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runctianal‘Mnrpholagy Qf thﬁ Hnmiuaﬁﬂ
shnuldar, Paat and ?rasant '
by Lee R0gers Berger

This thesis presenta an investlgation into the f_[  fL;7

- fifunctlanal morphalagy and form af the Bkelehal

ffalements of the shoulder gmrd & af exhant hqmincids

B

Q resu1ting from thig work, the bonﬂ anatomy of ﬂﬁssil'

_and extinct haminmds whzch 1nhabited the Afr1c§n ) ;;:”I 
. ”T:qontinent during the Laté Pliocene and Farly ki :?
.f i'PlE1st°cEne Particular emphagis is placed Ow the
_:__ferm of the scapula, claV1cle and humerus,_.:,mﬂ :._;
.{jvariation in the bany, arthrologiaal and nynig%;cal

‘anatomy of thig region in extant ‘hominoidg ia b

:5-:—'..

examined, .In light of biomechanic l mmdels _EE

R

~hominid shoulder girdle elements examined and_ h

- blomechanical 1nterpretations are made. _ _
| The fossil ghoulder girdle elements examine& in

thls study are grouped into four species Bamples,_

The first sample (Australopithecus afzrdcanus)
comprises Pliocene foaszls ﬁrom sterkfoune;n, SOuth o

Africa. The second sampJe (A. afarensisi 15

| camprlsed of fomsils trom Hadar, Ethicpia Tﬁe'.ﬁ’

thirad . (Hbma habzlis) and iourth (A bo;sai) aamplea_ .

: comprise fossils £rom Qlduvai Gorge, Tanzania,

.Koobi For@, Kenya and the Omo_valley, chmapia._
. When' the ﬁossil ‘hominid: remaing are sorted into =
species, Lhe shoulder girdxe elements maycpe used to’

construct and contrast Bpeciea speqiflc

.
i

:- .biamechaqical models of the shoulder. Thﬁse

_modela emplore differenwes in form amangat foasil



: v

"~f:hgminld EpEClES that may be related to dlﬁﬁexences

”“ jJ;Txnterpretation of systamanic relatzonships amongst o
"'Tfearly huminmds gfﬁ«nH;' '_n._" i\ R R

E In nrﬁer to cbnstruct mndels of early huminids ';

.Hit 13 flrst necesaary to establmah the mﬁvement, 5 € E%f@

\ ﬂmyology and osneblogy of the extant’ hamlnoid

'aii;ﬁhaulder Chapters 4,5 and 6 summarige new data and ;ff :
"'_available infornatian concerning 3hou1der girdle };“gf,} -

'ﬁ movement and ﬁorm._ Chapter ? presents detailed
“;_*ascriptibna of the fosail hominld material (n= 19}

'_ “ava11ab1e for study._ﬁhxs descrlpt1VE informatlon,ff*[37 -

'1;fin combination with a1l af the information derived
from. Chaptera 4 through B, is then used to
interpret, cqmpare ard contrast the . functlonéi"_
“'marphblogy of the shoulder girdla elemente of each

'5_spec1es of- early hcminid. Eagticular emphasls is _;;.y B

placed rm those features that can be dlrectly
“related ta speczfic functmon, Mbdala Jf the L
'-functianal mnrphclpgy of each of the four species ‘
 iara then created CQmparisons are made between .
.individual shoulder g:rdle elementsxaf ‘the differentﬁl
 _hominid species a8 well as between the 1nterprated =
“',total mnrphnlogy of each species' ‘shoulder girdle
- The' stuﬂy concludes that the functional

'-mbrphology of the shouldex girdle of A, afzucanus is :
- unique amongst known hominoid models in that it
 f‘ﬂ_posseases shoulder girdle morphology adapted to- both f"!

V_:fsuspen ory behaviour and bipedalism The'- R
 *_BuspensorY adaptationa are Lndioated hy the' Gverallil'.

~ ape- ~like morpholugy of tha hnmeri claviculae and
“ henq}o£,thg scapulae, whzlst'bipedaiiam is mainly -

O dm behavxour E The mndels may also be applled ta. tha “;._,__
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_' africanus._

"  gLT_n indlcated by a hraad, human 1ike inferior angla of

tha scapula.= Several’gpparenuly primitiva features _
are prelent in bhe,A. africanus gcapula, incl dlng a

shartened scapular neck, that mndicate pnssiblé

ancestry frmm a quadrupadal ﬁorm‘ mpe functianﬁi

morphoiogy af the Al afarensis shaulder is foun&}to
be more difficult Lo interpret due to poor ‘_j
preservation, but the—hypothesised mﬂdel does not .

VAR

differ aubstantlally Erom that eonstructed for A,

afr.i aanas i

The few rnbust auﬁtraloplthacine EA

boisea) shou;der g;rdle elements appear to pcsaésa "
similax mprphalagm&s to FW afhz?nsis and A

There are ndt sufticlently well

preserved«#, habllzs shoulder gmrdle elements

preserved o make meaningful 1ntarpretatiana about

; the funcbicnal mnrphalogy of ‘thig, apecies.

the lack cf comparabla elaments amongst the twu

larger sampies (&. afazensis and A. af&icanusi, itfi
is not known whEther the’ featureﬁ faund tn be

taxonam;c 1ndicaters‘
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ff%natom;oal area for the inoerpretatlon of the

S

ofog%f;f; fbehav:our and 1ifestyles oi early homlnids stams

/'\'

frecognltlon of baaic evo&utionary F”'

S h

':@5 whioh are 1n close oontaot w1th.the env;ronment
'*'tend to show.adaptations.to>thatwenvmronmootof'=_n,
: (Darwzn,.lsss Dobzhanaky, 1937, qu%ht,_lsv?,o :
Aahuon et al 1965, Oxnard 1967a,b,w19680;;%976;_v
ofOxnard et al., 1990‘ Latlmer,.lssl eto y. B
'_Therefore, of all the muoouloskeletal comploxes in |
'.': the prlmata body, there is probably nono whioh
“ ooshows a greaLer range of morphological variation o
~and. diversity ﬁoiaued to performanoe requlrements.

;.than the upper 11mb and ahou;der (Inman et al
f1944) More spECifloally, the shouldor glrdle:o-4'

_ complex is involved in almost evexy act oi

o;locomotlon performed by primates, modern humans,:

_ \f
o being the only llVlng exception to this rule

i

Tﬁe ohoioo of the shoulder girdle as an idealffff?;;V*

LT_prln'-ples ﬁhat recognlse that anatom;cal araas;fv”



By

-TSince musculaskelatal functlpnal complexes such as

'-fffjthe shquldgr glrdle are 1n direat cbntaat w;th the

-fexterna% frvironment adaptations in the

: ff funct1onal morphalcgy of these complexes should be

:ljgﬁod indlcators oﬁ the env&ronment to which they
,;;had originally adaptﬁdfﬂxnard Et al,, 1990,;,Lf"'*

*?Latimer, 1991)

e
.. mackyrousd to the PresenmtiStusy -
The funetzonal complexity of the shaulder
 f g1rd3e is readily evident and,has been dealt Wlth.
:in detall by several researchers (Mlller, 19?2, |
| .Inman et al., 1944 :Aahr.on an*d Q.‘x:nard 1963~ - o
..Ashton at al., 1955, oxnard,'1967a-b,;1968c, ié?é_\
' 19f€ ciochon and Cofrucclni, 1§76F Oxnard et al
“1§$B‘égc ) It 1s therefoxe not the purpose o£
the preaant study to further emaborate on these
complexmties Rather, thls study attempts tﬂ
'.apply the results of these prevzous stud:es, in -
:: comb;natiop w;th_mgrpha;ogical:and functipna;-v
 §naiy$éé éondpéted byﬂﬁhe an£p6rfbn ex;aﬁt* |

primateé, to the shouldef_girdiés gf{£ossi1'



*ijffiyurthérmare, the resulting informati;n_Wml' ba

ifdused tb address questions cf tha’taxonomy amd"'

  5phy1Qgemetic'%elatienships of aérly hominidh
A

;-addltmon to defining thelr adqptive stnﬂtegaes ¥

InaOmuch as early homlnid studiﬁs are

"f,*ccncerned this research was begun and condqcﬂeq

"ffdurlng a critlcal perzod ln tne study of quiﬁam'

)

3_remains axe atkll being raaovered in relatiﬁ ly{

7.i1arge numbersffrom the ancient lake anq rzve” bé&s J;7

o

o “of East Afrigﬁ and several of thé SOuth.AfriéanJ

cave 51tes are prnducing a consisﬁent supply bf

_early hominid fogsils,_ the intenaﬁ raCe to find

”’more:#new" and.ﬂolderv hnminid.faﬁsiisuthat;

: characterlsed the 1970‘3 and 1930*3 has Blowed

B ,'\'

””_Much Qf the emphasis cn exploration thaﬁ marks S
this. pericd hasL een rePlaﬁed bY a re°°9n1t1°n °f o

'i'the“needjtc-dgscribe and-apalyse_hhe_;argé:amqumts.f

'fﬁPllﬂ Pleistocene hominids Whi]ﬂt foﬁsil ﬂ@miﬂid ;f-- '”




“fffmateﬁlal, in partlﬁular %he most reqenm_;ijfff:'

 -frecovered sPecimens fromjéhe Stérkfbnté&n ﬁlte 1n
' o

f'3south.Afriaa had noé befn.preV10us&y dascrlbed

'-7“In addiuien, this 3tudylrepraaents the first time

_  a researcher hﬂs had available twa relatively

i

'large samplea of shaulder girdla elementa from two 1_:

.(apparently) dlstlnct speC1es of aarly homlnld

- This was 1arga.y due ta the recovery af numerous

. ﬂhOUIdervgirGIE~apecimens from Sterkfontein-that SRR

 have been attributed to the apecxes A. africanus
'(Tobias 1995 1891, PARﬂ rap0rts \F These sauth

T:Afrlcan early hominid specimens are claaely

'7comparable in age and "qraclllhy" to the ﬁcasils

‘1

. that were dlscovered in Hadar, Ethiopia dhrlng the' S

'__:middla and late 1970'3 and whlch have been

 driributed to A.“afarenszs,whereioxe; this"

=



b

’Senut, 19?8 1981a,h, 1982, 19&4,_1989 Lavejoy,

'"1i£estyles_o£ ghesa early_homiqids*i

sene
et
s e

}E:
4

'ifrelatxanshaps in the develapment aF the shaulder ff_""”

0..

':‘Tfaamplex in the Plio Pleiatoaene haminids.l;;fffff?

Whilst manyustudies hé&e been cenductad on phé iff fg~
Vfcrm and functlan of nhe extant primate shguider |
."°fg1rd1e,:and soma have app]ied sfudiea of the
.' -mcdern hominaid shoulder girdle ta fQEBll hcmini&

l‘remains (campbﬂll, 1956, Oxnaxd 1968a b, 1969, g_kf'f?@f 

_19?6, 1978, 1981, Vrba, 1979 Lavajny er al.,\,

i
;Qsza;sstern-and_SuSmani 1983 J"enut and Taraieu,

.ﬁlﬁésf Sﬁsﬁéﬁ et'a1.; 1985, Larson and Stern,":"..
lliséér‘ ncn‘h has attumpted an exhaustive
. funct 1ﬁa1 study of the fossil hnminid.shoulder |
fqirdle .. While one miqht question ouﬁ ability to-f: -f*
_interpret functlmn 1n Such a manifestLy complax
2-1e91an ag tne rhoulder girdla frm% fragmenhary
'fossil remains, the patential reauits of such are '

g;af critical importance to our undersuahdmng of the.

