cf tre zygapophysIs and the 

m6Clafi plane of the ver.ebr" (FlQu'e 2 8; More details o~ the facet angle and 

face! ar~<I measuremen~s have oean covered under ·Me~hods· If Ire face: 

angle IS 90~ t means lhallhe an!,;le IS n a ronzental piane (i e coronal plane) 

01 the vertebra In suer case ~ha JCIn! amcular surfaces of Ihe 

prezygapepl'lyses lace ::Iorsally (Shapiro 199'a)_ The angles belween zere and 

90 degrees are lor Ihe medially Inclned artlCll'ar sur.aces anC' Ii-e angles 

oetween 90 and 180 degrees are for the laterally Inetoned (Shap:ro 1991a) The 

lumt::ar vertebrae are ~er1eorae Ii-al have prezygapophyseal angles Iral lie 

06tNeen zero ard 90 degrees Conversel~ I~e thcraClC ~e~et::rae have 

prezygapophyseal angles that afe between 90 and 180 c:egrees 

If the zygapophyseal joll11 is mere sagltally cnantaled II means that the 

articu lar surfaces of the prezygapophyses face more medially and these of the 

postzygapcphyses face mere laterally, as In lumbar ver:eOfae. Tre thoraoc 
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Figure 2 8 
The facet (zygapophyseal) angte and Its estimation 

The facet angte "a" IS the angle between a chom Ihat passes Ollef' the antenor 
facet to the midsagit tal plane In Its estimation two assumptions are made The 
first assumption IS tha! the right and left facet surfaces are equal and 
symmetrical The second asssumpllon IS that the facets are eqUidistant from one 
another In relat ion to the mldsagltlat plane of the venebra 

MiduglllaJ p l'n'--J~ 

II was assumed tha: the 
zygapophyses were symmetn~.d 
and symmetrically placed OIl 
the vertebra 

;;;:;" .. , , .. ",,.,, 
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zygapcp ... ·ysas ~esiSI 'IHnlral msplar:emonr of one '.I€-rtebra on <lno!t'.er An 

,men nedlal l'! O(leniaiion of J{lInts would rRSlst :;.mh totatlon and ventral 

d splacement (Bogcuk and T'Mlm6Y. 1387). 

Human cl,n1C8i studies by S,nger et OI l. (1989a and b) and computer 

rrode ll ing OCServ 1lTlcnS by Scholt/irl anc VeldhUIZen (1005) hav" dearly 

oemonslratM the ver:ecral Jo;nl structure and thetr movsme:-.ts Ac:ccrc!i:-:g 10 

Shaplto (199t a) the.'E! 15 '/ery ,,1116 'I8(1<1110n In me angles of prC7Y9apophyses of 

C:ose!y relate<! non-nl;man pnmales eve .... as melr posilional !)6t:a'llour c!n ers 

Immensely 

Humans have a c! lstlnclive pattern of change of ilie onenratlon of tt'.eir 

prezygapophyses along the ver.ebra l co lumn I:"'. :he lumbar "€Glon. from tr,,, 

upper lumC3r v~ebrae to the first sacral vertebra T ... .ft pattEt.'"n shows an 

:n::reaslng divergence of the Olslance or gap ~n the lumbar 

zyg apophyseal artlcula'ions 'n a <'..al.!daJ direction tOlNaros tl"e first sacral 

venebra Tl" ls IS In cc:ntrasl '0 'hp. cCfwergence of thi S cIsta1ce ,n ether 

horni .... olds. such as Pall (Odgers, 1933 ) and non-~,ornlnold s Shapiro. (1%1a) 

l a: imer and Waro (1993) point ou! :hal t h,,, ncreaslng obiioui ly of the 

zygapophyses. and :he 'Nlc!€nlf1g" of the laminae and of fhe vertebral oodles am 

a result cllcrdosls <lno r enee unlque:o !),pedal:sm Th,f! zygD~ophyseai angles 

and shape (curvarure j need Ic t::e analVsed more dosely oeC.aU5& of j;elr 

Importance ;n stabi lising the ',erteOl"a l co!umn against vP.r1tr ol dlspjacement 

(Shapiro, l ~ l a ) Halpert e: al (1 98 i) , for exarnpie, note th aI the larger 

A:ric a:"'. !)OVid!! If~."d to have more curvee zygapophyses for spinal r:g~ily 

S1aplfc ( , 991a) observp..s 1'.31 I~.ft anlCular facels are flatter In gonllas lhan:n 

smaller homlnolds 

As a resul t of lomosl s which '1"1 humans IS 8(:cef"ltullt9C oy the sharp 

lumbosacral angle €lr1d '.....ed ging betw'ep.n L5 and Sl and b6twaen L4 and L5, 

Irese lowp.r vertebrap. 'Mlll id tend to sli p ventrally on Onp.lInother (Davis, 19€1 . 

Bogdllk and Twomey 1987) The zY9DDOphyseal angle at these lev"ls IS 45 

and 50 c!egees (Kenesi and lesur. '985 Bogc!uk and Tv.()mey 1987). T~·is 

ortgie IS a good cctnpromlS€ In pro~'ldlng rp.5lslance Ie sliPPing and at I .... e sarne 

time allOWIng rot.:1tion (Bogduk and Twomey 198n 
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Zygapoohyseal shape amie and move:nenl] 

As already mentIOned above, the 7.ygaoophyseal shape and angle of 

orientation IS Important In influer;cing movements In partl:ular regions of the 

vertebral:olumr, In rota(lorial'1:ovements of the human vertebral columr •. the 

aXIs of rotation is located at the postelor aspect of the intervertebral disc 

,Cassette 8( ai, 1971. Bogduk and Twomey, 15871 This is in contrast (Q the 

cammon assumption thm :he axis of rotat ion 11I3S at or near the 7.ygapopllyseal 

joir,:s (Gregersen and lucas 1967, Haher et al 1989). A rotational aXiS 

through the 7.ygapophyseal joir,(s leve! would orobably be functionally 

problematic because it would subject the vertebral column and discs to great 

shearing mo:nents (Shaoiro, 199131 Markoff (1912) noted that in :he thoracic 

region, the freedom of rolation fac:litated by the cororial arrangement of the 

thoracic Lygapophyseal joints would be '_nsafe for the joints ber.veen T10 and 

T12 ir,Glusi~e, in ~iew of the short floabng ribs at this vertebral ievel This 

problem :s however addressed by (prominent mammiilary) epizygal precesses 

on the above vertebrae, the processes in some are quite developed on the 

diaphragmatic vertebra lhe orocesses form a "mortise" JOint With the coronally 

or:emated prezygapoohyses, thus restricting the rotational movement. in the 

absence of the rib girders ,Singer et ai, 1989a, 1S8Sb Singer 1989)_ 

According to Ward fpersonat communication 24 March 1999) loads can be 

transmitted through the posteriOr elements ONLY In the lordotic posture, 1Ntler. 

the Lygapq::hyseal joints are not parallel, but sliding to each other that is, when 

the:audai zygapophyses contact the pars articularis 

ThoraCIC and lumbar 7..Ygapophyseal angles have been measured iri several 

species at monkeys, namely Cercoplthocus_ Cebus, Lagothnx, ar,d In some 

hominoids giving interesting results Shapiro {1991a) reoorts the thoraCIC 

angles to be more than 110 degrees in monkeys, and generaliy less than 110 

degrees in hominOids In the same study Shapiro reports that Ateles. Alouata_ 

and some prosimians (Indn, f::Jroplthecus and Varecia) have angles that are 

greater than 110 degrees In the lower three thoraGi: vertebrae, In hominoids 

(glbborL great apes_ and hU,'T'an) the angles are reported by the same 

researcher to be 106 and 114 degrees lNtlich ~alues cover a Wider rar,ge than 

those reported or, great apes by other studies 

In spite of the dichotomy betlNeen hominoids and rion-hominoids there is 
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PfJrll.llIW<ile 'umear 'Ierei::ra Re.gartJlng pedicle srape. ar LL oriy the pedlcles 

d hum;;r and 9;cbon ncreilse d(;)f-a!lcal!y Ir \.Vldlll reiatl'll) 10 length Tne 

shape of t/'e p6<llcles c( Ire great apes rflmalnS ccnSII1'I"! .n this respect 

(Sh<lpl 'c 199 1<'1), 

Tre ','ilIUi) of Ir e ratle jet ...... e!:!r tre ~edicle'Mdth antJ the pedicie ierglh 

(PWfPL) Ircr(lases at LL 'n rl.ornars and Ihe gI:.:.on tul Ihe '<Ilio does rOi 

nC"Base In Ihe great apes Ir the other (a)(oromlc grcups Ine reduclIor' of It'e 

reiat. ... e size of the pe-::lIcle at L: ard t!'"e relative Wldef"lrg cl the pedicle <H llis 

:-ilarac(F.fIStiC cl botl'" prcnograde and or:hcgrade promates ShllPIfO (199 : ,,;.s 

of the view that the 'eduction In the ',eiue of tre ratio IS rol 'elated Ie the 

Increase.r the ',erleerEi eedy areJ at (f near ~re ver ebra Ir qlJesllon 

There a~p(lars Ie ::;e E patlern unlqt..e to hLmans antJ ·;;,bt:crs T-us Ic,lowrng 

!he 0;) d(}/;n'lIon of we ;umoof ·,cnebrae erly h_mars antJ glboors srO'.., 

prcgresslv(! Increase In the size of the pedicle reia:lve 10 Ihe ve'le;JfaJ bOtJy 

a'lOa througrour Ire IUil'bar reg ion I. c L2-LL i 

D) Ver1 ebral Column Curvalures ,lnd Compression Forces 

The :urves of the ~er:eeral :c,umn can :>e v,ewed ('om we lateral a~pec, cf 

~hE body as tl"e cervleai thcraclc lumbar ard sac'al eurw~s ;Flgure? Sj. They 

are vllalln baianc;no;; the !funk on Ire sacrum tJurm; ;)lpetJahsm 'n hUil'ans. 

The trorac;c ard sacral (f pel~lc curies are concave ~emrally and are 

known as primary ct..rvaiues ::.er...ause [hey appeAr eArly durlrg fcaial lifa and 

petsist tilereefle- Tha sacral curve dlspiays a powen' .. 1 p~C(1ontcry 211 th e 

iumbosacrAI Juncticn 0' ar gle 'lVhlcl" angle IS also estabhshetJ beiOfe birth if' 

hurrar s 

The cervical and umba; curves a:e secondary c;: ce,l'pensatory since li'ey 

appear later, and are malf'l ~alned by Iogements musc;es and, especially in ~re 

llomjllr reg;or j y we i:;c'"y structures (vef"e:.rae) themse lves The cervIcAl 

curvalure appears late dUring IntraLter'ne life Ii is fu rtl'er acceriuated. fir stl y 

wnen Ihe CJ-Ild beglrs 10 raid up liS - e<ld (3---4 mcr lhs postralally). and 

secondly when 1I star1S ,0 sil la:.ou~ S months postra:ally), The ... 'ew Irat the 

cervical curve appears late n Irtraulenne itfe ~as I'owever ::.een & a.lenged :.y 

Bagra!1 at aI" (1977\ 'MlO ,- as s: .. dlad radlographc p~Clu res of 195 hurr,ar 

foetuses ranglrg Detween 6-23 weell.s It was ejserved In that sludy that 830/i, 
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FIQ[;re.2 9 
CW'latures oi tne Y!!rtebrai C8lumn 

Midsagittal sect'ons of the prlmale tturok. :hrough the vertebral cOlumn 0: :he 
cI'1 lmpan:ee ard human. shov.nng el10 Ct; rYatures In h.;mans 1h(1 curlal\,;,'"OS are 
oatter developed thar. ir. the c!'lImpanzee There IS ",Iso a '#el l c!!velcoed Icrco:lc 
curve In hUiTIiinS IMllch SL..ppcr.s tha human Clloecai oosture 

/ '" ( \ 
\ 

.. ~ , 
· 1 • r 

\ • ., • :crv i;al ::nV,1Ufp. • ->. ~ , • , . ____ 1 
! • ~ • • '\ .. , • .. , i • , • , 

Thorac!c cur"~lLfe • • • • • • .. .. • • • • • • • • • • I • • I • • , • c.umb;Jr curV ,1;U~~ ! , r • i· 
" 

ji 
/ \ SiI:r :a1 CU~Va turf; , , 

( Pan , I!omn 
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Of the foetuses possess a eerv::..'!) Clorve wher: ossrlrt.all0n cemres 0&""""00 

radlQ-V:Jaque at abeut 95 'M1ei{S cl gesld!lon. The ot:SeNaflorlS alw 

emphaSise the :mpcrt .. mce of e:.tl1y Of"sel of fGeta l moveme"ts dB d Id::!cr 111 (~ 

aopea-<If1ce of an rder:\rh&ble cer/Ical curve In ~he adult hl.fnanS tile :6rvr:-A31 

CloNe .s the least a~:luated, It IS convex venlraily a<telldlflg bel'NeeII :he 

Ol tias and [he seconc.J ,Ilcrsclc vertebra 

Graf et ai, (1995) irlvesllga,ed the fur:ctlon<l l anCl!omy of the head and rl8ck 

In q.Jadru::>eds They noted tha t wherr al rest bom bipeds dnd quadrupeds flex 

their alian~o-o:::opI121. a1lanI0-8)(181 and third cervical JO ints AI rest 1I'Ie cervical 

i'lnd \hcr;Jq:: artJUllallcns In Ihe rabbt t,::.at gumea D'9 and mcnkey were heid:n 

el'ilremely extended positron The humans 2rtlada~cns of Ihe lC'Wer ::efvtcal 

spire were seen to be j.,ept m ttle mldpO,n! position be'ween maXimal f1exlorl 

arid maximal extensiorl , a po~lt,on that Gral et ill (1995i presume to be related 

to permanent bi::!€dalism of t1llman~ The authors Ihmk that me:/1amcal bony 

structures. surll as specifically shaped <Jrticu lar processes and IIg<lmems, may 

be responSible for the InfrnSIC conf l gurU~lcn of the cervica l CL. rvllture 

rhe thora::lc curve IS ccncave 'Ventrally rUrHm19 between the secorld ar id 

twelfth (las:' ,hcraZlc vertebrae ,WarMck el ai .973) ,n lhe upper thor<loc 

reglor' Thare ;S ollen a SI,,;;hl lata-al curv<lu .. re con',ex to me fight In the rlghl 

handed people and 10 lhe Ie/lin :he left h"lIIded (lJIJarM::k et 31 19i3) 

The umbar curve In hurMllS a~fs 111 life a! 12-18 mOl"ttlS ""nen walk;ng 

caglnS It 's ccnve~ Vef1tfillly, e~tel1dlng between :he last thorael;; lIarlebr<l te 

lho il..mrcS<lcral angle , tho conve~l(y of the 'o~Ye r tIlree lurncJr vertebrae OOil1C] 

more pronounced The curve ,s mor{) pronounced In the fema les thJn the 

mJ les, ;]S IS <liso the cervle;;1 curve (Knussmdn ar:d Finke. HJ77) 

The lumb<lr Cl.rvaturo IS onhanced cy !he lumr",r 'Jerter::ral bodies. '.'IT-UGh are 

'Hedge-shaped, thelf longer dspect faClrtg " €fltrally If for example. nvc lumbar 

human vcrtebr<Je ae sel'l .. l~y ilrtl::cJ;j~ed outSide the body, Ihey form a lumbar 

OJrJ€! even WIthout the diSC r::etweOn them {Tobias 1982) 

Rose (1975) made a derailed dlmel"SlCnal srudy of lumoar vertebrae In 

humariS drld noted that the s,ze arid shape of {he vertebral codles are ecu;;l'y 

con:emed with !he cendlng ;;r.d comoressive stresses Rose (1975) further 

observed thdt III humans on :y the nfth lumb<lr vertebr<li body regularly disp lays 

gre;;ter vell trallellgth (i.e ventral wedgedn€ssl_ Rose therefore pOinted out ,h<ll 
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other facors must 91so contribute to the Jumbar curvature, namely the ability of 

the Intarvertebral disc to conform: the sexual dirnorphlsm in the first sacral 

vertebra and the structure oi tha ~Ivis. Claarly Rose (1975) and Tobias 

(19821 do not agree to some extent on the causes of the lumbar curvature ard 

more studies might be a~ropriate to cianfy thiS Issue Grourd reaction iorces 

are a critical component of mUSCUloskeletal loads d lring dynamic activities, and 

could influence the curvatures lWard, personal communication 24'" Mar 1999) 

The ratios of the lengtt': of bones (i e the v811ebral bodies) to the thickness 

altha diSCS are 7723, 82:18: 6535 In tt':e cervical thoracic and lumbar regions 

respeclivaly On average bone contnbutes 75 0ft) and tt':e disc oniy 25% 

(Ba&ca)ian 1975) Using ircaging Boos et al (1993) notad that in healthy 

adult persons the watar contant of ~he diSCS was significantly less in the 

evenings tt':an In the rmmings Green and Silver (1981) Observed that 

astronauts returning from space miSSions were aboot an inch taller than their 

pre-mission t,elght IT,ay be as a result of "Neightlessness or lack of 

compression forcas Li tarature 'MJS not avallabia as to lNhether this increase of 

helgt,t was maln;alned permanently or lost later 

The intervertebral discs not only link and hold vertebrae together but 

faciiita'a Intervertabral 1T,0vements and due :0 ttielr elas:lclty/pl,abllity, they 

allow tiillng and may be a limited degrea of torsion batvvean the vertebral 

bodies They therefore IT,ake tt':e vertebral column receptive to changes and 

compression forces The impact of 'he forces directed vertically through the 

column is hO"Never largely expended by Its SinUOUS curvatures, The effects 01 

the weight, muscle traction and thrust fralT, the feet frolT, walking, running and 

jUIT,ping are also smoothened out by the curvatures and to lesser extent by the 

GlScs. 

The disposition. shape (~ometrical arran~ment) and other properties of :he 

zygapophyseal 10lnts, as 'Neil as :he complex arrangemants of ligaments 

betvveen the adjacent vartabrae, also playa vital part in the rnovements of the 

vertebral c~ulT,n Although the movement between adjacent vertebrae is limited 

to small ranges, the aggregate change along the 'Nhole column is considerable 

in terms of bending and axial rotation (Saibi et al , 1993: Dumas et al , 1993) 

When the vertebral bodies are viewed from their ventral aspect, they are 

seen to Increase In width from about the second carvical :0 the third lumbar, in 
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r9l31!on to tnE'- weight ex~er:el1Cec along the colt.mn The senahs3tlon of 

Increastrg ve:ebrai size s much less eVlder.t In me ql..adrupedal obllq .... ely 

walking 3?es (TobI8S, 1982) After tho 'ast I:...mtaf 'Iertebra the 'Metn clmlnlsnes 

rapldl~ te Ine ccccygea: apax In the last I'NO lumbar 'Ierteor::e there IS all 

Ifwase fel31:e:-:st~? between Ule ilIaas of the cranial and caudal st.:riilces of the 

their ve1eoral = dles and pedicle sizes This suggests that me lust ver.ebra 

does ~ol bear al: Ihe fc rces tt..l lrcr;S~lls some of these compeSSlve forces 

Irom thi'! spi:-:e te !he pel'lllS (Davts 1961) 

Chnll;al and btorr:edlca: analyses have shav,n that funCllOn3liy !TIe 'IIerebrae 

ane :he ver.ebral colurr:r snould be regarced as having a ventral (Of antenor) 

and corsal (er postertOr, etements (c:oit.mns). St.r.l't stucles have oeen c;arned 

Qut by'Nhlle and ilb\(":h. (,9,:), Huttcv and Cyrcn pS78) Shah et al. (197131. 

Adams anc Ht.:tte'l. (1980 1983). Den iS (1983), Jayson. P983) and Scales et 

a : (1988). The carsal cOIt..mn trlat cor.s ists of Ina zygapOphySes and :-:eural 

a,'cnes has been shown ty tna above researchers to take p3r~ 1:-: the "Nelght 

transmiSSion In humar.S For a long tirr.e : W<!S strongly belle'lled I~al only the 

veneorai baCles anc diSCS (Ie tne ver:tr3i elemen!slcoJt..mnl were tne OI":es !hat 

beal the load thro4;h .he 'Je::eI;:at colt..mn_ In an allemol 10 /'teasure Ine 

'stlffness' oetween Ihe Inlerverteoral 101ms, sludles -ave been earned 01..1 tn 

vitro In solated 'motton liegm@(lts·. l",cnSlsllng of ~NO ver:etrae 'Mlh all tnalr 

Iga~ents and CISC Intact (Nacnemscn, 1966 Markot! ,9(2) Forces of vano!.s 

magnltuees and direction are loaded to a ~otlon segment With anc 'MInOut lhe 

posterior ele:~e nt in ploce It has eeen obser'led in such expenments thOlt the 

zygaoophyseal 101r.!s Ii e posterior elements\ ceslst '6% of the compreSS I'le 

fon:e Cl)."lrtg :he t.:p'lghl poSition Other stL-::lles hewever, show Ihot CUring 

'1exlo~ of tile spl~e. as ocr.ufS n erect sltlJnQ ... Jhereoy lo'dosls IS uwally 

I:atlened O\...t tne r.ompresslve fon:e s trans~lt1ed Via :he Clscltx:x::y (I e verural 

elemeflts) 

The pars artlculans IS thai part of ihe lamina ber.o.een the prezygapophyses 

and postzygapophyses of ear..n Slce S~e studies S'.;ggest Inilllr: ihe iu~bar 

ve.-:ebrae. compressl'le loae car: be transmitted acrcss thA zygapophyses 

thrOt.:gh contact 01 tne tip of me zygapopnys:s INItn pars interart lculans (Ada:~s 

anc Hutto'l 1980 1583). Similar conch"siens h<lve oeen dralNrt from 10aClrlg 

experrments. uSing pressU"e :eCO'Clng paper al me zygapophyseol JOints (Y<rlQ 
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and Krg 1!;54; Strain aa:...ge F:eaSl.remems haie ;;Iso demOnS(ra(e-J lIle 

facet·lamlna ccntae: o' (ranS"lss:cr arc ha"9 shc,'IJI"i that aXial :::orn~rZSSI\ie 

loadlf':~ prcdt.ces (;cmmess;cn strains rear Ihe !lase-s oi the Cedldes as .. ,e·1 as 

cn the c:or5al and ';eni~ai s(Jrfa~s of pa~s mter:Y:lcularis 

F.xtc'nS lo~ , that IS ::J say 'pos~e:'rc~ 01"'59: loadltr;; brings Inorc'ilse:-d 

comp'ess i'le stram In the bases of ~he pediues and wrn::,reSS I'/6' as welt as 

tenSile straw,s In :he cars ,r.le'ar1'Gt.. arts in conlrast fle}uan a' Ule SPine e 

'antan:y ailset IcaCu<. bron!:;!". srna,:er CQ:Tpr9SS,~e s:ra,r.s ,r. :he same areas 

IS-ah et al 19;'8 LIf': at al t978 Jayson '983) r..c-.'.' 1'le Z'f9a.=ia~-yses 

pec,cI"s and a,,,,nae a'e nvol....a(1 r. 'eslstlm; t-" ,cae cur n!:; sp:r:e e"tenSlcr: 

lor :rl any postuel '~e IIIc'pho,oc;V vI these ~tructures fm~st Clifa Irl 

pOrlvgrs.ce ar1 orthvgrade anlmais :S~aOlrc:, tSS::: 

rhe verebral cc lt.mn of CU!lc rq::eds has:;e€n Ilfened te a norl:on~a I JC "'" 

m!l1e CO the Irc,d vertebrae r~e S1ri~g of :r,e bO'h IS ilfenec :0 the r ec tu~ 

abdom;ns muges tnat provont hyocrext6f:s;on cr sagging ct :ne cow (8ado'-...<, 

t;'7,) Pr""uschGil, t576. ~rCt.sr..hoft ot a" 19138; IF.gure 2 E) rne :lrcno;:;rade 

SPine. IS nO! S,,.olecl'Y.1 'C :lrolcrgetJ "JErtlcal ',...e,ght ;1::'3'J,n9) as s 1-9 

OrthCgradiO spine Ille COrnPf!c'SSI'/e 'cr~s along the spine of a .:ror ograae 

primate 'Mil ~ resisted a{gely by art&r.or part (i e ~bral tCCll1S an-:! C:SCSI 

,FI;;ure Z 5) It rlllgh t be soeQJlate.:: !!'at the r:-.ore crro;ra1e a saine IS the 

ar;;9f Ire 'elall'le 3;;:e cf the ccrsat nlerrt ~nts Since :he ,ar;;er .:art of the 

comprnSSI',e iorce '.~,II te IranSllllt:e(1 :rrOLgh :hi5 area, 

Flnal!y n spite cf t~e reS ilience of :~9 spine injuries can occur SOlnal 

Inlurles C<l~ QC8,r In 'crc"u ' Iexlan or ':u : ensic~ 'mpact er ti"e :laci<. fa ling 

~eaclcr.; cr :alYJing on feet from a hetgi"1. carrying caes::.n '~e ~eac or Ittln; 

up such leads SeliGus back ,r.Jur'as :an {"sufi In paralyses 01 var.eus c~rees 

(1e::"n(1,n9 cr. :he s,,-.;e'lty an(1leve, :;1 :he solnal cord seg'-.!c'lliS af'ect9C The 

'ler1e:;rai ccll!ffin s Inere/ore rn8Intalr.a(1 In posl~on t:y s(rcrg ~1;;8l"er.ts an(1 

r.t..scles t- a: ~eip It to resist unnecessary strenuous rrtcvenlsms 
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Chapter 3 

BACKGROUND: MUSCLES OF THE BACK 

A) General structural arrangement 

The muscles controlling t;unk and rAid movcmonls arc allached 10 'he 

lIelle!)r<¥' nbs, skuil and fascia Shapiro ~1991a) clar/T'l.'1 thaI 3nalcmu;:al 

:lteralure has nol been sol'c,frc en ''"e aTtachments of human back Immrs.c 

/tt.scles adding that vanous at-thors have [r"aled them as ont'! mass {erect;:)r 

SOlnael e..:ce,: ' 111 t"e ,horacic and cervical regions Ho~ef :here al,) many 

detalied ocOC<...n ts cf the ana:omy ,'"al a;tem,:1 to specify these attac!""m~n ts 

reasonably In 1"13 human (Ga rdner et al . (,965: War'Mck r. t al (1973). 

Bogduk (1973 , 1980) , Moore (,982) Macintosh and Bogduk (19M)) In order 

:0 understand the roc cf thn V"ltcbral column ,n lhc movcrnnnts of an animal, 

a clear knowlr;-dgc of , .. " atlachmenlS and 8chons of lhr back muscl!">s IS 

necessary AccordlllQ to Warwick at ai (1973) the In .. nk musc.es In hl.mans 

conSist 01 the 101l0'Nlng SIX groups (Figures 3,1 a b, 32 33. ane 3 4) 

• Deep back ITLsc!es 

• Subo:Glollai muscl~s 

• Thorac;c InL.S<'.:es 

• Abdcmrrrat muscles 

• Peiv lc muscles 

• Perineal muSCleS 

For !" e Ol.fOOseS ~f 1"15 study only the deeo back muscles WI:: be 

described becal.se ;hesc arc the on~s '''a. have t"e c!0S'-!S1 rela:lon 10 .he 

lIar:et-,.-al cclc mn (WarWIck al aI, 19i3) 
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F:g;Jre 3 1 a 
S;.rface la;-,d-mar\<.s oi :re ~cl< 

." ..... -~ 

. ~ .... ~~ ~" - , .. 

... . -...... --~-., .. . , ... 
" 
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F;';;Uii 3 , b 

Deep :nus.:ies of the 'mek 
Tn" ,;rector spmae '5 di,pia"",; on the rlg!ll On the ie!1 th~ muscle hiLI be"n r~mo\ eC 
except .tsl,,".!!iss,,"us c~Jjc:s ~ortlon from WarnicK.:I aJ (19~3) 

." .... ~"" . 
.... ~ "r_" 

,., ..... ' .. 
;, ... ~., ... " 
,~,,. . ,, ~ , ..... ~ .• - , 

. ~ .. '.' .... , 
'''''''.~ ., .... 
~W", ,"",' .",oN..,' __ 

;.~ , .. ,',.., .",,, . 

" .. "" 
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Fl ldure 3 2 
A t7ansv~r~e section trrougn :re middle d ereetcr ~~ lnae ';",Lsc:e sr,oVVlng ,IS 
::::csa re-a,len Ie tna s~lnc~s and :ranSlle'se .:rc..:::essEs ,:; 'cm vVarMck e, al 
( 19i~ i 
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Figure :J :J 
Ml,;sc:es d 'he ::lack Note :telr cose relation Wllh :he ',el1e:>ral J;rocesses ana 
:he '"bs -
Spinalis Wl lh Ihe S!=,nous processes ;ocg:sslml,;s thoraels 'Mt~ :he rI:>S and 
thQrac:e :rans" er!e oroce!SeS o<":glssimus caOltlS 'Mil"' the Splr.cU~ ana 
:rar.sver!e proces!es n :he cef'llcai ana ~per L'1orac;e 'eglons. seTlspl".al:s 
eat'lt ls 'M!h Ir e ce!'Jlcal !~Inous orocesses ana the tr ansver~e orccesses II". Ire 
1,;0000r thcrac:c region ar"".(j Iliocostalis mainly Wllh me -bs ana 3-4 'ewer cer.llcal 
transverse processes Tre '"bs are attachea to :00 ·,erteoral cec :e! al".O 
:rar"".SV9rS9 precesses :hrol!gh SI(01".9 CC~lovertebralligaments Tnereforel:-e 
ac:lon of r"lusC!es sl!ch as iloccstall:!! 01". the ... el1e:>ral column s:-culd r.o: oe 
\.!noer-ra:eo From Moore i 19€2) 

, , , 
" • • • 
• 

= '-=-1 1 
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Dcrp IT:t:5e.es of~.le Mel: 
;-.cow :1e Jeee o~ lj que ,a~ers oitr.e ~ack muscles I.e. [fansversosp\ n;u\~ ~or.,i s::ng af 
~IruIF InJlh. multi:i:dus. wJ (GO[ sr.o ..... n!n ::\c cra''''ng) fOlmor, F rum Muore ( [98:1 
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I) r:r~ctqr.,"" spin .. !;! (sa~esp!nalim 

Th is ml;scle consists of a 10ngl\l;alral series extenaing irom 'ho sacn .. m [-) 

tho baso of the skull and spli ts Into three columns naMely, 11~cx:.os,ai i s 

longiSSimus ana spinali s rlluscles The fibres cI erectore spmao genorally rl;n 

In ,he cranial directIOn The onglsSlmr..s diVISion hm·,oever e~lords lateraJly froM 

the sp:nes to the transverse pro-;esses This diVISion of ionglSSlmr..s may be 

referred to as the splnotransversus mr..sele !n ~ntrast ~~ ,he deeper mr..sele 

known as ,he :ransversasOlnal:s fhe erectofe spinae has iWO Of 'Glns 

• A suerg aponeuroti c ccvenng of the fleslly Dfigm 0' Multifidus thai 

aroses from the sacral Spines (I e median sacral crest) , lur-bar and 

thera:: ie sPI:"es It alse has an -)I' QI:' frem the sacral tr;;;nsverse 

precesses ilatt!fal sacral crest) ana adjacent Ilgar.ents 

• A fleshy origin frof": the m,er,"}ssecus sacroi liac ':gaf":e:'t a:'d the par: cf 

Ihe ilac crest above lh·s 

Ir ;he gc:mlla, Raven ( "S50: gives the ong'n ci ereclcre splrae as the 

Il.l""bcs::l:Jrsal faSCia ano -:r&st of the II ur. and cat890ncally cauots the OrI9!:"s 

on the socrolliac ligament ana sacrur:-: A, about the level of \\1e last fib, the 

human erector sPinae alvldes mo three coll;l"1 lls that ascerd dorsally o,~ to the 

thorax where they are Inserteo Into the ribs and vertebrae, Aod itiona l 

tcndl:-Ous sli ps ar ise from the above Inser:,crs to ::cntinr..e With the three 

columns craniai:y into the ne-:k, (spe::.rfi::.ally enlo the postenof tuoerctes 01 the 

:::er'llcal transverse or :::>cesses; The three co l~f'l.ns 01 areClor splrae are 

arranged as fo llows 

(a; Sp'nalis 

ThiS narrow colu<"':n IS medial funs along the sPines and consists of sev8fal 

slips ,hat ex\erd into the thoraciC ~plnes as spi:-aiis thoraclS Inconstant slips 

of thiS muscle also exterd IntO cerVical spines as spinali S cerilCIS and 

e~iens l ors into :he heao as spl:-a l,s capitiS ,<"rich SOl'<et lrr.es ble:'(J With 

sel'<15Plnaiis capit iS (WarMck et ai , 1973). 
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The spinalis cervicls ",nen present hilS atta :hmorts onlo the Spines ai Ihe 