W

I i

or -



-

oo

Ne‘verthelessf while thEx skeletal e;.emant;s Of

'-the early hominid shoulder girdle axé beuter

?'frepresented than ﬁver before, 2 raaonatruction of

"ﬁhjthe whole functiohlng shaulder girdle, or even of

'“hjfsingle alaments af the ahoulder g1rd1e, of these B

“'f=ext1nct forms requires more than simply thls

:;hﬁffragmentary skelétal fcundathn ' ThlB is becauaa

=;fthe ﬁunctional operatian af the shoulder gir&le is

'also ;n an arthral?gical and myalcgical ccmplex

Y

-*\\ ’

-j..f'ﬁxpresﬂad '.1.1'1 th Dnly an Oﬂt&ﬁloglcal complax but

It wag therefare necessary to inclu&e in this_" B

-_study an examination of the major soﬁt ttssues @f
;the shoulder complex,of se]ected liv:ng primates

*h_in order to enable tha osteologlcal anatomy of the

- B foasilised shoulder girdle elemants to bej-

_examined Detailed treatments of the anatmmy and '

functlon of the shoulder girdle of some 11ving

h hominoids.are avai&able (Inman et al., 1944;~_

Ashton and_Oxhard,_lasé;'Sterh et_al.,_lS??; Stern
énd sueman, 1981;;;9$3£_Jﬁngerﬁ.and Stern, l983;

Susman, 1983; Susman et al,, 1984, tarson and



""-fstern, 1586, Lar§cm, 1935, Oxnar& et a,::. 1990,__-._._-_'.-'.”

';reconstruct@ﬁ'ﬁm

Susmanﬂand srern, 1991 etc } and pxovide tha

| 'T framewoxk from.Which the soft tiasuas of the early '°-gff

"”-]hcminid shouldér girdlg can be dadueed and |

'The-best stud;ed Qf thasa modern  ¥;*:jﬁ,

” {hom1noid forﬁafia Hbmo aapiéns, a species whiah
- may be aonszdered the most likely candidate to be::ff  y: 
’Ig;j ﬁhe cloaest 1iving relatmve of the early '__u w

ﬂ;:pleistocene hominidsy: In addztioﬂ, thls study isﬁ%???f_f:

ffnrtunate in having avamlahle for examination the:_

<

 cadavers of uhimpanzees,- hi“n may be aB clasely B

_Qrelatad to the early to\mld 91 ocene hominidg .a5 ,,

o

.bema sapiens ﬁs ba these earlier 'farmﬂ*'xF

”f;.HiBEOIY Of ﬂtudy of the Fundhian and,narphology nf

the Eominoid shat\dar sirdle
_ . | .  4 _n”'-ﬁ:'{*3f S
| The study Of the form of the hominnid shoulder'.
girdle datea back at least tn the middle oﬂ the

_19th century when most efforta concentrated on the

iﬂ:explanat:on of variatlon in indlvidual bones.'zghéf  

'(f {;'r'

. scapula TECEIVEd tha most attention as it waa :



y perceived ta exhlbib a hmgh degree cf

'-_fthe late 185013, thrcugh the mld twentleth

;gla?o, POlrlﬁkhﬂlago, 1911« Paramna, 18935

. r ’
'*_iHrdlicka. }9191 1914* 1915“ 1929*‘*937“/ o N
s AL
,.Martln, xszs vailcis, 1924 1526a, h, 15«@¢“ o

[y

om0

 "€_  marpholog;cal variation amcngst humans whllst alsn

]presentlng a. host of anomalies for snudy,_: Fr@m

mg_._-

'fjcentury, numerous studies cfkyaxiatian in foéﬁ ?f

N _.:the bOﬂY eleme);mg Qf t‘.he Bhoul\der girdla were - l :__ E

g .

;cOnduate%;- (Mf%art, 1368, Gbaber,_lss ; Flawax

o iz'

P :
5y /h”"‘\l:'-“\.

ki

a-a

E 3;gMiller, 1932}; Hawavaﬂ mnst oﬁ fhe ahave studiaa

'ﬂwere cqncerneajenlyawith morpholagy and Few  2'

i’ﬁ"examined the funation assnciated with tha oblerved

varlations in bona @tructuresi -

The relative dearth of functional studaes

-  conduabed on the ahaulder gird‘e during thia aarly

'period was primarily dua to the 1ack of .

avallahility af an unblaaed method for

establishing the functian nf the musclea in tha\.

shaulder region._ It waa not until ‘the studiea by

Inman et-al; (1944) which.applied tha rasults Qf

eléctromyographic {EMG) atudiea of musclea of the :

"shoulder to 1nfer msseous marphqlogy eﬁ the o



L _'r&gian, that rej.atlonsh:l.ps bett'a'een form and

” funct1on 1n the shoulder could ba hypothasised.

 %  ;mme”ac§éu1a in the 1iv1ng fbrm iaff 
:fauapandbdf aa it wera,_in apara Qy  j
Af  the mﬂsc?aa aating upan 1t, and ic; '_ﬁ'
'; 15 bharefore‘nob aurpriaing ﬂhat_7;°
””t#his bane_ should raflaab mnre;“
”3 ;c1ear1y'than aqy other tha ahanyes:
 11?wmicn have bean braugbc about by
.ff¢°reglf' apacialiseﬁ funabional 

B demaﬁda.,w~"'

Possibly the greatest contribution of the

'study by Inman et al, (1944) was the first

ohjective proof that the variation in Bhapes

-.obaerved between the bones of the shoulder glrdla :
'.of apes, monkeys and humans were indisputably
-_related to dlfferences in muscular shapea and
 actiona ;hat are "brought about by more )

"fapeéialised Eunctiqnal &emandsﬁ {Inman'eh_ait,



'=u=jpr1mates w0uld take a new dlreation_ Anatnmical

:_proved 1nadequate ﬁor detaaled functional

;f1944, p, 2) == rrcm this research onwards, studmes

o of the farm and functlon af the shaulder glrdlé of_-f

E f

f;studiea af thé shoulder girdles of grimates such
.'i:as those of Ashbon and oxnard (1963 1964} Ashtcn.fff _.
.'_et al. (1963) and Oxnard‘(lssz, 1967, lQGBc,T : | |
' 1§72). wculd be based on associating morphclbgical o
.':Jvariations with apeclflc functions and behavinur
, LjUnfcrtunate1y, theae studies amongst others, would . '”
-:over slmpliﬁy grimate 1oc6motlon hy ﬁatagorlaing ..

'Cit 1nta “modes" Qf 1ocombtion that have since

‘-anatqmlcal Etudles (see below)

E ;

CIn éhe 19?0'9 and 1980'9, mainly due to the

-  _advent of easiiy accealible computars thdt were
'5able to aynthﬁsise 1arqer data hases, studies of
'Vthe functlonal morphology of the shauldex girdle
-_tendad to uae complex, multivarlate statlstics to
- associate variationa in-morpholcgies with

varlatnons in perfarmance demands {anard, 1972,

Ty

”1_'1973a b, 19?6 1986 corruccini and clochon, 1976

 0xnard 1 al., 1981) Hawever, even durzng thls

periad the meuhods-used hy many_rasearchers.for'-

T



) Al S
! T

' ¥31”;7{“ ,VLfif5§f7

'”f?ftheir multivarlate analyaea were quesﬁicnad(see

: ';Wnod, 1978) Many recent StUdlEB have begun ta

ff-reaogn;se that farm‘ia not as eaazly related to

w-f;functlon as had been ariginally théught (see&quf '

"57studias of SPecifla muscles and studies aﬂ

”*VOxnard et al 1990, Susmaﬂ’and Stern, 1991),’: 
R '0 L
-'Thls reccgnz;ion 13 due ta the results of EMG

. 9.“-

"'_ -hehaviaur an& 1ifeaty1as af wild prima*as that

.‘..

7. have shown that classitlcation af the "modes" cf

'¢?1°c°m°tian or any attempt to relabe bcny

-mnrphologies to single functiOn almoet certalnly

"p: doas not rap*esent the raalitlea of A primates’ :

'7 comp1ex locomotar repertoire (see oxnard et al

'1990, Susman and Stern, 1991 for a review} _ Thé j . o

| reaults nf this recognitlon have led recent
'researchers in two dlrections and these are.*~

'datamled below

.'n :ﬁ‘-” reéeérghgrs_,_ _'r"nz;m_: ﬁc;;taibly' C.E. 'gmm et
“al. {199'0).', have atté.mi:ted to ué-ef-'cdmpiax,- SO

- multivariate Etudies to more achrately relate a
_'primate's total behavioural "llfeaty;a" to it-. 
|  ranatomy- axnard-et al._(lsso} have highlighted

. the problems aasociateﬂ with the use of tha f

it



SR T el

”chomplexity of behaviour and poéture af extant /

.'Hffissv, 1975; 1933), Lleagle (1976: 1979";-

'; g§fx”'h

/

a!f

: ipr%§ftea,_largely due to studies by Aﬂhton’?ﬁd

'”VQoxnard (1964), Napier and Napxer (lSGTIf O&hard

R

-1Char1es Dominique (1977), Hunt {1990,32593) etc'.
" ;“has led to the abandonment of such.slngle minded

7ff.attempts aﬁ‘prlmate 1ocom0tor clagsification

G-

- o

: : More recent studies have attempted ta redeflne f -
* the way in whlch wa rlasaify locomction in | .
:ﬁ.;primates by quantifying tha relaticnshlp between
_morpholagy and prmmate habltat use, bcdy size an&
-f:ffoad acquislticn (see Oxnard et al,, 1990 ﬁor an

B overview}. § Hawé%er, the atcumulation qﬁ

Yo

jquantitative data on. theae asgeats of prlmate
"ecology is extremely-time consuming and the data

are_dlfticult tq 1nterpret-onca,in hand,_;”

-

Moat retently, Oxnard et al (199ﬁ) hav'\ﬁ

,proposeﬂ an alterﬂative methad of Primate 3   ;;

“domlﬁant behavzour termlndlagyﬂ Whlch has 75f557;/;*g3f5'

eharacterised mast attempts at lacumotar J:f:f;n;n=ﬁg'
'._.classification’° Re¢ognition af thé axtreme Y AN
B 'ﬁ;»,-;



C Fmea, - ) .

f;-locomotor classifzcatlon ta the ﬁommnant hehavimur rﬂf,'

'7 gterm1no1ogy'method Oxnard'a pr0poaed methe&

f;;n«olvea the multlvar;ate analys;s of a primaté

.;? _ispec1e3'  total llfestyle ' Whlle che method

'*‘rf appears sounﬁ and the 1n1tial study rPsults were o

|  ELifprcmising;%the methad has yet ta be applied

“ _extensiv¢ly tc.\ heminoids.

In contrast ‘to Oxnard's methods, sé#éréls~
'*Trecent examlnatlons of fcss;l and modern pr;mate\

_postcranlal elements have tende& to LEE charaﬂter_ .f,

*-janalyses and dlrect formntb functlon comparmsuns

'in their Exploration of primate functlonal anatomy S

ﬁ (Latimer, 1991 McHenry, 1991- Susman'and.Stern,~-

- 1991) These studies ugse the. rasults of positional

L behaV1cura1 studles of 11v1ng prlmatea such as

these of Hunt (1990, 1993) and of EMG studles of

- muscularhact1v1ty,gto ass001ate the farm of banes
t7w1th their'fﬁncﬁioﬁ Thase atudies have resulted
'in the recognition that many specific areas of the

"_bony anatomy of prlmates may be. dlrectly

*'associated with certain hehaVLcur This latter,

'descrzptzve approach is’ used inm. the preseqt etudy

--for the fallgwing reaaons. firat, the results of



. . PR ) R N

':m chb£HX locomotor and behavioural studies Oﬁ

f,-.exkant homzno;ds are nat yet avallable, second

'ﬁg'i*our ab*lity to apply ntotaiﬁ 11festyle : 1ff;i¢; 7aF

 ]]5 1nterpretatians to the fcsall hominids 15 1im1tad

SR ﬂ~j3¢ﬁﬁj%

°f'by the 1ack ef detalled 1nformat1¢n on L';;ﬁ;?” S

”ﬂ i$env1ronment, PhYSIQLOQY: and sacial behavmmur in

 :ﬁthe fassil record

f[ﬂl 4
The Applicatlon of runatinnal nnn 6ﬁiaai Studia§i ”:;q-' 

of the Shaulder Girdle to rossil Hnminids

fThéféppliégﬁioh_bf.fﬁné;ibﬁél ahétqﬁicali.ﬁ'
hfétﬁéiés_bfftheusﬁduldér'giﬁdlé té_théfeéflﬁi~”

| Ehdﬁi#ié.fé&of&'hegan*with-ﬁhe.diéédférf Sf:thé  §;§
.'7 shaulder girdle complex at Sterkfontein in 1945_ 5
f(Broom and Schepera, 1946} _It-was this-i"
discavery that 1ed several authors to recagn;aﬁ
””that the upper 1imbs of the australoplthecinea ﬁf-
_may not have baen as derived toWard the modexn

. human condition aa the pelv1s and lcwer 11mbs |
:(Eroom and S;hepers, 1946)‘ However. shoulder 3{'

- girdle specimens;rgméined elusive 1n,§hE'fnasll__'
récérézéﬂd_bétween'ishs and:;9?2;pp1y.oﬁa'ﬁthé?



R

"f:'early hcminia shaulder glrdle ebament ( OH ?) had
been dlscavered (L B s Leakey eL al~. 1964):-.-::.
,#l c1av1cle cﬁ Homo habilis.- Cansequently, duxmng

the lattex part of th;a perlod. Sta ? was placed _ fT”

under intensive scrutiny Tha oPiuion of most'

- L
%esearchers was that the mofphology at Sts 7 3as

.__ﬁ_ g T
s M'as similar to that of extant apas as tn hnmans buti;

dirte:ent frem any single locnmotor ﬁcrm observed ¢ '

o
.o

in eﬂhant apes (Co&n; 1962~ campbell, 1966

Oxnard, 1§Gaa b,.nobinson,_1972k7clochon and &'f fftjﬁf5 '
Carruccinl, 1976; Senut 19§é:mi;az;'1989¢ 1990, :0 
Vrha, 1979?gu Latimer, 1991) o Whilst these
h:similaritmes led many séientiats to hypothesise
that the common ance&?ar of humans ‘and aﬁés sharedi_;'z
;Lv a similar fcrm of locomotmon (TutLle, 1915,Tf  *
1977}} the!results oﬁ-more“recent studleé;nf*thé ;.
1mcgmotzon of wild primates and: wﬁ the comparativeT:
morphoiogy of this raglon sugg;

\\ u\
generalised (?susgenacrya fofm oﬁ

forelimb dependent locumatlon was: practiaed by tha'
common homineidynapestor {Stern et al ; 1977,;

| Prost, 1980 Fleagle ot al 1951 Tuttle, 1981,

1984 Sarmiento, 1985 Hunt, 1990, 1993 etc )



Cew

Witnin the abovementmoned evolutioﬁary

_scenakle, modern apes have retained the upper 1imbif e
.eimorph°1°9Y suitable far dependence en fcrellmh
. }

'T;domlnated cllmbing behaviour. This morphelogy has:?;_..?.fﬂ

“&been replaced however,' 1n humans by morphclogy

H;which 15 (presumablyi adapted for precision

f,;efmanlpulation and tool uqe Thus the variatienS-* TS

 1§ eheulder g1ré1e morphology seen between the
“e_apes and humans are hypatheeised to be due te the :

;upper llmb of apes being adapted for locomohion,s-r
;=.wh11e that of humans has been, for the.mostfpart,.e'.}

-,freed from this task (see Latimer, 1QBi fdrea d;'

 diecussion)

: - .

. -'-..\_f' . .

By the early 1970'3 Koobi Fora in.Kenga, and

ithe Omo and Hadar 1in. Ethiopia began YleldingJMGfe:.'

._\.

"_;fo9511 hcmlnld shoulder g;rdle elements. -

i

Doy

"-Hadar elene, no less than:a foe:el shoulder'f
- elemEnts were recovered in the perlod 1973 “ 1976_ -
'e(Senut, 1978,.1930¢'Johaneon ot al.,.zsea,-

_:Lsana b, 1992, Lovejey et a1 - 1982a,D) . . By the

. late 19?013 and early 1980'3, the 1n1tia1

L descrlptions of thlS material were,begining to'__

appear_ln the litereture_(Senut,_ig?&,_;ﬁBl;'*

16



Johanson e: al 198 LﬂVEJOY et al,, 1982a,b)

T that the functlonal marphclogy of tha gracilé

Q_suagected fram the shoulder girdle marpholagy of

-'.ai,? S

W

. .austrqlopithecine Ehouldpr erdle was, as had.been I

- and the results - 0f fprelimlnary analyses zndicated

o

:%Lﬁfsts 7, 1n many ways as, or more ammilar, to ext?rt. .
.fE;tfape morpholcgy than it was to that of modern ”§:...:1v
'E”fihumans (Senut, 1978 1981, 1982, Larﬁon and Stern,, |
 121:19aG) - o | .fggﬁaﬁ_ﬁh b
'f§:7 | in"&ﬁnﬁrﬁgtitﬁ thé:aﬁd§é» during thlS samef:
 ;E_period, there appeared in the tlterature a
;f'tendency tc “humanise" the behaviour anﬂ
_ ;1ocomotiGn of early homlnids" In particular,
Tistudies~conducted'ahﬁthe 1ower=limbs by Brace-.
(1979}, Wolpnff {19833 b) and Lovegoy (1981) .
_tended to examine early hﬂmiﬂld 1ocomotzan awd\
- behaviour as an extEnsion of mwdern human o
':fblpedalism The frustratian of authors auch asjﬁ? o
zihlman and Tanner (1978)4 Senut (1978, 21.981){.r L
Vrba (1979) Tardleu (1981) and Larson and Stern' :H
(1986) amongst many others:u .0 redognised crit1$a1 i-‘§p.
- N
differences in the tgtal postcranial morphology ofaV-Ak',
early hominids, was avldent thraughout thi&’;.“  ﬂ



. ; i

g

/?

'fperidd' The afofmentianed "humanising“ studiaa

postcraa;al morphology of australopzthealnes and

humans and de emphasise the differances

Hawever, rhare has been a recent resurgance af o

recagnitlcn that there are fundamental features in

the postcranlal marphalogy nf early granale
auatr&&opzthecines that distiﬂguish them from

11vmn§%humana._ Numerous studies conductwd durlng

1  the 1970'5 and the early and mid 1980'3 (e g. Day,

}4.979, Qemit '19'?3, 1981, 1982 1989, Vrba, 1979*

Tardieu, 1981 Jungera, 1982, Jungers and stern, '

'w«_isgs; Sﬂhmid, 1983; ‘Stern and Susman, 1933,_

Susman,.lsaa:_Rase,“1984-'8usman et al. 1984,

 ‘Senut and Tardieu, 1985; Largon and Ste:ntﬁisgﬁj'
. and more recent studies. (Berge, 1991; Latimer,
1991; MﬂHehry._issii Preuachptt'and Witte;ﬁisslf'

_Rose, 1984}:1991;_Qchmid;“lSQl;_Susman and. Stern,

1991-'Hartwig -SGhrerer, 1993 et ),_suggest that

some camponents oﬁ the behaviour and lecomotcr'

repertoires of theae early hcmmnids were not as

S
humanlike as was previously thought (Dart, 1959,

Gy

18
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5  tended fo emphusiae similarities between the 3 ; 5fg '“
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-f:ﬁay, 1973, ﬁréce, 1979,, clpaff, 1980, Love;ay,__?ﬂlje7

'73_198 Mbrgan, 1933 Parker, 1937),_?3'

Hfl_ Modals fcr the _"modes" of lncomotian of

"'jauatralopitheeines what have been develnped based ',';p_w

'i5on the post cranial marphology (primarily the

"? ?hands, elbow jaint; Pelvis, knee Jﬁinb and fEeﬁ‘

o form of Iocomotion australopithecines undertook

Sl K
ok AL
e T

':fvary qreatly hut, aa outlined by senut (19915,
S A E
w3 nhey may'he grouped into two maj\\mategarias.ﬁ
';»fclimbing and nQn climbing. W1thin theae “

'-categaries are at 1eaat B modala far the exact
Senut summarised the catagories as foliows.__'..

'Cliﬁﬁtngjﬁéduls .a- R

” . : .ffiﬂ'ﬁ ;' 4¢'; , |

.il;“The“nehimpaﬁzeésiike'hrachiétéruﬁmddéll'
E(Keith;~19§3¢_Gragnﬁy; ;92a;_Tuﬁtle;“iasgy

.2) _The “knuckleéwéiking“ ﬁddel"' | |

| v(waahbu:n,,igsji.}f' R

o 35"'The'ngibﬁo@ﬂ maqeif“

. (rueele, 195;1*

4) Tha'ﬁranggﬁtanfmﬁda1:

o (8tezn, 19?6)ﬂ

 19.'
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"' €{515 The jlbonobo" mndelf 3 ;j

TVU_5) The ﬂbeml brachiator" mcdal ' }5?f'

(Napler, 1963)

*t_mggéclimbiné"ﬂéaéié;f“'

(z;hlman, 1985) _
f,ﬁ?fﬁ The Cercapitheaaldea terreatrial quadruped _  
   model o . e o
(ﬁelm;s, 1972, ﬁottbﬁ“ét%ai :H1§é4}z

."“3i Sitting aa an origin Eor’bipedaliam |
| (Wbod Jonea;’1964, Jolly, 1970' Napier;.;

"'1970, Heim, 1979 Wrangham, 1930)

The varying cétegoriea of lﬁéomoticn are®
'_self explanatory -However,lgar a_cpmp;ehenslye |
Mrevlew_qfuthg ;ﬁﬁividual_categagiés seé_se#ut:{,

':_<19§i;-§, é474246;.9 whaﬁ'is mdst’importéﬁt bo

note is that all oﬁ the abeve mentioned models

'fimply 1mcomotor behav1our than involves use of the 

*_upper limbs. Thus, examination of the functional
morphology of the shoulder girdle uf foasil i

-australopithecinas should a;low these various

}fmodels to be testad on: the other handr the

20
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f.functional mnrphology and locomatcr capabilitlas_~-*'

T

'“f : of robust australoplthecinas have recentl? been

asseased to be much que ccmparable to humans or

”fithe @hronologically-contemporan&eus members of nhe

'“rjgenus Hama than thay are tc apes and thia

,ﬁ.}fmorpholagy shauld he discernible in the shaulder f,,-**f

7 givdle (S“Bman; 1988& b, J1993 su-sman-and ’Er-ain,-

A

'3?1988) Nev&rtheless, despite the discovery oﬁ

ff;the 1axge Hadar homlnid sample, and our 1ncreasin§'
éknqwledge of thgﬂpostcranial morphmlogy af the-””"“

Hfﬁvarlous species.of.Pilo Plaistocene homlnid, Wwe ff "

_:gﬁtlll have no clear picture af what the exact :

. "f9rm(ﬁ)'°f 19¢°m9€¢9ﬂ-Of_Pnase-early_[

 australopithecine species wers.