<lXIS, <lnd OCCl'lSIOl:il ily' on ehe SpII:eS of C3. C4. C7. T1 anc T2. In ehe gor:ii fl 

spinali s Cor, 'CIS \'/hen prf)sel:\. IS cl ffi cult to separate from sf)mispi r>aiis 

cop. les (Rs~en '9~O) Spinalis capitis IS nol mem.oned In Ina gonlla L:y 

Raven 

(t ) lo.D9.;ss l mu~ 

This muscle conSists of longiSS imus Ihoracis. long iSS imus cervicis and 

iong;ssimus VlP"!lS funning (0 tno (hof?x nf)ck anc heac raspectl~eiy 

Longissimus lhorilC;s is Ihn iilrgi"lsl Inlormndi?te column Ci.lITIpnSlng Ine b .. lk of 

ore-etor spira;, In tho lumb.'lr ((:glon 'MlO';, It IS stili fusac \'illh iliocostalis 

lumt Qf\,m. somfl fibres are ;:t!achod on ,he wnolf) length of (he do 'sal sur\;:Cos 

of :ho (rflnSYOrSe procosses Mom t:t::re-s <lro <ltt<'l c.'1ed on t11e <lCCf)ssory 

procossos c.1 the IJmb<lr vo~obr?o <lS weil <lS on the micdlo I.'JY'Of of Ino 

thoracoiumbilr filsc'a T! It,e thOfilCIC ragion, lis InsertIon IS on :he tIpS .:Jj the 

tral"'SyOfSe process.;s of ilHI110 thoraCIC vertnbrae by rounced tendons anc by 

floshy par:s 10 1110 iower S< O !IDS, !>etweer1 lhelr angles anc {uL:t!rc:eS 

(W<lr'Nlck el <:II, :973) According 10 Raven (1 950). t .. 1e ti'1craclc ,nsertlOn s in 

t1e gorilla a .. e into ' Ihe cos:otransve'sa l art icu lations of aq Ine nus' 

Th e longiSSimus cer~ l cis muscle orlglf1ates medial :0 (he above muscle The 

attachmentS for long:sslmus are y'a 10l1g tencons :0 tnn :ramwcrso procGSSOS 

of T l to T 4fT5 and 10 Ihn pOS{i"lnOr tlJbol"clos of thn transvers.; procossc-s of C2 

iO C6 

L~glsslmus capitiS lies oot",", OOf1 [ho longlsslmu~ cervlcis Clne (ho 

sem!splnal! s caPit iS starting f~om (r.o transverso procosso~ of Tl to T 41T5 !!nd 

f.om the fl'1lcu illr processes of C3/C4 :0 C7 11 IS in serted at t'1e mastoid 

process deep to spl6n:us caPitiS and thc Siornoclnidomilstoic ml:~cles II must 

bo nolc-d Inal longiSSimus IS the only colLmn oi erectore spinae to reach Ihe 

skull ,hrougn Ih,s pc;rt 

EMG <:Inalyses oi this mUSCle :n pnmate quadrupedalism also show 

COf1s; sten: aClIvlty as thi') contr!! l<:Iteral foot touches dOwn, as in cats anC cog s 

Its ac: lvlty palterr. al Ipsilateral toucndown, ;s var iat:io iloss consis1ent) ilmong 

Ihe pnmates than among the non_prlm • .!es {Snaplw and Jungors, 19S4} 
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Hcwe'/er In lhe babconcng:sslmus actl'lltY;$ as In non-primates, that IS It has 

twc conSISlen; Dursts of activity, one at ccnlfalaieral icuchCcwn anc the other 

al IDsllaieraJ touchdown 

(el l!ioees1al,s ; 'hoccslghs umborum thorae's and cevles) 

ThiS muscle IS alse referred to as :I:cecstceervlcalis (WarNick el ai, 1973, 

It IS :he smaller of :he lateral oart ef emC\cre so:n3e e.o;tendlng from the Ilium 

to the Irans'/orse processes anc angles cf the 'Ibs as foll<l'WS 

• The Illocestalls tumbOfum IS Inser:ec Into the angies of :hocwer SIX nbs by fla t 

tendons and onto the tlOS of the 'l_mbar tranS'Iecse processes (BegduK and 

Twcmey 1987) 

• The iliocostalis t ~c rac l s runs Irem :he upper borders of the angles of the 1000er 

5,)( ribs, mee,al '0 the insertions of Ihe iliocostalis !umborum It Inserts onle the 

angles of the upper six ,"IDs anc :0 t.~e dorsum d :he t'a,s'Ierse precess of the 

seventh cerv,cal ~9f"ebra 

• The ,hccostahs cervlcls anses from the angles of the 3rd to 6th nbS medial te 

t~e IMartlon cl ,heces,a::s :heracls and Inser:s to r~a poste(1cr tubarcle oj I-a 

;ransverse orocesses 0; C4-C6 

ThiS muscle has a 'elatlvely lew aClr .. ;ty In the batman as s~cwn Dy Its EMG 

activity pattern (Shapiro and Jungars 199.4): but .lllhen It acts II does so dUling 

centralateral 'oet tcuc"'dcwn anc to a :esser extent dunng pSliateral 

touctlcawn ThiS oaltem resembles the patterns of :ho or" er !wo back muscles 

as well as lhe oallern reper-,ed fer cat quacrupedailsm In the chlmoanzee 

Iliocostalis shows a different recruitment pattern from the pattern sho'M'l by 

multifidus and longiSSimus Unlike ;hese musdes, the chlTnoanzee Iliccostalis 

is aC:I'/e conS lsten' ly on ly around the tcuchdov.n of the contralateral feot ItS 

aC: lon at the l os ll atera llouc:~,do'Ml is verj vanable ii nconsls~enl ) as that ef the 

multifidus 
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ii) Ir~n~y~t~(Jsplna li s 

Transversosplnalis musc:e IS deep to erectore sp't1lle rn t.sela, Th is muscle 

has nume,'o,-s slips that ,'un obliquely cr<l :"lornediGilly between the transverse 

processes and ,he spines It has ;hree layers. namely sermspln<llis mdt;fidus 

a:-d rOl .. ,ores 

0) Sernlspl:"alis 

This IS the $l.per'io al part (Jf jranS'versospi nalls Its burtdles span 4-6 

seg ments and consist of semlspl" all s thoracis semlsp,na: ,s cervlcis and 

semispinalis capitis The lho,'<\c;c part starts l((lm :he ,-ppe! :horoC:c lr<lnsverse 

processes a~d the cerv'cai pan Irorn the o' .... er cervical sweular p.-ocesses 

(Gard-er et al 1565. Moore. 1S82) However War ...... lck at sl \19(3) give the 

Orl:JI:"S of the thor ;-,cIC :;.art as being frorn ,he t;"c:nsverse proceSS€S of T6 to 

Tl0 and the orl91n Of semispinaliS cef",.icis as Tl to T5fT6 transve,'se 

processes Thel,' Insertion is on the spmes of C6 to T4 ard C2 (0 C5 

respectively Sernlsplnaiis c;JjO l\IS IS a relaii'Jely:;.rc} .. -;c rnt.sela ,....,;h vertical 

fibres ans'ng Irr,m the il:iS 0' the transverse processes c! Ihe 

• upper SIX 0: seven thoracIc verte:llae <I:"d sometimes Incl,-d;ng C7 

• artinllar processes of C4 C5 3" d C6 

• the sp,ne of C7 or r' 

Its Insertion IS crania l on the occ:pl tal ::lone betweer! the Sl.perio: and In~er;c r 

:"ucha; lines 

(b) MUi t,l ,d,-s 

The rnusc:e ccr:s<sts nf tend Incus f<lSCldes lying under ~he sem,sprnal's 

musci e, ,n the grr..o'ie tateral to the "anebral spines frorn the sacrum ~ c the 

<lXIS. The faSCicles arise "rom the 10110''''1119 places 

• dorSl.m of the s;;crum 

• aponeurcSIS c:' the spine 

• posienor superor Iliac spine <lnd dorsat sacral iliac Ii93ments 

• :umb;;r mamm,lIary processes 

• allthor3clo transverse processeS 

• ar1~cuI3r prooesses of the lower four cerv ical verte::.f;;e 

Each faSCicle passes obliqo..ely cranially and mediilily The iasc:cle :engthS 
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vary Ircm those conneCllng adjaceJ'\t vE!(leorae to those connecting lwo Ilyee 

and evan :our vC!1100rae They are most deveiooed on !!lc thoraclcc€tglcn, out 

aro :oum along tho ''''''''010 spine length 

EMG studies 'Nero carried cui ty S"aplrc and Jungcr~ (1994) on muillfidus 

In oabocn Ofang-ulan and chlmpanzoo dUfing quadrupedal walkIng t'ley 

coserved that the aCllvlty pa\tern of :hls musee In Ihe al:;ove species 

-esemb les that reported fOf the cat. But the actlv lly pattern dunrKJ the 

louchd()'WJC of the ccmralalercl fOCi is more ccnsislent I!' the prlmales I'>/hlla the 

pa!lefn at the louct"dOwr. of :he Ipsilateral fact is mora varoat]e among I"e 

ermates 

(c) Rolatores 

Ro:a~ores are small quadrilateral muscles ecch connecting the crania l and 

dorsat aspeds of Iha transverse precasses : 0 the caudai and icterat surfaces 

of tha laminae cf ltle aa.nJalty adjacent vertebra They are usually eleven In 

number. The :irst ara bet'Neen Tl and T2 end the las: being bet'l'l"een T I ~ and 

T12. r,epending on the prese~":e of a thirteen th thoraCIC vefteora :ha last may 

oe oatween T12 and T13 <w,ej Ihe total numbe! may ltlan oe twelve 

IIIj !.n:flI'"W"nales and ImertranSv9(SlOru 

These are int a r S~lnous a;-d IntortrtiflsvorSC mUSCles, wnich ara '''BII 

de'leloped In the carvl::al and lumt::ur regions and generally aosaf1t In the 

:horac.e sOlne The Intersolnous m.JScles =nnect :ha bifid tubercles ci 

adjAcent spmos of cervical and l,Jmoar ver;at::rao and lie alony the 

,nters~ lnous ligamon:s The In:ertranSversar:i (an:en or and oosterlOr;. oonnect 

adjacent respec:l~a tuoorcles of :ho tra;-werse processes According tc 

Gardner at al P965) :he most cranial rnlerlransversa '""[uscie s the ~oslenor 

rectus caOltlS lateralis The Intertransverse musdes are .... -ell deveioood In :he 

lumoor mglon 

B) Action of the back mUSCles 

Tha more 'cngitudlosi a co .... se of Iha back musde IS. the mO<"e the muscle 

wI! Inftuen:e fl eXion and extension of :ha " ertecral column {Gardner at al. 
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19135) The erec:or spinae ,s the chief extensor 01 ~he back, 'M1iie the 

prevertebral and abdomiral r:'_liscles are :r.e flexors According to BasmaJian 

(1975) much 01 the back extersion and flexion takes Dlace in the 'umb"r 

region WarNick e: ai, (1973) adds tha: tr,e longlssimt.;s ihoracls and cervicls 

ex~end the vertebral coiumr ard :::"n bend ,; la:eraliy, willie longissimus capitis 

extends :r,e head "nd :urns the lace to ;he side 01 ~he r:'_liscle ihat IS actirg 

(;nliaterally The :Iiocostal cervica'es are exiensors and laterai flexors 

Spinales are also iden~ilied as extensors, Shapiro (1991a, 1991b). noted that 

:he above mentioned muscies s:aclilse the trunk in qli"d~uped"i pri~ates, ard 

that longissimt.;s "s we!i as Ihxostalis ex;end the lumbar region and stabilise 

ihe Ir:...nk dL~irg bipedai walking, Othe~ at.;L~ors .~ave similar acco:...nts on 

longiss:mus and iiiocostalis (Waters and Morris, 1972). The Im~ediateiy 

~en:loned mt.;scles also contint.;e to give stabi'isation dt.;rirg swinging and 

climbirg (S.~apiro and Jt.;ngers, 1988, 1994) 

Multifidi are Ihe m,,;n 'otalors of the Irunk aided by 'otatores semiSDirales 

exterr,,1 and intern,,1 oblicue, qliadralus lumborum and psoas ~aior As 

already r:,_entloned ail ihe above r:,_uscles stabdise tr,e trunk in hum"n "nd 

otr.er forms of Drimate locomotion (Waters ard Morns, 1972) In :ailed 

pri~a:es_ the ~os, caudai lasccles of multitdus form :r.e extersor caudae 

medial;s muscle The multifidus lorce is Indicated by ~.~e dorsal orqection 01 

the spinous orocess wIlich can be referred to as the mul:ilidus lever arm !n 

indna, which mostly leap this le',er arm IS relatl'Jely larger than 1'1 :hose 

pros;~ians wIlich ieap less frequertlY (Shapiro, 1295) A Similar relationship is 

maniles: ,....nen the lever arr:'_s in Indrie. homlnoids and ate lines are compared 

(Sr,,,p'ro, 1991a), The dlfferencen Ihe lever arms 'efleets more eff:clen: back 

muscle leverage of the Indnds However, ar:,_ong ir.e closely related Drirna:es 

:he dorsai oroJ8Ctlors of Ihe spinous process :'ever "rm), do not sr,OW much 

varia:ion 

The head's m"inly rotated by spierrus, Se~lsplnalls caoltls and 

sternocieidomas:old rruscles It sr,ouid be roted tllat the iubercie 01 the atlas 

is free and r.as ro muscle attachments So willie the atlas can be ex:ended ClI'1d 

flexed togeL~er 'Mlh the neCK. it can freely rotate independent of other 

movemens, in the region 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Quadratus lumborum and psoas r",ajor insertirg on tne vertrOC",edial and 

ventroiaterai aspects oi the transverse processes respectiveiy, atso act 

together ".,.,th ml,ltifidl'S lorgissimus and iliocostalis mr.;sc:es to stabilise the 

trunk durq; bipedalism (Wate~s ard Morris, 1972~ 

Boyd et ai, (1965) noted that Quadratus lumborum fixes:he last rib during 

~espiration The leverages of :ongissimus, i'iocostalis psoas major and 

Quadratl's depend on tne shape and oosition on tne vertebral body, and the 

oriertation of tne tips of tne trar_sverse processes The tips could be oriertated 

to ooirt cranially. caudally ventrallv or dorsal lv, ar_d their position could be 

dorsa' or vertralto the dorsai sl,rtace of Hle vertebral body 

According to Gardner et al. (1965) during full flexion of t~le back, as In 

bendirg to touch Ine loes, the erector spinae relaxes and t~le strain IS taken 

over Dy Ilgamer.ts On reversing tnls r";ovemem, tnat :s In extenSion of tne 

back, the erector spinae is Inactive at first ard the Irltial phase of exter_slon IS 

carried aut by the diofemoral ligamerts the hamstrings ar_d glutei maxlml 

Thereiore !iftlrg a load or urbending sl,ddenly 'rom a fuiiy 'Iexed OOSll,re. IS 

biomechan ically disadvantageOL:s, ard can injure the back 'igaments , 

,ntervertebral discs ard r",USCles The back muscles are orir",e movers with 

oosturai and synergistic fr.;nctlons In locomotlor_ F'or exar";ple, loYhen one 

stards on cre leg tne erector spinae contracts and helps to keep tne balance 

DUring walking the erector spinae oi either side contracts alternately as the 

v"eight sniffs from one supporting foot to anotner 

Tnoug~l electromyographic (EMG) observations on tne functior· of primate 

limb r",usc~es durir_g quadrupedaiism ~lave been \Neli documer.ted, the same is 

not true 'or the back muscies Shapiro and kngers (1994) however carried 

out EMG ar_alyses of Hle muitif,dus lorgisslmr.;s and liocostalis in t~le baboor 

(PapJo anubis), chimoanzee (Pan troglodytes), and orarg-r.;tan (Pongo 

pygmaeus) during Quadrupedal ism The recruitment patterr·s of the above 

mr.;scles indicate that they restrict ~runk movements durll''Ig Quadrupedal ism by 

contracting during touchdo'Ml oi one or both feet, bd becoming more active 

with toucndoW\l oi the contralateral foot It was also observed that the EMG 

patterns of tne back muscles were slmliar ir primate and ron-primate 

r";ammals Tne EMG patterns for the chimpanzee gibbon and hlJnan, 'Mler 
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walkmg blpedally, are also rewned to be similar (ShGplro and Jurgers ;994): 

the orarg-utan bipeeal EMG pattern differs from that of the other above 

or:mates however This luneamertal similarity in the back muscle lurction 

across soecies anc locomotive behaviours's ccnsistent ">lith data that ace 

mentioned iater That catG Irdlcate that there is conservatism in the evolutier 

cl :he neural control 01 the tetrapexj hird 11mb Tovemerts However. the data 

do rot rule out the fact that some aspects cf primate neural Circuitry are unique 

as car be shelNll by EMG studie~ based en fere limb Tuscles ard spinal 

:eslon~ 

Quacrupecailsm In prlmate~ and nel--primate mammals has been 

mve~tlgated m various studies by peost (1965). Kimura d al (1979), Roillnser 

ard f\I1anlr (1981), Larson and Stern (1987,1989) ard Deme~ et al , (1994), In 

the studies jL.st cited. it was eoser'led that pnmates preier to u~e a diageral­

~equenee gait, referred te as Lh-Rf-Rh-Lf. rGther thGr the lateral-secuenee 

gGlt, Lh-U-Rh-Rt (R = right L ~ lef: h = hmd ane f = front in refererce to the 

:Imbs) Hcwever, cther sbd'es have also shown that the d:agcnal-sec:uence 

galt IS not used Gxcilisiveiy by primates (Prost 1965). Rcllirscr ard Marem 

,: 1981) hypothesisec that a diagonal-seqL.erce gait IS more ~tabie fer primates 

thGn lhe lateral-sequerce gall, beC2l1se the centre cf gravity IS more pcsteriorly 

located in primates thGr ir ether mammals Klm:.>ra et aL (1979) pairt out that 

ir erder to prcpel themselves primates lise "front-steering , roar-drivil-g" rather 

than "front-steering, front driving" The prepuislGr of the pnrnates from the rear 

is a result of most of 'heir '.veIgh: beirg supper-ee by the hine limbs, and 

freeing the fcre iimbs fcr other rTkll-ipulations (KlmurG et ai, 1979: Vilensky 

1989: Vilensky anc Larson 1989). Hm>''6ver cther sbdies have snOINll that both 

primates ard non-primates predcminantly use 'heir hird limbs for oropulsior 

(Demes e: GI, 1994, Pardy et ai 1988) 

Convircmg evidence has alse beer crought te show ,hat the location of the 

centre of grGv'ty IS towards the posterior The il-crea~ed lN6ig.t cf the hind 

limbs coes not adequately explain hew It irfluences the primates to prefer the 

diagonGI sequence-galt The difference in the locGt!er cf the centre of gravity 

betvveel- cat~ and primGtes has been reported :0 be marginal by Velinsky 

(1989), ane Velirsky and LarSGr (19891 These Guthers ncted that althcugh the 
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diagonai-sequence galt's preferred n primates. the lateral-sequence gait is 

also common In primates They :he<efore suggested that the 'easOf'S for the 

preference for the diagonal-sequence gait might be in tho neural cmlml 

mecharlisms, rather than :n the morphological set-up EMG analyses aiso show 

that there IS similarity in the activltv oat~erns fur muscles of the hind limbs of 

primates and non-primate, and between mammals and other tetraoods, thus 

Sl.:ggestlng that there is an evoiutionary cOf'servatism in thiS region 

The EMG analyses for tr,e muscles in :he fore limb have dit:erent activity 

patterns for quadruoedal orimates and non-orimates. These variations are f'ot 

Simply dJe to biomechanical factors but possibly the resdt of advanced neural 

control of the limb, culminating in locomotive and manip"latlve activities and in 

being manipulatable (Viiensky and Larson 1985; Larson and Stern 1989} 

From the above st:Jdies, it can be seen :na: further investigations or the 

primate muscular movements are still necessary from all asoects Studying the 

morohometnc asoec:s 0; the vertebra: column elemef'ts can be ene of the ways 

of understaming r,OW the leverage of the axial fTlI..:scles and associated fcrces 

at:ect :he movements in tne <irea and locomotion of the ;ndividl.:al in genera' 

EMG studies by Shapiro and J'-lngers (1888) indicate basic similarity in :he 

recrl.:;tment oatterns of muscles of :he back of humans on the one hand, and 

non-human homlnOids ThiS slmiiarity In a way might be ' elated to :he 

conservatism of the muscles of the hind '1mb that has beef' mef'tioned above 

if' primate and non-pr·mate quadrupedal ism The conservatism cf tho "CtIVlt)' 

oattern of the back muscles across species raises the question, 'Nilether or not 

bac/\ muscle fl.:nction differs with various types of locomotive behaVIOUr. 

Examlnlf''g :he morohcmetry of the ver:ebral coiumns of pnmates that manifest 

dllferent pcstures and locomot;on m'ght give some indication of the answer ~o 

the above question 

According to sll.:dies mentioned In the above oaragraphs, there might be 

resemblances between primates and non-orimates in the 'ecruitment patterns 

of baCK muscles dl.:ring c;uadrl.:pedalism. According to Shapiro and Jl.:ngers 

(1994). the activity patterns for the back ml.:scles of the baboon (Papio anubiS). 

more closely resemble the pattems for cats and dogs than the oatterns for 

other homiMids, in this case chimpanzee and orang~utan The above authors 
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further note that the chimpanzee also deviates in some ',,"'<lys from the nen­

prlm<lte p3tterns by <lj having variable ac:,vity patterns of lenglssimus 

throughout the swing phase and b) having ne ipsilateral activity pattern of H'e 

Iliocostalis 

Now :he devia:ions 'n the back musc~es cf chimpanzees are also found In 

:he patterns of bipedal EMG. indicating a resemblance be:ween the back 

muscle actiVity patterns of the quadrupedal hcmincid and a bipedal homlncid 

(ShapirO and Jungers '994) Frcm EMG studies these authors further show 

that :he chlmpanzoc uses its thee long rnuscles similarly dur:ng 

quadrl1pedailsm and bipedalism, in spite of the dlfferenl mechanical demands 

placed on the back by quadrl1pedallsm and bipedalism , In both 

quadrupedal Ism and bipedalism multifidus and :onglsSlmus respond to 'he 

touchdovvn of each feo: but more sc en the cen:ralateral burst; the iliocostalis 

responds only to tre cc:'tralateral touchdown I: IS clear Iha: the same baSIC 

activity patter'--'s of back muscles controls the trunk in quadrupedal ism and 

bipedalism The recruitme:'t pattern of iliocostalis a.--,d to some exte.--,t of 

longissimus in chimpanzee quad'upedallsm IS mere slrTlllar Ie tha: cf a 

chimpanzee walking blpedally, than to th,t of a cat walking quadruped«lly 

(Shapiro and Ju:'gers 1994) The recruitment pattern for Iliocostalis durrng 

bipedalism In crang-utan IS similar to the recrultme~t pattern for the same 

muscle ,n bipedalism of the chimpanzee gibbon and human (Shapire anc 

Ju~gers 1988) Its activity IS assocl;]ted with tre touchdO'Ml Of the contralateral 

foet and 'With restricting excessive movement of the trunk 'n the dlrectien of that 

centralateral foot The multifidus a~c longissimus contract bilaterally 'With the 

tOuchdovvn of each fOCt In the chimpanzee, glbbcn a:,d human bL;t In the 

erang-utan the ':wO muscles respend to contralateral touchdown only, as the 

ilioccstalls does 

The ~aboon chimpanzee anc orang-utan exhibit similar recruitment 

patterns for each Of tre three back muscles during quadrl1pedalism (Shapiro 

and Jungers 1994) The abcve primate patterns are also similar to those 

repcr.ed for mn-primate mammals, That is, both primates and ncn-primates. 

studied by the above authcrs show that each of :h€ back muscles, except 

Iliocostalis in crimpanzees, contracts bi:aterally with cr just before touchdc'M1 
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01 each loot 

Zomleler et 211 , (1984j noted cats that In walking the back muscles do not 

initiate mcvements but "ccmpensate fer and minimise movements of the trunk" 

This stabilises the pelvis ane prcvldes a rigid origin for n:uscles acling en the 

hind 11mb (English 1980) The study by Zomlefer et ai , (1984) agrees with 

'Nhat Carlsen et 211 . (1979) and English (1980) noted ,r cat quadrupedal Ism , 

where on,y limited angular movements In the sagittal a"d frontal pianes were 

noted In spite 01 the 8bove Similarities between the EMG patterns 01 primates 

and those of other mammais, the chimpanzee has the follOWing differences, 

First as mentioned earlier the chimpanzee does not recruit the iliocostalis at 

ipsi lateral touchdowr (I e recruits it oniy 8[ contralateral touchdo'Ml) 

Secondly, wnen both Ipsilateral and contraiateral activities are presen: in the 

chimpanzee EMG, they :ore about the same ampiitude The expianation for the 

unique activity of :he chimpanzee iliocostalis may lie In the pOSition of the 

muscle itself The ili8c blades being mediol8teraily expanded In the 

chimpanzee, the ii,ocostai,s lies more laterally than In monkeys and cats, This 

poSition gives the iliocostai,s an advant8ge of being an efficient leverage for 

'ateral "Iexion which enables It to counteract movements of ~he trunk on 

contralateral touchdown, during both quadrupedal ism and bipedalism. In the 

orang"utan the iliocostalis is aiso 18terally sl:uated and its contralateral activity 

is Indeed present, ',Nhile the!psilmeral is minlm81 Lastly, overall body shape, 

~hat is thoracic Width and depth might result in kinematic differences in the 

musc:e activily patterns In quadrupedaiism in the chimp,Tzee and orang-utan 

on one side versus ~he o~her quadrupeds, such as baboon and cat 

During bipedalism in ~he chimpanzee gibbon and human the more medially 

plaCed multifidus and lOngiSSimuS contract bilaterally with each step This 

controls ~he sagittal piane movements of the trunk rhe later811y placed 

Iliocostalis contracts unilmerally at contr81ateral touchdo1Ml, and thus controls 

the trunk movement in the obiique and frontal planes (Shapiro and Jungers. 

1994) In the chimpanzee muscles 'Nhich control the quadrupedal trunk 

movements (stabilisers of ~he pelvis) are responsible for ~he control of the 

sagittal and lateral trunk movements (Shapiro, 1991211. In the orangoutan ~here 

is an aw.<'Ward blped81 gait beC8use ~hlS species is not normally bipedal: in fact 
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II has r,OI been seen 'Hal king blpedally in lhe "';Id (Sugardji to, 1982). So 't's 

net surpris.ng thai Ire OCtlVlty patterns for the back muscles of the erang-utar: 

dUring blpecahs'11, are clI'fererl from the p<ltterr.s for the olrer homlnOlcs 

(Sugardjito 19!12) All Ire !t:ree back muscles at orang-ut<ln resped only :0 

contralaterat leucrdewn dUring blpeaallsm. ThiS Indicates :hal cortroi of Ihe 

:runk movemer.ts from sice-Io-side (fron:ai plare balance) IS Cf1:lcsl n 

blPec.allsm Ir: Ihe a'lrr.par'..zee gibbon ar.d human, where olpecahS'T'l IS 

relatively 'TIOre developec and more easily to practised :han in U-e orangoutan 

n-e activity pattems 01 U-e b&l< musc!es :hat are associated will" contralateral 

touchdown are more amplified This '1Jear.s that L'"ese muscles are hlgHy beIng 

ac\lvaled dunr:g blpecailsm and are Irerefore important lor :hat exerCise The 

ac:lvallon of Ire back muscles lha: are associa:ed 'Mlh conlralalerallOuchdolN!" 

prevents tile trunk from s'NaYlng from sice to Side cUring bipedal ism, In the 

chimpanzee orangoutan and humer. Tre orar:g-utar:, 'Nh ld: hIS -aturally 

speCla lisec Ir: suspensory mOvemer:ts ras to strl.ggle dunng blpecallsm by 

exaggerDtlrg the activity ana movemerts of tre muscles aSSOCiated wth 

ccntralateral touchdown Therefore the orang-utan ras Dn urusual bloacal 

galt In : ~,e orang-utar. It can therefore be seen that. In sPite of the eDrtler 

mentlor,ej Similarities between tt·e <lct ;~lty p<l:terrs for bDck muscles In 

prtmi:l:es ane other mammals tt·e patterns m<ly jlfter between <;uacrupedi:ll 

and blpecal walking I: IS specuiated by ShapirO <lne JungeN> (.994) tt·at lI·e 

activity ootlems of the beck muscles In vertical climbing ar.d blPElcal.sm mlghl 

be sl'11llar They prooose that It'IS might ,-,-;ear. that :he ancestor of oloedal 

Homo wculc nct have raj to _ndergo major changes In :he oack muscles Ir 

L"e course of evolution 10 bipedalism. assu'1)lng that the ancestor was a 

vertlCilI cllmeer 
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Chapter 4 

BACKGROUND: THE BIOMECHANICS OF THE 

PRIMATE POSTCRANIAL SKELETON AND ITS 

ADAPTATIONS FOR THE ERECT POSTURE 

A) Orthograde posture and balance 

Tno poslcranlal skole\Cf'. s ... p~Or1s me musdes ar,d acts as a lever system Ie 

faCllltato mt..scle action In n:. .. mars apes and other ~rrmates, the oostcranla l 

skolOTC/" dlffors In sn[l::-e and relative, s:ze and tnese differences are reflocted 

Ir: Tho !or{jrn of Tht'J limbs and the trur.k Biomechan ics and locc""o: lon Ir: ear'y 

t;omln lGS have beer stud lod by B,ewener (IG90). Dur.car. ot al . 11991\) 

Langdor1 at ai , ( ' 99 1) McHenrf (' 994) <Jrd Susman (1989) from wtlcse studies 

the "Ierat:..re oelcw IS obtamed 

In a cnmate star.dir.g u;::rlgm. It IS esser:tlal tnat the oody cer.tre of gravIty 

remains directly o~'ef me rectangle C( :riangle ;ormed oy the sup;::or1mg feet 

(Figure 25) Four-foeted a!.lmals have a large suopOt1ing (eclar.gular base 

fcrmed 0'1 the outer marglr:s c: the fc;..r feet. ar:d merelere nave hule d,fficuJly 

Ir: maln:almng Ihelr balance (Figure 2 Si Since me base ~rescnbed by Toe feel 

·n humars 's small. a httle dlsolacemem if. me cer.tre of gravity car. meve II 

oUlS"ee lhe suoportlr.g Iflar.gle. eaSily causlr:g an Imbalance The postc:ran,al 

skeletcr: of a ~rima:e that has te sl.slaln locomclicn In an upngnt ~esture must 

lheretore :neel the sm .. clural requlfemems of ma,nla'mr.g l~IS balance 

AllhOl..gh Ihe C&ntral r.ervc ... s system and musdes ~Iay a vl1al role ,n 

malr.lalr.lng b31ance tr,IS shou'd be Viewed In terms of co-ordmallon cf 3n 

already eXls!ing and ccdormrng bcr.y str ... oure esoecially In humans It IS 

diff icult tc maintain an erecl posture If the bony framework does not conform to 

It Tne cemre of gravity In n ... mans is locmed in the mld_iine, .'USI arlerior 10 Ine 

second sa..-.ra l venebra (MacCona l:1 and Basma!lan, '969) When a person IS 
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standing at rest In the upright position, the line of the centre of gravity 

perpendicular to the ground bisects the lines Jornrng the following body points 

with each other (Figure 2 5). 

• Mastoid processes 

• Anterior (ventral) aspect of the two shoulder joints 

• Dorsal close to the hlp Jornts (Tardlen, et al 1993) 

• Anterior aspect of the knee joints 

• Anterior aspect of the ankle joints 

The muscular actiVity necessary in maintaining the upright postl!re in 

hl!mans is minimal and economical dl!e to :he mterplay of ligaments For 

eXample, the strong iliofemoral ligament binds the feml!r 'a the ilium anteriorly 

and prevents the trunk "rom falling backward at the hip jomt (Figure 4.1). In 

chimpanzee bipedalism, the bent-knee-bent-hlp posture IS l!neccnomicaL since 

It puts much stram on the hamstring. gll!teai and quadriceps ml!scles (Aiello 

and Dean, 1990), (Figl!res 41 and 42) The ability of humans to sl!stam 

standing and balanCing comforiablyln the bipedal posture is a resl!lt of certain 

features of the human postcranlal skeleton that are not present in the other 

primates, e,g In the chimpanzees, When a chimpanzee stands ,n the upright 

position, its pelvis rotates at the hip JOInt, ra isrng the trl!nk. but at the same time 

bnnglng the ischium closer to the femur (Flgl!re 42) ThiS has the effect of 

shortenmg and reducmg the leverage of the hamstring muscles (Figl!re 4 2) 

The human pelvis has a small angle at the greater sciatic no ~ ch, That aCl!te 

angle ailOW'S the trunk to be held upright without the iSchial ~uberoslty abl!ttmg 

onto the posterior aspect of the femur Th is means that the human pelVIS need 

not rotate to bring the trunk m the l!prlght posture ThiS redl!ced angle betw'een 

the iiium and ischium enables the l!pper part of the trunk (vertebral column) to 

be marntarned in a vertical posture I'Ilthout hindering or strainmg :he hamstring 

muscles (Figures 4,1 j. The angle is very wide in the apes. resulting m the need 

for rotation of the pelVIS and the above problems 

There are spinal curves, partla..:lariy the iumbar Cl!rve in humans, wrlIch are 

vital in placing the centre of gravity within the rectangle of the human feet The 

a..:rves also help in balancing the trunk upright on the sacrl!m, as has been 
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Figure 4 1 

C:limpanzee :md :".um:m giuteal rnus;;:e5 (lateral vicw) 
h the ~~impanzcc ~UlCUs fficriius :md gluteus mmtmm ac: as medial ~()talOrs and 
exttnwrs <lfthe mp aunng IGeGffiOllan. in humam the tWG :nuscles arc aNiucw~s and 
lattI al s:abjsers of the trunk hem C GnrGY I I 9'l7) 

~ernur -----

Home 

~-- SUa"g iliafemarai ligament 
~~;;;;;. :<eeps tr~nk from failing jackwarc 
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F'g1.lre .! 2. 
lo,dluStlfG te ,I",e l;lIpedal ~o5ture 

Ir, cr"m~anzee ClI~edall sm ,I",e centre ef ;~av lty ,5 towards :he ventral aspec: cf 
me ttun l<:. :r, humans II",e cent"s of ;ravlty 15 towards the 'T1 lciir,g !f :1",9 
d",lm~ar,zee ·...-ere Ie acc·p: a .: rc~er human erec::: and ::l1;:;ecal :05:ur9 :r,e ar.gle 
of :I",9l~ SCISUC r.olj, f·'T1arkec With an as:erlsk .n the "'igve) 'M)u!c 1c;ve :0 be 
"ecuced dramat:cal:)I as t IS If, humans This MlLJc :mng :I".e 5acrum and her:ce 
the t~r l\ :0 a more -,prrght natural posture A pronounced it.,"1"1Clar Ct.r,e at :1",9 
:osilion r,d!cated by the arrow 'l>Cuid also ~ave to be estab lished :0 ,'T1alr,ta ln 
:I",e balance From Aiel lo and Dean (1990). 