:  During the late 1870's and the early~ tof_

 _m1d 1980'5, discuasions concerning

| ;australopithecine locamotion were ¢entred around

-,the postcranial morphﬁ}ogies off che hominid@ from
ZHadar $1nce thia regre;ente&,the most. camplete A
:sample yet discovered. By the late 1980'5 and the
early part of the 1990*5, the number af atudies
Liﬁonducted'on“the functionalamnrpholngiea of Hany

".;apeclea Qf early hominid shoulder girdle had

21 -_' ,f?m_.n



” jdec1ined 31gn1flcantiy. amnce almoat Ho . npw,'well

f preserved fossil hominid shoulder glrdle mgterial

fjﬁwag deacrlb&d,, The few studies that were

_ffmcondﬁcted speciflcally an the agtant primaue

"iﬂhbulder girdle were almoat-wholly.multivariataf”“T'

"5?€f;attempts tc aasocaate the marphgiogies of the

' bones of the regian wibh the recently recogniaed

 'cbmplex 1ife§tylas of living primates (Oxnar&

u\

1975' oxnard et al 1951 Dxna.rd ei: al., 1990)

Also dﬁring this pezlod great eﬁﬁorta were being ' :;_ﬁ:f.

':made in exploring the origzna, and reasons far the f

”:Origina, of hominid bipedalism Bince fcasil

.ugflndi¢atad thar the pelvis and 1ow9r llmbs are

:evidence frcm Bllo Pleistocene hominids has

‘ ”f;:already uapable of a form of suatained terrestrlal'

' f;blpada$i3m'(R°se'* 975, 1984 1991 Rodman and

'””Meﬂenry: 13805 Wxangham; 12805 L0V9j°Yf 3951*4

o senut and Tardieu, 1935 Day, 1986 parker; 1937.'

 Eickhoff, 1988 Montgomery,_lsaa, Hunt,'lsqo,_
‘Latimer,-lssl) HOWever, these explarations were
”forcad to rely primarily on 1ndirect evidence
'rathe; »han on direct evidence, since lane Miocene¥ _'f‘
_prato hcmznids arg conspicuous by their absence

. [l

o



o

soa

It was within this environment that in late

'”*flgag ghe author Was presented by Prcfessor P v

"ffjongoing analy5es oﬁ hominid matarials;}f

'_?Tobias thh the oppcrtunity of analysing 8
:-jrecently reaovered hominid shaulder gimﬂle

' je1ements from rhe Sterkfontein site aalpart mﬁjthe

During
J{;preparatory raaearches into tha functzona&
ﬁmnrpholagy of the hnminold shaul&er jc;nt fcr the
fpurpose of the afcrementloned analyais, lt was
 brought to this author's attantian_ﬁ%at-there was.
o also a need- to synthesise the funati&nal and
:7fcamparative anatomical WQrk that had been |

fﬂonducteu on the homznomd shoulder=girﬂle. __Thé"

- last such comprehensive attempts had. been made for o

 41these skeletal elements nearly 60 years prior

S {Inman et al,, 1944) and for the myology, nearly

i, ‘)
_ 30 years ago (Aanton anﬂ Oxnard, 1963).; _:n_

addit;on, tha reaults of that preliminary réééarch

led the author ta racognize thab there was

' ;potential fox anawering aeme of the behavioural

and taxanamic queatlons that had arieen from
funct;onal morpholcgical studies of other maré
"complete areas af the early hominid postcranial



\ ' L t;j\”

summarised tha imporl

o 'morpholog-icfal s-tud:.'e.s .o'

"""s]'c-e:l.'é-t':oﬁ.- Latimer (1991 p._ 1‘72) has effective,ly __ SRR

ance of ‘functional

11.mb and shoulde:: girdle He natas

'"me upper limb, hawever, is m:'t inder
immeda.ate selection pressures ralated to .
bipedality and ’in this sSense can be

“avolutionary tramsition.  Moreover, in
‘an animal whose survival depends upon
“effective climbing behaviours and whose

s - ' hindlimb has lost virtually all arboreal

functian , one can eypect to see cleaxr

and - edsily . recognized c.limbing-_...--'

adaptationsg in the upper limp. fThis is =

‘aspecially true in view of the forelmb o

dominance that characterises even the
. mogt _terxesf_:ria_l of extant apes.” .

o Aims of_'t:he Present Study

Th&si wofk aims- to pr'ovide a detailed -

. ':camparison of the anatomy and functional
morpho;ogy'oﬁ the extant h@minoid ahoulder gxrdle,

to describe thea morphology of the early hcminid

shoulder girdla fos:ails and t:o assess tha

funct.:.onal morphalcgy' uf the early homin:r.d

shnulder g:l.rdle wi!:h the hopes cf interpreting

. behaviour and explaring issues ef taxonomy* Asa

B

“*ﬁ%ﬁﬁ&:‘l? hominid upper S

.considered largely independent of this



 rh’result ¢f the above‘analyses, this WOrk will aLso

evaluate prevlous hypotheses as ta the functional'

m:mcrpholagy, behaviqur and taxonemy af the early

”f  hominids that are bas@d ﬁn aasessment of

}“ PQEtcrania1 morphology Therefore, 1t isx'* ’”"

'ﬂi;'nenessarg to outline previaus assesaments and

finterpretations of early homin;d behavinur,_and

nifé these ara presented below as B’sefies of testabie

-hyp;ﬁthﬁ‘-_ﬁe%s.-\ |
T _,._; $:_

 Eypotheais 1 The ahoulder girdle cf "graclle" .

Eaustralopitheclnes possesses adaptations ta- |

';arboreal 1ocomotion not found amongsn modern

W

ihumans:: R e e
- _ T - T

' since Broom first described the .8ts 7 scapula -
__aﬁ&‘humérus’{aréom'Eb ai;-ﬁlsso;,_most authdrs -
-havg supported the suggestion that the A‘

- afriaanua Ehoulder was adapted Eor climbing and

i

'auspensary behavianr {Campbell 1965, 0xnard,~
-'1968’ Senut, 1'9-'78',;- 1980, 1982- 19&8—19"&-9" 19-89',
1991J Vrba, 1979 %enut and Tardieu, 1985) This

'same conclusion was reached when shoulder girdle

_speciMensuafqﬂ,gafarenszs.were axami¢ed (Senut,'¢1:7-5

25



“f  19a6) Thus tne general conﬂensus amnng

*wf;researchers haa.heen that both SPECiES Of SrRClle

':[glrdles to. aerreal behavlour. - j*

fglocomqter behavinur of A afx;canus haa varied

Lo

“ff1973~519é0171952;, 1939, 1989, scern and susman,"ffﬁ°°j

| ""933“ senut a,na Tardiau, 1935, Larscn and sterm‘_.'_.:'.‘:-: ERRER:

o
i

-;, _hominid possessed adaptatlons 1n their ahoulder ;J;f'

The exaﬂt deﬁmn:ﬂion OE the upper l;mh

.fﬁ depend1ng on the examiner BrODm et alk(ISSG)

';-ifelt that the uppem 1imh ﬁf .A afriaanus is most  ”7;."”

ﬁl;islmilar to that of orang~utana and thls indicated . ”l
frnhat the australopith@ainea were capabia L m
 arbarea1ists oxnard (1968, 1969) propdsed that

the upper llmﬂ of H africanu3'was uniike any

"extant primates hut he 1ndicated that the 8pecies

'.probably practiced "a 1ocomotor behaviour most

. .._(.-‘.:

:girdle morphalogy of 4. afriﬁanus possessed

_51milar ta ,hat obaerved in the "h;ghly arboreal
-orangiutan“ Senut (1§7a, 1980, 1990)and vrba

'(1979) amongst others, suggest that the shoulder_

ﬁ’”adaptations ta climblng and suspenscrt\behaviour.f .

26
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Thé A. afarensza shoulder girdle mOrphelogy ig¥_wiﬂ5”
ﬁﬁfknown from the h&ﬁ« 288 1 (Lucy) sheulder girdle

'and a few fragmentary alavicular and proximal Qzé%;'

ot

" ¥ The functicnal morphalogy of these speczmens has-
. fbaen prelimlnaxlly examined by Senut (1976,_1980,
”3j1991),_wh113t Larson an& Stern (1936) have briaflyif;”ﬁ"'

":y_examined a few aspeats of the morpholcg¥mof the ﬁ” *; ff };

T “;1 n. 283 -1% s&apula : These prelim;nary

'sz asses3ments bf the shaulder girdla af A..

o humans.

’h-afarensis suggést that thia speaies shares
f'ffaatures with ape morphology that may 1nd1cateu'
]adaptatians to clzmbing and/or Buspenscry

'avbehav1our._;ﬂ

::Hypothesis 21 Tha shoulder girdle of "rabust“'

“ australopithecines poaseﬁsed adaptatioﬁs tn

: arboreal locomoﬁion not feund amongst modern

The known upper 1imb evidence for arbcreal

adaptationa in tne shoulder girdie morphalagy o

‘the robusb auatralopithecinaj (A (Paranthrqpus} NS

J_rabustus,-A.-aethjopicus and'A;;(P;T,bdisei”is7sfn'

S

97 .

'T 'humeral Ep601mﬁns from the n L._333 site at Harar N



'::_enough tn gave alues as to the functional

,Q .

'"ﬂf,aplne fragment (paxt of tha partial skeleton

'°ﬁ"fattributed to A boisez) ia 80 badly damagea as. tOjf}fﬂ~;;»

fxﬂu ~BR 3?35) tLeakey et al‘,-lssa} A small

-;glenoid fragment associaﬁﬁd with KNH-ER 1500 (also

: :f be af little value in a mﬁrphélagiaal analyais

:(Leakey anﬁ Walker, 1983, Grausz et al ' 1988}

ﬁﬂ”z

'?_xxm-sn 739 and om0 119 2718 whicn are 1n

1 : 3re1at1vnly good conditlon,ﬁq-;*

Z]However, there are two proxamal hum%(j that have |

._:.

R O
_,’z.‘-’

As all oﬁ the above specimena suggest 1arge,

';{heav11y musclﬁd shoulders, the ganeral cansenaus
'-_is that the east African robuat homlnids, -h;:yf.'
3baisei and A. aethiapiaus,_had shoulders weil

:suited tn climbing and suspensory behuwiour

'(senut 1978, Walker et al . 1937; R, E F._Leakey

'  et ax.; 1988)

;:r'

f:nypotheais 3: The shculder g:;?:

“:possesaea adaptations to arboreal loF }ntion.