/ 
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discussed, t:y creatirg lordosis (Figures 2.5 and 2 9). The height {depth) of the 

pelvis is relatively reduced in humars thus keeping the centre of gravity iow 

rear the hip joint. The low certre of gravity encourages stability ie the erect 

posture The pelvis has !ateral pil!ars, for muscle attachmfwt of the hip 

at:cuctors/stat:llisers 19lutei minima and maxima) that are importaet for the leg­

s1Mng In bipedalism (Figure 4 1) 

The surfaces of the human knee ard arkle joints are relatively larger aed 

hecce more stable acd more extendit:!e, and therefore are more suitable for 

t:lpeda! demaeds (Jungers, 1988a) 

Various indices or ralios can t:e calculated ard used to compare the 

propor:ioral differences of the bores in primates (Aiel!o and Dear 1990) Ir 

such compansons some humae charactenstics have been fourd to be much 

Goser to the isome:rlc relatlocshlps :ound In Old World monkeys such as 

colobiees and cercopithecines, than to ary large ape lAiello and Dean, 1990), 

For irstance, both arboreal Oid World morkeys and humans have relat ively 

lorg lower limbs In comparisor to their upper limbs However, the normally 

terrestrial Old World monkeys, namely macaques and baboons, ard New 

World monkeys as well as the large apes deviate from the above pattern by 

having !orger upper limbs relalive to their :ower limbs 

According to Aiel!o and Dean 11900), all australopithecines had non-humar' 

body proportions, such as short lower ,rmbs relative :0 the upper limbs Fossils 

of Homo erectus species ard later homiric ta~a appear to have body 

proportions 'Nithir the range of moderr humans Their hind 'imbs are well 

adaptec fo' bipedallccomoticn (Tobias, 1965) 

B) Poslcranial long bones, joints and bipedalism 

Vertebral articular sur:aces are iike special joint sur:aces. Joint surfaces 

and cross sections of bones are proportional in Size to the amount of force that 

they experience (Aiello aed Dean, 1900) For example the midshaft 

circumfererce of the femur {FMC) in humars is larger than ~he equivalent 

measurement of the humerus (HMC), siece the former experiences relatively 

greater forces due tc standing arc wa!king The size 0: the joint surfaces 
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differs markedly betvvee1 species uSing different locomotion pattens (Schultz, 

1961: Robinson, 1972: JlTlgers, 1988a) Thus humans have u1expectedly 

large surface areas at the cra1ial articular surface of the first sacral vertebra 

Accordl1g to Schultz (1961), the gorilla can only achieve such ;Mea sizes If It 

'M)[(l double ils weight In respect of sizes of joint surfaces. Australoplthecus 

afarensis (AL 288-1) is midway betwee1 huma1s a1d apes (Schultz, 1961) 

While this might mean poorly developed bipedalism 11 A afarenSIS (Jungers, 

1988c), latest allometric data notes that adult huma1s with small bodies have 

relatively small lower 11mb joints So small joints of the 'Lucy SpeCimen at 

Hadar might be a refledion of just her small body size ra ther than a major 

difference In her locomotion patten (Ruff, 1988) This means that a1alyses oj 

bony a1d iOlnt 11d,ces should take Into accou1t the relative body weight It they 

are to be reas01able comparisons If midshaft circumferences oj long bones 

and their jomt articular surfaces bear a relationship to locomot ion. as stated 11 

the above studies. it might be reas01able to examine such locomotive 

relationships i1 the vertebral colum1 bodies and vertebral coiumn articulatio1s. 

The quadrupedal bioedal a1cestor could have been like a knuckle-walking 

African ape, a fist-walking ormg-uta1, the upright S'M1gmQ gibbon or qUite a 

differe1t a1imal (Begu1, 1992). The time when bipedalism appeared can10t be 

exactly be pointed out but IS approximated to be about 3.9 - 4.2 million years 

ago (Conroy, 1997). as also is indicated by the Laetoli footprints (Tuttle, 1985, 

1987), Day (1987), The behavioural pressures that brought about this mique 

form of loccmoti01 can make for another long discussion, but were possibly 

e1vironmental (climatic) changes that brought about behavioural changes 

Bipedalism has its Ol'llfl shortccmi1gs, a1d the reasons why it shculd have been 

selected for are not clear in view of these shortcomings For i1stance, in 

run1lng, bipedalism is slO\N, less agile and uses relatively much energy 

(Co1roy 1997). The foltolNing reasons however have been advanced as to why 

the bipedal form of locomotion was preferred to quadrupedalism 

• Cost-effectlve1ess of bipedalism i1 oxygen use durrng walking long 

distances 'Nhen compared to quildrupedalism, Bipedalism has been fou1d 

to be bio--energetically more efficient than quadrupedal ism (Rodman and 
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McHenry 1980, JablonsKI and Chaplin 1993) 

• Biped3ilsm enables the Individual to expose a much smaller surface area to 

the sun, especially in an open grassland savannah 'Mth few trees 

• Bipedalism trees the hands for tool -use collection, picking and carrylrg 

fcxx:J and for paren:al care of :he infan:s 

• A corrblna:,on of some cr all of :he above ceasons 

It should be noted that, recen t fossil evidence has shown trlat bipedailsm 

evolved well before the use of stone-tools (Conroy. 1997) Bipedalism also 

evolved tefore acquisition of a large brain and other hominid features such as 

the short ::an:nes and dental complex (Rose, 1991, Coppens and Senut. 1991) 

Conroy (1997) points out that two of :he most basic '€GUlrements for effective 

and effiCient bipedalism are 

• The posit;on of the centre of gravity of the body II>'hlch must be 10lNer and 

within the pelVIS in bipedalism than in quadrupedal ism for stability (Figures 

14 and 2 5). 

• The lower limb must be able:o move quickly :hrough a relatively wide arc to 

provide the propulsive force to the stride and suPPort (Figure 4 1) 

Conroy (1997) states that all the gluteal muscles attach on Of near the iliac 

blades sLch that they are wrapped around It, 'Nhlle the vertebr21 column IS at 

the centre, creating a 'Nheel-and-ax~e lever (Figure 4 31, Conroy (1997) further 

notes that In order to Improve ,he stability of the trunk In hominlds, the muscles 

are wrapped on :he ilia around the vertebral column in an ever-Increasing 

distance from ,he centre (vertebral column) 

In bipedalism, the lesser gluteal muscles (g:uteus medius and mmimus1 are 

the mos, entlcal In maintaining the lateral stability of :he trunk. Through ,heir 

attachment from the lateral aspect of the ilium ,0 ,he greater trcchanter of :he 

femur, they act as abductors of the lower limb (Figure 4.1) and steadying the 

hip during bipedal walking, Failure for these abductors to act 'NOuld cause the 

hip cO collapse on the unsupported side during each stride (Saunders, 1953) 

When the apes try bipedal walking, they tend to bend laterally, because their 

:esser gluteal muscles are positioned more anterola,erally, From that position 
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PUn" Iliac extemai surface facing dor sal lv 

H <1I!",'IrS Cliac e:,(lemai.,,,rfll.ce fac:ng iateral ly and 'mapp .. -d around" the ~r1co~al 
cc lurr.r. 

;)[ll,quc 

rrec:o: 
sp,nJe 

I 

A crus~ s eC1lQ~ of '_:'e hum~ !n.mi; 31 abou: I.i" ievd of '.he :irs! Lumbar venebra T~~ 
ti}fee of:he erC~\Of SP:IId~ muscle (s ap;llieci di~tly '_o:be vertdlni coiu.'M ... tllcilllCtS 
as t!'le a.~Je of :!le meeL "hile the forc.! oi t:'e aodolTlllUi obhaue rwscks:s t,:lp~ed;o 
the Ilia ( ti'le wheel) From COl".roy (;()97) 
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the I'esser gluteal musc~es act as f!exors and meelal rotators of ~r-:e r-:ip ratr-:er 

its abductor (Stern and Susman. 1983 1987 ane 1991), 

In humans the biomechanlcal stresses due to the Individual body \Neight are 

counterbalanced ty the lesser gluteal muscles, resuiting in the formation of a 

supporting pillar along the ilium between the Iliac crest and tr-:" acetabulum 

The presence of this pillar rn the lateral POSition IS Important osteological 

evidence of tr-:e presence of efficient control and laterai balancing of tr-:e irunk 

(Conroy 1997) Oiher features of the bipedal ilia a,e :r-:at :hey are broader from 

front (ventrai) to back (dorsal), and have prominent anterior and posterior Iliac 

spines, which respectively provide strong attachments for ~he flexors and 

ex:;ensors of :he hip }Olnt (COIToy 19(7) 

According to Conroy (1997). larger mammals support their bcx:!y weight on 

less bent limbs than small mammals This pos:ure eVident in bipedalism 

decreases tr-:e stress on the muscles that support the individual v'IllIie standing 

or moving (Biewener, 1900) 

The mo~phologlcal features of the postcfimal skeleton of :he 

a.Jstraiopl:hecines are of Interest to evolution of locomotIOn In rumans and 

primates Tr-:is IS so because the austroloplthecrnes \Here tr-:e 'irst hominids to 

practise a bipedal-like mode of locomol!on altr-:ough the extent to \o\It'ich they 

practisee tlpedallsm and aborealism is a highly debatable issue (Tuttle 1981, 

1985, Conroy 1(97). Allome:ric comparison of the length of:he limbs and of 

the booy \Neight in monkeys, apes and fossil r-:omlnlds such as A. afarensis 

shows that tr-:e iatter has unique limb proportions amOll<; the r-:omll1Oids 

(Jungers. 1982, 1988 b & c: Jungers and Stern, 1983) However. altr-:ough 

body proportions of A afarensis from Hadar are compatible with bipedalism ,IS 

type of locomotion was different from the r-:uman galt (Conroy, 1997). 

The upper limb of A. afarensis, in spite 01 Its proportional similarity ~o ~hat of 

rumans, r-:as features tr-:at could Indicate an arboreal form of locomotion, 

according to Tuttle (1981). Marzke (1983), Stern and Susman (1983). Susman 

et at. (1984), Senut and Tardieu (1985), Senut (1989) Senut and Tobias 

(1989), Heinrich et al (1993). The glenoid cavity of the scapula Is directed 

more cranially ;ndicating a sW1nging limb pOSition (Conroy 1997 H01N8ver, 

poy".erful gnpping actiVities such as holding sticks, pounding with stones or 
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throlNing objects as In A africanus. have been speculaled in Aafarensis 

(Marzke, 1983 Marzke and Shackley, 1986, Ricklan, 1987). The pelvis and 

10l'ler limb of A afarensis have ooth human and pongid features (Conroy 1997 

Lovejoy (1975), Stern and Susman (1983) Susman et al (1984) and Berge 

(1994) are as follo1NS' 

The concavity of the ventral asoect of the sacrum, and the transverse 

orocesses of the first sacral vertebr21 are ooorly developed These features 

imoly 21 coor lordOSIS and weak ligaments connecTIng the sac:rum 'Mth the il ium 

resulting in a less stable sacral iliac joint lhat cannot sustain the trunk in the 

erect poslUre for a long time (Conroy -:997l. The surace area of the body of 

the iast lumbar and the surface area of the body of the first sacral veriebra of 

A. afarenSls are relatively small These suraces are clearly nO! adapted to 

bearing compression forces from the bipedal posture (McHenry 1991), 

In A. afarensis the veriical disolacement of the centre of gravity has been 

contamed by the relative extreme 'Mdth of her peivic inle~ in combination with 

~he horizontal rotation of the pelVIS (Rak, 1991 I. 

There are arguments for suooorting ~he adaptation of fossil hominids such 

as A. afarensis to obligate bipedaiism since amorality was no longer selectively 

valuable (Lovejoy 1988, Latimer and LoveJOy, 1989; Latimer, 199-:) They 

argue that A.Afarensis was an obligate biped that had lost many critical 

climbing adaptations, These researchers identified a number of adaptations to 

bipedalism In A afarensis. eg the unopposable big toe, and a strong 

Ihofemoral ligament to fix the hip 

The jX}stcranial skeleton of A afncanus consists of some mid-thoracic and 

lumbar vertebrae, sacrum, pe!VIS, some ribs and part of a femur 'Mth a head, 

neck and shaft. Since all these oones inc!udlng the vertebral oodies are 

slender, it can be concluded thaI they belong to a small gracile animal about 

122 to 137 em In hefQht (Robinson 1972) , It is important to note that as In the 

Homo erectus skeleton (WTI500) from the West of Lake TUI"kana (Latimer and 

Ward, 1993). Ihere are six lumbar vertebrae in A. africanus. In Ihe humans 

there are five lumbar and in apes three to four As in the other 

australopitnecines, the vertebrae of A afncanus though small appear to be 

adapted to the requirements of weight bearing in bipedalism, This adaptation :8 
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sho'Ml by ir:creaslng vertebral body diameters from the proximal to the distal 

segments of the vertebral colLmn (Latimer and Ward 1993). However, Ir: spite 

of this Ir:creasing size of the cross-sectlor:al area of the vertebrae, the areas of 

the lumbar and sacral vertebrae are still re,atively vert small for numan-Ilke 

bipedalism (McHenry, 1991) In numans. the vertebrae also conform to certain 

other characteristics In addition to the increasing cross-sectior:al area of the 

body For example, the surface area of the vertebral bodies of the lower 

ILmbar vertebrae and the pedicles of the same are large The pedicies of the 

lower lumbar vertebrae of humar:s are Wider relative to their length than those 

of the non-hLmar: (c:uadrLpedai) primates. It should aiso be noted that. in spite 

of some human-like features found In australopitheCine vertebrae, the last 

Il,mbar vertebra of A africanus does root have the human-like features Its 

pedicles and vertebral surface area are relatively small and the pedicies are 

short (Shapiro, 1993a) 

rhe vertebral column of A afncarltis shows a ILmbar curve that is siml:ar to 

tne nLmar: lordosis. oolch Implies that there IS a human-like posture Ir: A 

africanus (Robinson 19(2) Tne bones of the foot of A afncanus were bipedal 

(Clarke and Tobias 1995) The A robi/slus foot was also non-grasping. ner:.ce 

humar:-like (Sl.smar: and Brain. 1988). Possibly these variations oniy imply the 

mosaic pattern of nLmar: bipedal evolut,oo. and hence show the complexity of 

the ar:atomical adaptations to primate posture ar:d locomotion (McHer.ry. 

~975; 

Tne preser:ce of ape-like semicircular car:als ir: australopithecines SLpportS 

the observatlor: that the postcranlal skeleton of these primates was less 

specialised and that their locomotion inclLded arborealism ar.d seml­

bipedalism (Spoor 1993 ar:d Spoor et al , 1994; 

It can be seen in the literatue just reViewed that vanOLS primates have 

struggled to achieve an erect POStLre and possibly bipedaiism The reason for 

this strLggle COLld be that bipedalism gives a var:tage view In a ftat savar:a 

grassl;:md Such a view may be crucial for survival of the ir.dividual ane 

species 

Generally bipedalism demar:ded bOOy strl.cturai adjustments According to 

electromyographic (EMG) studies by Shapiro and JLngers (1988) the 
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aC'Juslments v.erl' possibly net drastic :n the back musc,es The 

eiectrcmyographlc reCfUllm&'lt pauerns SLpport this View tlocause the patterns 

tend to be Similar In pnmales cf clfferer.t pcstural behaviour, wnen they are 

ongagoc In Similar aCi,v,(18S Tho EMG '-ecruI:ment pattt!fns of the long back 

muscles mO:1i:ored In chimpanzees and the gibten, lNhen practising 

blpeda!ism were ccnS lslent n b<.lth grcups, and Wiih tht: recerl! EMG data on 

\:"0 same muscles In rurnans (Shapiro and .'ungers. 1ge2) The above 

rOSCilrc:'ers Ihewfore suggCS! [hal l:->cre IS a baSIC slmn8n:y I" t:'e mechanical 

ccnslr(lln\s placed on Ire tack dlJrlng bipedalism amo:'g the above [:'ree 

:"omlno:ds They concluae :ha! human (hat:ltual) b,pee811sm probably Old net 

Invclve a maJer c,"ange ;n t:'e bod< muscle action or funCllc('l bu: rat:"er an 

Improvement In the rnecl1anH;al advantaGe and arc."ltect"re cl trese muscles 

In view of rhe limlt(;c:j oxpcrlmo:->\o l EMG data th"t cou lc bo fe\lr>d on the baek 

.~usc i e activities of primates, It IS not pOSSib le to ·:omment ' urtr' er en t;"e above 

conclusion !f t~e dlffe,er1cas are In the mecf'anlcal advantage. ,hen ihe 

skeleton of the splr>e, cspoclaliy tt">e le,erages of the Spl!'lOUS anc 'ransverse 

oroccsses can probabiy reflect these differences Hence Ire Importance cf lhls 

s:udy 

In summary the abcve account shews f'OW prtm<lle lecomotlon and Indeee 

habltua; bipedalism are co.~p!e~ actiVIties, evolved ever milltofis 01 years. 

Blpadallsm ceveioped In a mesalc 'ashion T~is means tf'al ape-<Ike features 

may be 'ound occurring Side by Side INtt:" human ;ike features, such as 

blped?l ism (McHenry, 19i5) There IS therefore nat a Single muscular er bony 

structure that can be Identlfiee as being seleiy respoosible for sustaining t;"e 

full bipedal pcsture In humans or other primates. Sc pcsture IS a result of an 

Integrated effort of Cl"gens parts and regions cf If'e body IflQUClng Ihe 

skele!on 1115 Will' t:"'e abcve known 'acts and backgrcund. t!'lat :hlS study of the 

prtmate veflebral column has been apprcac. ... eC. 
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Chapter 5 

MATERIALS AND METHODS 

A) Materials 

The sttuct\.:re of the !horac.:c vertebrai rolumn was Investigated In 

cercoplt"1ecold (verve! m::ml<ey and cat-oon), Panga Pan, Gonila and 

Home The \noraClc region -",.as selected f:x st'~'dy because e:o:ce~1 ~r 

"1'_'m<:lIl cii nlcal stuCles, it has received re lativeiy littl e att!mtion fro~ 

functional -"orpholo!;,!;,s ,judging from illerat'_TC el'J21Iat:le In bis study 

moroh::lme\r;c -aasure-en,s ''''"f:fe earned 00,,1 on I=re02rcd rllsarllct:iatee 

s~e lelor.s :It vertebral c:ll!..:mns of V';If'O!..:S on-2.ie species The 

measurements were -ada In mlll,metres '.:s;ng d'gltal C3lhoers Gross 

:JOSCf'iatiClns on T--:e m.mter 0' vertecr<Je ''''ere made Translt:ollal 

vertebr 2€1, w1'111,;h occ'~'r a:: the cervlcot":oracic and tho'3co lu"'t::ar trallsi, ions 

''''tre 01 particular Interest t8 thiS stLidy tt;oeause so~e of I~,em ar!:l "nlque oy 

;1£'.VIr.g C!:lr\iICDt":orilCIC or thoracolumbar 'ealures 1 ":e s~ec:es s\\;dled 

represenl a reasonaoie sr;t:ct ... .:m of looo-:),j \le tehavlOur found In 

ow~;::tes T ":e detailS of the sr;6Clmens art; g.ven in 'he Tatles 5 I, 52 end 

5.3. All t~e specln1el1S thai were Investigated were fr::J ~ ~an.; re Individuals 

al1d oartl <.."I..l arly Ine 'Isrtebrac W!:lre comoleten,.. OSSif ied Their er:;lohyses 

were cOmr;l!:ltely 'used ;0 ,he venetral cod.es The other vertst'l'81 

oom~onenls or ~rocesses were aiSO rUSed accordingly The follQ\Mng oolnls 

were also laken Into aCCJ!.:m 

• Onl~ t:om~ l ete veltsbral COIUr"11S Ii e. those verif ied by th8r8ugh 

exa~ll1ai l on to have no acc:rJentaiiy - i55;n9 vertecrae) were t:na lly 

studied 

• S~eomens novlng ~ill!ormaw.lnS and rllseast:s slIcn as orthrills, SPflill 

t lt:da spondylOSIS ell' (Alicrook, : 955) were not cons:dered ror 

~oronamelry 

• Efforts were made 18 ensl..ire thaI both sexes were reasonaCly 



Univ
ers

ity
 of

 C
ap

e T
ow

n

representee In the sal"'ples ITaole 51) 

Sources of tho spe<:imcns used in Ihe study (TablE 5 1) 

Source 
Tre $oulh Afllcan Museum 
Caoe T()Y.l'l 

Species 
Chacma BaboOf' 
(Pap1o ur.:;musJ 

I Sct...!!'1 Africa 
---'M"OOern humCoO";-----­

( Homo sapien!; sapiens) 

, , , 
7 Y()r~ Ruad. Park fuwn 2193 
JOUlnnest;,.rG SC)l.lh Africa 

The Transvaal Museum 
Prewna 
SOulh Africa 

--- -- -
The Galloway Collection 
o.pl of Huf"'\3n Ana:omy 
Makerere University 
P O 81)1( 7062. Kampala 
Uganda. East Afnca 
Tn: Natural History Myse ... r-

I Crcmll';ell Road 
l ondon SWl SBD 
~"' POwell-CalIOn M,,,,,m 
Q",ex Park 
81rchlngtc1' Kerl 
~.:9J?nd _ _. - -

Verve! mUllke~ 

I 
(CefUJpthe:;lIs ae!.~,ops) 
Ch;;'Cr"8 babuon , 
(Paplo u{sl.'1us) 
Orang-ulan 
(Pango pfgmaeus) 
Chmpanzee 
(Pall t.rogJudv1es) 

Modem h:mar' 
( Homo saOi":IJ$ saolens)) 
Crlmpanzee 
(PBn I.rogJocytes) 
Orang-dan 
(Pon m&us) 
Hunan 
(Modern Homo) 

I 
' OranG-ulan 

(Pongo pygmaeusj 

Gorilla 
(Gor-/la ) 
Chlrpanzee 
(Pan rroglody[6s1 

Numbers 
8 

-
, 

2 , , 

I", , 

2 

1 

207 

" 
27 

" 
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The following are the grol.ps of primates studied because they have 

different ways of pcsture anc locomotion De'aiis of tho'r locomcticn and 

postures are described In C~ap'er 1 

CercoPithecoldea 

I; CercoPithecus aethiops (verve! mon~ey:: 

11,: Papio ursinus (charma beboo~':, 

Hom'~oldee 
-~- .--,,-'-

I) Pcngidae ~greal apes: 

a) Pongo oygmaeus (orang-utan) 

b: ,Dan troglodytes :common c~impenzeG) 

c ! Gomla gO(.'/ia (gorilla: 

Ii' lIomil"'ids 

!-iomo sa,e;ens sapiens ,Human} 

T~e samples in Table 52 represen' t'~e .'Tl:Jximum numbers of 

samole that were il"'itielly avaiiaole, as 'Neil as the numoers evallebie for the 

morphometric meesuremel"'ts, anc for c::Junts sLcies Not ai' specimens 

'Nere appropriate for par.lculer investlqetions meesurernents and tests, The 

~umoers very accordlC'giy as reportee In particular 2ppropr'ate t2bles In the 

results 

Maximum number of specimens available for data collection" 

':Tab:e :;,2: 
-_. -- --

Ava,:able I Counts Morphometries 

Vervei monkey 
--"-

68 68 61 

C~acma baboon 77 77 72 , 
~ 8 

----- . - ~ 

I Or<lng-ljt<ln 16 16 
~ . ..- -

Common chimp 22 22 20 

i Gcrilla 27 27 127 

, Modern human ' 274 274 , 112 , 
------- - . - . -- -----~ 

~ Tre sample for epes ene mOI"'>(eys \'Jere reiat:vely low compared to t~e 

hl.mal"' samole, because '~e resources dictated t~e pl<leeS tra' \'Jere visltec 

J 
I 

, 

, 
I 
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In oreer to access the samples 2r~d the length 0' time trat was spent m 

each place The apes specimens in particul2r were scatterec in varicus 

pl2ces in small ,~umbers Tr,," results sr.ould therefore be vlel'l8d with tr,ese 

limitations o' samp ie sizes In mind 

8) Methods 

The various functional aspects of vertedrae, ~ogetrer 'Mth treir 

mecranisms of a.--;iculatio,~ with each other and with muscular componen~s 

have been adequately dea:t witr. under ,r.e app:-opnate subheadings n 

Crapters 2, 3 and 4 For exampie, extensive nformatlcn related to 

impcrt2,~t studies on the spinous processes can be :,ound in detail uncer the 

sectlcn on tre spincus process i,~ Chapter 2, Tr,is sec~ion on'Mcthods' is 

tr.erefore delibera:e!y brief as it IS r:;reclselY tadored to ccver and explain 

only those aspects relevant to' 

o Manlpuiation and measurcment of tr,e various components of vertebrae 

in :he study 

o S'gn;!icance of tr.e above measurements in primates in the study 

o Procedu~es fcr h2ndllng of tr.e axve d21a (data analySIS) 

Each vertebral ccl~mn was first prcperly identined Its elemeds were 

arranged in their serial order frcm tr,e first cervical Ic the S2crum uSing tr.e 

Icllov'iing features 

• sh2pe and size of the vertebral body 

o Inclina~ion, iength and shape 01 tre spi,~ous prccess 

• orientation 2nd 2r:iculation of the zygapophyseal face:s 

o presence or absence of rib facets 

• the sr,ape 2nd poslt:on 01 tr.e transverse processes 

• txlsition and sr.ape 01 rib facets or demifacets 

After the abeve exercise, morp~.ometr' c measurements 'Here taKen on 

the ver:ebrae, start:ng frcm the seventh ver:ebra iC7) to tr.e twenty-f irst 

:V21! inclUSive uSing diglta! calipers The twenty-first vertedra :n huma,~s 

corresponds to l2 This range of ve:.ebrae was chcse,~ after an initial pllet 
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stuc~ shewec: (hat the eervl cot.~orac l c and thora':Clurnbar tlansii:onal 

.... ertobrae WOLJIe' :;.e ~,t cc .... emd Wlt.-In t~IS rangll nail fhe primates under 

Inv(.Ist gatlon 

The :ransit:cl"'al eiernerots are 

':a; V7 va anc V9 (C7 Tl anc T2; 

(c) V 17iV18 V' 9ancV20IV21 (TICIT11 T1 2andL ' /T'3) 

Depend:ng on spe,:"~s and scmetlmes InCIVldL.a ts the tr.oracolll,,,:har 

tranS'lional e "menlS .... ary IrolT. ~hfl se'JEnleenth ',Ip. '1et;ra iV17) to the 

twentieth first (21). wrlle :he ceNlcothoraac t:ans:honal ele-:enls a rnost 

in'.a"labiy are fixed sta'"!ing 'rom C7 ~o T2 li. e V7 to V9) 

Vertebral counts 

Ve":e::.'al cou-.ts wEI'e ca'fled oul 1"'1 ',hls study ~n I.-e samoles listed In 

T3::.1(.I 5 2 '~ ndw ~he counts col u'~ n D '~'i.~g tho< exerCise. :,~R ;xesacrai 

ve .. eC"ae \PSVJ cl >tae;- ... eno;",,"al colu-:- ",,~re care·ully arranged and 

artlcui<lfeC Tho< ~u '~tJer of verto<brae In each pcrtion cf the column and thR 

lotal number 1"'1 eaCh ver;emal colu~.n ~ .. -e'o< reco·CF.<j dC'ovn As ~.o<n(loned 

ea~le r oniy complp.t(.l ver;et:: ral c;alumr-s ".~'&,e cons:dcrnd Tho pmSflnc(.! c1 

a GefllH::allib ''''Quid ~ot ,-·ave resu:ted 11 IE cTass:iylng 1.""'e silventh cervical 

ve'1ecra as a thoraCIC The pre~ence cf a lumbar 110 dIe not aHect the lotal 

presac'al ve'1et.rae Since l-e vertebra 'NC_ld 51111 be o"esac:al y,ihelher II 

had a 1t or not First the co~nt of t-e ve'1ec-ae ac-:crd:ng to \tIe pos'tlon cf 

:he Iharocol'wmbar )CI,-t translllOI"l v>/as reCO'CEd <Inc ~"e- the count 

accc'dlC"g to The :)Osition of Tho ast nbs ,vas ca:-ned out T - e last lu'"':ba:­

vertcbra ".~'as "o<garccd as sacralise(j land cc'~n\ed as sacral} ,I it showod 

'ho fcllcwlng f8aturcs 

A.-, wlargM tran s,>,ws" proco<ss that fermecoart of tC"e sacrei liac JOint 

and was n\'oived In the rormaucn of a sac~al fcra~.en eVlln c- one s<de 

The 1'_slon 01 bodies to osteopi"yt lc gtowt,-s was net regardec as 

sac"al,SG;ilon According to Kaul--:an (19/4; Ihe above cr1erra .... 'Ere also 

used In earlier IMestigat lOns b'l Lan ier (1939) anc BcrnL.stern and 

Peterscn :19€6). 
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Measuring equipment and unit of measure 

TESA dlg,tal taLpa's II'o'(\re used te -'lke '/ar·elJ ~ mf,'lsurf,rner.'s or: 

venebrae If'. m,lh:""etres The dl:-·'~:mslef'.s :--enher.ed beiow are cei in(h1 

usee or recommenced for use. 1("; HHtebral colum~ stuGles by researchers 

suer. as Shap,ro (1991a). Warc t~991) Latimer anc Ward (19931. '''''''.llker 

and Le9key (1993) "'lnc Macl amen i' 993) Usw.Q these d,;-enSlons Cer.3 n 

vertebral co,urn ra~ los St""oOWI"l l::elO'.v can be calculatec 

Di mllnsions 

The measure:-or,ts anc assessments are m,lee 'Mtn the 3ssumOt'(ln 11'13t 

the 'size of a given par: of a vertebra IS related to the r2gnl\udes ot the 

forces aC 11 ~g o~ :\ as notee by DavIs (1961) The measurements car, ther, 

be uSo'ld 10 q"an\lfy the actl()~ of the :~uscles or the forces thev generate, In 

ta r:~ s of relfllive ra tios The ra tiOS If:dlcate the leve'3ges Slt the res~erJlve 

pans or processes of ~he ... e--:ec'a l column !t IS assumec by Shapiro 

(1991al thai the species wltr, st:-I lar for:-s of posture Slnc/or locorotlcr. 

"",')uld ha"e relalively Similar 'atcs and 'I'ee versa 

W9rd (persona com:-Unlcallcf',) ea_Honec aboul 'the u~e of f"IIO~ as 

they Cil~ be mlsleaclng il~ altomemc rela':cns Vvll1 eause apparer.: 

d,fferences across taxa ~ hat !"""'Ight ~Ol be func1lon<l·y 'Elevar.t although 

there are ~o:en!,al jUSlif,c,"llions for lhelf -se" When !"""'<.knG The above 

assurnp!lon or.e shoulc be aware :hal f'.oT o--:Iy posture or looornoilor. 

Iluncte-al varallor:s) 01 a spec;as may clfect tr:E results but vana\lons ,n 

size ray also affect the results in a study of th:s nacure HCI'..vever formUlae 

lhat mini rise tna effect ef tarylng Sizes of species r:2','e been ob\8!ned frem 

lhE; literature ar.d nave beer. us6d 

Scmous Prooess perpe~dlou l ar Lemth (SPU 

Th is IS the perper:dlo~ l a r distance measured ir: a ventrodorsal ~ I <lne 

fro:~ the cranial oase c' the sp,ne to a (Iir,e) tar:ge~t to ihe tip ot the spine 
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- - - - -
1 . - :;p ir. i! 