T ..

ff Tm1nuscu1e,.The onlx scapular materlal unﬁamagedfgﬂ{.';'”'

'za'morpholagy of the shcul&er gird%s is a scapular A':J"

= B

-~5been asaociated with rohust ausnraloéithecines, ,57”""



The 0 H. 7 clav;cle was arlglnaliy described

-5fas being marphologically indiatinguishable f*om

 fthoEe of moderm Hbmo sapiena (Laakey et. j&lk{ﬁf”’"”.

Pt

i 'E;' -

'7ﬁ21954) However, subsequent evaluations @f the

Tf-momphological similaritles with madEﬁn ape ?fff }f?"73’°

;7sp%a%#gn have indmeated that it may share scme

”:f“dlaviclea (Napier, 1965 Oxnard 1969)

B _presents tantalialng evidence that the

ThE only other shouldar girdle spedimen taat

;'the humerus of the very fraqmentary ﬁartlal

 fskeleton o E. 62, attribubed to a small female

1937) AB W1¢h the 0. H., 7 claV1cle, thiqlspe01men

\:.

intermembrai index of thia sPecies of eaxly Hbmﬁ j” |
may have been mare ape~ than human likes (Johansan:-

et al., 1987, Hartwig Scherer, 1993)

"f.hyputhéﬁib 4: Morphologlcal differencea between

the shouider girdles of early hominids are
sufticignt}to=diatingulsh-amqng taxonomic uniEs

i

i
-
1)

S )
AT

.:Er-:"'

_” 1§ attrlbuted to the earlieﬁt speaiea nf Hamo is "f’

"Hbma &ab;lis {Aéfaw et aé 7" 1987 Johanson et ajt,_-ff*



o nypathasia $z. Morphalagmca differences between

 ;_suifié{ent to make phyloge&'

[

.0.

_\.-’

the showider g4rd1es of early;hnminids dra ;_?T*”“*

B

Due to tne reJatlve paucity~cf cemparablé

samples of fOElll hamin}d q%auiﬂer girdles, the

L
o)

value of th;s regian as a taxonomic and

phylcgeqetzc indlcator in early hominmds lS'
understudied.- However, uhe HE?/fbébll hominid
shoulder glrdle material framﬁSterkfonteln i :“
descrlbed 1n this thesié,.makes thé-compariéon 6f
two relatlvely large foesil hominid shoulder |
girdle aamples pcssible,.'
Differences 1n thé fuﬁctiordllanatomy of

1oaoﬁotor related skeletal complexaﬂ hqve bean

frequently used to ﬁasess systemabic and

phylogenetic reiationships 1n the fassil record

< particular, the study of fosaml primates has

functlonal anatomy (see Szalay and Delsan, 1979,

A

(‘985) have used differences in parts of the

”3 benefited ﬁrom the observations of diffarences 1n -

. senut and Tardleu, 1985 eth-) : Senut and Tardiau _v-

postcranlal morphology (the knee and eﬁbow jointa)



”f ,probab11ity 0f Lwa funcuionaily distlnct f"

L ; bejng preseﬁt in the sample.w'%i

{_'f. =

| _nf the Hadar". stralaplhhecines to iliustrateﬂthe

T

”f morphotypés, and thus most prahably twc specles, -

!
a7

=, - . ] N . : . v

o BY examining ﬁeaturas of a ﬁkeletal regian gf[ﬁfr-f“* ~

ﬂ;that may be related to aifferent "madqs" of f;ﬁfb-

. O
'/’

j~shou1d be able recmgnise t&xanomlcally unique o

,-adaptationa, o modificationa - In particular,

'f}hhqce'ali_the.early hommnid speciea,apgeér to-be
S _ o :  .  R --  S _i:_ . _
'pérfOrming a similayr form of terrestrial

locomotion, namelY*fEaultaﬁive bip5d§lism'(5 g
-‘Rose, 1976,-1934 Wranghﬁm: 1980; Rodman and

McHenry, 1930, Lovejoy, 1981- Gamberg and Latimer.

"-ljlncomotion, or different syeu;fic behaviour, anai~.f'

:  1984 Senut and Tardieu, 1985, Latlmer Et al.,\ 1 -'

5y1937;;ﬂupu, 199Qa;b;patime:,_}?91; Rak; 1991_‘4'
'egc;), thé_fﬁncﬁidﬂéi’morphdlbgy-of the éhbuldef
girdie'may.prbﬁejﬁséfultiﬁﬂdiifeﬁenﬁiatiné-ﬁhésa "
'_fcéms: 6r at;lééég'différaﬁﬁi&ting-épecigs

| sbé#ifiﬁ iﬁénmator adaptations or modifiﬁatiéhsg

 In addition, Fleagle (1988) has observed that many

of the modificatiens of the mugcyloskeletal system

_ that are related to locomotox differenﬁaa.are; 

K

IS

b
]




:..D_. .

'ffinfluenced by the ancestry of the group being

:5fconsiﬁered Thus, when forms show similarities in;zi3 .

-g_function 1n cne part of thElr anatomy diffarances o

B

7,_may be due ta differénces in anﬁestry

-é-

Reaognitacn of the above is particulaxly

-f ﬁritical to. the study of early hominid ev&ﬂgti&n,::;i1;, o

’f_-since much discussicn haa centerad araund the g]

:phylogénetlc relatmonships of the f;_gﬁ_]n:-

'“'Pllo Pleistqcene hominids (White ek, ‘al., 1981;

‘.!

Skelton et-al.,- 1986; Grine, 1988 ste. ) L

-_particular, there is cansiderable debate

_-cnncerning the phylogenetic relationships of

nAustralop;hhecus.africanus, A afarens:s and Lhe |

"_earliest.mémbefS'af:nhe_genus'wHomoJ(white et;ﬁl,g

'1981; Tobiadg, lsglb;'WD-Od, 19981, 19-92_-6!t'(3u)4' bk

‘predictions

If hypathesea 1 3 are aceeptaﬁ then a aerlaa S

df'predictlons may be made. Firstly, one would

~ expect that the mdtphclogy of the shoulder girﬁle:

in these fospll hominids would be&rfsignifiQAntﬂ'

32¥
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o

'7'resemb1ances ta that of extant arburgal apeﬂ

' seﬂond1y, the atbachmant areas for muscles S

“:7o£ the forelimb wauld be eniargea over those fouPd

_[in modern humans, aince enlnrgement cf these

-rJ-

-Ehat practi&e exﬁéns+ve arboreal behaviour. ,'

'Thinply, the morphology of the shoulder glrdle

}F allow excluslon of certain ferms of -

'fj gpea1%l1Séd upper 11mb‘aependent lmcomotor

:!Pehaﬁl&ur smnce theae prpsumably hava

'zharacteristic featuzes that may be identified
"‘inally, the reconstructad aaft tissue and anatomy
'gk the hq?y morpho*ogy af the shoulder girdle.

o region should be found to be non- restrictive and ;.

| pff@r a wide freedom of mQVQment, as one-wouldh

e ;assuma that this is an essential requ *ment to an

':;fanlmal practic;ng generalized auspena@ry and/or

:]01imbing behaviour,-'

‘ Concerning ijqthaais_é; one maygpredict that

if A. afaremsis is ancestral to A. africanus, the

lattex speclea Wlll nct passesa any primitive

33

B

“*assoclated with abduc&aan, addﬁction and extension  4]:;5'3

e muscles and muscle groups characterises those apes Q}ﬁﬁ

'¢haractera in ite shnulder girdia‘mcrphalagy that .



R

"*?;fiare nbt alsa prasenh in the 4 afarensis ghaulder

_:'features that are not preqent in Lta pruposed o :

'predictlon.- 3  _3'

- arborea1 behav;our‘ S

'“3jgirdle morphnlagyh. Likewise, the shoulder girdle

V:of early Homo shauld noh pnssess primirmva

.-"/ .

o - e

'if]australopitheﬁina anceﬂtar~. Ona mig&t alsq
-;auggest that there w0u1d be strang grounds f&r
“1_.excluaion af a speaies as a potent1a1 ancestral

*_ﬁorm if it violated dny part of the ahmvef o

Doee

Finally,_if the species of early hominxd were

:pract151ng apecies speaific locomator behaviuur_ f
iinked o the upper limbs, than t‘.hese behavioural
 fd1fferenc9s ahould he chservable as mmrpholagical
”dxfferenced in the bunea of the shoul&e: éng!%Q-

fwauld therefore alao exp&cﬂ to be able to inier ':H

¥

'_dlfferences 1n the percentage of time allocated ta;

Ry

fy b

' ‘L!
o

o



L Maverials

N It is the purpose of thls chapter to briefly o

":ahd aISO examlne thé ecologv, behaviour and

'-locomoniun of ‘the modarn prlmates from wh*ch the
f ske1etal materiaia are derived.. Whlle 1t ia

“beneficial in a morphometric or descriptive

“
o

fanalysis to describe thp functian of &
 }m0rpho1ogical complex 1n relatiap to a. spacific
“pr;mate species' “mode" pf locomation, tha :
'appliaatiun of a r;gid class;fination cf primate
-locomotor uehaviour,_basad on our knowledge of
' primate behaviour at the time cf this study, is 
. :: méah prohably impossible.; Oxnard at al (1990).

‘have hmghlighted the prablems assozzated wzth the

use of ‘the’ "damlnant behaviour termmnolcgyﬂ whlch

' haa charactarmsed moat artempta at locomﬁtcr '

I
o N

.'.&\.'._._1' . T L

R ;

examine the skeletal matermals used in this thesis I



e 1;f As a result of studies such as Oxnard's,'
the author has chosen ﬁat to ubzlise specific

w:ﬁprlmate lacomator claasificatlons in Ehis

: -order as autl:.ned\

»

"o

'fi¢1assnf1cat1on and these are discussed in Chapter

%

R

'7”investigatmon except where abaolubely nedasaary

2

'h where morpholpgy can be rélated to a specxfic

1ﬁ_functmon, and that funatian ig specifid td a

' fthen ita impilcatian for specific)locomotor

[

 _01ass1ficatmon w1l1 be discussed._' -

. P

o

|  certain behaviaur in an exeant primats SPEGlEE,' o

. The skeletal elements of the shoulder girdle

 :;fx9m'six'e£téﬁt-ép&cies‘of:ﬂnminoiﬁéa.and two
{spauies oﬁ Cerqopithecoidaa are examined to_.-ﬁ'

' represent a diverse array of- locomotor behavzaur

J,|

~}bhese speciea follow thertaxonomy of the. primam

o
[}

\in aollﬂ ¢1972) Hominoids “ﬁ

o comprise a majbrity af ‘the sample since the
- living species-which camprise t“ia grcup.are
 presumab1y bhe moat clasely related af 1iving i

- primatea to the extanat hnmmnid Bpecies under

study. However, whilst mo?ern hominoids exhibit a

 considerab1e diversity of 1ocomotnr behaviour,_

-

e e

'_  and-a diVErsityaof body sizes. CIaEElﬁidatiﬁnB~0f;

R



} {333 SzalaY anq ﬁélaon, i979 ﬁor a review),_' 
fgjmodern quadrupeds are inqluded in thlE Btud? as

'.:f?th&s particular mode ‘of locomctzan may have

P R e . -&*._--

'; none utzlmse extens;ve pronagrade quadrupedalism

r.