9c a'y _ 

r S?L 
I 

--~-
Sice View 

Cranic! View 

52!.. - Spincus ? rcc~~s ?erper.dic-.;/ar Height 

~cc - ~o;it~:J !cdy Dkme!tr C.-cn ici 

h - Vtr~t~r:ll ~cr::men height c.cil ici 

Cu,ttl of 900y 
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(F,g:..re 51) (Sha;:mo 1991a) U IS nOI 'he absOk .. 19 (truel len~th o~ the 

spire ~hou!;h 1 :5 sometimes v.rorgly referred '0 as the s~lnous process 

~eng'.h More Ce1<lltS on the SPire ha"€- been coverec ...:nder the S::;lnO\..s 

process htera'ure revew The measvem .. nt Indicated by SPL Of S IS 

appli..a n ~hs caicuiallor ot the lever arm far exter-sian The :ever arm 

Indlcn ted here is far mult: ii dus ar,d parts oi erector spinae tha' helve 

attachments ar,d actlor, on the sp,r,OL.S p'ocess rr-ooore, 1982) T-e 

'VanElble spire" anc ' Splre ratio ' calcula ~l ons ars carried o...t according to 

~he 'otioWlr,!,< 'arr.LI;]e ,Figure 5 1) 

T-a Varrabla Spire = rs + -) + Ci2 (Sha::;lro 19913) v.rere 

5 = SPL :: Sp,nO\..s Process perpendlCul8:" 

Lem;t-JHeu;;'"t 

= Verlebral for<lmer -elqht measured from 

C ~ SDC '" 

:he corsal aspect of t-e cranial Sl..rfaca of 

the vertebral OOdy to the ven'ral surface 

of the spi ne 

Venebra' body saoll 'a, diameter ,crarlat} 

.oSDC -' Ihe raCIL.S of ~he crane. 

artlCl...tnr s!...r.nGe of 1'"9 vertebra 10 I-a 

cor531 aspe<;' of I'"e snme surface 

The Geome!nC Mean d,scussed earlier 1(; \'".15 iltera!!... .. e rell ew ',vas not 

adacted for use If' {hiS cesearc- II was r,o ~ used because 

1 J The diaphragmatic ve-lebfa, wT1 lch IS reco,....~enced for the calculOlt lon of 

the geomet(c mean, ',.".as p"" rt of the st"dy as a tl3nslior,iJ ' vertebra The 

vlvtebra fronl ',\'tlich t'"8 ~eomel',c mean IS derived sho..:id r,ot toe ~a r t 0: 
those berrg rrveSllg<llec (Shapiro, 15918), Ir order rot to bias:1le re$l.t~S 

Shnp,ro (1991a) cI;::lms th<l~ Where 1\ can be freely apolled 1I":e geoMetric 

mean C<ln give belier <lCCUrD'e reSl..llS than :he est:matec s::;eCles body 

we,ght ThiS IS so beca!...se the !;eome;nc r-ean IS calculated for .. ach 

Inclvldual speciMen ard IS h:ghly correl;::ted 'Nlth I -e weight of the Indlvlc:..al 

« = 5S a(;fOSS species : 

2) Oth er aL.tilorlt les (personal COmmL.nlC<ltlon) are of ~he view that 
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"subst ituting the geometric mean of 'inear d:menslons of vertebrae for oody 

'Neight leads to circular reasonillg III th:s '-ethoe the clmensiolls of 

','erte::>rae are exoressed as fractions of a size, of o~e r;ac:icular'lertebra 0' 

-he same vertebra! colum~ T~,is process may sho'N ciffere~ces betweell 

vertebrae ,11 L~,e same vertebral colum~ but ~o: beh"eell all,mEls who ha'le 

differellt sizes of vertebral columllS III relatiOIl to bocy ,veight" 

ille species body 'Ne,g,--,\ is reconmencec by aut.--,ers suoh as ShaOlro 

(1 931ai as a consistent boey variabie, to enable E reia:,ve com::Jarison of 

muscle leverage ,11 orlmates of differell! Sizes (weigh!': 

i--.e fllai varlaole t--,a: IS consicered In reSQect 0' !rle spne s known as 

the ' Sr;ille Ra-io ' and ,s g, ','en by -he fc,lloyo..ing fcrmula 

The SOllle Ratio = (s + h: + ci2 ~ ',Body Wt The use ,~l L~,e cube roct I~ 

exr;lalned III the Stat istical rlilet.~.Qds later 

Average species body weight and cube root of species body weight 

(Taole 53) 
--------'-----' -·-- --A~ SP,) Wt--- ---.-'---~--------'-, 

Species I Sex In g C- rcot Source I 
------~ 

I Goril lB M 164;350 54,78 Jungers (19850) 

F 75,700 4230 Fleagle (1388) 

Orang ut an'--'M'----~7"9'600m'---4'3iCOn2----"FC:e7,7gC,e07I:1"9"e"8"----1 

t' 37750 

C~,'mpanzee i M 51,.500 
- -+7F----40,~ 

Verve: 

BabOOIl 

-+"M,------ 4.460 

F 

-r.7 M 

F 

3,125 

__ ~! 22,200 
, 13,500 

---~, 

Ic H- "-m-' -'---t "MF-----t-i 5-_'_2~ __ _ 
, ! 55,200 

- --'F leagle (1388) 3355 
-

---0 -,--, --i-o 
3721 Fleag!e(1588) 

-----~73~4727e7-----~~F'leagle (1588) -

-~1"674"6'--+Koc;avanagh (1383)'-

14,62 

28,11 

---2381 

38,53 

--3808 

'-- t- Kavanagh (1983)--

-
Kovaca (1393) 

Kovacs (1393) 

I-KErk (1954 

Kark (1954) 

Key C-roo\ stands for cube root of the average body 'Nelgflt of a sr;ecies 

III some cases the above averages were Ilot given by :fle Ebove authors 
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but were cal:ulated from the dat., of :he we·ghl given by the same <luthors 

In Soo.:th Afru:an Irldlgenoo.:s pooulallons, Kark (1254} found the: the 

average body weight of the Indlvldo.:al was abou: Kg .~7 In comraSl1O Kg 6!: 

In Nor:h Amenca allc Europe In Cenlral and Eas! Alnc:a II IS eV()ll 10000r 

Tne average weight given by Karl< ,: 1954} r-as been acopled 111 ::af::ulatlons 

on I:-e human data because the human soeclmens In th,s sluey are 

,nelgenOl,S 10 South, EaSI ane: Cen:ra! Africa 

T:-e Sp no,-s Process Lellet. :SU (Figure 5 2Ai 

This IS the absolute lel19l,- of I.e vertebral eOlne its measurement In 

figure 5 2A IS taken from the cranial base o' :he soine_ along ItS 

cral~lodorsal s~II'face to ItS:1O It does no: enle~ a~y important ~ai:utenons 

beyon:j lelat lve lengtr comparisons of the s:Jlnous r;rOCGss 

Ver:ebral Foramen (F:gIJre 5 2C ) 

The gross d,merl s:or ls of the ver:ebr:=1 forameni:anal <lnd s:J 'nal cord 

are pos,:,vely correlatec They can therefore be used to make dedu:t:ons 

or each other al:hougt" w\h reservas::ons iThe sp:nal cord IS absent Ir 

par:s of the canal and there are other stro.;ctures_ so.;ch as tre meninges anc 

blooc 'lr-ss()ls ard flUids Tre Slructure should be taken Into account since 

,hey oc:upy part 01 the canal; G'Oss moq:;hologlcal s!udes 01 the sp',lal 

cord and the vertebral canal .... ave cemred or. the CerviC<:l1 and lumbar 

regions Such sled es have usec raclogr30hlC and compUlefised 

tomograohy but correlation for magmficatlon errors have not beer made or 

!he radlogra~ilc measuremerls Larsen ar.d Sm,tr {1<;i8 ' : four1d that 

'sClographlc measurements sometimes made O'/eIES\'malions of venebral 

canal dime1S0nS 18st,y the cal13t he:ghl and Wldt:- have been clfferent:y 

defined by vallous researchers n·.e defiotlons ar.d methodology usee here 

are by MacLarnon { 1gB?) The height i,h) is the maxl~um oorsoventral 

:1:ameter, and the Width (w; IS :he maxim um transverse diameter, of the 

"Metral fo ramen of each ver:ebra (F-gure 52C:, Trey are ~easufed Witt" 

:a l,oer5 v.f1 lle the cranial end of the ver;ebra :s directed to the :;.arson 
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S5 

taking the --easurements. Wher. measuring the height. or·e of the poinTers 

of lr,e cailDers is placed or· lrre "floor" of the c"wal (dorsal surfaoe of :he 

verTet::ral codyl I'" the mid-sagittal pia"'" ["he seoonc pOI,.,ter 's movec ur.Ji' 

It touches the " 'oaf' (corsum) of t!- e canal st;llln the md sagittal piar,e The 

wlCth IS rreasurec by plac;;ng the cai iper pointers :n t!-e mld-trarsverse 

(corewai:: ;:>Iane of the verTebral ca,.,al with -he pom:ers Just pro:ruding 10 ihe 

o:her end They are then opered to tOL.K:h tf-e Inrer "sides" I lateral 

surtac:es) Of the cyal. thus measuring l!-e maximum diameter (width) at that 

ievel The vertebral for01me'" area O1t a Dartic:uiar leve C:01n be calculO1led 

'rom the acove as t~e a'ea of an ellipse from :he 'ormula oelow 

The Vertebcal Fora~en Area" pi x wI2 x hi2 sq un'is 

The verieora: 'o'a--en 'a1:o IS t~e souare coot of t!-e above area d'vlced 

t::y tre c~be root of tre t::oey welg'"l of lhe SDeCleS The 'ala c:an t::e O1pDlied 

to --ake compar isons of size 0' the vertebr:oi oanal and spl'lal oo~c 'n 

v:orrous pmnate gro,-,ps 

Sa,11tt21 vertebra! oody Olame:er ~SO; (Figures 5 2A 53) 

This IS the ver,trodo'sal (mid-sagittai) cistanoe at the micpo;nt of the 

vertebral body artic:u !ar surace it IS the shortest --lc-Iir,e dlstar,ce 

ventrodorsaliY 2'ong t:~, e bocy articu;a' sur2ce it car, be --easurec on the 

cr2nial 0' ca,-,cal 2specis of the vertebra; body 2ri lcular sur:aoes. and 

cenoied cespectively as SOC 2nd SOCO or 'c' (F;g~~e 531 The cranial 

saglilal d:ameier ISOC; 's apDlied in :he estimaiion of the "Vaciabie ~pir,e 

~p;ne Leverage ar·d ~pir'e Ratio 

Tca,-,svers~ vertebral bodl/ Dame:er iTO:, (Figure 5 2;',) 

ThiS IS the greatest dlstanoe aoross the artlo,-,I:or surface of the vertebra' 

oody, --easured medioiaier:Olly (transversely) I: IS Cenotec as 'g' or TOG 

and TOGO, tor 'espech'ely :he cr:onial a,.,c oaudal aspects The articular 

suriace aea Of :he vertebral boey gives :0 reflection of the'Nelght 

(compressive 'oroe o~ pressure} that may be trarsmlited t!-ro,-,gh Ii and the 

ciso. to the other parts of :he vertebral ooiumr, It is esumated by the 
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°ollo"'/lng fcrmlila 

The Vertebral bcdy arEa = Area cf an ellipse (Shapiro 1993a) 

~ C.I, SOCO x 'h TDCo) 

Acccrdirgly, ,he cranial and Cdueal trar'sverse and sagltiaf diameters of the 

vertebral body are usee tc calo,jate the eorrespcnding areas of the 

vertebra bcdy 

Transvecse P,-ocess Prolectior :TPP cr 'a') 

ThiS is the distance bet·,.,.een :he opooslte tips of the transverse 

processes of a single vertebra (Figure 531 It eoulc be refer'ed tc a~ :he 

' soar' 0° the transverse processes It IS Imoortant !r' eetermirlng the leve 

arm 0' a vertebra, fcr unilateral flexlcn The lever arm for uri lateral flexion 

is kro¥.'n as the Latrar (i e L.atera! ieverage 0' the Transverse process) 

(ShaOlro 1991a ar'd 1995) T"e Latirar' IS giVEr' by Shapiro 11991a: as 

Lattran = ai2 {seE Figure 5.31 'Nhere 

a = the d,siaree betweer the tips of the "ght arc left transverse 

orocesses of :he same vertebra ITPP: al2 IS hai f cf t"e 

length Heree, aJ2 'S :he length of one transverse prccess 

{Its lever arm a~ meaSL.red from the ~id-lire sagittal plane of 

a vertebra) 

The laiera! fleX ion leverage' (Laiirar ratic: 'or back mL.scies can be 

calct; lated frcr:1 the Lattran, oar each soecies by agair applyirg a ccrsistent 

variable ::{ the species. The 'ormula IS given as 'ollows 

Lattran Raticr = Lattran + ' ,'Body Wt (Shaoiro '991a} 

The Lattrar Ra,io indicates the lateral flexion leverage fcr s,abilislng the 

back and courteractlng lateral fiexion of the back by Tuscles that have 

attaehmerts Into the dorsal aspect of the iransverse processes (Moore 

1982, Shapiro. 1995} Such mliscles include the erectores spinae. The 

Lattran ratio also gives the :everage of quadratus lumborur:1 tha, is atiached 
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to the ventra l aspect of lumbar transverse processes Alt!"ough this muscle 

is attached to the lumbar transverse processes it IS Important in thoracic 

movemen:s because it Exes the lumbar region 'Mlile ~proprlate thcracic 

maveme~ts are taking place Tharac:c r:1overner:ts canr:ot taKe place In 

isolation of the other regions of t'".e vertebrai column 

Distance between the Tcar:sverse Process tip and ~he Vernal surface of the 

Vertebra (TrV or 'b') (Figure 5 3) 

Tris d.'stance is the perpendicular relgrt from the tiP of a tra~werse 

process of a vertebra_ to tre horilortal (coronal) plar:e at tre .'~,os: ventral 

surface of the vertebral body (Figure 5 Ti 

The "Trarsverse process levei' 0'- :he 'Ventrooorsa "-ansverse process 

'atio ' iVdtran Ratlo'i IS given by :he follo\W1g form",la ~,s:r:g the 

r:1easurer:1ent of TPV or "b" 

Vd:'-an ratio = TPV i SDC = bic IF,g",re 5 3) 'Shapiro 1995) where 

[, ~ TrV = tre perpendicuiar height fro~ lhe t'anwerse 

c 

process tlp(S)to the r:1ost ve~tra aspect 0" the 

vertet::ral body 

mid-sagittal dla~eter of the 'vertebral body 

cranial surface 

The Vdtran (Ventrodorsal transverse process) ra:io gives the 'elatlve 

pOSition of the tips of 'he :ransverse vocesses frorn the ventral aspect of 

the vertebral body Reference can also be maoe to the section on the 

transverse process in Chapter 2. Since the rector spinae is inserted an tre 

ribs that a~e :n turn anchored to tre vertebai body and transverse process, 

the POSition of tre (carsverse process mig'".t be regaroed as the 

approximate distance of erector spinae from the aXIS of berding, and gi'ves 

the morner:t of these muscles men they cou~teract flexion of the tr",nk 

iShaplro, 1991a) 

D:rectly comparing :he iever ann of the transverse processes In different 

pr imate groups would give biased results because t!"e locmion of t!"e roots 

and the tiPS are at different ievels, 'elative to :he 'ventral aspect of the 
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Agl,J'e 5.2 
MeaSU'emeflIs en ~ebrae_ 'c' - sagttal cianeter, 'g' - transverse ciame«er 
rS the \Ef\ebra! boo'f, '11 - peo:Ide .....,al'l, 'e' pedicle lengll . '1'1' - I'.elgtt ar.d 
'w' widn d the Yertebral fcr-arre!'1 . 
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:"'C tr3ns"e~se prvLe" ~ - "spa!: I)fthe :ra!'.s~e ~ ;~ process b - ·' ~~[rQc!()r ;a. '1Cl!lJl1 tl) 
:ne I1p cf:.~~ trrl'i\erse a:e<:~!! , 

r-- --
-Seine 

, 
• 

b 

Sed}' _--\. 

~ T?V-Trtln~Yi!!rse ?r~c~~s Tip Ventral Height 

c SDC - Saqittai Bod y DicmetH Crcmial 
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venecra' body The ever ann for ex:ensor ever ages of the C8Cl'( 

rnusculah .. 'e e 9 lenglssirnus ana ,',occstalrs IS oost ccrnoareo woen (he 

retau ... e le ... el of the :ranwetse process tipS IS ;aker. into aex·unt as In troe 

case cf Vet~an lalm me r..~her dcrsal the I'ansverse p:ccess lies relative 

to tt.e aXIs cf extens;cn the be:ter arf! the leverages for e"tenS lon 0)' 

longlSSlrnus and iliocosta i, s VVhon they cer.l.-act bil aterally The iurther tho 

tlO cf :he lrans ... erse rror;es$ lies relat ive te the axis fcr late'a l f l o ~,cn the 

bo t ~er s Ihe leve.-age ~ Iliocostalis for :ateral f:exior, v.t1en It,ey cor.tract 

unilaterally (Shao!re, • S9" a i9035) 

Pedlcles (F;gures 5 2A 52Si 

The pedicles onege :he "ar,:erIO(' Iventrall and' 005ter'or" (d:.rsai) 

ele-nents 0: a vertebra Ihe an:erIO' eor.Slsts o· the veneb~al t:cey d~sc 

ard aSScCia te<:i Ilgal1"0nls \'Allie the oosterlOf ccns; sts 01 la":"lr,ae, 

zygapopr.)'ses ar d asscclatea Ilgarnents (Pa l ar.d Rc~tal 1986 Pal 1987, 

80gduk anc Twc":,,ey 1987) By connecling the pos(enor elernert :0 ~he 

anterror. the pedides are pos.:loned 10 receive lerc..os from the postenor fcr 

Iransm,sslcn to the antencr bc<lles ano diSCS Pedlcles may transmit 

oenClng ;::;:rces resulting trc-n Ihe ae:lon c~ rr:vscles en the S:l'nous ana 

transverse precess&s The pealc:es may transmit terslon fr:lm \!'1e 

zygapcph)'ses v.t1en the zygapoph,'sl(ls provloe reSis:ance to permit the 

ver1ebrai cclumn from sliding fcnvard (Bogduk anc T'l\lCmey 1987) 

Ped,cles transmit comp.-ess lve axial ,cads ffCom lh& verteoral body (an~ar;or 

elemer,t) to the l<lmir.<le (posterlCr a,emen:) (Dav 's 196', Pal and Rcuta: 

1986;, 

In v;ew of I~e aoeve facts the pedicles sheuld oe morpt:ologlcally 

affected In s:ze The ,r,c-ease In the size 01 the pedicle en :he :as( IU 'T,ca­

ver1eora (L5 ir human) IS associated With 'he decrease tr the car..dal 

sr..riace area oi the ·,erteora (D aVIS 1951) The explanation for th iS IS that 

the recuct,or oi the bod)' surface area of lS mCIC<l;es chat less ccmpresslve 

fcrce IS exe:1ed onto the body of thiS ve:1ebra than is exerted :hrcugh the 

ver1eorae abeve l 5 If that IS t!"le case then pan of the tota l compressive 
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force tc- L5 must be tranSi~lttec tc tre region be'ow' L5 by a route or 

mechan,Si~ that 'arge'y bypasses the caudal surface of the bocy of L5. The 

Increase ,n Size of the pC..::Jlc:es of L5 therefore implies ~hat the compressive 

force bypassing the caudal sunace c-f tr e oody of L5 'S gOing through tre 

pedicles of L5 tc the caudal regiOI" (sacrum) However tre fc-r,':": and 

function of the pedicles 'n no~--runan primates is nc ~ yet uncerstc-od 

(Sanders 1990: Shapiro 1993a \Nard 1991:- If the pedlcles are related '0 

~he human unique lordosis and bipedal loco,':":o tion cr posture then their 

norphoicgy must differ in humans and other primates Shapiro (1993a) 

srowec that :n ~he lower iu,':":bar region the ,':":orpho logy of ~he ped lcles IS 

not u~ique tc- huma'ls Pedicles exhibit an increase In ~he cross-sectional 

area be~,veen the penu:timate Emc ,ast unbar vertelxa In a \hide range c-f 

pm'-:ates stucied by the acove hw It was also " otec tha, a though huma"s 

are not the only primates ,vith large a"d \."de pecicles at L5, humans 

neverthe_ess have relativeiy large pedicles at L5 In relation to the ir body 

size rhe size a"d shape cf the ped,cles espec:a lly at the transitic ~ al 

leveis such as at C-T and T-L ~ra~sitions_ hav(l to be inv(lstigated The 

features ,':":ent:c-nec In ~he fcllowlng paragraprs were ,':":easc;red in the s'ucy 

(Shapirc-. 1993a, Ward 19911 

Pedicle Area (Figures 5,2A, 5.2l3:-

This refers to the cross-sectional ama cf the mid-ccrcnai plane c-f a 

ped ic: e Usua:iy measureme~ts are takw cn o~e side of a vertebra It is 

given as Pedicle \N!eth x PeCicie Length or (PW x PL_ or c x e: (Figures 

52A 526). The measure,':":ents are respectively the mediclateral ped!cle 

Width a"d cran;oca~dal pediCle lengtr :Shapirc- 1993aj The p<-:ldicie area 

8,':":o"g ho,':":i noics IS signlficant:y cc- rrelated \hith ~he bcdy \...-eighi (size} at all 

vertebral ieveis (Shapiro 1993a: It changes aiong the vertebrai column in 

r;.;mans anc non-human homi~o!ds tn rumans, it changes dramatically at 

the last lumbar because here there is resistance to forward Clsplaceme~t of 

L5, due tc- lordOSIS and the ,vecge surface at the lumbosacral art!culaticn 

Th is characteristic is present in nc-n-human ho,':":inoids as \\1811 as indn 
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Varec:a ane Papio (Shapiro 1993a\ but IS roi exaggeratee The peeicle 

aea increase5 at the last umbar vertebra even in rho5e Qrimare5 not 

characterised by a cecrease in bedy area at :he last iU11bar e g, Ateies ard 

tc a certain degree Cebus (Shapiro 1993a: The Ircreased peCic~e area at 

the lasr lumbar i5 net en:irely deoenden: en lerc051s ard blpecalislll 

althm.:gh humans .ore characterised by the mosl substartlal Ircrease in 

peelCle area a: Ihe last ,u'T1bar vertebra It is alsc eviderl (hat thiS fealure:s 

rela:ed tc body 5ize, be:ause there 15 a Slgrdficant d:fferenco be:ween 

h~lllan5 With very different bocy sizes (Shapiro, 1993al_ 

Pedlcie ratio 

Thi5 r"tio reflect5 rhe relative loac passing through th" dorsal aspect oj 

the vertebral colu'T1n relative tc the load pa5s,ng :hrcugh the ven:r,,1 aspect 

of the vertebral cclu'T1r ard is expre55ed as 

PO'eicie areaNertebral body area (P"I ard Rcutal1986 Pa, 1987) 

Articular 'acers (zyCjaJSlph'i~.e21,Jnd_th--,C)IiCilent~t!9r::! {Figure 2 8: 

Art'cular :'accts are orlen~a~ed Ir a part:cul"r plare depenclrg on the 

region c; :he verteb:-al cclumn ard 115 rcle ir mcvemerts ane species 

Hominie zygapcphyses beco'T1e ircrea51ngly orien:a:ed Into Ihe corcnal 

plane towares (he sacru'T1 In chi'T1pailZees similar s:ru;;:ures beco'T1e 'T1ore 

saglltally orler:a:ee Ir Ihe reglor towa-ds the sacrum The articuiar "acets 

In mcrdem hU'T1ans help tc resist slress at the IU11Dosacral ;olnl ThiS prt is 

normally obliaue 5irce the sacrum 'T1US: b€ posi:ioned such that :t 'T1~st 

leave adequate 5pace In (he pelvi5 for :he birth caral The cbl,que 

orlen:a~lon CO lumbo5acral joint mean5 th"t the vertical compressicn ;orces 

in the vertebral ccicJllln will ei5p!ace the articula:ior The arrangemert d 

the p;:lstzygapophyses a: the lumbo5acral join: ir the coronal plane, helps 

to resist its disptace11enl. At birth all the zygapophyses in the human 

lumbar region are onentatec in the co.-oral plare but by ouberty ~hey have 

come ,0 be III the sagittal piane, except these rear ~he IUlllbosacral 

articulation (Roal, 19711_ 
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DRAWINGS SHOWING MEASUREMENT AND 
CALCULATION OF THE FACET ANGLE 'a' Mod:tied from 

S~ap,r8 11991a) 

Refer:a ki!Y far exolcmatian 

V.:::<O ~',e ' pr",-)' gap~"S," 

to ""O<",,'tt~, ,Ian . 
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• 
• 

DRAWINGS SHOWING MEASUREMENT AND 
CALCUU. TION OF THE FACET A,r.lGL: 'a' ~coLf:BC fr8rn 

S~.,;t: Lr:: ii 9; l a : 

- -.-

R&fer :o <ey 'or ex~larat! :: ' 

~ , . , 

1 , 

• 

, , , , 

• 

i • l.f'W .!,,, i:'-\;;;--' 

" 

, 
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KEY tc Fic:ure 5.4 A 6 C 0 (Formula for Facet Ar,qle a 

Angle a eo Sine I{LlFW MIFW)I! FW 
2 

(Odgers 1933, Shaoiro " 99 ", a) 

';';rere LlFW" La18ral ir,ter'acet Vvldth co m MIFW'" Mecial interfacet 'Mdth = n 
ewe F'N = Facet wid,h = c 
Therefore anc:;;le a '" Sine {~) I P 

2 
Sinel m-n ; 

2p 

Tre sir,e IS 20nvertec tc cegrees uSlr,g 'statistica comeLier pr8Qramme cr iour figLre 
rnat r e''1a,ical tarles Tc get ;he 'acet anc:;;le for a thoraCIC '1er:ebra the resds (In degrees: 
cota l ~ec from :;-e abc'Ie °Jr-,ula are sus:racted fm" 15C eec;;rees Frcm Sharl'-c i1991a) 
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The cegTee ot movement at a zygapophyseal JOint depends on the angle 

of incllnatlcn of :he orezygapophysis8r ~ost2yga~ophysis T~e articular 

facets (zv)ap8~hysesl fcrm the jOints between adjacent vertebrae, He 

'lleasurements menti8ned bebN are taken in order to estimate the angle of 

the zyc;apophvsls In re,aticn to the sagitial plane ,:rcr calculation of tre 

angle refer w Fi g:.:res 2 8 5':: A, B, C D) 

(a) Lmera, Inter"acet Width :lIF'/!/ 8r 'm') s cefined as the cistarce 

betwBen the ateral I:o:':ler) ecges cf the righ: arc left 

pre2ac;aDophyses d a vertebra 

Ibl Medial In:er"acet Width (Mln,V cr 'n' l IS the d,starce be:ween the 

mediai (Inner) ecges cf the ,-i)ht anc left vezygapcphyses of a 

vertebra 

(c) Face: width (rW cr 'p') 

Estim;:lti8n cf the Facet Anq!e of Incl,nat,cn _.'.- _ .... -
The ;;ngle cf Incilnat'or of ~he ~rezy)ap8physis c,- pcstzy)apcphysls car 

be determined fr8m :he above me;;surements, uSing a trlgcnometric fcrm:.;la 

established by Odgers (19331 (rigure 5,':: A. B, C D) 

Th:.:s The Incliraticn angle cf the right prezyg;;pophysis IS the anc;ie 1Nh0se 

sine = (l.!FVI,I - MIFVI,I! I (2 FW) = Sine (m - n: I (2pl 

Th;s angle IS the an)le between the ch8rd8f \;"e artic:.:iar surface of a 

~rezy)ap8p;"ysis and the median sag!t:al Diane of :he vertebra (Figure 28) 

When calcuiated frcm the fcrm:..la 90 dec;reesrdicate an angle that IS 'n 

:he coronal plane, :hat IS, \\/hose articular surface faces dorsaiiy v 

ventraliy, iike In some mid-i;"oracic zyc;apcDhyses 

angles are Irci ,ned between zerc and 90 degrees are Inc:, ned medialiy and 

cha'acterlstlc of the I:..mbar vertebrae, The facets INhcse angles are 

between 90 and 180 degrees are laterallynclined, anc are found in S8me 

upper thoracic zygapophyses T;"e iumbar angie is one \\/hose Sine is given 

For the :horacic vertebrae the above 'es:.:lts are s:.:biracted from 180 
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degrees. The Sine has been convertec: to tile degrees uSI"g t~e Statlstica 

COmPl1ter programme or rratherratlcal four-figuro taties ~Odgers 1933, 

Shapiro, 19S1a) 

J~~ria,"~~re,~_C2Uhe ar1icul<lr f<lcets 

Hre suri<lce <lle<lS of tire zyg<loop~yses ch<ll'ge <llong the vertebral 

COiurr.n. The Increment<ll cllarge of tllese areas C<ln I:;e used :0 comoare 

veriebrae of clFwert spec:es In hurr.<lns and fossil hom:nlcs Euch <lS the 

Nariokotorre Homo erectus :'KNM-\NT 150001 t~e surface areas of t~e 

lurr.l:;ar <lnd sacral <lrtlcul<l.' f<lcets were found to 'ncrease ~rarr;<l:lcally 

towarcs the caudai aspect Ir 1I1e cllirr.pal'zee :hece were ccogresslve 

decre<lses of corresponclrg <lreas (Lalimer <lnd \'I\'ard , lSS3, These 

au:hocs st<lted that lordosis C<luses prooortion<ll Incceases due :0 load;ng of 

the zygapOflhyses In the lumbar region '.~ere tile vertebra eleme"ts via 

:he same zygapophyses helve to resls: the shear stresses t~at W8uld be 

Imp8sed In the Intervenirg diSCS T~e zygap8physes tow<l .'ds the sacrum 

(In the IOf(J'-J:;c IUlTlb<l.' regimrj experience considwable stress becaL'se 

they are near t~e InC:lnec lumbosacral junction 

Latimer end Warc (19S3i state 1I1at t~e patterns In tile I~crease of 

zygapophyse<li <lreas <llong :he sec:uerce In t~e thoraCT elements ere 

Similar n Ilumans anc chlmpcnzees ThiS ;nclcates that rr<lbitu<l! oioed<lllsrr. 

does not rosuit In relative Increases In loadirg of tlloraclc 

Lygapoohyseslposterlor elements The ratio of the zygepop~yse<ll aree to 

t~e endplate (vertebral body) erea can be used :0 m<lke comparisons 

arr.ong speCies Ir t~e thoraciC region thiS ratiO is smaller ir humars end 

KNM-Wl t5CUC th<ln Ir chirr.panzees Ir the lumbar eiements t~e 

chrmpanzee and ~omlnld ratios converge, bL', :~IS is protabiy cue to t~e 

s~rinkage i" size of the e~impanzee zygapophyses rat~er tha" an Increase 

In the chimperzee ver1etrel body areas The feee: area is estirrated as 1I1e 

area of ar e:l,pse. by t~e me<lsuremerts of the f<leet 'Nidt~ !PN~ a-d face, 

length (FL) over a large number of facets 
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r-a!epij'~,1jp1UFv\l or:!2J 

Th l~ ,~ the m2XlmL.:m (d iameter) 'Mdth of 2 zyg2peph'ISIS, en o:"~ Sld~ ef a 

verieb 'a (FIgure 52A) 

Fscet lencth jFl or 'q", 

ThiS '5 thp greaiest ("aXlmljlll ) length of a zygapophy~is ,~ ihp 

~r3:"lo~aL.:da dl r~~tlcm IF gL.: re 5 2 B) FL can 31se be t3~en 0:" one side ef 

3 v~rteb 'a "or cenvenl~nce. as long as thiS !S ~onslstently the same sice 

Fa~et ,'\rea = ;c (pi" xCi") 

C) Statistical methods 

As st2led esrlier, the ScF'~pie size fe'- apes a~d men keys was low 

~omp3'ed to th~ hum3n sa::-p,e. This dispaitj' mu~t bp remp"bwec wilpn 

nte'preting the re~u;ts rhe S"211 ~2mpl~s 'Here dUe to censt~3irts of 

resources espeeial'y ftends thst dicta:ed '1vh~re te trsvel for the sa::-pleS 2nd 

:he :Ime spent 2l each ventee. Psrt,cteiar!y, lh~ spe samples were avsilable 

n s"~a;l numbers eften scattered ~. spveral leeatie,s. that were huncreds of 

::-lIes apsrt ,:T sble 5.1 : 

The ~tember ard 'ocatlons cf specl::-~n~ 2r~ given ,r 13bl~s 5.1 2nd 52 

There w~re approxlm2tely equalrumbers of both ~eX~S ir thp sa"p'es 

except fer th~ cr3 ~·g ·u tan wher~ oniy m21~ speclme.rs 'Here avallab!e lhe 

cata IoIIere fi rst ana,ysec separa:e,y as f~mal~ snc ::-2;e grcL.:ps lhe data 

ccnslst cf two fer::-s, na::-e lY the Co.rtl.rucL.:S ,,~tric varlabie~ that are 

measured d:rectly from the skel~tal ~Ie"~nts 2nd the count~ cf the 

pres2cral Ver1~br2~ IPSV) CCl:"s'st'ng of cervical , therac ic and lumbar 

ele::-en:s For the continuous ::-etriC varlab!es the "ear, stardard 

devlat!cn, rTlaXF:-U" and "1n:mL.:" valUeS ar~ c21CL.:I2ted om e2ch 

meastereme,t and "or the computed r<ltlo~ Si:"ce bodj' SIZe varieS 'Mdely in 

the pri::-ate sample ~tL.:dl~d (ranging "rom v~rvet to gorilla) It :s important 

tha: the d2ta IS r2lional,sec by la~:ng the average species bodj',loIIelght ;rto 

accolj~l The r2lios are there"ore stancsrclsec by teSlng the cL.:be root of the 

average species body weight. obtainec from li tersture ~Tab,e 5 3) Since the 



Univ
ers

ity
 of

 C
ap

e T
ow

n

raLos are calculated fror-: lif:ea' cimensions. 'a:IOf:allsat:Of: is needed :0 

'converf the oody welgrt :0 a form that,s oompat'Oie to these lif:ear ratios 

The cube 'oot IS apc,lieo since tre welgrt is o'eportional to vOlur-:e ard 

therefore oroport1oral to len<;;tr cuoed 

Sraplro (1991a) who researchee on Ihe lum~ar vertebrae applied tre 

forn_ia if: simiiar st'_oies b,_t Herneber<;; w ai , (1989} do net use the cLbe 

reo~ Henrebers writes "rega'cing ,he bocy weight as beirg propor:ional to 

the :hird powe' of ilf:ea' dimef:s'Of:S may seem 10<;;lcal , out is ro~ true. In all 

Old World Anthropoidea (r-:onr;eys, apes anc humans:, ccdy wel<;;ht soales 

to the expof:ent of 2 ti mes ccdy leqth (Henneber;)_ 1989) This means the 

weigrt scales apcmxlmately ~o ,he square of tre !:Jocy lem;lh Reasor the 

primate oody IS eio'-gatec ,~ot sorerical" (Hen~eberg s Comment, 16" 

March 1889: 

Despite ;he abeve argumem by Hen'~eber<;; It has been decidec te use 

the cuoe 'oot of bocy weight for st"rdardisalion as othe' authorities or 

body sca;'ns s'_ch as Alexance' (1985) and Schimid:-Nlelserl (1984) 

advoca;e ::s aopiicatlo'- In slr-:ilar calc'_lewons ' Linear dimersion I' ano ' 

are oropor:lorlal to m -' where m is tre mass of the oody' (Alexarder 198.')) 

A comparisor between species in thiS stLdy IS no; by LSlng ma<;;rwude of 

measurer-:ents at each vertebral level The analYSIS is In seauentlal chan<;;e 

ir the measu'ement ard ratios cranloca ... dally a:C'~<;; the whole length of the 

troracic verteb'ai colur-:n. AI:hough cata are prese'-!ec ir accompanyirg 

tables, a comparisor of ea~h specific verteora withir species and beyond 

species is oeyend tre scepe 0' tris s:Ldy 

Maie and 'em ale ca:a fmm all the standardised ratiOS for lergths aceas 

and af:<;;les were cor-:pa;ed 0'1 mea"s of the Spearman Correlation Co­

efficiem ard ~he 'esults are shoWl' In Tables 6.29 to 6.34 None of the dala 

were fOLrd :0 be statisticaily different ard data fer ccth sexes were oooled 

for f'J:her analyses and comc'arisors. Comoarlsons were facilitatec by the 

application of Spearman Cor'e!atior CO-effiCient 

"Stalisrioa" statistical compute' package) 

(available Of: the 

The fer-:ale and male cisoominLoLs icounls) dara ',vere subjected rc a 
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Chl-SCUare :est 1Nhich shov.teG t'1a: t'1e t'NO samoles ere c:osnly correlated 

anG are t·'1erefore pooled (Taole 635) The SoearmEn CorrelatIOn was 

G·~osen oecause it examines sequen:icl patk-rns rat·~er thEn oaired values 

sottee oy Size 

Where :he sequema, chEnge of measurements V7 to V12 IS 

prooortionatei~1 t·~e same (eg b"tween V7 - V12\ ;he Spearman 

Cormlct'o'" Co-effiCient '"ears· J The S~alifir the co-efficlen: the ~re out 

of secuence artd dit'erent :he data are. Signli'cEnce values are assessed 

from the probcbillty !p-vclue\. Where p = C5 or belm'v, :he samoies <1re 

considered to be Iroln the same oooulation and :herefore significantly 

si,-c:jlar The probaoillties (o-vai:...es\ presented n the tcbles and are limited 

:0:3 decimal plcces, cnG orobabllities less :ha" O.OJ1 aopea' as 0' 

The ,ntersoecies co,-c:parisons "Nern presen"cd graoh:cally and In ![Joular 

form The grapt'ic patt~r[ls \vere tes ted ty Spearm<1n Rank Correlation 

Significance Tes: The ,-esu::s of the Speaf'~a" Ra"k Correla;ion 

slgnlflc;:Hlce tests are found In Tables In 6.2 to 5.28 

!idGlt:onally, eact' comoarison \VClS tested by ~eans 01 Pe;:lrson Moment 

Prod:...ct Correlation <1S recommendec by one of the exa'~iners. Tt'is is an 

app;oor'ate ,-c:ethod 10; co~parlson of contlnuo,-s cata but i; ;s concerned 

witt' diree: G:lmpar'sorl ,If pairs of ven:ebra ;ather than ' .. rh seq,-entlal 

cha'"ge clong tt'e colunn. In fact ,he s;atis;ical oulpu: cl the ~'NO ~eCt'nICUeS 

IS "ear'~/ldentical and presentation of the Pe<1rson CC,Teiat:o" CO-et;iCie~.tS 

anc their p-V<1lues is unnecessary Pearsons Correlation Gata can be 

oresentec as Scatter plots, but tt'ey provide "0 more information in this 

study :han the grapt's anG tabies alreaGY Incl,-ded \Nt'en :he Grap'1 profiles 

are studiec side by side with the corresoondlrlg :atles the ct'c.ractenstics cf 

the species and the oresence of oulliers becc"~e very clear In vieW of the 

aoove points it was deCided to leave Pearsons plots cut of the publication 

The patterns of the Glscontlnuous cata tt'at 'S the data on vertebral 

cc,-nts, were Identified oy arranging t~e cCJta from the most to the ieast 

frecuen~ patterns T'1e oaHerrrs 01 eac.~ soecies were tabulated The 

patterns cf the presacral vertebrae (PSV:, in each vettetral column cepenc 
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OIl the position of the thoracolumbar (and sometimes th'e lumbosacral) 

transitional vertebral jOints. The POSit ion of the tranSitional element depends 

OIl the method used 10 determine the element The changing facet joints 

can be used, or the posit ion of the last pair of ribs IS convenllOnally used by 

anatomists The two methods have given different results and patterns 
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Chapter 6 

RESULTS 

A) Morphometric Observations 

In the folloWing results the correlations reveal SlmllfJrlties or differences across 

the species with regard to the changes in the morphology along the vertebral 

column If tC)e correlation coefficlcnt is significant In comparisons between the 

speaes it Indicates that the sequential profile pattern IS the same betwean the 

species In question Conversely a nonsignificant relationship suggests that the 

profile patterns being compared are different 

The Absolt.le Spinous process Ratio 

This ratio Indicates the relative actual length of the spinous process The 

results show that the rallo has two modes of profile p<ltterns (Figure 5.1 E. <lnd 

6.1b/61cl. One profile pattern IS represented by the CUNes of the gorilla and 

orang-utan. and the other pattern is represented by tile curves of the baboon 

vervet, chimpanzee and human, In the gorilla and orang-utan the relatively longest 

SpinOUS process is located on V7 (e7), and tile lengths gradually decrease 

caudally towards V19 (T12) (Table 5.1). In the other four hominoids the longest 

SpinOUS processes are found in the mid-thoracic region on V13N14 (T6rT7) (Table 

6.1). The mid-thoracic reg ion has the relatively longest spinous processes in 

vervel, baboon. chimpanzee and human. In the chimpanzee and human, the 

pattern of the profi le is si milar especially in the mid-:horacic region (V12-V15) 

(Figure 6,1 c). The Spearman correlation coefficient IS very close to 1 0 (p = 000) 

indicating that the t'MJ patterns are virtually the same (Table 6,2) 

Tile Spinous process Ratio/Leverage 

This rat io indicates the extension leverage of the muscles of :he vertebral 
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column, which have attachments on the SpinOUS process The profile patterns of 

the ratio exhibit three forms, namely for the gorilla and orang-utan baboon and 

vervel. human and chimpanzee (Figure 6,2a, b, c) Though the gorilla and orang­

utan profile patterns are vIsibly Similar, we cannot confirm thiS similarity becauso 

the p-value IS greater than 0.05 (p-value = 0068). The baboon profile pattern rises 

re latively higher through out the thorax than that of the vervel, although the two 

profile patterns are statistically correlated (p = 0,002) (Table 6,4.), 

In all :he above species, the leverage profiles tend to diverge in the cranial 

thoracic region and also in the lumbar region Ir, the thoracic region , profiles 

remain low and gradual, except in the baboon The baboon has re latively the 

highest thoracic SpinOUS leverage, followed by the chimpanzee, vervet, goriila, 

orangoutan and human In descending order (Figure 6,2a, b, c; Table 63) 

In the chimpanzee thoracic region, the profile pattern for the leverage does not 

change rapidly, that is, it does not fluctuate sharply, but the changes are gradual, 

giving rise to a relatively gradual curve (Figure 6.2c). However toward the end of 

the thoracic region, at about V18 , the chimpanzee profile pattern rises rapidly, like 

that of the human. The Spinous Process I.everage In humans rises to a high in the 

upper thorax at (V10) and falls to its 10'West level in the mid-thorax V12f13 It rises 

again steadily into the lumbar region reaching its highest value on V21 (Figure 

62c) The gorilla and orang-utan exhibit the highest profile pattern of the Spinous 

Process Leverages in the upper thoracic region but these steadily fall to very low 

values from the mid-thoraCIc region into the upper lumbar regIOn (Figure 6.2a; 

Table 6 2), 

The negative values (Table 6.4) indicate the inverse properties of the profile 

patterns, and In thiS case significance refers to the separate origins of the IVo/O 

samples, In fact the patterns may be regarded as mirror Images of each other 

For example in Table 6.4. Spearman-R and p-value between human and baboon 

are -0,779 and 0,G01 respectively. A study of the profile patterns clearly indicates 

that the IVo/O patterns (hunan and baboon) are in fact negatively different. The 

vervet and baboon profile patterns are inverse to the human and chimpanzee 
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pattern In some there are negative Spearman-R values, but the p-value in these 

case shovvs clearly they are from different samples (not the same). 

Laterat FlexIOn Leverage of the Transverse process or the Lattran Ratio 

The ratio indicates the ability to move the trunk laterally, and the ability to 

counteract lateral flexion resuiting in keeping the trunk straight in the mid-sagittal 

plane during locomotion 

The lateral fleXiOn leverage is expressed as a ratiO ,n terms of the species body 

weight, like the other relative rat ios Figure 6 3 and Table 65, depict the Lattran 

ratio in the baboon, vervel, chimpanzee, gorilla, orang-utan and human 

Note, considering only the thoraCIC region the baboon has the highest changes tn 

ihe Lattran ratio. The human and vervet ratios come next, followed by the gorilla, 

chimpanzee. and orang-utan in that descending order. 

After the thoracotLrnbar transition at V19, the changes in the profile pattern of 

the ratios rise appreciably The ratios of the apes and baboon show similar rises tn 

their profiles, starling on V19N20, However in comparison with the profile pattern 

of the human Lattran ratios, at that levei (the level of the thoracolumbar joint 

transition) the profile patterns in the apes and the monkeys in the study are lower 

In Table 6.5 it can be seen ihat in humans the ratio at V20 is 0.8 and in the 

baboon the ratio is 0.6. In the orang-utan and vervel. the profile pattern of the 

Lattran ratio also begins to rise after V19 and V20 respectively, but does not reach 

the levels found in the human sample 

Generally the profile pattern of the Lattran ratio lends to rise in the lumbar 

region in all the primates In the sample rising most steeply and to the highest 

level in humans. Although there are regional differences the general pattern of the 

profile pattern of the Laltran ratio throughout the verlebral columns is visibly 

similar in the above primates (Table 6.6). The orang-utan is different from all the 

others except humans (p-value" 0.014) This indicates that the orang-utan and 

humans are correlated in thiS ratio in spite of their divergent modes of locomotion 

Therefore it is not possibie to claim orthograde-pronograde dichotomy in the 
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II~) 

Lattran ratio of the thoracic region in these pnmates 

The Ventrodorsal Transverse Tip Ratio or ThQ Vdtran ratio 

This raho Indicates the level of the tips of the transverse processes, In relation 

to the most ventral coronal plane of the vertebral body. Tne Vdtran ratio has been 

observed to be above 1,C, in ihe thoracIC region of all ihe primates studied and 

does not show general statistical differences belvieen the species The p-value is 

less than 0 05 In all species and confirms that the species in the study are all 

similar In this ratio (Table 6.8) On the other hand, as in the other ratios small 

visible differences are present at certain levels of the vertebral column proflies 

(Figure 6.4) For example ihis ratIO IS highest in the orthograde humans and seml­

orthograde gorilla and chimpanzee wnere it peaks above 2.2 on V9 (Figure 64) 

There are no differences between the profile patterns of the Vdtran ratio among 

the humans, chimpanzee and the gorilla There IS therefore no orthograde­

pronograde dichotomy in the profile pattern the Vdtran ratio, although the full 

pronogrades and the suspensory locomotor have relatively low profile pattems for 

the r"tio The orang-utan, vervet and baboon exhibit the lowest values of the 

Vdtran rallo, in that order 

The Vdtran ratio reaches its peak generally at V9 in all the primates, after 

....t1ich its profiles decrease steadily tlTough the thoracic region into the lumbar 

region Thus, collectively the extension leverage attributed to the transverse 

process (through the Vdtran ratio) IS highest in the upper thoracic regiOn IfI all the 

primates in the study, and lowest towards the lumbar region (Table 6.7) The 

suspensory locomotor has a small rise In this ra tiO after V2C (Figure 64) 

Absolute Facet IPrezygapophyseall Area 

The functional relallonship along the vertebral column of this absolute ratio is 

similar in all the species studied, (p-values are less than 0.05) in all samples 

(Table 6 1C), Because of their massive body the gorillas have the largest absolute 

facet areas, followed by humans , orang-utan, chimpanzee, baboon and vervel, in 
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that order (Figure 6 5 and Table 6,9) In the gorilla. human am orang-utan, the 

facet areas are relatively larger at the ceryicothoracic (C-T) transitional vertebrae 

(VI. VB and \/9) than at the mid-thoraCiC and lower thorac:c vertebrae (V10 to 20, 

depending on species) The absolute thoracic facet areas in the above three 

species are largest at the CoT transitional vertebrae nameiy (Ve) In the 

chimpanzee baboon and vervet, the absolute facet areas between the C-T and 

the thoracoiumbar IT-L) transitIOns change only gradually 

The absolute facet areas begin to increase at or near the T-L joint and close to 

last pair of ribs, lNhich is at V20 In baboon and vervei, V19 In human and orang­

utan, V20 In gorilla and chimpanzee The increases are dramatic in humans am 

apes 

Relative Facet Area or Facet Area Ratio 

The relative change in facet areas along the vertebral column is similar (pL 

005) (Table 6.12) However, Table 6.11 indicates small specific differences in the 

values of the ratios at particular levels on the vertebral column, namely at or 

around the levels of !he C-T and T-L transitional Joints For example. the greatest 

relative change in the ratio of the facet area 'IS located on the C-T !ransition, on V8 

of ;he gorilla, human and orang-utan (Table 611) In the baboon, the greatest 

change is located on V19 VVlth a reading of 0.310 In humans, vervet and 

chimpanzee the highest values of the change In the ratio along the vertebral 

column is found on V20 and are as follows: 0.283 0.318 am 0.244 respectively 

(Figure 6,6) These levels of the greatest change in the facet area ratiOS are at or 

adjacent to the T-L joint transition. In the gorilla and orangoutan the greatest 

change In facet area is recorded cranially at C-T transition, specifically at the level 

01 VB. The values are 0.285 and 0.241 respectively In the gorilla and orangoutan 

(Figure 6.6) Towards the T-L tranSition. the changes In the facet area ratiOS 

dramatically increase In all the primates studied. 
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1~2 

Inclina~lon Angle of Face, or Prezygapophyseal Angle 

The vervet has rela~lvely the largest thoraciC facet angles. follovved by the 

baboon. among the SPecies In this study Humans also have relatively large 

thoracic facet angles closely follo\N€d by the chimpanzee The gorilla and orang­

utan have the smallest thoraCIC facet angles, but of ,hesa t'wo the latter generally 

exhibits (he lovver values In the verve( all the ~horacic facet angles are above 110 

degrees and In the baboon 9 pairs of thoracic face~ angles are above 110 

degrees. (Table 6 13: Figure 67a). In humans. 6 thoraCIC vertebrae out of the 

tvveive have facet angles that are 110 degrees and above. In the semi-orthogrades 

and the suspensory locomo~or the thoracic vertebrae having angles ,hat are above 

110 degrees are much fe'Wer, than in humans and monkeys There are 2 pairs of 

thoracic angles above 110 degrees in the orangoutan, 3 pairs in the gorilla and 4 

four in the chimpanzee. In all primates in this study, (he relative values of all the 

facet angles fall dramatically, at and caudal to V20. This drop coinCides 1Mth the 

vertebra at or just caudal to the last pair of ribs. that is with the end of the ribs For 

example, the facet angles on V19 of the baboon and gorilla are 148 and 110 

degrees respectively, wtlilo the corresponding angles on V20 in the same animals 

are 30 and 68 degrees (Table 6, 13) 

Statistically according to table 6.14 baboon, vervet, humans and to some 

extent chimpanzee all have similar profiie patterns. The gorilla and orangoutan are 

statistically different with p-values that are greater than ° 05 In all comparisons 

(Figure 6.7b: Table 6.14). 

Absolute Cranial Vertebral Body Area 

The cranial vertebral body areas Increase proportionally craniocaudaily 

tOV\fl3rds the lumbar region In all the groups. The profile pa:tern of the abSOlute 

areas of the vervet, from the cranial to the caudal thoracic vertebrae. has relatively 

the lowest changes in values. The vervet profile pattern is also uniquely separated 

from the curves of the baboon. human, chimpanzee, gorilla and orangoutan (Figure 

6.8, Table 615) The profile patterns ho\N€ver are significantly correlated (p-value 
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is less than 0 05 among all the groups) 

Relative Cranial Vertebral Body Area 

This is the area of the cranial vertebral body surface if the species body weight 

is taken into account The profile pattern of the relative area of the cranial surface 

of the vertebral body still Increases craniocaudally in all the species From the 

biggest to the smallest profile pattern for the areas recorded, the order IS as 

follQINS, gorilla, human , orang-utan chimpanzee, baboon and vervet Again the 

vervet stands out alone In having very low relative profile pattern for the vertebral 

areas (Figure, 6 g, Table 6 17) The profile pattern for the ratio is significantly 

correlated in all the speaes in the study (p-value IS less 0 05 throughout) (Table 

618) However, the profile pattern of the vervet as mentioned above stands out 

rather low in comparison "";th the profile patterns of:he others 

Relative Caudal Vertebral Body Area 

The relative caudal vertebral body area (RCVS area) was measured only over 

the tranSitional vertebrae (i,e, C"T and T-L tranSitions). due to lack of time. 

because of limited fundS Therefore, the comparison will be made only In the C-T 

and T-L transitional region. In Individual species the RCVS area IS relatively 

higher in the T -L than In the C-T transitional vertebrae In all the primates studied 

(Figure 6,10 and Table 619). The semi-onhogrades (apes) and the onhogrades 

(humans) have the highest transitional RCVS areas at both the C-T and T-L 

transitions. compared to the pronogrades (monkeys). The orthogrades have the 

highest transitional RCVB areas In all the primates studied. The profile patterns for 

areas are seen to rise caudal to V21 in humans, but in the apes, they fall 

drama\lcally at that level. HO\oVE'ver, the p-value is below 0,05 among all the groups 

indicating that they are similar for this ratio (Table 6,20), 

Pedicle Ratio of the Iransitional vertebrae 

The pedicle measurements were taken in the C-T and T-L tranSitional regions 



Univ
ers

ity
 of

 C
ap

e T
ow

n

104 

This ratio IS the cross-sectional area of the pedicle at mid-transverse levei. 

compared to the area of the cranial surface of the vertebrai body, and is highest in 

the pronogrades The significance values (Table 6.22) show similarity of the 

chimpanzee, orang utan and gonlla profile pa~terns but most other relationships 

are not signifcant The baboon and vervet share a si milar profile pattern but ~he p­

'/alue of 0.72 is just below the significance boundary, It is notable tnat many of the 

comparisons are negative, indicating that some of the profile patterns are reversed 

rn relatIOnship to each other. but some of the these negative conditions are 

significant In the apes and humans the profiie pattern has Its highest point at V8 

at the C-T tranSItIOn (Table Figure 6.11 b, Table 6.21). This ratio has the lowes~ 

profi le pattern in the orang-utan 

On the T-L transitional vertebrae the profile patterns dramatically rises In the 

pronogrades but in the apes and humans the ratio remains low (Figure 611a. 

Table 6 ,21) The changes In the proflte pattern of the pedicle ratio are almost 

different in each species 

Relative Pedicle Area 

This is the cross-sectIOnal area of the pedicle wnlch increases in a caudal 

direction in all the primates studied The rncreases in the profile patiern are 

highest at the T-L transition, and again caudally after the T-L transition in all the 

primates studied. There appears to be only two general profile patterns namely, 

the profile for the baboon, vervet and human, and the profile for the gorilla, orang­

utan and chimpanzee (Figure 6 ,12), The apes nave the lowest profile pattern for 

relative pedicle areas but not significantly different from the others. The p-value IS 

close to 0 in al" indicating a close correlation of all :he species for this 

characteristic, unlik.e the pedicle ratio (Table 6 24) 

Absolute Vertebral Foramen Area 

ThiS IS Indicates the approximate size of the vertebral foramen and possibly the 

spinal cord in some parts of the vertebral column. There are no differences 
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between the spec:es In the absolute vertebral foramen area, except in the baboon 

and orangoutan as well as the baboon and chimpanzee. IoIIhere the p-values are 

0.164 and 0.136 respectively (Table 626) SOITl€ small differences In the profile 

pattern ho\oV€ver, can be pointed out from Figure 613 and Table 6.25 Whether 

these differences are functionally important may be debatabie. The absolute 

vertebral foramen area IS largest In the gorilla, and decreases coosecutively In 

human orangoutan. chimpanzee baboon and V€r.let (Figure 6.13). 

All the profile patterns of the area show large foramen areas at the CoT joint 

transitional ver1ebrae, and after that very little change or fluctuation 15 seen Within 

the thoracic region. until the level of the T-L transition. Apes and humans show 

relatlveiy higher profile patterns for absolute vertebral foramen areas Immediately 

caudal to their respective T-llransitional joints, than vervets and baboons The 

profile patlerns near the lumbar region are also notably higher in human and 

gorilla than in orang-utan. chimpanzee, vervet and baboon (Figure 6.13, Table 

625) 

Relative Vertebral Foramen Area or Ve!1ebral Foramen Area Ratio 

There are differences in this !Xofile pattern of the changes In ratio along the 

vertebral column between the orangoutan and baboon Ip-value = 0164) and 

between the chimpanzee and baboon (p-value = 0.136) This is one relationship 

where the absolute and relative patterns are not affected by the \Neight or body 

size of the species, because the p-values in both absolute and relative 

measurements are almost Similar (Tables 625 and 6,27) However, when the 

species weight is !akenlnto account the curves for relative vertebral foramen 

areas show only two similar but distinctly separate profile patterns. in contrast to 

the scattered patterns of the absolute measurements (Figures 6.13 and 6.14) 

The profile patterns for the verve!, baboon and human form one group near one 

another, while prOfiles for the gorilla, chimpanzee and orangoutan also form 

another group (Figure 6,14) In all the sample dramatically big changes are 

recorded around the CoT and towards the T-l transitions of each species. These 
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changes correspond to the cervical and lumbar enlargements of the spinal cord 

Apart from these changes. and the above groupmg of the profile patterns there are 

no o:her noticeable differences in the profile patterns of this ratio in the species in 

the study 

B) Vertebral Counts and Patterns 

Each vertebra in the vertebral coiumn was properly Identified, using features 

tha: have been listed in Chapter 5 (Materials and Methods) The vertebrae of a 

particular vertebral column were Imed m series such that they were properly 

articulated, as they would be in the body The presacral ver:ebrae consistmg of 

the cervical thoraCIC and lumbar vertebrae were identified, counted and recorded 

for each vertebral column. Sacralisation. lumbarlsatlon and thoracolisation can be 

seen in Table 6.37 Sacralisation occurs when the last lumbar vertebra IS fused 

with the sacrum Lumbarisation occurs vvhen the first sacral vertebra or the last 

thoracic vertebra IS incorporated into the lumbar vertebrae A vertebra becomes 

part of :he lumbar region resulting in a longer lumbar region or a short thoracic 

region. Thoracolisation is a result of inclusion of the first lumbar. or in rare cases 

of the seventh cervical vertebra into:he thoraCIC series of ver:ebrae. 

The conventional method of counting vertebrae is by using the articulations of 

ribs or their absence to identify cervical, thoraCiC and lumbar regions In that 

method a specimen with thirteen pairs of nbs is said to have thirteen thoracic 

vertebrae, regardless of INhether the vertebra carrying the thir:eenth rib has 

lumbar features A cervical vertebra carrying a cervical rib is classified as thoracic 

by the method. The shortcomll1gs of the method are clear. In this study therefore 

the vertebrae were identified by first examinmg the changes m their 

zygapophyseal jomts (F igures 2.1, 2.2; 2.3) This was preferred to the above 

mentioned conventional identification because joints are functionaily Important in 

the movements of the body. and indeed of the vertebral column. On the other 
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hand, the Identification, by use of nbs. was also carried out in order to establish 

the relationship of the ribs with the thoracolumbar transition. 

i) Position of the transitionai thoracolumbar vertebral (T-L Vl jOint (Figure 6 ,0) 

This IS a very important point because it demarcates the functional shifl from 

the rotational movements of the cranial region to the extension and flexion 

movements of the more caudal aspect In the apes lhe T -L V always ocrurs at V19 

or V20. This IS why the apes have a relatively longer thorax and a shorter lumbar 

portion than other hominoids (Tabie 6 39 a, b), In modern human this transition is 

slightly higher at V18 or V19, whim IS consistent with the relatively frequent 

reduction or lumbarisation of the last thoracic vertebra The T-L joint transition of 

the baboons and vervets IS at a higher level on V17 consisten~ with their relatively 

shorter thoracic and longer lumbar setting. 

Ii) Relations between the transitional T-L V 10lnt and nbs (Figure 6,02 

The use of ribs as a marker of the thoracolumbar transition is quite different 

from using the change in the movements, at the face! joints, In all the primates in 

the study except humans, the rib transition occurred at V19-V20 (Figures 6.0 

6,38a, b) but humans have much higher rib transitions occurring over a wider 

range, namely from V17, V18 to V19. In the monkeys the rib lransition was 

located, further caudally away from the transitional T-L V loint (Figure 6.0 D. E. F) 

In apes as well as humans the rib transition was at the T-L V and In some rare 

cases cranial to the T-L joint tranSition (Figure 6.0 A 8, C) 

Six patterns can be defined when the relationship between ribs and the T-L V 

jOints is conSidered in the various species, and summarised below (Figure 6.0 A 

S, C. D. E, F) 

Pattern A (Uncommon pattern) ThiS pattern is the least common in the primates 

studied. The last pair of ribs is located on the second vertebra cranial to the T-L V 
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Pattern B \Ortho and semi-orthograde pattern - humans/apes), The last pair of 

ribs is located cranial to the T-L V on the vertebra that is adjacent to the T·L V 

This pattern IS not found In the monkeys ai all. 

Pattern C (Again in Ortho and soml-orthogrades) In this pattern the last rib pair IS 

found directly on the T-L V In the study It is only found in the apes and humans, It 

is absent in the vervet and baboon. 

Pattern 0 ('Universal' - found in ali) The last pair of ribs is located caudal to the 

T-L V on the vertebra that is immediately behind to the T-L V It is found in all the 

species studied 

Pattern E (Mainly vervet pattern - arboreal pronogarade) ' The last pair of ribs is 

located caudnl to tho T-L V on the second vertebra behind the T-L V. This pattern 

occurs mainly in monkeys, but mainly the usually arboreal vervei 

Pattern F \Mainly babOOn. a terrestrial pronograde): The last pair of ribs in this 

pattern IS locnted caudal to the T-L V , on the third vertebra behind the T-L V. The 

patiem is exclusively found in the monkeys but dominantly 'n the terrestrial 

baboon, not in apes and humans. 

iii) Patterns of pre-sacral vertebral (PSV) numbers 

The mode of PSV in the vertebral column \Table 6,36) of either humans or 

chimpanzees is 24. The Gorillas show a high frequency of 24 vertebrae, but 

Individuals WIth only 23 vertebrae are the most common amongst the gorillas and 

orangoutans, Vervets and baboons have relatively longer pre-sacral columns most 

frequently consisting of 25 ver:ebrae, The increase of the number of pre-sacral 

vertebrae is at the expense of the number lumbarlsed. reducing the baboon and 

monkey sacrum to 3 elements 

The reiationshlp between the numbers of ceNical thoracic and lumbar 

vertebrae is represented in Table 5.37 The longest thorax (with 13 vertebrae) and 

the shortest lumbar region \Wlth 3-4 verlebrae) are found in the chimpanzee 

gorilla and orang-utan. Some gorillas (346%) have as few as 3 lumbar elements, 

In contrast the vervet and baboon have relatively fewer thorac:c and many lumbar 
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~ertebrae 

Humans ha~e more In common With the apes, both species often ha~ing 12 

thoracIc ~ertebrae A significant percentage of humans (284%) had only 11 

thoracic ~ertebrae_ The decrease of the thoracic ~ertebrae is caused by either the 

,oss of a thoracIc element (reduction) or by !umbarlsalion of T12 

The commonest PSV (C I T III patterns and their frequenCies can be seen in 

Table 6.37 Tr,e others that are common are C7 T10 L9 (baboon ~er~et), C7 T12 

L5 (human) C7 T13 l4 (orang-utan) , and C7 T13 l3/l4 (gorilla) 
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Soearman Rank Correlaion Significance Test 
Relatl'le Facet Area 
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Tabl(! 6.13 (CO:-1tinlHed) 

?ace: (Zyqopopr.ys ea l) r:-1cll.natl.on Angl", 
(Se x,,,,, ?ocled) 

HL_ ORA.'iGUTA..'i 

e mea:-1 s td.d,,,v . e mean 

oe ~ 08.09C B.B6 H 113 .903 

" ~07. 733 B.0'55 :C7 .72~ 

" :08.o30C B.~50 , 1:3.734 
00 :10.03: :2.408 , 103.565 ,,' 112.074 11.378 , 10B.CC2 
H3 :12 . 1 32 13.189 , 1~9.~99 

H3 109.911 9.750 , 1~4.69~ 

5'5 :12.01': 9.720 , EC.093 

" '" .739 , 33~ , 108.o3Cl 
52 108.309 9.51C , ll~ .764 

" 109.794 9.035 , 107.940 

5: 111.764 9. 75~ , 10':.10': 

7C ~23. 468 21.~29 3 1C7.'577 

: 24 3:.7Z9 15.133 , 47.743 

:C7 2~ . "80 10.781 H '51.968 

std.dev. 

, .424 
C .000 
H .764 

e ."C: 
2.98! 
~.5~2 

9.~C7 

6.620 

8.3E 
13 . m 

6.322 
0.968 
~3.la2 
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~5 . 968 
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Table 6.14 

Spearr.'1an Rank Correlation Significance Test 
Facet Inclinaticn Angle 

Spearman-R 

- - --
689 
632 582 
636 532 675 
~36 325 479 504 
189 211 121 291 457 

Babocn Vervet L _____ -"""""" __ -""'-"'-_ _ -'Human Chimp Gifilla ----- ----- -----

p·Value 

: Verve! CXl4 
Human J~2 023 
Chir.'1p 01 ~ 041 006 

• 
Gorilla 630 237 071 .J56 
Orang. 499 451 666 289 086 

Baboon Vervet Human Chlr:1p Gorilla -_._. - -_._ - ' - '. - -
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'::ab1e 6.15 (continued) 

Absolute C:!"ar.::'al Vertebral Sody .""e" 
(Sexes ~oc1ed) 

OiLMAN ClRJI..l>GJTAN 

mear. S t:i. :ie· ... 0 mean 

301 613 " m , 
'" l~8 3:3 l 8J 53.233 , 338.556 

32J. lOO S7 .33J , 350.JS1 
3S4 .493 "" .383 , 349.084 
379 .705 S 6. 6]] , 367.964 
407 l 77 66.SJ4 , 397.]89 

'" . 5~7 75 ~~ . 
c,~ 

, ·130.432 
m ~98 JO.462 , m .873 

S39. 4~9 96 955 , 510 .546 
~'1"~ "' . , ~" .. ... ",," '" 661 , 0;' .86J 
619 .254 1~8 912 , 6:3. no 
676. m ..-~~ .. .53~ , 6·19.891 
792.20J 18~ 408 , 771. 406 
84J .235 • q " .. 897 941. 485 

944 ~ ~37 162.200 , 921. ~54 

st:i.dev. 