"the modes o£ 1oc¢motlon.of many Miocane hommncmds

i

o

*v?ﬁ'signmflcant bearing Qn early hommnlﬁ lacommtor

.‘_

 bEhaViQuri The short descriptauu and discuaaionm ;f f

ﬂ?which iollaw are intendeﬂ to. give the rea@e”

Tar

'fgeneral ecalogmcal and behavioural inﬁérmatlon on

n

' fthe extant pr;mate species examined whilst also'
'-?1dascr1bing the variety of ,"modv'. of 1ocomotion'
:7 : Of éaCh SPEG193~ 0 A llﬁb bf all the modern |
Hspecimens examinedJin the present study 1a-given. .”

in Table_l‘.“=  1=']- o :f

In addition. to the above, the geolagical and

Lemporal derivation of the fQSSil hominid material

under study is described in this ahapter, since-”

the cantext whence such material ig recOvered may

o]
lead to inezgh“~ into systematics, phylogeny and

ztbehaviour of'theae axtinct=forms A 1i¢t of all

' the fassil shoulder qu&l a&wments examined 1n

the presenc study is given in Tabla 2,

37

o "Smnce forms of’ quadrupedallsm appear to have béeﬁ
- 7




b -.._.’_\

' m0dern humana ig particularly relevant to the

The xtant Primate Sexies' . . .

'2;2}15';111 Infraardar Qatarvhini

1 'n' s R

2.2, 1.1 ;;;'” Supe:family Eaminnidaa
2.2.1: 1 Lo - Famil‘y Homin:l.da.a

'jf;ngez;le1.1;.mg:f??7tﬁf”r-f Gﬂnua‘ﬂbmo

-

S memo T Lo

The sLudy af the ahculder girdle complex Qﬁ

l' fstudy oﬁ the early hominid shaulder ccmplax, since

o mﬁdern humans represent the only extant primates

':that practise terrestrial bipedallam as the:r
“'primary mode of 1occmotien,_ In the present stuﬁy

the human skeletal sexies is derived from three ?

ﬁ%an and an archaaolbgical collectlbn of NataVE

X3

populations: sauth Aﬁrican zulu..sauthern Africaﬂ
3,

i

 'Americans,

‘the repatriated collestion of Koniag and

. The Native American series is derived from -

NI

33 f



'QPre Kmniag skeletons fbrmerly héﬁd at the

'(Figure 1)

' Northwast Coast than. to the “clasaic" Eskimo S

-

__igmithsonian Instltutlan. The speclmens were._:i;ﬁv___,:;

o riginally recovered by‘Alea Hrdllcka betwaen

J,l

'_f1931 and 1936 from a larga b&%mal»mi&ﬁen near Uyak

  -fBay, Kodiak Island Alaaka (SmithSGnian raccrds)

IE isnbeiieved-thab7tﬁe pre4xeﬁiags répresént

| one af the earllest migrations of Asian pecples ,f'
':inLo Narth Adﬁrica This populatlon is bhereﬁare

'”7related only slightly to" the later immigrants, the

Alaskan Eskimo paaples, but is closely related to

'*gthe Algonquln peoples of ;he Berzng sea reglon'“'
:(lethﬂﬁﬁlan reccrda) The Pre»Koniag are-thus

~ more slmilar culturally and. physlcally to the

_earl;eet.Amerxcan Indzan 1nhab1tants bffthe-'

(Aleut) peoples oﬁ Alaska and the Ardnia reglon

Tha Pre Kanlaga were prlmari‘v marine
hunter gatherers, making a living frcm the
exploltation of tha marina fishes and mammals that

are abundant on the chiak Ialand coasnline.



. 1N
TCoast Lvmbes to whlch they akupst certamnly gave

o Al

T

”e. :

-Approximately 300 raara ago, they were replaced ur f: '”"

driven nut of Koaiak Islaﬁd by the Koniag peoples

Phyaleally the Pre Koniag paaplés most likely

rasembled the 1esa "mengoloid“ featured Norphwest

. -6"_-".' . )

The Kmnlag pe0ples emamlned in tne preaent

“,_;study are true fnsklmoa", resemhling the Eskimos
”ffrom the Aleutlan Islands 1n ba91c physlcal makeup

-i;and culture _ They do nnt appear tq be related 1n -

any way to the earlier Pre Koniag p90p1é%, but

.

'-rather represent & eomplete replacument of the -
ffearlier culture sometime 11 the early 150013,.[

' They 1mved on Kodiak Island from tha early part af

_the 17th aentury until they abandaned thelr liV1ng

sites at the same tzme as, or ahortly after the f'

- arrival of the Russiang in the 18th century..

Their culture was that of the mcdern Eeklmo

Tl

*peoples across Alaska and the Bering Sea reglon,

-  -huhter-gathéréfSﬁ(Smibhsonian“aecbﬁds)}

surv;ving_nhieﬁly-as_marlqe-depandent=



21 male skeletons and 15 Eemale skeletnns werecjf,gf';“

B examinea Iﬁlt?e Present studY. 'gﬁT””* N

The Zulu sermes,_ from Wthh a sample af 56

0 .

”  'skeletons {25 male 25 female) was darlveﬂ are f{:ff:'
members af 6ne cf the 1argeat natlonalztiea or ;;]ﬁﬁﬁ*” *'ﬁ

”"ﬁribesﬁ 1n southern Aﬁrlaa g The Zulu natlan has' f¢;%_{f

its origins in tribal warfare in southern Africa
that accurred in the early 1800'5 (Edgerton,
1933)- ﬁ The Origlnal tflhe that bare the "Zulu"

name was ane af the numerous Bantuﬂspeaking

neoples whlch lived in aﬁe noxthern part of Natal

in what is now known as Zululand or Kwazulu. The

j“'zulu empire was created after a remarkable 1eadar

(Shaka}, rﬁsé to power using a new ﬁarm of close'

-combat warfare - Dufing the middle and 1ate 19th

cEntury, ‘the Zulus were at war with the Englisn

”.and Boera.- During this period hundreds of

bhousands oﬁ Zulug died or were displaced acroéa
southe:n Afrlca After the end. ef the Wars with
the Boers and English, the Zulus settled 1n what:"
15 now called Zululand.. Beuause it was the

practice cf the conquering aulu natioa to

rat)
L

” incorporate the conquered xntn thf;zulu aulture,'.“7~

R
L B . '\:?]:"\‘ .
W -



;}fthe populatlon is moet probably genetically very "fﬁﬁiﬁx-ﬁ

zfdiverse (Edgerton,_lssajt, Thus thc Zulu eerlesls
:_used 1n this study is only cenaidered a pegulation

55egreup in the loesest eense

fhe.zulu skeletona éefe ohtained primar;?é-eeii: 

” ffrom cadaVer derived materzal heid{lmn the Raymanﬂ
;1parc calleabdan af‘zuman skeletal speaimens, 1n.ef;;

' ffthe Department cf anatomy and Human Biology at the -
]*eunivereity nf the W«twatersrand‘_ Inﬁivlduals 'fgéfﬂ
eewere identified as Zulu by infermation cbtemned

'?efrom the catalogue of human skeletal Bpecimens

‘.:held in the department

The 11 specimene (8 male, 3'femaié)ﬁ~

.7n”representing the Buahman peoplee used in this

' $tudy are part of the cultural greup "Bushman“ er

Ty

. sanm, (mee Tebiae, 1978) but do not ihclude ¢ﬂ_

 ”farepresentatives frem the allieﬂ Khoikhoi Qr3 

'“Hottentot“ groupe At one time the San peeples
ewere apparently scattered acrees much af southern ;,"
;Afrlca,_ an& Buehmen have been encountered along.
_the aauth central and eoutheaetetn coast fram-as

,”_early as the 15th century (Inskeep, @9751:-:._u¢__;7*-%~

a2



hﬂ:%}¥1{;i:_5 51Qf;ﬁf; fgﬁ;f3: “;-g_"*ﬁﬁvnrkuﬁ T

i '; .

| 5 1t wag not uﬁtil 1682, whéh the early Cape Eutch ;ﬂ‘"#’;*u

A -s-

'VWEettlers encountered “trueﬁ bushmen, or 1nland

\1 g:\ S 1)5 v ": :

_L1Hunter gatherers and hardems, that a distinction

. L u L .' ’
‘it

”5“:subalstence,_' ffﬁ]1 *  1T i;fjf1; ;:ea-7;“9

Iae physlmal features af the San have been
s ,f B

anatomica@ featu;ak" (Toblas, 1978) Tobias”
(1978) rsgbrts that while the average heights

*recorded for an men and wamen hava\increased

i TR ‘a"-.-.' : H‘ .

. over the paat CehuurY by as much as xo : .-;'fﬁ;
| 4 L

centimetrEB, th& average height for maies’is Btlll

less thaﬁ 162 centimetres and females around 152'

centimetres,r~f

::'2r§’1;1‘2t1 ; ;   nf .:  .G§Fu§ ?;é
.'_ 2;2,1;i{§.i;1_::f ;, : _ 7@3_ }899¢£3#- ﬁaé'*i
L L trogrelytes

"5

' 205shou1der§'fmi,maia,‘sﬂzeﬁélejidf-;Pan.?*" .

'tféglod}tes weregeiamined'inJﬂhis study. The =

T VSR

f_'pﬂas made betﬁben the ppoplea af dlffermng meana offﬁiﬁ




"~ j1Irom dry savannah to trapical raznforest They

,.chlmpanzee is the most geographzrally‘wldespread

 0£ the pangida Its dﬂﬁtrzbutlon has hiﬂtﬁricaliy _?” ”
f-been recognlzad as spanning most of centra& ---5“'"
"  13Afr1cap from Senegal ta Tanzania (Flgure 1)

'”'¢ chimpanzees are catholid in habitat preferences,

:cccupying a varlety of ecolagical 2ones ranglng

 gara probably the best studzed of a11 the apea

  (see_Gooda1l 1989 for 2 review7

The chxmpanzee may be considered both

7terrestr1a} anﬂ arbareal in 1ts habits (Reynalds ;o

o ;1985, Goodall, 1965 Susman, 1984 Ghigllerl,

.31984 must, 1990,_1993) Whilst arborsal, .

-chimpanzees practiqe diverse modes QI locemotlon 5f:

'u,lncluding arm swmnging (brachiation), a varzety of 1”'

' suapensory hehav;ou;s, slow climbing and

:quadrupedalism (busman, 1984 Hunn, 1990) ' While

'terrestrial chimpanzeea primarily employ a form

of quadrupedal 1ocomot1on where the weight of the
"fupper immbs and body is borne on the’ mlddle

_phalangea ofrthe 3rd and 4th‘d1gits.