56. 970 
7l "- -.~ .. o ,. .399 

" . 4~2 

" 628 -. 
'" .000 
92 .575 

" .448 
79. 906 
87 ," 

109. 497 

11 , 897 

130. 647 
187 .387 
lJ4 .4Jl 
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Table 6.16 

Spearman Rank Correlation Significance Test 
Aosol ... te CfiJnlal Vertebral Body Area 

Spearman-R 

1 000 
1 000 ' C()O 
1 000 ; 000 1 000 
1 000 : 000 ",XXl 1 (XX) 

993 993 go-_c SS3 
Baaoon Vervet H ... man C!-Imp ._- -- ----

p·Value 

(XX) 

000 000 
000 000 000 
000 (XX) 000 000 
OOC (XX) CXXJ (XX) 

Baooon Vervet HL;man Chimp 

00-__ c 

Gorilla 

000 
Gorilla 



Univ
ers

ity
 of

 C
ap

e T
ow

n

" 
V7 n 
v8 " V9 " no D 
V11 D 
V12 " n, " Vl' " 'Jl5 " V16 " Y17 D 
V18 " v10 " vao " V2 1 D 

" 
Y7 10 
v8 " "9 " vlO 18 
V11 10 
'/12 " VI' " Vl' " V15 " V16 19 
'117 18 
V 18 " '119 " v20 " V21 " 

T"ble 6.17 

"-<lli'lt!Ve C:"a,, ~al '1er t ebral Bcdy Are a 
{Sexes Pco: ,;,d) 

BASOC" 'IERVE': 

mean sb:i .d .. v. " ~." 

3.620 0.38 0 61 2.770 
3.91 0 0.360 62 2 .B50 
4 .0aO 0 . 370 62 3. 000 
4.220 0 _350 " 3. 110 
Q.430 0.420 " 3.200 
4 .630 0. Q60 62 3.320 
4. 750 0. 450 62 3. 4 70 
4. .920 0.500 62 3.630 
5.120 0 . 510 " 3.81 0 
5,330 0.53 0 62 , . 080 
5.620 Q. 550 " , . 290 
5.890 0 . 560 " , . 65 0 
6.250 0 . 590 " , . 920 
G.530 0.690 62 5.1 90 
6.970 0.100 62 5.400 

CP.IMPA. ... ZEE GORI:'LA 
mean " mean 

3.390 0 .48 0 25 3. ")")0 
3.630 0.520 26 3.190 
3. 8 30 0.490 26 4. 220 
4.150 0.34 0 26 4.310 
4 .230 0. 4 00 26 4.360 

" , 4 20 0 .4 50 26 4.500 
4 .620 0.4 70 26 4. 600 
4 .800 0.490 26 4.8 90 
5.040 0.47 0 26 5 .160 
5 .290 0.500 26 5. 310 
5.500 0.0\0\0 26 5.580 
5.900 0.600 26 5.830 
6."210 0 .450 26 6. 100 
6.550 0.550 26 6.480 
7.010 0 .580 26 6.84 0 

"td.c.w. 

0. 4 30 
0 .400 
0.42 0 
0.380 
0.420 
0.410 
0.430 
0.500 
0.550 
0.640 
0.600 
0. 6 50 
0.100 
0.140 
0.190 

stO.OGv. 

0.360 
0.310 
0.370 
0.390 
0.38 0 
0.390 
0. 4 80 
0.51 0 
0.500 
0 .510 
0.510 
0.520 
0.54 0 
0.64 0 
0.710 
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Vervet 
Human 
Chimp 

. GOrll!a 
Orang 

~~-~ 

Table 6. 18 

Spearman Rank Correlation Signficance Test 
Relallve Cranial Vertebral Body Area 

Spearrnan-R 

1 aee 
1 ooe 1 CXXJ 
1 ooe 1 CXXJ 1 CXXJ 
1 OOC 1 CXXJ 1 CXXJ 1 CXXJ 
993 993 993 993 
Baboon Verve! 

-------
Human Chimp 

p-Vall<e 

993 
Gor:da 

-- ----.-~ 
Vervet ooe ~- ~-----------, 

Human ooe 
Chimp. OOC 
Gorilla eoe 

CXXJ 
CXXJ 
000 
OOC 

= 
000 

= = 
CXXJ . Orarg eeo 

LI _____ "B"',b,O,c"O __ ~V"'~~""'et______ _~ H i:'.m~'~o_~ ~_C1_,III1P _0 _______ G"o~,"' '"" '-_-' 
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Table 6 2J 

Spearman Rank Corre!allon Significance Test 
Rel@tiveTrans:tionl'll Caudl'll Vertebral Body Area 

Soearman-R 

Vervet 964 
Human 943 1 QQC 
Ci:lmo 943 1 OOC 1 COJ 
Gorilla 9CC 1 CDC 7B6 736 

, Orang 943 l J:Y.J 929 929 964 
Baboon Vervet Human Chima Gorilla 

000 __ ' ___ • __ 0 ---

a-Value 

Verve! CCt 
Human CCS JJJ 
Chimp CCS ooe OJC 
Gorilla C37 000 036 C36 
Orang 005 000 00 1 CCl CCl 

Baboon Verve! Human Ci:lmp Gor;iia 
."---~-
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" 
'17 ' ' ,. 
ve " 
V9 " 
'110 
'Ill 
'112 
'1:3 

'114 
V15 
V:6 " V17 " V~8 " V" 
VOC 
V2~ 

c. 

'17 :9 

." " '1'l " '1:0 
V~ 1 
'112 
'113 
\,14 

'115 
'116 
'117 

'118 " vu " '12 0 " V"2'.. " 

':abh' 6.2~ 

.?ed~c1" Rat.:.o of !t"ansitiona1 VGrtGb::cae 
(S .. ", .. " .?ooledl 

El>.300N V-:;:2.V'::':' 
mean s td..d.ev. 0 mean 

0 .298 0 .05 7 " 0 .H9 
0.251 0.055 ' . 0.341 
O. 2~ 9 0.022 

. , 
0.279 

0.130 C. 030 " 0 .214 
0. 1 60 C. 0'6 " 0 .2 86 
0.238 C. NO " 0 .480 
0.282 

:::EIM.?ANZEE GORI:::'I.A 

"' .. an std.dqv. c. "' .. an 

0 .2~7 0.052 " O. ~ 78 

C .229 0.064 " 0 .200 

O. m 0.046 " 0.162 

0.110 0.020 , 0.:19 

0.117 0.030 " 0.'..45 

0.'..35 0.023 " 0.:46 
0.1.0;1 0.028 " 0.176 

std.c. .. v. 

0.091 
0.050 
0.053 

C 000 
C. ~12 
0 m 

s td. de~·. 

0.043 
0.0]9 

0.035 

0.021 
0.036 
0.026 
0.032 
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Table 6.21 (continued) 

Pedicl .. Ratio of Trans]. tional V ... rtebrae 
(Sexes Pooled) 

ffUMAN ORANGUTAN 
0 mean std.dev. 0 ~ao std.dev. 

v; " 0.1S0 0.036 e 0.169 0.050 
V, " 0.192 0.041 , 0.147 0.061 y, " 0.169 0.036 , 0.172 0.101 
VW , 0.: 77 
vn 
n2 
n3 
VU 
v"' 
no 
vu " 0.157 0.051 
m " 0.140 3 .036 0 O. :02 0.022 

v"' " 0.139 0.045 3 0.1:6 0.030 
no " 0.086 0.026 , 0.145 0.033 
vn " 0.1013 0.020 3 0.144 0.042 
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Vervet 
Human 
Chimp 

, Gcriiia 

I Orang 

Verve! 
Human 
Chimp 
Gorilla 
O,-arg 

TaDle 6 22 

Soearman Rark Cor,-elation SignlfiGlnce Test 
Pedicle Rallo of Trarsitlonal Ver:eb,-ae 

Sr:;ear"'1an-R 

--- -.. -
171 

- 371 - 700 
257 - 200 619 
300 - 4C{) SCC' 964 

-.100 -.800 536 621 
BaDoen Ver,e! H\,;11an Chimp 

p-Val\,;e 

072 
4<38 ~88 

623 747 102 
624 600 253 COO 
873 2CO 215 023 
Babeon Ver'lel Human Chl"'1p 

------- _.-----.--

679 
GO'-'iia 

094 
Ge'liia 
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v.:.. .:.. 
'.7::.2 
." , 
" -~ 

;I':" ..:. 

V':"~ 
;I~6 

V.:..7 
v-.:.. S 
V.:..9 

V9 
'llC' 
\'1 .:.. 
Vl:2 
V ~3 

V15 
V16 

'118 
V=-9 
V2C' 
V: 1 

n 

24 

.:..9 
.:..a 
~8 

~3 

" " ,e 
,~ 

" ,e 
" 

-:::'3J:;:.J~ 5 23 

Rel at'-v~ F~dicle ,~.r0a 

(5""'''3 ?G"l~c.:, 

J 22:; 
o 2' = 
J 2C'4 
C' ::'8~ 

:J ::.82 
C' ':"S::' 
J 185 
o 2C,_ 
:; n9 

:; 2a2 
C' 299 
J 233 
C' :a4 

CEM?A.:lZES 
oe2:1 

C • 165 
C 18 3 
C 17:J 
C lSS 
o 14.C 
C .:..38 
o .:..38 
C' =- 4. 2 
:J ~~4. 

:; ':")7 

C 225 
:J 253 
C 2S3 

- -

--

17 

17 -- -
17 

c_ 

:5 

J 2C,_ 
J 207 
C' 216 

:; .:..n 
c' :C3 
J 2 ~9 
C' :253 
J 3 ~~ 
C' 36C 
C' 35:2 
o 3C5 

GCR~:"LA 

J ~65 
:; ::')4 
C 18:; 
J 149 
C 133 
C 1-~ ':" 

C 147 
C 160 
o =-71 
o 185 
J 1)4 

Q 2.:..'" 
o :24.4 
:; 26C 
C 29: 

c_ 

, , 

10 

-

-

C :214 
C 2C] 
C 136 
C ::. 9 J 
:; 193 
C =-83 
:; 1)J 
:J ::.97 
J 2 ~8 
:; 2-~ 9 
C' 3:J5 
J 375 
:J 375 
J J5"' 
:; 378 

C 177 
~ ,- ~ ___ 0.' 

C 187 
:J ::.52 
C 145 
:; ::' 4C 

C 155 
:J 15_ 
C 162 
, ,- ~ ,J _~_ 

C'.186 
C 1)6 
o 228 
o 26"' 
o :267 
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IVervet 
Human 
Chimp 
Gorilla 

i Orang. 

Vervet 
Human 

, Chlmp_ 
. Gorilla 
. Orang. 

Table 5.24 

Spearman Rank Correlation Significance Test 
Relative Pedlc~e Area 

Spearman-R 

889 
886 839 
904 875 925 
950 929 ,,4 951 
946 843 804 921 
Baboon Vervet Human Chimp 

p-Value 

929 
Gorilla 

-----_.- -- --_.-._,-------
000 
000 000 
000 000 COO 

000 Q{]O 000 000 
000 JCO 000 000 OCO 

Baboon Vervet Human ChimtJ Gorilla ._-
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c. 

YO n 
ve " Y2 " V"' " vn -, ,-
V'2 " VB " V14 " V15 " V16 B 
vn " V13 " V19 " V2C " V21 B 

" 
v, " V, U 
V2 U 
V10 U 
V11 19 
V'2 ',9 

V13 U 
V14 U 

v· " ,- " V-:'6 U 
V-:'7 U 
V18 U 
V19 U 
V20 U 
V2l U 

Tabl e 6.25 

Absolute Vertebral =ora men Area 
(Se xes Pooled) 

BA3CON 'IE?'IE':' 
meaL stcd.dev. " mean 

130 .727 n. "e " " .076 
113. 992 n .606 <2 H. 34C 

" J51 U .216 <2 " .751 
87.833 12.676 02 n. m 
8~ .454 13.373 " " ~85 

79.649 12.796 02 29.156 
78.924 13.543 "' 29.01 .. 
77.635 E.776 '2 29.3CJ 
75.790 12 ... 03 " 29.C96 
74.352 12.213 02 29.352 
75.502 14.380 " 30.8E 
78.7 .. 1 1~.C~2 02 " .6-J8 
79. m U.363 " " .642 

" .130 l4 .34l " 22 .396 
20 .187 l8.473 " " .791 

CHIMPANZEE GCRI:::'.u.. 
mean stc.cev. 0 meaL 

167.112 23.242 " m .EO 
U5.755 25 .3 1 6 " 257 .810 
115.236 18.083 " m . C39 
lC2.475 15.583 " 207. m 

98.980 15.C65 " M .517 
93.063 15.913 " 205.61C 

lC1. 4 79 15.138 " 206.874 
102.88 4 14.222 2' 20S.82C 
103.S83 16.334 " L98.2 12 
104.749 17.891 " 191.653 
107.796 16.382 " 188.489 

115.748 lS.lC6 " 2C8.696 

141.251 21.072 " 24l.S70 

1 55 .236 29.163 " 245.919 
139.232 24.743 " 2C5.526 

std .dev. 

9.362 , 0<2 , 4-J6 , .2W , COO 
5.564 
5.02 .. 

6.265 
5.3C9 
5.C13 
5.301 
6.319 
6.50l , .779 
7.733 

st<i.dev. 

46.598 
34 .350 
33.881 
2C .529 
22 .515 

" .561 
35.303 
35.13 0 
34.647 

32.124 
22 .345 

" 976 

" '" " 165 

" 037 
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Human 
Crcimp. 
Gorilla 
Orarg 

Verve\ 
Human 
Chimp 
Go-:ila 
Orang 

Table 6 26 

Spea-man RanK Cor'elatior Significance Test 
Absolute Vertebral Foramen Area 

Spearmar-R 

796 
661 _904 
_04 768 857 
682 643 593 589 
379 771 729 854 
Baboon Verlet Human Chimp --_. - ..... ---~ -

oNalue 

--.-----~-- --
OOC 
007 000 
136 001 COO 
80S 0; C [20 020 
;64 001 CO2 000 

8aboon Verve: Human _Crim.£:... 

62· 
Gorilla 

------

0" ,0 

Gorilla -. ,-""--. 
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V7 
V8 
V, 
v: :) 
V11 
V,- 2 
V,-3 
V,-4 

V:S 
V,-6 

v: 7 

V: 8 
V19 
'12:) 

V2l 

m 
ll2 
m 
112 

112 
'-'-1 

: :2 
:12 
:12 

n2 
111 
m 
111 

Tab: .. 6.27 (ccntLnuec::) 

"elatLve Ve;::;:cebr<)l Fo:carr£!n .~9a 

(Sexes Pccloo) 

ORANGUT."-..'-i 

rnE!an std.dev. 

0.418 
0.392 
0.357 
o 35:) 
:).342 
~. 34 0 
~. 337 
2.339 
0.339 
0 . 341 
0.343 
O. 36.~ 

o 4:)5 

o 425 
~. 4 21 

0.031 
0.032 
0.031 
0 . 02a 
:) :)26 
:) :)26 
:) :)26 

:) 028 
0.033 
0.028 
0.029 
0.032 
0.033 
0.029 
o :)31 

rnE!an s tc.. dev. 

0.348 
O. 3' , 

0.268 
0.255 
0.268 
:).269 

:).267 
2.27'-
0.283 
:).296 

0.296 
0.282 
0.273 

o 229 
:) 2'-8 

:) 014 
2 0:7 
:) 013 
:).010 
0.0:2 
0.0:7 
0.0:'-
0.009 
0.009 
0.01: 
0.01~ 

0 . 0:)9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

VerJet 
, Human 

Chimp 
Goniia 
Orans; 

------

Verve~ 

HL.:mar, 
Chima 
Goril la 
Orang 

--. 

Table628 

Spearman Ran; Correlation Significance Test 
Relative Ver:ebral Foramer, Area 

Spearman-R 

796 
654 911 
404 758 854 
693 639 6 '1 575 
379 771 739 656 

8aooon Verve! Human _~hlrT.1~ ._ 

p-ValL.:e 

ceo 
007 = 
135 001 000 
C(,4 010 016 025 
164 00' oo~ 000 

Baboon Verve! HL.:man Chimp 
-""'--

, , 

~ .. _Gorilla 

016 
Gor:lla 
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Taole 6.29 

Spearman Rank Correlation Test for Female anc: Male Moq:;!'ometrlc Data 

ai Aosolute Spinous Process Ratio I Leverage 

! Species 
- "-- - --.. -'--~-.--

Spearman-R p Value Females vs Males 

Vervet 
Baooon 
Human 
Chl'l'o 
Gar-iiia 

SpeCies 

, 

971 
986 
964 
9J4 
857 

0) SOInOUS Process RatiO 

-~~~----­

Spearman-R 

CO:]C 
COJC 
CO:]C 
COJC 
CO:}J 

p Vallee Femaies 'IS Males 

I Ver{et 968 OJCO 
Baboon 1 COJ OJCO 
Hleman 946 -JJCO 
Chimp 726:]:]CO 

LG"-O~C~'I"'o~ ______ c6~8"9~ _______ "OO"OO,-_______ ~ __ 
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Table 6.30 

Spearman Rank Correlation Test for Female and Male Morphometric Data 

lateral Flexion Leverage (Lattran Ratio) 

! Species Spearman R p-Value Females vs Males 

Vervet 975 0000 
Baboon 993 0000 

, Human 964 0000 
, Chimp 757 .0010 
, GOrilla 607 0164 
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Table 6.31 

Spearman Rank Correlation Test "or Female and Male Morphometric Data 

I 

Species 

, Vervet 
, Baboon 

Human 
Chimp 
Gorilla 

i Species 

Vervet 
Baooon 
Human 
Chimp 
GOrlila 

Spec,es 

Vervet 
Baboon 
Human 
Chimp 
Gorilla 

a) Absolute Facet Area 

Spearman R 

975 
975 
986 
879 
975 

b) Relative Facet Area 

Spearman R 

979 
0-' 

"' 975 
893 
986 ._--_ .. _-

c) Facet Inclination Angie 

Spearman R 

921 
629 
.793 
.546 
.636 

..... ~ .,~~~ 
p-Value Females 'IS Males 

0000 
0000 
0000 
0000 
OOO~O ____________ ~ 

p Value Females 'IS Males 

0000 
0000 
0000 
0000 
0000 

p-Vaiue Fenmales 'IS Males 

0000 
0'21 
0004 
0351 
0101 
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Table 6 32 

Spearman Rank Correlacion Tesc fer Ferrale and Male Mcrphometrlc Data 

a) Absoiute Vertebral Foran-en Area 

Species Spearman-R p-Value Ferrales vs Males 

Verve! 971 COO(] 
Babocr: 946 OCOO 
Hurran 929 OCOO 
Chlrrp 932 OCOO 
Gcrilla 814 C002 ------

Table 6 32b 

b) EL(llative Vertebral Foramen Area 

!Specles Spearman-Ra~K p-vaiue Ferrales YS Males 

Verve! 97< 0000 
Baboon 939 0000 
Human 957 0000 
Chlrrp 832 0000 
Gonila 829 0001 
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Table 6 33 

Spearman R,mk Correlation Tes! for FerrClle and Male MorphofY'et ric Dala 

Species 

VerJet 
Baboon 
Human 
Chimp 
Gorilla 

SpeCies 

Vervet 
Baboon 
Human 
Chimp 
GorlllCl 

a) Absoiu!e Cramal Vertebral Body AreCl 

Spearman R 

1 000 
t 000 
t 000 
1 000 
1 000 

p:~ ue-F'e-mal e5 ':/S--Malesl 

COJO I 

roJO 
roJO 
roJO 

b) Relatve Cranial Vertebral 80dy Area 

Spearman-R 

1 000 
1 000 
1 000 
1 000 
1 000 

0000 
0000 
0000 
0000 
0000 
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Tabl e 634 

Spearman Rark Correlation Test for Female and Male Morphometric Data 

SpeCies , 
I 

Vervet 
Baboon 
Humar 
Chimp 

, Gorilla 

Species 
Vervet 
Baboon 
Human 
Chlmo 
Gorilla 

aj Pedicle RallO 

Spearmar R 

957 
893 

b~ PeCicie Area 

Spearmar ·R 
779 
743 
921 
946 
957 

p-valUe Female -YS MalBSl 

00eO 
0000 
0000 ' 
0000 
0000 

o-Vaiue Femaies YS Males 
00eo 
JOOO 
COOO 
0000 
eooo 

1 T 



Univ
ers

ity
of

Cap
e Tow

n

Exolanallon cf Table 6.35 

Table 6 35 indicates ~he position of the transitional thoracOlumbar vertebrae 

(T-L V) and its relation to t:'e ribs in different primate species For example, under 

V17-~9 In vervet there are 25 females and 23 '11ales. T:-Is means that In the 

sample t:-ere are 25 femate and 23 '11aie vervets l'Ihe ~ave their T-L V at V" 7 and 

their ast ';bs at V1 9 Under V18 In human the table s:'ows 4 :emales and 9 males, 

which means that those Indiv~ellals :-ave ruth t:-eir T-L Vand ast r;bs on V18. The 

rest of ~he table can be ;nterpretted accorcingiy 
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fable 6.35 

Chi-lqliare telt for position of T-L joint am "bs In females and males 

ai Vervet 
V-S-18 V16-- 9 VI?-18 V17 19 VI? 20 V18-20 Total 

, Males 0 2 1 23 3 0 29 
, Females 1 3 2 25 7 0 39 

Total 1 5 3 48 10 58 
C:'i scuare 2806778 df 5 p- i29745 

~)_B.Cl~~n 
V1? 19 V17-20 V18-20 Total 

Males c 27 1 33 
Females 2 39 42 
Total 7 66 2 _c 

,~ 

------- -----
cf 2 ~- 297837 

c:, Chlmoanzee 
V19 V1 9 20 V20 Tolal 

Males C 8 9 
Females 0 2 9 11 
Totals 1 2 1 7 20 
-- -

Chi-sqliare = 2.887701 df= 2 P - .23601 i2 

--"-" 
d;Gorilla 

V18 V18-19 V19-20 V20 Total , 
Males " 1 4 8 ~3 

Females 1 C 4 8 13 
, Total 1 8 16 26 ,._-_._._-

Chi-square - 2 df - 3 P 
5724067 

e1 Human 

V1! V~7-18 V17-19 V18 V1819 V18-2C V19 V1920 V20 V2021 Tolal 

IMaie a 0 1 9 40 127 16 2 1 197 

iFemale a 4 16 2 48 4 1 a 77 

T::%I 1 13 56 3 175 20 3 1 274 
- -

Chi square- 8.888421 df 9 P - 4476371 
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Table 6,36 

Frequency of total numDers of primate pre sacral patterns 

-- ~- ~- --~ 

! Total PSV 22 23 24 25 26 27 

Suecies 

Chlmpa'lzee 1 8 c 1 17 
% 56 944 

Gorilla 26 c 13 12 
% 50 46 2 38 

Orangutan 14 c 1 8 3 2 
% 7 1 57 • 2'.4 143 

Verve! 61 c 1 1 2 47 1 
% 1 6 19.7 77 1 6 

I Baboon 72 , 7 63 2 
% 9 7 87,5 2.8 

, 
, Human 259 7 2 35 200 22 

% 8 13,5 77,2 86 
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Table 6.37 

The Ratter~,s of :he pre"sacral .. ertebrae and their frequencies 

--~ ,----- -- , "--

O""g I 
Baboon Vervet Huma~, Ch imp Gorilla 

, % , % c % , % , % .., % 

_. __ 0·.-' ~.--~ 
C.lTiL 
6/1115 , 7,1 
6/12.15 2 8 
6/1216 , 4 
7/9/9 3 42 8 ~ 3 1 
7/1015 , 4 
7.11016 1 4 
711017 1 1 6 1 4 
711018 4 56 4 88 
7/10/9 61 84,7 46 754 
711C-110 1 1 4 1 1 6 
7/11.14 4 
7111/5 22 85 1 5.6 
7/11/6 49 'S 9 
7111.17 
7/11.1S 2 28 1 1 8 

' 7/1119 1 , 4 
7/1214 1G 3,9 4 15.4 , 572 
7/1215 142 548 1 56 3 1 ; ,5 
711216 18 69 1 7 1 

~ 711313 9 34.6 
i 11314 , 2.7 16 88.8 9 34,6 3 214 
711315 4 1 c • 3.S 7 1 , 

-----,,--

The processes of reductlo~,slincreases of ihoracic and iumbar verteb'ae through 

iumbarlsation, thoracolisa\lon or o\herMse can be seen In the above table 
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Table EO 38a 

General distrioutior' of lasi pair of ries on vertebrai column 

-_ .. _-

Level V16 Vl7 V, 8 V19 V2C V21 , 
Vervel 58 53 ' 1 

Baooon ' 7 9 68 

Orargu:an '5 2 8 5 

Gcrilia ~" 1 " D 

Chlmparz:ee 22 21 

Hum8r 2 ~' 4 " 235 23 1 

- --_. __ ._--_._--_._- - - -- - -

Tabie e 38b (Percen:age D,strleL;tlonl 

-- _. __ ... 
Level V1 e V17 V18 V' 9 V20 V?' 

% 1, % % 1, % 

N 

Vervet C8 5.9 ,', , 16_2 

. Batcon 77 " 7 883 

OrangICtan 15 13.3 533 333 

Gonita 27 9 " , 1 3.7 88.9 3.7 

CtdmpanzGe 22 4 5 95 .5 

Human 274 0.4 5 1 858 8' CA 
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Table 5 39a 

Species dist,'butlon of"2.£Slt:on of thoracolljmbar jo'nt trarsitionai ver:ebra 
(T L V~, 

.-. . 

Level V16 V17 V18 V· 9 V20 V21 

N 

Verve! 68 6 61 1 

Baboon •• 74 • " ~ 

Orangutan 15 11 3 

Gorilla 27 2 8 16 

Chimpanzee 22 3 ·9 

Human 274 3 !2 192 7 

V22 

Refer to Table 6 39b as welt Note that :he gereral pos;ticn of the T-L V is V'7 "or 

pronogrades V19 for ,hoe suspensory locomoto' and onhc:gades and V20 for 

semlonhograces Exampie From the above tabie It can be seen that 51 vervets 

~,ave 'heir T·L V at V'7: 72 humars have their T-L V a! V1e and so an 
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Table 6.39b 

Percentace speCies dlstr;butlon of :he position of the ttcoracolu~bar oint 
transitional vertebra (T-L V', 

Leve l V16 vn V18 V19 V20 V2 1 V22 
% % % % % % % 

N 

Verve! 68 88 897 15 

Baboon 77 1 3 96 1 2 6 

Orangutan 1 5 67 733 20 

Gorilla 27 7 4 296 593 37 

Chlrnoanzee 22 136 864 

i Human 274 1 1 263 70 2.6 
.~ .. ~ .-------

Note. The above tab.e Indicates that the T-L V pOSit ion ,5 often on V17 In over 
90% pronogrades , on V· 9 in over 70% suspensory loccrrotor and orttcogrades , 
and on V20 in over 60% seml-orthogrades. Table 6 39a shol..ld be viewed 'Mth 
:h,s table 
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Chapter 7 

DISCUSSION 

1111 

A) Morphometric Functional Structure of the Thoracic Vertebral Column 

in Primates using different Modes of Locomotion 

1) General 

The specimens and sample size have been discussed under the 'Statistical 

Methcds' Under this discl:ssion. It must be remembered that the sample for 

the great apes and monkeys are relatively smaller than the human sample 

The results must be vie\Ned In this light 

The primates in this study practise full pronogrady orthogrady and seml­

orthogrady The fu ll proncgrades in the study include the l:sl:ally arboreal 

verve! monkey and the generally terrestrial baboon. Fl: 11 prcnogrades keep 

their vertebral Column In a poSition that IS hcrizontal to the groo..;nd dUring 

locomotion. except \W1en they are climbing 

The crthograde ho..;mans keep their vertebral column In a pCSltlcn that IS 

vertical to the ground during locomotion and other activitieS. The seml­

orthcgrade/seml-prcnograde primates in the stl:dy are the knuckle-w-dlkers, 

namely the gorilla and chimpanzee. wI'.cse vertebral colullYl IS kept in between 

the hcrlzcntal and vertical positions dt:ring locomotion. The orang-utan IS 

difficult tc place in any of the above locomotive categor ies because it 

practises slow arboreal so..;spendlng movements, dUring vvhlch ItS vertebral 

column is occasionally kept horizontal and sometimes vertical to the ground. 

The orang-utan is not cften terrestrial in its natural habitat, and of all the great 

apes it IS the least bipedal. 

However, It must be remembered that in general primates keep their 

vertebral column and tro..;nk erect \.IIh€n sitting or climbing. These results, are 
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the morphological ar.alyses of the various aspects of the vertebral column ;n 

the primates studied. in this study, I: must be pOinted out that there were no 

actual field behavioural observations or. the function of the vertebral column 

The results are discussed in the li-;;ht of this background The discussion 

refers to postural and locomotive modes that have been mentioned in 

background literature, as described by various authors cited The 

interpretations of these results could possibly be appiled to observations in 

similar studies of fossil vertebral columns, from fossil remains and rare 

species. 

As mentioned earlier the study of primate vertebrae ir. relation to 

locomotion has, in the past concentrated on the lower vertebral re-;;ior. 

particularly on the lumbar vel1ebrae, sacrum. pelVIS and limbs In this study 

emphasis is placed on the veriebrae of the thoracic re<;;ion mainly 

Ir. this discussion the various veriebrae are mostly referred to by their serial 

numbers, in the crar.iocaudal position. in the veriebral cclumn. For example, 

V7 refers to the severtth veriebra that is also the seventh cervicai veriebra and 

V19 to the nmeteenth veriebra or twelfth thoracic veriebra This numbering 

ensures that there is no confusion, 'Nhen reference is made to a particular 

vertebra in vertebral columns of any species 

2) Leverage and Back Muscle Action 

i) The Spir.ous Precess leveraqe for back mUSCles 

Vertebral muscies are attaChed to bony processes that act as levers for the 

muscles during contractior. in order to effect appropriate movements of the 

vertebral column and trunk Thus the :erm leverage of the spinous or 

transverse processes is used in relation to the muscles and their insertion onto 

:hese processes ("levers"). The action of the back muscles on these levers is 

importartt in the locomo:ion of differen: primates species. The muscles are 

responsible for various movements of the veriebral column, such as extension, 

lateral flexior. of the trunk and resistar.ee to lateral fleXion of the trunk. All 

these movements occur in pronograde orthograde and semi--orthograde 

primates. 

When humans and chimpanzees stand in the orthograde (erect) posture, 
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the long back muscles help to resist ventral flexion of the trunk by extendir;g 

the vertebral columr;, ar;d the Individual aVOids bendir;g cr falling or; the ventral 

aspect. In quadrupedal runr;ing, pronogrades such as monkeys repeatedly flex 

and extend the back, The muscles concerned with th is aC\lor;, namely the 

erector spinae and multifidus, :"ave their attachments on the spincus 

processes. rib-tubercles and tips of the transverse processes They obtain 

strong leverages from these pomts to eGable them to act cn the vertebral 

column 11e attachments of these muscles tc have been explained in chapters 

three aGd four However;t must be ncted here again that the attachment of the 

erectcr spinae cnto the ribs affects the movements of the vertebral coiumn 

because the ribs are firmly anchored to thoraCIC '/ertebrae via the strong 

costctransverse and costovertebrae ligaments Firstly, the relatlons:"ip of the 

muscles, te the leverage cf Hle spinous process for extension of the back, IS 

discussed here Secondly. the relationship of tr:e muscles to the leverage of 

the transverse process IS also discussed after 

Sr:aplro (1991a) notes that he Spinous Process leverages of the lumbar 

vertebrae In d ifferent species are not related to body-Size or weight of 'he 

speCies. Fcr that reason the ratios for the Spmous Precess Leverage of the 

gibbon, vvhlch is a relallvely small-bodied primate, are not "distinguishable" 

from the ratios cf the relativeiy large gorilla and orang-utan Keith (1923) is cf 

the view that Ihere is dichotcmy in the Spincus Process Leverage with 

orthograde primates on one side and pronogrades cn the cther, Shapiro 

(1 991a) does nct agree INith this view T:"is is understandable, in that such 

categcrisatlOn Into only twc groups cf locomcllve forms IS too limiting Since 

pnmates are divergent there are bound to be groups that are structurally and 

functionally transitlcnal be!v.'een cr-hcgrady and proncgrady_ The chimpanzee 

and human show similarity in the SpinOUS Process Leverage The Similarity is 

difficult to explain except if the chimpanzees and humans are 80th regarded 

as orthogrades, If the other primates in this study are regarded to be generally 

pronogrades, then dichotomy can be said to exist between the crthogrades 

and the pronogrades as far as the Spinous Process Leverage is concerned 

Functional studies on the SpiGOUS Process Leverage still need to be carried 

out in many other primate species and on larger sample to provide more 
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Information. 

Tvvo ratios of the spinous pro~css have been considered. Firstly, the 

"Absolute Spinous Process Ratio", which gives an Indication of the relative 

length of the spinous process , but IS not very important In muscle leverage, 

(see below) Secondly. the projective "Spinous Process Ratio" or the real 

Spinous Process Ratio, which Indicates the SPinOUS Process Leverage to 

muscles of the back. during extension of the vertebral column (Figure 5,1), The 

Spinous Process Leverage counteracts ventral flexion of the trunk. According 

to the results , a high Absolute SPinOUS Process Ratio does not necessarily 

correspond to a high SPinOUS Process Ratio, (Figl!res 6 1a b. c 6.2a. b, c: 

Tables 6 1 and 6 3) tn other 'MJrds, the relatively ongest spinous process In a 

vertebrat column IS not necessarily the one that provides the greatest leverage 

to the 1TIJscies This means that It rnay not necessarily be the most important In 

extension and other movemoots of the vertebral coll!mn and trunk. 

HO'Never, Ward (1991) slates that the large monkeys, have longer spinous 

processes. and bigger ereclores spinae. Ward states that the "longer spines 

would improve the movements of the Iransversospinal muscles". These 

statements apparently directly relate the absolute length of the SpinOUS 

process to its leverage and its capability in assisting the muscles to move the 

vertebral column, According to the present study, the length and leverage of 

the spinous process are not always directly proportional (fables 6.' and 6.3) 

On the other hand. Shapiro (199101) and Sadoux. (1974) state that it is mainly 

the angle of inclination of the spinous process to the body of a vertebra that 

determines the leverage of the spinous process (Figure 2.7). Shapiro (1991a) 

Indicates that the more perpendicular the spinous process is the farther will be 

the fibres of the erector spinae from the vertebral axis Since the axis IS 

located near the centre of the disc, the leverage will be greater on a 

perpendicl!lar spinocs process, ThiS implies that a long SpinOUS process 

making a narrow acute angle With the body of a vertebra imparts less leverage 

to muscle(s) attached to it. than it would if it made a larger angle (nearer to 90 

degrees) (Shapiro 1 g91a) The more perpendicular a spinous process is to the 

body of a vertebra, the better is its leverage, regardless of it height (length). 

The results in thiS study also indicaie that a high Absolute Spinous 
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Process Ratio from a relatively long spinous process does not necessarily 

irrpart a higher Spinous Process Ratio. A long spmolCs process does not 

necessarily provide greater extensor leverage for the back muscles attached to 

it. if it is angled acutely. For example, In humans and chimpanzees, the study 

reveals that the greatest Spinous Process Leverage IS located on the spine of 

twentieth first vertebra (V21). which has a relatively short spine, but stands out 

perpendicular to the body of the vertebra, and IS acutely placed to the 

vertebra. The relatively longest SpinOUS process is located in the mid-thoracic 

region, on V13 in humans. and on V13N14 in chimpanzees, (Figure 62c; 

Tables 6 1, [; 3). The mean leverages of these long spines of chimpanzee and 

human, at :he upper and mid-:horac:ic regions range from 1 15 to 1.34. This 

range ;s relatively lower than the leverage r:l :he shoH spine at V21. are 

recorded as 1.49 to 1 54 

In the pronogrades such as the baboon and vel'let, the relative longest 

Spinous Process is found in the mid-thoracic and upper thoraCIC region, on 

V13N14 and V10N13 respectively. (Table 61). The vertebrae with greatest 

Spinous process Leverage are also iocated In the upper ard mid-thoracic 

region V11 and V14 respectively (Table 6.2), It must be noted however that 

the peak of the prOfile patterns for the two ratios do not exactly occur on the 

same ver.ebra in each of the above pronogrades The peaks for the two ratios 

do not coincide in their position Neither do they occur on exactly 

correspording vertebrae, as they do in chimpanzee and human. However, the 

fact that the two peaks occur In the mid-thorax is Important to note for 

pronograde locomotion 

In the gorilla (semi-orthograde) and the orang-utan (slow suspending 

locomotor) the reiatively longest spinous process and the spinous process 

Vlith the greatest leverage completely c:oincide on the cervicothoracic 

tranSitional vertebra namely V7 vvt1lC;h usually has a vertical spine (Tables 6.1 

and 6.2). This means that the longest spinous process provides the greatest 

leverage in both these modes of locomotion. It is not clear 'Nhy the longest 

spinous process and the greatest leverage overlap on the seventh cervical 

veHebra in these two species having quite different postures and modes of 

locomotion. The gorilla is clearly a terrestrial semi-orthograde, knuckle-vvalker. 
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'Mlile the orang-utan is an arboreal suspensory quadruped (Mackinnon , 1974, 

Tuttle and Watts 1985; Tuttle 1986; Ward 1991), However, the follolMng might 

be an explanation why the leverage overlaps 

Gorillas depend on their fore limbs to support the heavy trunk during 

;';nuokle-wdlking The orang-utans also activeiy employ fore limbs In 

suspension of the trunk, ancl In 11mb abduction as they reaoh out for branches 

(Mackinnon 1974, Tuttle 1986, Ward 1991) In the gorilla and orang-utan fore 

limbs are actively engaged In different 'Nays , but for similar purposes, namely 

postural support and locomotion. The activities of fore limbs make the limb 

muscles well developed, inciudwlQ those muscles attaching the !imb to the 

trunk. Such muscles Include the trapezIus and rhombOids. which have their 

respective origin, on the spinous processes of C7-T12 and C7-T5. It IS follows 

that, the spines of C7 to T5 that give a:tachments to these two active muscles. 

are relatively the longest, and have the greatest leverage 

A comparison between the results of this stucly on ;he thoracic ancl some 

lumbar leverages has been made INith Shapiro's study (1991a) of the 

leverages of the complete lumbar region. In humans and chimpanzees the 

greatest Spinous Process Leverage of the entire vertebral column is located In 

;he lumbar region, and not In the thoracic reg ion. ThiS confirms Shapiro's work 

(1991a) It Implies that the strain in the !O'Ner part of the vertebral column is 

conSiderable in orthogrades Since humans keep their trunk erect most of the 

time, such stram could have even greater consequences It remains to be 

shown by EMG and other studies whether this obsel"Jation is related to the 

lower back pain Ihat IS common In humans 

The almost overlapping position of the relatively longest spine in the mld­

thorax In humans and chimpanzees, and the exactly overlapping position of 

the greatest SPinOUS leverage on V21, should be analysed Probably the 

Similarity is because among the primates, the chimpanzee and gibbon can 

sustain bipedalism. In this regard if the chimpanzee is considered to be a 

successful orthograde because of its bipedal tendenoy, then there is 

orthograde-pronograde diohotomy in the Spinous Process Leverage. The 

clicotomy is such that the chimpanzee and human are on the one hand and the 

monkeys on the other. According to comparative anatomist Keith (1923), there 
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IS orthograde-pronograde dichotomy In the pattern of the spinous process 

ratio. The relations of the spinous process are sholMl in Figures 6.2a, band c 

Table 63) 

The location of the greatest leverage in the upper and mid-thoracIc 

regions In non-orthograde primates IS important (Table 63) This IS apparently 

the best position for the greatest leverage in non-orthogrades, because in 

pronograde and semi -orthograde locomotion it is more Important to stabilise 

the trunk and to keep the body axis from lateral bending and tortion loading 

(Carrier 19871 Restriction oi lateral bending also stabilises the pelvis and thus 

provides a rigid origin for muscles acting on the hind limb during locomotion 

(Carlson et ai" 1979; English. 1980) 

ii) Back muscle action through the Lateral Flexion Leverage of Transverse 

Processes 

It has already been stated that the thoracIc ver1ebrae and their ~ransverse 

processes are jOined to the ribs by strong ligaments Therefore the action of 

the back muscles that are attached to the ribs can affect the movements of the 

vertebral column The action and leverage of the transverse process should 

therefore be viewed In this light 

The lever arm of the transverse process determines the unilateral flexion of 

the trunk It is described as the Lateral Flexion Leverage or the Lateral 

Leverage of the Transverse Process This lever arm is also knOI/lfll as the 

Lattran Rallo (Shapiro (19918. 19951. According to Shapiro early anatomists 

were of the opinion that there is orthograde-pronograde dichotomy In this ratio 

ThiS has not been confirmed by the current study Neither has it been found 

that or1hograde primates such as humans have the highes; Lateral Flexion 

Leverage of the transverse process. Shapiro (1991a, 1995) made similar 

obserlations on the lumbar vertebrae in cer1ain primates, 

The highest ratio is in the pronograde baboon, closely followed by the 

orthograde human, and the pronograde verlet However the differences 

bel\Neen the ratios of the above three are relallvely small (Figure 6.3; Table 

6,5), The great apes have immovable back ligaments and there is not much 
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room between the fast riD (:horax) and :he pelvic blades for free much 

movement (Cartmill and Milton, 1977, Jungers 1988a). They have the lowest 

profile patterns for :he Lattran ratio, Since there is limited room for lateral 

movement of the thorax and upper trunk, :he aoes have no use for long 

:ransverse processes :hat help In lateral movements of the trunk. 

Among:he three apes. the usually arboreal am only suspensory locomotor, 

namely the orang-utan has the lowest values of this measurement. This may 

imply that possibly there is dichotomy in this ratio. between the arboreal 

suspensory iocomotor on the one hand, and the orthograde, semi-orthograde, 

am pronoc;;rade primates in the study on the o:her hand The difference In :he 

ra:io is certainly not reiated ~o size, since the lat:er three groups consist of 

primates of varying sizes 

The Spearman Rank Correlation Significance tes: shows that the Lattran 

profile pattern for ratio is significantly Similar, in baboon, verve!. human and 

chimpanzee (p-value is less below 005) (Table 66) This implies tha: the ratio 

is equally important in these divergio;; postures and locomotion of :he 

pronograde, orthograde and seml-orthograde species in the study The 

stabilisation of the trunk In the sagittal plane and its restriction by longissimus 

iliocostalis and mu l:ifidus from lateral bending are importan: in pronograde 

orthograde and semi-orthoc;;rade primate locomotion (Carrier 1987) The 

Lateral Flexion Leverages on the left and right side of the trunk keep the body 

in the sagittal plane, and in the anteroposterior aXIS, by countering one 

another. The magnitude of the Laltran ralio In all :he divergent groups studied 

indicates that the Lateral Flexion Leverage is Important and essenllal in the 

locomotion of orthogrades, semi-orthogrades, suspensory locomotors and 

pronogrades The leverage IS probably less important in the slow suspensory 

arboreal ism of the orang-ulan, where keeping the trunk in the sagittal plane 

may not be necessary In moving over and under the branches, (Mackinnon, 

1974; Tuttle, 1986), This may explain \'All' in Figure 6.3 the orang-utan profile 

has the lowest profile pattern for the ratio that IS sligh:ly isolated from the rest. 

The profile pattern for the Lallran ratio rises sharply in the orthogrades 

after the 19th vertebra. mto the lumbar region \'Alereby the Intensity of the 

profile pattern is greater than the profile patterns of the pronogrades (Figure 
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6.31, This could be an indication that in the orthogractes. there are differences 

betvveen the profile patterns fer the ratio In t~e lumbar bec<3use of the lordotic 

curve that develops along bipedal tendencies When the above change In the 

prcfile pattern occur In apes, it starts at V20 

T~e results Of electromyography (EMG) studies of back muscles by 

Shapiro and Jungers (;994) reveal similarities in the activity patterns of 

iongissimus, iliocostalis, and multifidus, during quadrupedallsm and bipedalism 

in various primates. The profile patterns for the Lattran ra:1O are also closely 

Similar in the different :oGomctive groups. These similarrties 'ound in the profile 

pattern for the Lattran ratlc In primates using divergent forms of postures and 

locomotion. are not surprisins; In the liS;ht of t~e above EMG findings The 

Lflique suspensory posture and locomotion of t~e orangoutan may account for 

the lowest profile pattern for ,he Lattran ratio in this species, W~iie t~e 

relatively active orthograde and pronograde primates need to resist lateral 

flexion of the trunK during locomotion, the slow suspensory locomotor may 

require more liberal movements Of the trunk and limb abductions :0 reach out 

for branches T~e suspensory locomotor has no need for a strong lateral 

fiexlon leverage 

iii) Back rruscle action through the Extensor Leverage of the Transverse 

Process 

The reiative position of the roots of t~e transverse process to the most 

ventral coronal plane of t~e vertebral body affects the leverage of the muscles 

attached to the transverse process during extension of :~e trunk, According to 

Shapiro (1991 a) this IS beoause the further away the transverse processes are 

from the ventral aspeot of the vertebral body, the greater the ieverage of t~e 

muscles attached to them. So to some extent the transverse process position 

should be cautiously equated 1Nith effeotive musole moments The position of 

the transverse process and Its relationship WIth effective muscle moments 

should be discussed in that light The general position of the transverse 

process on a vertebra is kno\o\lf1 as the Ventrodorsal Transverse Process 

pOSitIOn and IS expressed as a ratio, KnO'Nrl as the Vdtran ratio (Shapiro, 

1991a) 
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In :r,e present research. the position of :he tips of the transverse process in 

relation to the most ventral aspect of the vertebral bocy is examined since it is 

variable. Unlike in Shapiro's (1991a) and other stucies that have focused on 

the root of the lumbar transverse process this has focussed on the level of the 

tips of the thoracic transverse p~ocesses (Figure 53) The reason for this is 

that the roots and the tips oCC'ur at different levels in the primate thorax, and 

this may affec: the function of the back muscles associated 'Mth the transverse 

processes (Moore, 1982) In the seml-orthogrades, orihogrades anc :he 

suspensory locomotor, In the current study. the profile paterns for the Vdtran 

ratiO are similar, the p-value is 0 in all groups (Table 68) The profile pattern 

for this ratio for the suspensory locomotor are the lowest among the above 

three locomotion groups, due to it unique locomotion probably (Figure 6.4; 

Table 6,7), 

As noted by Halpert et ai, (1987) and Shapiro (1991a) again, this ratio is 

not directly proporiional to :he species size or body weight in tr,e current stucy 

the profile pattern for tr,is ratio is simi ar in the apes (except orang utan) and 

r,umans (primates of divergent Sizes), 

in all the primates investigatec in this study the Vctran ratiO IS generally 

shows values above 1.0 for the tr,oracic region. This is in agreement 'Mth the 

findings in the orthograde the gibbon by Shapiro (1991a) A value above 10 in 

tr,is ratio indicates that tr,e tips of tr,e transverse processes are above the level 

of tr,e corsai surface of the veriebral bocy A value above one gives rise to 

suffiCient leverage fcr dorsal extension of [he vertebral column and trunk. If tr,e 

tips are located In [he lower position, a value below 1 0 is obtained. resulting in 

a lower extensor leverage Primates Wltr, a Vdtran ratio value above 1.0 have a 

be[ter ability to extend their back more unlike primates haVing values below 

1,0 This is very important for primates since the back is maracteristically kept 

in the upright posture vvhen the Individual IS engagec in various daily activities. 

such as sitting, grooming feeding, climbing, etc. The advantage for a primate 

having the ability to extend the vertebral column IS that the individual can 

effectively counteract the ventral flexors of the trunk, in order to maintain the 

erect position of vertebral column. In the studies of the lumbar vertebrae of 

pronogrades by Shapiro (1991a) the Vdtran ratio 'Was found to be below 1 0 
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and therefore these species were disadvantaged as far as the attalment of 

the orthograde posture was concerned 

The orthogrades and semi-onhogrades in this study have a high profile 

pattern for the thoracic Vdtran ratio , 'Nhich ,eaches a peak (above 2,0) in the 

upper thoracic region The high pm/ile pattern for the ratio continues Into the 

beginning of the lumbar region (Figure 64), The above high profile pattern 

may be interpreted to mean that these primates are better adapted to 

extending their vertebral column than the pronograde that exhibit lower values , 

The low ratio for the Vdtran leverage ;n the pronog..-ades negatively Influences 

thei, potential to practise bipedalism. since they would find it more difficult to 

maintain the trunk in an erect posture, On the other hand, the reiatlvely high 

profile pattern for the Vdtran ratio in onhogrades and semi-onhogrades gives 

them an edge over the other primates In making use of their back extensors, 

and hence maintaining the erect or semi-erect posture in ~heir locomotion , The 

fact that the Vdtran ratio in orthograde and semi-onhograde is still high (1.4 to 

20) towards the lumbar region, ;mplles that the region IS Imponant In the 

extension of the trunk and keeping the trunk erect In humans and 

ch impanzees this ties up well with the highest Spinous Process Leverage. 

beirg in the It.;mbar region on V21 

The profile pattern fa, the Vdtran ratio In the suspensory locomotor and 

pronogrades are the lowest among the apes These prot:les reflect a poor back 

extension, resulting in retatively poorer ability at bipedalism Of orthogrady, In 

comparison to the chimpanzees and humans Generally in all the primates in 

the study the profile pattern for the Vdtran ratio is highest and probably more 

effective mostly in the upper part of the vertebral column, (Graph 6.4: Table 

6.4). The presence of a high profiie pattern for this ratio in the thorax is also 

advantageous for the trunk must be stab ilised in the sagittal plane and 

prevented from bending ventrally or laterally in all types of locomotion, 

As pronogrades show lower profile patterns for this ratio 'Nhlle tne 

orthogrades/semi-onhogrades show relat ively higher patterns. it can be 

cla:med that this feature exhibits a degree of onhograde-pronograde 

dichotomy, This is however still debatable In view of the fact that the 

differences are not significant (p-value below 0,05 for all the primates), Further 
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Investigations would appropriate here 

Sc;mmary 

The ,ongest spinous process does not necessari ly have the greatest 

leverage therefore the longest spinOL;s process may not be the most important 

factor In lifting the trunk and maintaining the erect posture The position of the 

greatest leverage In humans is on V21 . This is also the position of the greatest 

leverage in chimpanzees The Similarity In the position of the greatest leverage 

of the SpinoUS process in the chimpanzee and human IS suprising It could 

however be explained by regarding :he chimpanzee as being more orthograde 

than the other non-human primates in the study A degree of orthograde­

pronograde dichotomy may then be claimed to exist for the Spino<-;s Process 

Leverage The strain on V21 may be considerable during human bipedalism 

Whether this contributes to lower-back pain that is a common complaint in 

humans should be investigated by EMG/clinical studies 

A relative L;niformity is present in the lateral flexion leverage and extensor 

leverage in relation to the transverse process However the arboreal 

s<-;spending locomotor records the lowest profile patterns for the lateral flexion 

leverage of the transverse process, probably due to unique posture and 

locomotion of the orang-<-;tan. In this respect the orang-utan is cleany different 

(though not significantly) from the other primates in the study. vvhich are mainly 

orthograde and semi-orthograde 

The profile pattern for the Vdtran ratio is highest and hence mast effective In 

the upper thoracic region in all the primates in this study in spite of their 

varying modes of postue and locomotion. ThiS is so because as has been 

pointed out above the stability of the trunk in the sagittal plane and 

anteroposterior axis is necessary In all farms of locomotion and would be best 

controlled from the <-;pper thorax. The orthograde and semi-Oflhograde primates 

in the stc;dy have relahvely higher profile patterns for the Vdtran ratio than 

pronogrades. beca<-;se the former two groups have a postural reqL;irement to 

keep the back in an erect position 
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3) Vertebral Rotational Movements and Prczygapophyseal 

Angtes 

The degree and type of movements in the vertebral column at the interfacet 

taints depend on the angle of Inclination of the prezygapophyses and 

postzygapophyses Although the differences in these angles between species 

are small, they may reflect large differences in the locomotive modes 01 

speCies, because the zygapophyses are tined In a series :Jr 'chain' Therefore 

the cumulative angular differences may be large enough to cause considerable 

differences in terms of the movements of the vertebrai column and the trunk 

The size of the facet angles affects the movements because the larger they are 

the geater IS the ability :Jf vertebral column to extend fiex. bend lateraliy or 

rotate (MacLarnon 1S93) As already noted in the chapter :In Results 

pronogrades in the study have the largest prezygapophyseal angles. all the 

angles being above 110 degrees. except on V8 of the baboon (Tabie o.13j 

Clauser (198C) and Shapir:J (1991 a1 :Jbserved prezygapophyseal angles of the 

same magnitude In different species of monkeys. The larger lacet angles of the 

pronogrades probably give rise to more agile thoracic vertebral columns. 

Gorilla and orang~utan which, have relativeiy smalier thoracic 

prezygapophyseal angles might not have much agility in their movements . 

Shapiro (1991aj does nat agree that the locomotor and postural differences of 

primates are reflected In the th:Jrac:c prezygapophyseal angles 

In the current research, differences in facet angles have been observed, but 

they are smalt differences It IS known that the type of movements generated 

by joints depend to a certain extent on the anguiar orler,tatlon :Jf the articular 

surfaces of the 10lnts It should therefore be expected that movement of the 

vertebral coiumn is affected by the angular orientation of the vertebral facets 

Some difforences in postures and locomotion should be expected In primates 

having different prezygapophyseal angles. even if such differences are 

relatively smalt Much more inlormalion from field observations and facet 

angular measurements on various specimens 'MJuld be helpful to throw more 

light on this aspect in the future. 

The facet angles in the thoracic region generally increase in magnitude 

cranlocaudalty in all the primates in this study, though much less so in the 
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unique orang-ulan Immediately caudal to the last pair of ribs (at the 

ihoracolumbar or T-L transitional vertebra, commonly V19). the facet angles 

dramatically drop to values below 70 degrees in all the groups of primates 

investigated (Table 6.13) In the apes and humans the change COincides with 

the T-L transition For example. in the semi-orthograde chimpanzee the facet 

angles drop from 118 to 58 degrees ai V19 and V20 respectively In the 

pronograde vervet the change is more dramatic, from 148 to 36 degrees. In the 

orthograde humans the change is also quite dramatic, from 124 to 26 degrees 

The low values of the prezygapophyseal angles generally indicate the 

beginning of less lateral m:Jvements, and possibly more stable JOints The final 

arrangement gives rise to typical lumbar facet pmts that are sagittally 

orientated, and are structured to resist lateral movements. In contrast the facet 

JOints of thoraCIC vertebrae are orientated in the coronal plane for lateral 

m:Jvements of the trunk. and resist ventral sliding and sagittal movements 

SIX of the twelve thoraCIC vertebrae In humans have large 

prezygapophyseal angles measuring 110 degrees or above This implies that 

the flexibility of the human thoracic vertebral column IS next to that of 

pronograde nnnkeys In the study In the monkeys In the study, the facet 

angles are nearty all above 110 degrees. Conversely the low thoracic facet 

angles, below 110 degrees, observed in most of the thoracic vertebrae of the 

semi-orthograde knuckle-walkers and In the suspenaing locomotor, might 

imply that thoracic regions are more rigid in these groups. For the 

arboreal/suspending orangoutan to have low thoracic facet angles, ana 

therefore a relatively less agile vertebral column than the other arboreal 

pronograde primates, IS no! surprising. This might partly explain lfoItIy the 

orang-utan is sklw and cautious in executing Its arboreal movements 

(Mackinnon, 1974; Tuttle, 1986). Quick movements as those usually seen In 

the other arboreal monkeys. \AIOuld require a more agile trunk, facilitated by a 

great number of larger facet angles in the thorax. Such angles are absent in 

the orang-utan As mentioned earlier great apes have immovable backs 

probably due to tight back ligaments and lack of room between the last pair of 

ribs and the pelvic girdle blades (Cartmill and Milton, 197n Large facets for 

freedom of mOl'ements of the zygapophyseal joints lMJuld be unnecessary in 
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the apes 

It must be noted that among the apes. the orang·utan has the greatest 

difficulty in practlsmg orthogrady an exercise that necessitates intricate 

balancing of the trunk on llNO iegs and the pelvis (Napier, 1977). Such exercise 

is difficult if the trunk 15 rigid due to the oreSer1ce of small thoracic angles as in 

the orang-ulan 

Clauser (1980) examined thoraCIC facet angies and Shapiro (19918) studied 

lumbar and a few thoraCIC facet angles According to Clauser (1980) most 

thoraCIC facet angles of the orthograde human are generally below 110 

degrees, like those of the great apes and gibbon Contrary to Clauser this study 

shows that six of the :welve pairs cf thoracic facet angles in humans are large. 

and like In the pronograde mCrlkeys measure above 1 i 0 degrees cr above. It is 

temptirlg to suggest that bloodal and pronograde locomotion ~end to be 

facilitated by a big number of large thoracic facet angles. The larger angles 

result In freer movements In the thoracic vertebral column and 110re agility in 

the upper trunk. Possibly the more the number of the angles above 110 

degrees the more flexible or agile the trunk should be An agile trunk can be 

more easily manipulated to maintain the cer1lre of gravity arld balance In 

bipedalism (Figures 2 5. 42) According to Napier (1977) human bipedalism is 

a delicate exercise Irlvclvlrlg striding and rhythmic forward movements of Or1e 

leg after another, keeolrlg the centre of the body \Nelght betvveen the supporting 

pedestal cr feet Furthermcre, in humarl walking, there are cther complex 

actions Involving other par1s of the body, such as balanCing the ver1ebral 

column on the sacrum, (Conroy, ;997). It IS speculated that orthograde walking 

\NOuld be relatively more difficult to perform If the upper trunk rad only a few 

small facet angles, that lNOuld result in a rigid trurlk. as that found in the lumbar 

region Pronograde primates that are usually Involved In jumping and leaping 

would also require a trunk that is relatively flexible. This might exptaln why the 

verve\. baboon and human IoV8re found to have greater numbers of large facet 

angles in the thoracic vertebrae, than the apes. Boih full pronograde and 

or1hograde prrmates need a flexible thoracic vertebral column for locomotion. 

There are significant differences in the thoracic zygapophyseal angles of 

the gorilla and orang-utan on the one hand, and verve\. human, chimpanzee 



Univ
ers

ity
of

Cap
e Tow

n

and baboon ~ the other hand (Tables 6.13 and 6.14, Figures 6.7a. bl. All the 

latter four primates have p-values below .05, whle the former two have p-value 

way above .05 However. Shapiro (1991a) suggests that mobility along the 

thoracic and iumbar column IS generally comparable across primates, 

regardless of differences in their positi~al behaviour This rurrent study does 

not support that view. However. field and iaboratory studies are needed on 

primate facet angles, posture and locomotion. to test the findings of this study 

and Shapiro's suggestion 

Summary 

There are differences in the thoracic facet angles among the primates 

stJdied Although such differences might appear small it may be well to 

remember that even small changes to the body or enVlfOl1ffi€nt may oring 

about the success or failure of a species (Relethford, 1998). Secondly as the 

facet angles are lined in series, the functional effect of their sum total should 

possibly be big enough to bring about noticeable differences in movements of 

the trunk and in the general locomotion of the different species 

It is believed that the magnitude of the facet angles and its effect or: the 

locomotive behaviour might be reiated to the size (weight) of the species For 

example, the relatively small and agile monkeys having :argef angles l'Y'hile 

the relatively iarge apes have smaller ang les. However. thiS IS not supported 

by the fact that the thoracic facet angles In the orthograde human are 

significantly simiiar to those of the small sized pronograde monkey rather than 

to those of the large Sized semi-orihograde apes. Investigations of facet angles 

in ,erms of body size have not yet been satisfactorily carried out in many forms 

of primates, Generally there is still much Information that could be learnt from 

functional field obsel'lallons of primate locomotion linked to laboratory 

measurements of the vertebral facet angles (Johnson and Shapiro. 1998) 

4) Transitional Vertebrae: Their movements and forces acting on them 

through the vertebral column 

i) Action at the Transitional Facet Areas 

The absolute and relative facet areas are significantly similar in all the 
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species in the study since the p-value is below 05 between all the species 

(Tables 6,10, 6 12, Figures 6,5,6,6), 

Articulations and movements in the vertebral column take place at the 

facet joints, as well as !)eweer the cranial and caudal surfaces of the adjacent 

vertebrai bodies. The articular suriace of the facet joints is also important in 

that compression forces are transmitted from the ventral to the dorsal aspects 

of the vertebral column and vice versa, through the pedicles and articular 

facets Inform<lt ion on the face~ areas is therefore useful in the understardlng 

of the p<lrt played by the facets in the transmission of compression forces 

during the::;ostural and loccmative charges ,n various modes cf :::.rimate 

loccmotion 

The thoracic facet areas In the primates studied generally do not show 

important relative differences However, in all the :ximates eX<lmined the facet 

areas at or nem the cervrcothor<lclc (C-T) and thoracolumbar (T-ll transitlcnal 

vertebrae are large both In absoiute and relative terms (Tabies 6 5 and 6,,1 

Figures 6.5 ard 66) Therefere, there IS reason to expect thm the Increased 

facet areas at the tr<lnsitional levels of the vertebral column are functionally 

Important For example, In the orthograde humans and the semi-orthograde 

<lpes t~e tr<lnsltional vertebr<l V8 has relatively Imge f<leet areas In 

comparison to the mher spinous processes, V8 also ~as relatively a mare 

perpendicular SpinOUS process and relatively long transverse processes 

(Figures 6,2a, b. c; Table 6 3). The aggregate result of these features is a 

gcod ability for dorsal extensicn, lateral flexion and counteracting l<lteral 

fleXIOn, as discussed earlier. The iarge facet areas at thiS level could therefore 

be regarded as a prerequisite for extra stability during lateral flexlcn and 

counteract lateral flexion movemerts at the C-T transition. 

Veriebrae number 17 and ~9120 are T-l joint transitional vertebrae in, 

respecllvely the pro<;ograde morkeys and orthcgrade/semi-orthograde 

iocomotors in this study, There are increased facet areas immediately cranial 

and caudal to these transitional vertebrae In both the above groups. These 

increases ir facet areas should be seen in terms of providing stability at the 

trarsitions. Good stabilisation of the transitional vertebrae should be important 

because different and sometimes opposing movements are taking place 
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oonlal ane caueal to the transitions Without proper stabilisation of the 

transitions. move:nents of one region could easily be transmittee Into tho 

adjacEnt regions of the vertebral column. creating interference ane 

urlcooreinated movements, in the adjacent region of the vertebral column, 

Lot lmer ane Ward (1993) co not mention Increases in the facet oreas in the 

chl:npanzee at the thoracolu:nbar (T-L) transition. The current stuey shows 

that the chimpanzee, human, baboon ane vervet register increases in facet 

areas at or towards their T-l transitions (V17-VI9) This emphasises the 

Importance :Jf these areas in the ;novements of the vertebral column The 

1a-gest facets occur at the cervicothoracic (C-T) transition In the gorilla ane 

orang-utan (Taoles 6,9 and 6,11) In the gorilla and orang-l:tan the longest 

SpinOUS precess and the greatest leverage are also f:Jund on the C-T 

transltiona! vertebra. (VB) This may be due to the strain at the C-T transiti:Jn, 

as a result of the attachments of some of the muscles of the 'are limb and 

those supporting the large head On the other hane the gEnera l body size of a 

grol'p :nay influence the size of the vertebral parts (Ware comiTlent24 March 

1999), 

The facet meas en the T -L transition and on the lumbm vertebme aro 

:elatively larger than In the upper thoracic :egion In all the primates stt.died, 

thus enhancing stability towards the lumbar regi:Jn and Within the upper lumbar 

region In all locomotive modes. a stable lumbar region is importall to steady 

the hi nd limbs. and this is possibly v.fiy the absolute and relative facet areas 

are increased towards the lumba' region 

It is notable that the proGograees in this study have genera!ly high profile 

patterns for facet area rallos especially at the T-L transition (Tables 6.9,5.10, 

6.11and 612) Although the relat ive profile patterns for facet areas of the 

orthogrades are high at the T-L tranSition. it is Got possible to Claim that the 

size :Jf these facets is responsible for bipedalism. since pronogrades are also 

eneowed INith relatively high profile patterns for this ratio Rather, these large 

facet areas should be viev.red in relation to stabilisation of the transition and 

the active engagement of the hind limbs that takes place in both orthogrady 

arld pronograc:y, v.fiich impacts on the facets. 