T



§

'f  Hf” _H
The maln £pods ¢f the chlmpanzee are fru;ts

- and leaves,rbm}_they cammonly augment thia diet

'“ ] Wlth 1nsects ﬁnd small mammals Males may reach -

Welghts arouqﬂ ong, Dut in the W11d raraly exaeed“f”f

iénkg"3 Femaﬂ%s are smaller, averaging Eﬁkg in thee

wild | 51 %. (

:l'Theqﬁkeléﬁalfﬁéries-ekamined'in”thE-ﬁreseﬁt

study ls derived fram papulations orlginatlng in

"hSenegal, zalre,.the Central Afrlcan Rapubllc, the

'-People 8 Republlc of the Congo and Tanzanma

“}2{2.1.13é}2 "_.;_',.3_ ~Q'Gsnus'adriiin
"¥.2.1.1:2,2.1 - - Species Gorilla-

gorilla

The gormlla znhablts the west and central
_ tropzcs of Africa (Flgure 1) . Thexe are three
recognmsad subspecies thab are considered to

--maintain geographlcal 1solat:on (Harcourt, 1984)

"R

-fSReleta] elements ﬁrom two.af the subspecies, the_’ _

|  western lowland gorilla (Gorzlla goriila gorilla) -
‘and the mountaiﬂ gorilla (GOrzlza gorilla

1-berzngei)jare examlned in the-present - study.
' .

i 45".



"-f Garillas shnw a preferenee for secondarY g

'_ herbacaous ﬁorests and bhe1r moﬁern distribution

:;  males averaging around 170kg..However, wild

~z(scha11er, 1963).' Female gormllas are
"lconsiderably smaller than the males, averaging

Jaround 90kg (Napier and Napler, 1985)

.; Gor111as may he ccnsidered prlmarlly folmvorauaf”

n

ﬁ

'fweights of as much as- 200k9 have been recarded o

Gorlllas employ true "knuckle Walking“ wh11e3 
"terreStrlal | In thig farm‘of lncomotion,”-all_
’ 'the wemght of the uppar 1imbs and body 13 B |

.:supported on the mlddle phalanges (Hunt, 1990)._

They are one nf the most terrestrlal of all

3primates with adulta rarely climbmng treea

(Schaller, 1963}_ Nevertheless, gorlllas are

_%efflcient slow vllmbers durlng their 1nfraquﬂnL. 
' ¢11mbing 59551ons Gorillas are known:towengageﬁ 
'fin brief infrequent bouts of b;pedallgm‘_. It is '
_unllkely that adult gorillas perfarm true. -

'brachiation'in -the wild:but they;may.e;h;bxt 

46

.'7fis therefore limlteé by ﬂiminlshlng habitat.3 ;;_@k“‘r'

'f 'They are the largast of all 11ving prmmates wildfﬁl‘““:.



' ‘limited  arm-swinging behaviour (Schaller, 1963).

Ly

15 male and 5 female gnrilla ahod@dere we*e f,f"

'"ffexammned in the prebent study . The gormlla

"e;skeletal series examined 1n the present Study wesff,

”febtalned from a. population in the V1runga

".‘

”quvolcanoee, sauth western Uganda as well as

ffNigeria camereon, Gahon and the chgo

C20zaatizes o Genus pongv'_r
Co2wgii.t.za3l Speciaa L

S

'-'.Paago-apygmaeﬁ# o

o L .- . . -;.‘-

S There are. two recognised 11V¢ng eubepeciea cfe

'”{lorangvutan, Fango pygmeeus pygmaeus . and..Panga

1 fpyemaeue abnili | Historically their -

ﬁ'geographlcal diatrlbution hae been cnnfined te . vﬁ;;

- 'the islanﬂs of. Berneo and Sumatra (Figure 1)

Both subspecies have been extensivehy studied in

: fthe wild and they have been tqund to exhibit -
'similar behavieur (Mackinnon, 1974). They live

T-7main1y in upland forest areaa where they subsiet

on fruitb but alse eat new leaves, ahpote and




fbverlap those of several females

| -the malESaaveraging 130 kg and being

o approximately thce the size af tha females Tv

ﬁ.bark'ig Orang utans' hame ranges ‘are smallr;.'_'

gl o

:"_extending bver appraximately 70 ha ; Day ranges do_ R
"not usually exceed 300m (MacKinnon, ;9?4,
”fgifaaldikas, 1935, Fleagle, xgaa) Adult mdles

4?3typi¢ally extend Over much 1arger hame ranges that

Orang utans are extremaly sexually dlmOrphic,

ﬁ"(Napler and Napler, 1995) f The 1imbs cf the
:°arang ﬁtan show extreme apecialiaatlon fnr a life
'iof suspensory behav1our Thelr forellmbs are very."
 f1ong¢ eﬁding in hooklike hands with 1ong curved

-'fzngars and a short thumb _'Their legs are~veryg

e
1

_'short, but_mqb;le,,ending in prehensile, handlike

 feet that have long curved digits and & short = (.
mhailux;: | _

Femalea and yoqu arg almosr exclusiveuy
_arboreal% only raxely descendlng to the ground
'(Sarmianto,71985} - Males travel on the-ground'

_more frequently, but: usuglly only to change srees.
-_Arbareally, the- orang utans typically‘use af
S



e

5 _slow quadrumanﬁus climblng where thexr hands and

: feet are used 1nterchangeab1y to pull them through

"fthe upper canopy *Sarmiento, 1985} Whilst en the

e

"; fﬂground they mQVe quadrupedally with their hands -*ﬂ'

-"q ;he1d im, flEtB tmacklnnan, 1974) j only rarely doljfﬁ
fi-theg engage in braahiatibng and then only when |

"“5“vfleeing danger.. i-'j7#7ﬁ v"“? ic*}7jf;fﬁff;a.'“ff’““*

5 : 12 male and 20 Eemale orang utan shOulders

.r|

'“;fwere examined 1n the present study

;2 2 1 1 3 " o  f_ ' ?amily Eylohatidaa

'  2 2 1*1 3. 1 " '-_f1 N ;:. G9nus nyabatea and';fﬂ'*

. sympha;angagg K

c2.2,101.3.1.1 0 % 0 ‘species . ‘.

- Hylobatea
apecias
. ‘Symphalangus

- . ;yyﬁdaaty1uﬁ-'”

X The hylobatids. or gzbhans, are the smallest .

t\'”

and numerically most successful of the 1iv1ng

. apes 8pecies oﬁ gibbons are found throuqhout the

ﬁ'49{ 
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 '5h;$}'f:}“:iiﬁ%'_z:_i:i::iff__fﬁqﬁ :?H::ﬂ§ ; '7f3f ?:f5?-5"':'“
“jnivast everqreen erests that run ircm Inﬁia te
:’ Quthern Chlna, as well as Bornea, Java and  &3”-ﬁf 'f

'T : sumatra and the nearby islands (Figure 1)

| fcvnﬁidermng tn91r extremely wide range and
S A e
.:-dlver51ty Qﬁ habltats, tha gibbon’s bﬁhaV1our,

,1€‘ecolagy and mcrphnlﬁgy ara remarkably uni@prm

4 N

.’f_QChivers, 1984) Gibﬁbns are generally grﬂuped ﬁn Ji;i ; QE

' " three categorles*'*he siamanga, the concolor

;_glbbons, and the lar gibbons.g. Theﬂgreateat‘“ = ;¥jj> SN

g- ﬁD£pholog1cﬁ1 differences are fcund in the two- *” T

. . ' i 4
~ fsyec1es, Hyiobates concalor and symphalangﬁs

'tsyndagtylus, that exzst sympatrically 1n the

| “f_forests of Malaysia (Chivers, 1984) TIn the
'”present study, all Lhe specimens alassed as

'Hyiobaces sp are members of the "conaalar“ gfoﬁp;f

g{a more informal gréuplng of éeveral Bpecies of
 ' :h$*95atid5.(chlvers.T;sa4wt but not all are_  “-

'-j'meMbers-gf,the species Hylobates ébﬁcpia:, ;y ”

 @ibbons. aré in many ways the most primltlve
 -ot the apes, retaining many morphological features
found in cercopithecidu ; Thay may also be

cpnaidered'the mos: specialised of alluthg_

hominoids in their locomotdr behaviour. Gibbons

;sg

R R



;;_are the mos& suspenso:y Qf all the pr;mates,

]f;and quadrumanaus ciimbingu The smallﬂ"

Fpendulum 1ike, arm over arm brachmatlon (Fleagle,

TmOV1ng almost exclusiVGly by twg armed brachiatmon57f.'”'”

it

~.fwh1qh they throw themselves from tree to tree._"'””

'»The laxger siamang travels mainly by_slgw,T f}'; o

O

~1988) Glbbons axe the anly primateg othgr than g?~

ﬂ""-'

humans that do not:include quadrupedailsm 1n their  S

'  5[jlocomctc% repertazre.l?-'”

15 Hylobates ap._ (9 male, s famale) and 4__j;.'“

”f«siamang (1 maie, 3 femala) shoulders were examined_ﬂ' 

' 1n thezyresent study

S 2.2.1.1.4 . 'Pamily Cezcopithecidae = .

A

2.2.1.1.4.1 . denus Cercopithecus

o 2,2;i;;;4.1.1-5:'_5:"fj_f_ 5 ,Séécigg-'

. Cercopithecus
" asthiops

I

” The:vervet monkeyﬂ ig the'mOSt widae§réad of:

B

",the guenon species, being distrlbuted throughout

_aub~Saharan Africa. Althnugh extremely aatholic,.'jﬁj'

-}

N

'“jcf hjlabatlds use rapid ricache;al brachia "on inf1 ;i 3'h1



ﬂbeing faund in almast all enviro?ments, ibs

_:o be woodland

e RS D
~jﬁpre¢ominant1y quadrupedﬁi even Whllﬂt arbareal,_g*_ '

i

'lew%fh leaplhg ahd other fqrms of locomation mah}ng

Y
“ﬂ_up 1ess than ane quarter of their tﬂtal

Jpcamotor
'f:_act1v1tlas-' nThay subsist on almast any food.;'f:‘

- including Bméll invertabrateg .9 S

b

,f, sexﬂal dlmarph;sm in the ver?et is not asg

'1:9"

1;prﬁnounueﬁ as in bahoons. _ Total length EXCludlng

QS

.kthe tﬁil averages 45u sso n in bath aexes,..: ; ;} f;;:3“;

'9 ﬁemale vervet monkeys average around 1440g in body
fﬁweiqht and males aheut 2200 g (Napier and Napier;.;;[fﬁ

.f.r

4:1935),._w_a

2.2 1._ 1*4“2 o o '-;Gequ,a Pap:ta

Pﬁ?iﬁf"?ﬂinua_ ; y§ﬁ

Lot



"*ﬁaVone of the best dqgum

”'ffﬁiirhe behaviour and ecmlogy of uhis sPecies 48

ﬁ :;3monkeys (EEE Jolly; 19

"”ff}running.¢ They usually SEek Bhelter in trees oF ;V Q

fprlmary mode of 1ocomotlon may be consmdered tc béf“

foods are ripe frumts, racta and tubers, grass

The uhacma babcon is one cf fzve ailapatrmc

'" 5EPe°ie9 of ga”ann&h dwelling bdboons in'Af-ica.} ¢§5£f§L5fﬁf

ited” of anY Qf tha‘Africaﬂ; '
2 P s

5 §;frev1ews) They are found in almost every

“environment in suh Sahaﬁan Afrzca o sTheir:_fi*"

.ﬁf?fterrestrlal, pronograde, quadrupedalf-alkxng andf7ﬁ'§37’*;

cllffs for sleeplng and resting._ Their maln ;ﬁ-;

T emree.