The profile patterns for this ratio of the facet areas are lowest in the slow 
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suspending lecomotor and the slow seml-orthcgrade gcrilla, Slow mevements 

can cope ",ith less stability. whlie fast movements cannot be compremisee With 

instaDility 

The prcfHe patterns for the relative facet area ratio en the nen-transitional 

vertebrae are relatively low and similar in all the pnmates ,n the study (Figure 

6_0. Table 6.11)_ Therefore as noted by Latimer and Ward (1993), all forces of 

locomotion and Dipeealism have no special effect en the loading of the 

posterior vertebral elements via the facets of thoraCIC vertebrae 

il) Fcrces at tr.e transiticnal Craniai ane Caudai Vertebral Body Surfaces 

a) ADsolute and Relative Areas ef the Cranial Vertebral Body Surfaces 

There is no significant difference in the absolute anc relative areas of the 

cranial ver.ebral boey surface areas, in all the species in the study All the 

results are extremely simi lar (the p-value is ,0 for both raties bet\Neen all 

groups) It is clear therefore thai th is feature cannot De used to reflect 

loccmotive or other differences In these primates Hewever the prcgressive 

increases ef abselute and profiie palterns for the relalive areas of the crarial 

vertebral body, clearly ineicates that Ihe vertebrat column is funct ionall y 

geared te bearing the weight of the DOdy and receiving cempreSSlve forces in 

elfferent pnmate locometive groups. That IS_ In tr.e primates conslderec by the 

abcve authors ar:d Ir the present study, the relative cranial vertemal bcdy 

surface area does rot differ among the species (Figure 0 9 and Tables 0_17 

018) Therefore. the cranial areas of the primate vertebral bodies canrot be 

used as an lneiC<3tor of size of the body or locometlen cllferences For 

example, the verve! monkey exhibits relatively low profile pattern fer thiS 

feature than the babeon, which is also a pronegrade. Tr.e profite pattern for 

babeon for this ratio is within the range of the prefile patterns of the 

erthograees and semr-orthograees (rigure 6.9, Table 6_17)_ This means that 

the relative area of the cranial surface of the vertebral boey is nct influencee 

by similarities or differences in posture ane locomctlcn_ In a recent study, of 

the iumbar region of atelines anc cebines, Johnsen ane Shapire (1998) 

reachec a similar cenclusion, 



Univ
ers

ity
of

Cap
e Tow

n

12~ 

b) Compression at the tranSItional Caudal Vertebral Surface 

Unlike the uan ial vertetxal surface area the caudal area has some 

ncticeable difference in the varicus species, due to the different compreSSIOn 

forces In some parts of the vertebral column However, this difference IS not 

statistically significant. T'1e Relative caudal vertebral surface area (RCVS 

areal at the cervlcothoracic (C-T) transi~ional vertebrae appears to be less 

affected by the mode of locomotion than the areas at the thoracolumbar (T-l) 

~ranSllional vertebrae (Figure 6,10; Table 619) The profile patterns for the 

ratios of the RCVS area at the C-T transition are low in all the primates In th is 

study At the T-L transition. the profile patterns for :he areas are relatively 

higher than the profile patterns for the areas at :he C-T transition, both within 

species and between species (Figure 6.10 and Table 6,19). This means that 

the vertetxae at :he T-L transition are under relatively greater compression 

forces in all the primates In humans In the study, the ReVS areas at the T-l 

transition show greater divergence than corresponding areas in other 

pnmates T'1e divergence is possibly due to the unique human posture, which 

demands special features that help to balance and suppOrt the human body In 

~he orthograde posture One such feature of humans IS the Increasingly 

widening caudal diameter of the vertebral body, which should result In 

relatively larger caudal vertebral sur.ace areas, toward the lumbar region 

iii) Forces at the transit ional pedir;les 

a) T'1e pedicle ratio and the pedicle load 

An estimatiOn of the pedicle ralla reflects the relative load passed (shunted) 

from the ventral aspect of the vertebral column through the pedicles to the 

dorsal aspect of the vertebral column. and vice versa (Pal and Routal, 1986, 

Pal 1987) 

In this study the pedicle ratio and area were considered onty at the C-T 

and T-L transitions, because of lack cf time, as explained earlier, That the 

pronogrades In the study exhibit the highest value of this ratio at both the C-T 

and T-L transitions indicates that in pronograde locomotion the jumping and 

running generates re latively greater forces than in orthograde, seml­

crthograde and suspensory locomotion This may be understandable because 
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In full pronograde locomotion there is probably more aXial loading (Figure 26). 

The profile pattern of the pedicle ratio is higher at ~he C-T than at the T-L 

transition In all the primates studied (Figure 6.1 1a; Table 6,21) Another 

functional ex~anation for thiS id by DavIs (1901) who noted that the vertebral 

column is subjected to various farces, that travel forth and back along the 

vertebral column. Davis noted in humans that at the last lumbar vertebra, (L5) 

these forces do nat pass directly to the saorum (S1) via the body of the last 

lumbar DaVIS (1961) suggested that ~he forces are shunted and reach S1 via 

the pedicles cf L5 (last lumar) This explains why the pedides of the last lumbar 

vertebra are relatively large, and the caudal surface of the vertebral ~odv of the 

last lumbar has a small facet area. in humans and o:her pr:mates studied by 

(Shapiro 1991a.1993) 

There are various forces Within the cervical region Axial rmational forces 

are present due to the freedom of movement In the neck in addition to the ather 

forces generated along :he vertebral column In the apes and humans ~here 

are also compression foroes from the relatively heavy head Among the 

quadrupeds. espeoiaily the monkeys there are impaoting forces from the active 

fore limbs The 11mb activities and support for the head Impact directly on the 

C-T transition, via muscles attaching the scapuia and the head to the vertebral 

processes, For example rhomboideus minor has an origin on C7 and T1 

(Moore 1982) Therefore, the effect of the farces acting at the CoT transition 

cannot be underestimated 

The relatively low profile pattern for the pedicle ratio at V8 In the orang-utan 

may De a result of lack of active s\Ninglng movements !n the forearm of this 

primate 

b) Relative Pedicle Area and the vertebral foroes 

Relative pedicle area (RP area) gives an Indication of the cross-section 

(size) through the mid-pedicle position It is therefore an indication of the 

strength of the farces experienoed by the pedicles, The larger the area, the 

greater are the forces that act on or through the pedicle, 

The similarity In the general profile patterns for the RP area. in the 

primates in this study is probably not surprising. The pedicles serve a similar 
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function In all these species. namely receiving, resisting and possibly later 

transmitting axial and compression forces from the dorsat to the ventral aspects 

of the vertebral column, and vice versa The pedicles must therefore be strong 

In all types of locomatioll 

However. In the study, the profiie pattern for RP area of the ollhogrades is 

more closely rei "ted to the pattern for RP area of the pronogrades. than to the 

RP area of the seml-orthogrades (Figure 6.12; Tables 6,23 and 6.24), Under 

the section Oil the facet angles, it was argued that in primates full prollogrady 

and bipedalism share an agile and fleXible vertebral column, presellt in 

monkeys and humans The similarity In the profile patterns for RP area 

betweell the pronogrades and orthogcades agaill poillts to this relatlOllship 

ThiS may be all illdicatioll that these two spec:es probably experiellce similar 

forces passillg to and from the pedlcles durlllg locomotioll 

The dramatiC increases ill the profile patterns for the RP areas towards the 

lumbar region in all primates ill the study is mailifest of the increasing 

compressioll forces passlllg to the pedicles Ilear the lumbar region, The 

pedicles at the C-T and T-L transitlollS appear to be well developed in order to 

deal with the situatIOns at the vertebral column trallsitions 

SummaN 

I have speculated that axial forces are probably shunted from the vertebral 

bodies to the pedicles and vice versa, especia::y at the transItional junctions 

The reasoll for this IS not clear Perhaps by the forces are buffered or cheoked 

by beil1Q shunted IIltO the transllional pedicies. ThiS may result ill stable and 

co-ordinated fT()vements of each region, The transitions therefore have 1N€11-

developed pedicles, Wlth relatively larger pedicles areas and larger pediCle 

'atios for the job. 

The present study concurs with observations on the lumbar pedicles by 

Sanders (1990) Shapiro (1991a) and Ward (1991) Those authors point out 

that the functional form of the pedicles III primates is importallt and complex but 

IlOt fully understood. al1d should therefore be researched further, 
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5) Size of the Vertebra! Foramen and Modes of Locomotion 

The profile patterns of the absolute and relative sizes of the vertebral 

foramen, and the aporoxlmate size of the spinal cord are similar in the 

pnmates studied exce.ot in n"le chimpanzee and baboon ,-a-value'" 0 136) and 

orang-utan and baboon (p-value '" 0 164: Table 626) This is one organ wnere 

the profile pattern for the absolute riltlO IS similar to n"le pat:ern for relative ratio 

in most the soecimens (Tables 6,27, 6.28) ThiS means that the vertebral 

foramen is not highly influenced by body size or locomotion or any oUler 

condition. 

The aoproximate size of Ule spinal cord may be determined from nle size of 

the vertebrai foramen, except at the atlanta-axial region. wnere there IS a 

cistern and ~O'Na rds the 10lNer lumbosacral regIOn, vvhere the spinal cord IS 

dim inished It must again be pOinted out nlat ~he 'size' of the spinai cord 

referred to here is an estimate It is a rough est imate because the spinal cord 

does not extend the full width. height and length of the vertebral canal Other 

structures, suc;., as, ligaments. blood vessels, nerve-roots, meninges and 

cerebrill soinoflUid also do occuoy .oart of the vertebral canal Estimates of the 

spinal ccrd may be necessary wnere only the remains of the vertebral column 

are available, for example, in the case of a foss il excavation or a rare species 

wnere only the Skeleton is accessible 

The profi le oatterns fer abselute and relative Sizes of the vertebral foramen 

In this study indicate that the vertebral canal and therefore the Spinal cord. 

have cervica l and lumbar en largements, The canal is of a relatively smaller 

diameter in the rest of the thoracic region. The enlargements are relatively 

more sizeable In the orthograde human and the pronograde monkeys, 

probably because these orimates aclively engage ~heir fo re limbs and hind 

limbs, in manipulation and locomotion (Figure 6,14 and Table 627) To 

facilitate the activities of the limbs, there are large brachial and lum bar 

olexuses to provide an efficient nerve suoply to the limbs, The roots of these 

plexuses arise In the regions of the spinal cord enlargements, wnlch are 

reflected in the vertebral foramen Size, at the cervical and lumbar 

enlargements. 

Maclarnon (19871 observes that the Size of the vertebral foramen and 
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therefore of the spinal cord relative to body size appears to have little variation 

among modern primates However the profile patterns of the relalive veriebral 

foramen areas in this study show two generally different patterns (Figure 6.14 

Table 6.27). There is one pattern for the apes a~d another pattern for the 

vervet. baboon and human, The two patterns are noi easy :0 explain in terms 

of the pronograde and orthograde postures or :ocomotive modes The 

explanation may lie in the evolutionary origin, as Brown et al (1985) 

observed Those researchers noted that the spinal cord evolved to its present 

size be:ore monkeys and humans separated from a commo~ ancestor. This 

study, supporis that view 

B) THE PRESACRAL VERTEBRAL (PSV) COUNTS AND THEIR PATTERNS 

i) Human presacral vertebrae 

Studies of vertebral counts and patterns of the human vertebral column by 

Allbrook (1955), Bornstein and Peterson (1966) and by Kaufman (1974) 

emphasised sexual. racial, eihnic or tribal a~d regll)l,al (geographical) 

variations. This was not the aim of this research. Although the sampling 

consisted of mainly indigenous populations from East. Central and Southern 

Africa the data are not analysed according to the ethnic backgrou~d of the 

groups The human data are treated as one species of primates and are 

exami~ed side by side wiih other primate data However, for the sake of 

general interest a summarised comparison with data from the above mentioned 

earlier studies follo'NS I~ the comparison. it must be born in mind that for 

various reasons statistics from ethnically defined samples cannot fairly be 

compared with data that encompass a non-ethnic sample Further, it must be 

noted that various authors have used different methods in ideniifying the 

thoracic and lumbar vertebrae a~d determining the patterns While Bornstein 

and Peterson (1966) used the presence of fibs to define the ihoracic vertebrae, 

Kaufman (1974) and this study have applied changes In the zygapophyseal 

Joints Allbrook (1955) does not state how the vertebral categories have been 

defined. Therefore, there are noticeable differences ootvveen the results of thiS 

and the above studies 

Increases or decreases due to the thoracolisation. lumbarisation and 
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sacrallsation are also repor::ed The nCldence of an additional lumbar ~enebra 

was reponed to be 69% by the current study (Table 6.371 and 4.6% by 

Allbroak (1955) Sacralisation of the lumbar was present in 3 9% 01 the study 

sample and 6.5% in the sample by Allbroak (1955) Reduction of the lumbar 

~enebrae associated ~th thoracol,sallon was obser~ed In 2.7% in the (Udy but 

Allbroak (1955) and Kaufman (1974) dO not repan on it Cemment on the 

significance of the differences in the above data cannot be made because the 

methods used by the different researchers varied, as stated earlier above 

The thoracic vertebrae in humans are sometimes reduced to 11 in 

association With lumbarisation of T12 tc L 1, rr;aking UP SIX lumbar vertebrae 

'NJthout altering Ir_e presacrai nUffiber of 24 Similar obSerV<3tlon was reported 

in 5% humans by Scrultz (1961), Schultz and Starus (1945), and In 18_9% of 

the human sample in the current stUdy (Figure 6.37), It IS not surprising that 

such a iarge difference eXists between the results by trls study and those of 

Schultz Tre expl;;mat:on for the difference may be in the methOdology used, 

Conventionally the ribs were USed to define the thor<3CIC vertebrae and Schultz 

(1961) used the same method When facet jOints dO change at an 11th thoraciC 

vertebra the vertebra behind it, namely the 12tr'thoracic' IS still carrying the 

twelfth pair of ribs, as it should normafly A vertebr<3 of this n<3ture is regarded 

as thor<3CIC by the convention<3lists because of the rib. In the current study. 

such <3 vertebra is regarded as a lumbar vertebra, having been lumbarised as 

l1 although it is carrying a nb. because the changes In the facet joints :ndicate 

clearly that it IS a lumbar Hence the difference in the results. This should be <3 

reminder that 'Nhenever a reference or a comparison is made in vertebral 

numbers and patterns the method used shculd be clearly stated to avoid any 

misinterpretation that might arise 

ii) Transitional elements and the presacral (PSV) patterns 

In this study the fr,ost common number of the PSV was found to be 23 in the 

semi-orthograde and suspensory apes, 26 in the pronograde monkeys and 24 

in the orthograde human (Figure 636), It is important to again point out that the 

human sample was significantly larger than the samples of the monkeys and 

individual ape groups The latter samples, especially the apes sample, were 
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Figure i ~ 

THE POSITION OF 111E THORACOLUMBAR TRANSITlONAL JOINT IN 
PRONOGRADE, ORTHOGRADE AND SEMIORTHOGRADE PRIMAn::S 

Locomotion I Position of I Percentage Species 
joint 

Froncgr~oe~ V16 3.8% ',/eriel 

1 2% S300en 
MONKEYS 

I 
as. I", Vervel 

I F'cr.cgrGce5 V1i 9€ ''Yo 63bo~n 

, J HL'MAN , 1% Human 

1,~% Vervet 
2,5% S30cen MG~KEYS 

Ail i cc~rrclor! V13 6.7% Cn:;ng APES 
'T1cces 14% Goni~3 AND 

26.3% hurr.3n HL MANS 

Orthograces 12 6% Chlrr.p 
SentorJ".oc;raoes 296% Gonll:! 

and Aro~real V19 70% HL.'[]1al1 

sus~enslon /3,3% Orans; A?"05 
AND 

Orthoc;;rade~ 35.4% CI':tmo HUMANS 
Semiorthoc;rades ~g 3% GCrilla 

anc: A!'toreal V20 2,6% Human 

SUSDenSlon 20% Cran\; 

None V21 NONE 

Semiorthoc;raoe V22 3,7"% GCrliia APES 

i 

I 

, 
• 
I 

I 

, 

• 

i 
I 
I 
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small due to reasons beyond control, explained earlier under 'Statistical 

Methods' Results should be vlelNed WIth th is in background The relative 

:mportance of the differences in the number of PSV IS not clear HOlNever. the 

relative length of the vertebral column Influences the ability to perform 

ventrodorsal flexion and extension movements that are Important in pronograde 

running Pronogrades benefit from dorsiflexion movements of the trunk during 

running and leaping, 

The position of the cervicothoracic (C-T) joint transition is usually stable in 

all mammals, on the seventh cervical vertebra, except In matees and sloths 

(Aiello and Dean. 1990) In this study, only four specimens, :In the human 

sample), In the total sample of 449 primates demonstrated a PSV pattern 'Where 

there were less than 7 cervicai vertebrae. This Indicates that variation In the 

primate cervical number IS probably insignificant In a comparative sense 

VariatIOn in the number of thoracic and lumbar vertebrae IS controlled both by 

the level at \\/hich the T-L joint IS found. and by the relative total number of 

thoracic and lumbar vertebrae as can be seen in Table 6.37. The different T"L 

transitions In the primates studied are shown In Figure 7.1 The human 

orthogrades have the greatest variation in the PSV pattern (13 patterns) 

However, the large differences in the sample numbers should be taken into 

account Otherwise, the multiple PSV patterns in humans could be an 

mdication of a more versatile vertebral column. 

In general, pronograde patterns have more lumbar vertebrae WIth a 

reduced thoracic set, \\/hile the semi-orthograde and the suspensory form 

reverse this pattern. INith a long thoracio sequenoe and a short lumbar set. This 

is particuiarly evident In the gorilla 'Nhere nearly 35% of the sample has 3 

lumbar vertebrae, and another 35% have 4 verteb~ae, The thoracic vertebrae 

are reduced to 8, 9 or lOin pronograde. and they are 11 , 12 or 13 In semi­

orthograde and orthograde (Figure 6.37) The lumbar vertebrae are increased 

to 9,10 or 11 in pronograde, 3, 4 or 5 in semi-orthograde and 4.5 or 6 in 

orthograde 

The poSition of the T-L joint transition further emphasises this dichotomy 

(Figures 7 1 and 39 a, bj, The pronograde transition is often cranl8l at V17. 

while for the orthograde and the suspensory semi-orthograde, it is mainly at 
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V19 Although the human orthograde has more patterns, generally the 

patterns are similar to those of the other semi-orthograde, that often have a 

transition at V20, and have a slightly sholer lumbar set An appreciable number 

of humans (18.9%) have SIX lumbar vertebrae. Three lumbar vertebrae were 

never present in the human sample. It may be valuable ~o investigate clinically 

the reiationshlp of the Increased and decreased lumbar vertebrae 

(Iumbansation thoracallsatlon and sacralisatlon) to lower back pain in humans 

iii) The ribs, thoracolumbar joint and the stability of the trunk 

Various parts of erector spinae insert onto the ribs that are In turn firmly 

articulated with the bodies and transverse processes of vertebrae via strong 

costovertebra: and costotransverse ligaments The action of the back muscle 

attachments on the ribs is usually underrated although it affects the movements 

of the vertebral column and trunk through these attachments (Figure 33) 

These attadlments are therefore iimportant and should not be ignored in 

vertebral column movements 

The relationship between the T-L V joint and the ribs is also functionally 

Important In the stability of the joint transition, vertebral column and the trunk as 

a v.tlole by restriction of unnecessary movements, When the transitional T-L V 

JOint oCOJrs more cranial than usual. a rib-carrying "lumbar" vertebra comes In 

eXistence In humans the rib pairs might be reduced to 11 (Figure 6 ° B) or 

increased to 13 or 14 (Figure 6 0 D, E) v.tllch creates an unusual relationship 

between the ribs and the transitional T-L V JOint (Figure 38 a b). Stability here 

means helping to keep:he T-L transition joint in place 

The T-L JOint transition experiences aXial and other forces or movements 

from the thoraCIC and lumbar regions concurrently, Although authors like 

Jenkins (1972) do not "gree, general anatomical opinion and researchers such 

as Kashimoto et al .. (1982) claim that in humans maximum sagittal flexion of 

the back, occurs at the tranSitional junction Therefore, it is Important that the 

transition IS given as much stability as possible, since In some instances the 

forces might be considerable and directed in opposing planes or directions. 

The stability of the trunk and v.tlole body is important In all types of locomotion 
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Ribs are inserted onto the body of the sterm.:m costal arch and Into the 

abdominal wall, and act joimly as tho thoracIc cage during the movements of 

the trunk and vertebral colt.:mn, As sl..;ch the ribs help :0 stabiiise the vertebral 

column and the trunk against these forces The nbs act as girders and anchors 

for the vertebral column They also lim:t thoraciC movements wnere the pelvIc 

biades are high as In apes, 

The stability of the vertebral column Increases from A to F in Figure 6.0. As 

more rib-pairs overlap the T-L jOint transition that joint and therefore the 

vertebral column, should achieve more stability The reverse should be true 

Vllhen the lost p81r of ribs IS ;ocated on or cranl81 to the T -L JOint :ransltlon. The 

arrangomont Ir' 6,0 A IS regordoo as the most unstablo of all the six ShOvvrl in 

Figure 6,0, in that the T L transi tional JOint IS not "elnforced by rib -girders , as In 

Figure 6,0 C to F ). 

Figure 5 0 F depicts the rib-T-L joint relationship as observed by this study 

in the terrestflal quadruped (baboon), The terrestrial quadruped (baboon) has 

possibly developed a oomparatlvely most stable rib-T-L vertebral rel8tlonshlp In 

prrmates in thiS study It is followed by the arboreal quadrupoo (vorvel) In 

Figure 6,0 E. The arrangement commoniy found in apes and humans In Figures 

6,0 C to 0 is possibly relatively less stable Thirteen or fourteen pairs of ribs in 

humans could therefore be advantageous, because they 'MJuld provide more 

support to act as girders around the T-L joint tranSition. The presence of 1; 

pairs of ribs could be a liability as far as the stability of the human vertebral 

column :s ooncerned. 

The stability is even more important in the quadrupeds slnoe standing or 

walking on four legs exerts ventrodorsal forces from the ground to the vertebral 

column (Figure 2.6) Without a strong relationship bet:Neen the T-L joint 

transition and ribs, the vertebral column and spinal cord would possibly be in 

danger of being bent into a severe kyphosis, at the T-L 10lnt ThiS explains why 

pattern A was I/ery rare and B was not at all present in the pro no grades 

studied. The hard terrestrial substrate generates compressive impact forces 

that are not moderated as happens in the springy tree branches of the arboreal 

anI/Ironment Therefore, pattern F is more common in the terrestrial quadruped 

(baboon) wtlich walk on hard terrain. The relallonship betvveen the T-L joint 
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transli ion ana Ihe ribs is clearly linked:o pcs:ure ana mode of locomotion Field 

fLfl ct ional s\ucles were noi carried cut. Such stud ies are sllil necessary cn thiS 

pari icular aspect. ~o backup these mcrpholcgical observa:lons 
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Chapter 8 

CONCLUSION 

1.i9 

This study has concerned itself with the functioral complex:ty of the verteDr<l1 

column It has shown that the thoracIc vertebrai column IS generally and 

specifically adapted to the various forms of primate posture ard locomotion The 

adaptatiors have been observed In the morphometnc and in the gross anatom ical 

relatIOns There were no f:e ld ot::sorllatlors carned out The locomotive and 

pos:urai t::ehavlour is taken from literature Some of the sample are few 

particularly the apes The results must therefore De seen against thiS t::acKground 

1) Thoracic Morphometric Patterns and Primate Locomotion 

a) Pronoarade (baboon and vervet) pattern 

The maximum Spinous Process Leverage is found in the mid-thoracIc region. 

'·Nhere it is weil placed to keep the trunk Ir extensior Pronogrades have a higher 

profile pattern for the Lattran ratio and therefore lnore lateral flexion or movements 

of the thoracic area, other anatomical factors allowirg Almost all the thoracic 

facet angles In pronogrades, are generally greater than 110, degrees giving the 

highly active pronogrades a highly f lexlcle vertebral coiumn 

t::) Semi-Qrthograde (gQriila, chimpanzee and orang"utari pattern 

The maXlml!ln Spirous Process Leverage and the longest spine coincide on 

V7N8 in the gorilla and orang-utar because of the strong muscles attached to the 

processes of V7N8, to IIDve the active fore limb and large, heavy heads. The 

profile patterns for Lattran ratIOs are low and therefore the column is less flexit::le 

The other primates In the study have fewer pairs of thoracic facet angies in excess 

of 110 degrees This implies less flexibility of ;heir thoraCIC vertebral column. The 

chimpanZees haVe a more hl!man-like pattern of Spinous Leverage, probably 
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because they use DT1hogrady more than the other apes In the stL:dy, and hence 

rely on a flexible vertebral column. The orang-utan is distindlve In having the 

fewest number of thoraCIC facets In excess of 110 degrees and iow profile patterns 

for the LaUran ratio, This m8Y explain ','"hy ,he orang-utan IS the slowest of the 

apes 

c) Qrthoc:rade (human) pattern 

In :h:s pattern ~here is a c:ear separation of ~he position of ~he longest spinOl:s 

process, at V13, from the position of the greatest SpinoL:s Leverage , at V21 

Therefore contrary to the general anatomical opinion the longest spinous process 

does not provide the greatest or highest leverage to muscles. That means that the 

longest spinous process is always rot the most Important factor in lifting the trunk 

and maintaining the erect posture 0: the trunk. The position of the greatest 

levera!;,e in the ortho!;'rade humans and chimpanzees is at the spinous process of 

V21 (equivalent to L2 in humans) , "Nhile the longest SpinOUS process IS found on 

V13 (T6 in both chimpanzees and humans) In the seml-orthograde gorilla and 

suspensory orang-utan both the greatest leverage and the lon!;'est spinoL:s 

process coincide at V7 (C7) or in terms of the thoracic vertebral co umn at V8 (T1 l· 

In the baboon , a terrestrial pronograde, the lon!;'est sp:nOl:s process and the 

splnoL:s process with the greatest leverage coincide at V14 (T7). In the vervet 

monkey that IS an arboreal pronograde the lon!;'est SpinoUS process and the 

SpinOUS process with the !;,reatest leverage do not exac!ly occur on the same 

vertebra, However, the two occur on adjacent vertebrae, In the baboon they are 

found in the mid-thoracic cegion 

The position of the greatest I€verage on V21 (L2in the human):s probably 

reflected in the common complaint of lower-back pain Human EMG s:udies and 

other clinical tests would be necessary to throw more light on this matter. 

The similarity in the poSitions of the grea:est levera!;,e (V21) and the splnoL:s 

process (V13) in humans and chimpanzees could possibly be explained by the 

fact that the chimpanzees use orthogrady more than the o:her apes in the study 
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c) Generill Morphological Features 

In general the profile patterns for the transverse process leverages tend to be 

similar 'n all the primates in this sluey ThiS means that the lateral flexion leverage 

(the Lattran ratio) and the extensor leverage (the Vdtran ratio) are equally 

important In all primate postures and locomotion. The Lattra:: stabiliseS the back in 

the mld-sagi:tal plane 'Mlile the Vdtran keeps the back extended. The ability to 

extend the back is generally ::ecessary for all primates, but It IS essential ;n 

orthograde and semi-orthograce locomotion Therefore the profile oattern for the 

laltran ratio IS higher i~ orthograces ar.d semi-orthogrades than in pronogrades 

However as far as the transverse process morphometric ratios are concerned 

the orang-utan :ends to have generally lower values, probabiy because the slow 

suspensory form of locomotio:: ;n this species puts 'ow demand on the vertebrai 

column 

This study has also implied that :he greater the number of large thoracic facet 

angles the more flexible ana versatile the vertebral colU'Tln is probably Su<::h a 

flexible vertebral colum:: would be requirec for orthograde and pronograde 

locomotion, Thus out of the 12 pairs of thoracic anter'or facet (prezygapophyseal) 

angles. there are respectively 2 3,4.6, 9 and 12 pairs of anterior facet angles 

that are 110 degrees or above, in the orang-utan, godla, chimpanzee human 

baboo:: and verve\. Amo::g the primates in the study, the orang-utan, \/\11th only two 

pairs of a"ter'or thoracic face! angles above 110 cegrees. is reno'Nned for its 

caution slo'Nness 'Nrille the vervet, with all the tv.€lve pairs above 110 cegrees, is 

highly agile 

The area of the vertebral forame:: in most regions may give a rough estimate of 

the size of the spinal cord This is an estimate because :he spinal cord toes not fill 

all sides and the length of the vertebral canal. There is no significant difference in 

this measurement In the species studies. Therefore, the spmai cords are similar in 

size in the primates in this study This similarity is difficult to explain, It might 
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however imply that the vertebral colum n and the spinal cord evolved to reach tf"teir 

present Sizes In these species before the species diverged from tr,elr common 

ancestor (Brown. et ai., 1985). It IS further noted that the re lative size of tr,e 

monkey vertebral foramina (and hence the spinal cord) is closer to the size In 

humans, than to the size or the other species In the study 

2) Specific Transitional Morphometric Features 

The area of the cranial vertebral body and therefore the compressive forces 

increase caudally along the vertebral column In all tr,e primates The relative 

cranial area of the vertebrai body is no! Influenced by species posture or 

locomotion. This means :hat not much can be concluded from the ratio of the area 

of the cranial vertebral body st.riace, The caudal vertebral body area is larger at 

the T -L transition than at :he C-T transition, because the compression forces along 

the vertebral column Increase in the caudal cirection, 

Among the apes and r,umans, tf"te relative facet areas at the T-l tranSition 

(VI 9) are larges! in humans This migf"tt not be relmec to the orthograde posture of 

r,umans since tr,e pronogrades in the study have much larger facet areas than 

humans at Ihat particular reg ion of :he vertebral column, (Figure 6,6, Tabie 6,11) 

The vertebrae at the transitions have """,II-developed facets and pedicles The 

study proposes tr,at tr,e transitional elements being at crossroads of various 

opposi!e movements In the cervical tf"toracic and lumbar regions, tr,ey must 

contain and neutralise such forces, For example, if movements \Ne'e froeiy allowed 

to pass unchecked from the thoraCIC regIOn into tf"te lumbar region, tf"tere would be 

undesirable consequences forcing tr,e lum bar reg ion to behave like the thoracic. 

The increased facet areas. facet angles, pedicle ratio and pedicle area at the 

transitional vertebrae Indicate that strong aclions are taking place at the 

transitions, These strong actions maintain the stability of the vertebral column and 

co-ordinated movements of the column This means that the structures at the 

transitions must be well developed 

Tr,e facet area, pedicle ratiOS and pedicle areas are larger at the C-T transition 



Univ
ers

ity
of

Cap
e Tow

n

14i 

than at the T-L tranSlllcn This is clfficult explain since it indicates that the strain 

from the forces on the vertebral column IS greater at the CoT t~an a: the T-L 

transition This should not be :he case. However adcltlon :0 :he normal forces 

along the vertebral column, there are other forces at :he C-T Tanslticn Suer 

forces are a result cf the following: 

aj Mcvemenls of:he read and neck 

b) Action of the muscles trat attach tc the processes of :he vertebrae a: :he C-T 

transition. fcr tre freely SWinging hands 

c) Impact of the forelimb with :he ground that is transmitted to the C-T 

d) The vertebrae at C-T transition rave small bodies. therefore the other 

structures on venebrae in tre C-T area sroulc be well deveicped:o reinforce and 

compansate for :he small bccies, 

3) Pre-sacral Vertebral Counts, the T-L Transition and Locomotion 

The s:udy has shoIM: trat there IS a re ta tlcn betvveen different locomotive 

modes and the pre-sacral venebrai {PSVj patterns (Tabies 6.36. 6.37, 6.38 and 

Figure 7.1) The pronograces ~ave re lative shan thoracic ane relatively ,cng 

Il:mbar regions The seml-orthogrades, suspensory locomo:or anc cnhcgraces 

~ave relatively long thoraciC and relatively shon ,umbar regions. In the apes a 

shon lumbar region is advantageous in swinging by enablmg the pelvis to swing 

forvvard easily In the crthograce human, balancing the trl:nk on a iong lumbar 

reglcn woulc be difficult 

Ribs are Involved In :he vertebral column and trunk rnovemen:s through their 

strong attachments onto vertebrae Via costovertebral anc costctransverse 

ligaments The insertions of erectcres spinae onto the ribs can therefore 

effectively influence :he trunk and vertebral column movements through their 

attachments to the ribs The part played by the ribs in the trunk movements 

shoulc therefcre not be underated. 

Finally, a very important relation has been nctee (in this study) between the 

pattern of :he T-L transition and the ribs, in relation to :he stability of the vertebral 
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column, trunk and locomotion generally (Figure 60). Figure 6.0 shows that the ribs 

act as Girders to anchor the vertebral column into the body 'NaiL The anchorage 

and hence stability of the trunk improves, If there are more ribs caudally beyond 

:he T-L transition The orthograde and semi-orthograde pattern (Figure 6.0 C) is 

regaraed as relatively unstable The arboreal pronograde and terrestrial 

pronograde patterns, where the T-L transition has moved cranially into the 

protection of the ribcage, appear to be the most stable, (Figure 6.0 E, F). The 

terrestriai pronograde pattern offers the best stability and functionally it should 

provide maximum stability to the T-L transition 

The patterns seem to be related to both posture and the environment. An 

unstable T-L tranSition, as In Figure 6.0 A, would be prone to vertebral dislocation 

in quadrupedal locomotion because the T-L joint would p:lss lbly be protruded 

dorsally into a severe kyphosis by the impact from the iimos. Terrestrial 

quadrupeds 'WOuld need a more stable structure than arboreal quadrupeds 

because ~he Impact of the feet 'WIth the hard ground IS greater than the Impact on 

the s'WIngmg Dranches that can provide soft-landing by bending. 

In humans moving the T-L tranSition joint cranially into the ribcage as in 

Figure 6.0 F would probably reinforce the transitional T-L transition joint. The 

pattern;n Figure 6.0 D is Similar ~o the situation in the human vvhen a 13th rib-pair 

overlaps T12 . Conversely, moving the T-L transition joint caudally outside the 

ribcage as in Figure 6.0 B, would probably undermine stability of the T-L joint 

:ranSition and that of the vertebral column. This would be similar to the situation 

when the ribs are reduced to eleven pairs. Other Implications of the above 

patterns may be clarified by clinical and or field investigations 
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