":-seeds, leaves and aaacia guma, as well as tha

 g cnaasional'smail mammal;or_lnvertebxate.

The chacma.baboon 11ves in 1arge. sccially

- fcomp1ex troops ranging from thlrty to more nhan
'”f%ﬁeighty memhers The troops occupy extremaly large f _: ¢

_5home rangea which often erceed 4 000 ha 1n area‘

N

‘A troap may travel more than £ km per day durlng'_ ¥ 
' _£oraginggv Sexual.dimnrphismgisgprcgouﬁca&:in the.- 
. species. Males are reported to weigh on average . = |

31 kg, and females around 27 kg (Pleagle, 1988). .

ST S
ST



Twenty eight speclmena of ?apiéifufsinﬁﬁhwé%é_J_{fﬁv”

"*fffexamlned zn this study .All the specimens are fin;ﬁjf_'

. .‘!J . - T w

._,.the nepartment of Anatomy and Human Bi°1°9Yf_5;g”*“

s

ZVaniversity of thr Wltwatarsrand‘ ,f f?i;fﬂ_';f}=ff

STy

e L . Intrpductionm - . -
The present study is primarlly concerned-wzth
._the reconatruction Qf the functlnnal morphclogy of

jearly Afr;can homlnida.,. The relatlve baucity of

'5_£osa*l shoulder girdle apeclmeus which have been

';.hig ights the taphonomically fragile nature of '

-;this anatamical region,.

e

| o R
| Only nwo Plio Plelstocane homirid bearmng

.:loca11tles have ylelded more than a few

IR

ﬂﬁiwell preserved shoulder girdle speclmens and all

fof these are curwently assigned tc a s;ngle

_linaage Oi "gracilegyaustraloplthecznesﬁj ;n7-

Ny




]fmost Bpecimﬁns attributed to early-members Df the L

contyast, anly two shwulﬁer glrdle sﬁacimens

attrlbuted to the ao aalled nrabust“"] f¥;{f]iV°-p

Hj;australnpithecihas are well enough preservnd tc

\~

7ffto the robust lineade of australopitheclnes are

lzfeither tao fragmentary to make meaningful

j&

fimorphclogyp or are those af juveniles (Day, 19?6;

"'.3'

:Leakey and Walker, 1985 Johanson et al 1987

“;Walker and Laakey, 1993 etc ) and there i& only

_1fpreserved to enable functlonal morphalogical  :__,

fucomparisnns to be made (nay; 1991) The fohsil

: 5derived almust wholly from nwo gaographic
'_reqions. eastern and sauthern Africdh'f and span'

-_around 2 2 millian years of time, from about 4 0

mya~ to about 1 a mya,._'_ o e
[ A T

f_ warranﬁ mbrphological comparlsan The rema;nderf ffJJ“'

,.;; ¢£ the fosall shoulder{girdle spacimens referredigj "

' {funct:onﬁl 1nterpretatians,_exhib1t patholaaicai;j:”"'

';:qenus Hbma (Day, 1976, 1978, Walker et al,, 1982 L
"one publlshed adult Epecimen whldh 13 sufflciently

& series examined in the preBEnt study are  @;-5"

:* conditianB which-alter or ohsguxe thamx j;fﬁjng fﬁ _jT_“*

';{197&, McFenry,:1991 etc ) Tha same 15 t ue fqr' g;r_:jﬁf



'*“fffAfrican matarlal is deriv g primar Y

 fxom the

,,. ﬁd aﬁamlduvai Garge, Tanzanla;“ ThE :

o . ,[ N : -J- R : :
"_.chraﬁﬁlagldml pasitlan af tha variows fossiiw is

. '.'. W : ', X

.ﬁ"\Pr?Belfed aﬁter tﬂd QEnaral descrlp .n:of the 7”‘” “

A

_: i‘haterial .. | ”. -,‘3_ T‘_ .

o partiuular taxx ’is useful fnr examining phyletlc 5 '
| relationshipﬂ Where thé indlviduals -f'ﬂ"_”f 13§fQ }w 
'represented by foss;l ahaulder girdlﬁ elaments are

f{‘claasifiad 1nﬁ thls study, except where

"iﬂdicated, this author has chosqn tq accept the

\.

"f.most comenly held view af classificatlnn at ﬁhg?fu* _ffi.5

. _.}.

time of writimg, [, |

s




*Zé}i:2f$?5'jff '2t=aautharn ntrica

S .zuslzailtan ~"]>.,;L.'.,[ Starkfantain

]-representing the apﬁciea Ausaralqutheaus “\QK,

__'afrzcanus have been recovared, and Mamber 5 wheke
-'press)

 £he head and prnximal shaft of a righ; humarus,_.v 1¥ 
fragmentary right scapula, a part1a1 vertebra and
. assorted rib fragments in clnae associ&tion with a
.crushed manﬁible in Part of the St:er}:fat:u:d:.e:m‘i ' ' : ¢§\;

-deposmt known than as thg Type site (Braom and

: ._'\'1':: .

RERTE T TF OF 0 N swth africa o Sy

(Figure 2)

B The early homlnid ramamns ﬂgcoverad from  -'

N

'5i Sterkfnnteﬁn are faund 1n two cf the six members

i

ﬁrecognlsed in the Sterhfmntean Formation

.-(Part*idge, 1982} Member 4 where specimens

%

7,speu1mena af'mea-babilzs- ‘have been recavered, I

"well asﬁat least twa stone industrmes {Kuman, infx )

S

In 1947 R Broom and g, T Rabinaon discavnred E

i
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””QfRnbinaon, 1947; Broom et al.,,issﬂi, dnd
  corresponding to tha subsequently readgnised
'T:Memher 4.1 Due tc its size and stage af dental -

3'; wear, the mandible was identlfled as that of\3nd'
= QJRabinsan,.1954]) ; Be&au5§ °f the °1°5e

.afta the sama individuai and ghus qiven the

'-f< collect1ve catalogue number of H;s 7

T e, (SR

: ’t!

. \_\

“iiaid,‘adult male-f&esianthrqpua.transvaaﬂena;s } 

Brocm (::s Aust‘ralgpltHECHS africanus [see kf*’-“ e

'-:,asscclatinn of the pastcfanial remaina to the

”zmandible, they have been considered as belnnging

——

§even additional spacimens of shoulder girdle

fﬁétériaifhavel:been.redaverédmhyfp.v.fTﬁbi@§ énd-'
*TA.R; nugnes since the excavationglat Sterkfontein’

E ware renewed i Decembe~, 1gﬁ%ﬁ%ﬁi-3tw 152 ia'a

i

'1eft scapular fragment recovered in 1983 by A. R.
rﬂughea and members og the excavation ceam ﬁrom

 gria square Aa / 49 at a daptn of 5 zn'--sf P ;-

It haa been aaaigned to Member 4 (Tohiaa, 1984

ER J clatke, pers. acmm ). The 5tw~328 apecimen

'is a8 franlent of a right proximal hum rus

_recovered in 1985 hy Hughes from Grld square v /

';42 N MY ar rTobias, 1995) and naa been

58




| ;fStw 431 speczmens are the lateral one half of a
"7 -right alavicla,,and the axillary margin and ]3""
"”'1nferiar angle of a rlght scapula Thase

" 5*skeleton Wthh has been assigned to hhe gpecies o

| ;ﬁ preparat1on1 The specimens were recovered from

“ffamsigned ta Member 4 CCIarke, pers aomm ) ;The:ﬂ;j
G
"ﬁspeclmens | are part of an adult partial  if[7 L
'1Austra1qpithecus afr:canus (Toussainr &t al,, 1n_*ﬁ'

':grid squares R/45 and Q/4s at a depth cf zlr 11,:;v“u

:25 6“ in 1986 by A R Hughes and members of the

B

'T.jSterkfontaxn field team (chlaa,_1987) Stw 517

: 15 a fragmentary left proxlmal humerus. The
BN .

; specimen was recovered in 1958 from grid square
'kfﬁo at a depth of 20'0" «anr 4" - It has been

._-asaigned to member 4 (dlarke, pers. damm )

'Y.JWhilst undenmahly fragmentary, in shape and

morphnlogy all nf thage more recently reuovered
'specimens are certainly attributable to the |

|  Hominoi&ea- : Since this study recogniSEa only 5'

.aingle species of Auscralqp;thecus ﬁrom Member 4,.

"_1b is mast reasonable to at&rlbute these Bpecimens_

'.pq the,hominad.spac1ea Aus;razopithecus:afriaanus;




The age of the Sterkfontein Mamber 4 deposit_}f  f”'

.:$ ..:- ; ;_ '%
e 5has been established primarlly by faunal

f correlatzon wiLh east Afr;can sites (Cooke1 1963,

fsimpsoﬁ, 1971 Maglio and Caoka, 1978‘ Partridge,

o

“VchKee et al.,_in press) Paunal dhtlng oﬁ
{vsterkfnntein Member 4 indicates an age fo* the \\

'_;dePosit at around 2 8 to 2.4 mya.::

":"2#3}3~é:: . ﬁést Aﬁriéa :

32;5.2;3;1 : *: , '.* 'Tanzania '  :3  ;_   ;_' \;.

" ,553;2.2f1;i_ : f.'L'ﬁ.' OIduvni Gérge.:
'7:1 i}f ; :u. "' :'.fH ;i (Figure 3)

Olduvai Gorg@ is a (*ift} canyon in the'n.i
j’Serengeti Plain north of 1ake Eyasi and west of
.NHQronguro_Crater.]'_Ln 1960 a'nearly complete : %&
  ié£t é1a¢i§1e, 0" 48} “was discovered by L. S B |
 Leakey in the FLK i s;te in Bed 1 at 01duvai
- ”Garge, Tanzanma (L.S.B. Leakey,rlgso).  L,s;E, '.L
5Leakey et al. f1964) and chlas (1991b) have'
'1tentatively attributed tha specimen to tha taxon_

"Homa= habzl:s becauae of its asso01ation on-the

fﬁlsaz Vrba; 1932 Delson, 1984w 1933, McKée, 1991: f o



£

same smte wmth cranlo dental remains of at least e

o four 1ndividuals attrlbuted to this speuias*:~fJ {5

”'3Trécnvared have been dated by Argcn/Argon\methods_f}V

(Toblas, 1991b, pp 541 -=544 and M. ueakeyfs

Appendix 1¢ same valuma) .f,;'  w j;%ff;_”"j§,_‘7”

}The sediments in Bed 1 wherE'the speclmen was IR

to afound 1 7 - 1 a aya (HaYJ 1976)

.”  f2;3i2;§;2' _ﬂH,ﬂ    Kenya    .

" 2.3.2.2.2.1 ¢ xoobi Fora

ey "(Figure 3)

Hundreds uf fossils of Early homlnlda have
been recovered £rom sites at and ~around Kaobl
Fgra,-East Lake Turkana'in northern-Ksnya-atnce” -
\ﬁhs F Leakey initlated excavations there in 1968
X Leakey, 1971; Leakey¥et;a1,; 1972' Leakey, 1972,_

-Leakey, 1976-e£¢.);-_'To date, only a small numbex

| of fragmentary shoulder girdle elements have been

recovered despite extensive surveys and

'f_éxcavations.g”ﬁhé first thﬁlder girdie“sﬁe¢imén_

was discovered in 1970 KNH—ERT73§.is'a 1arge o

:;right humerus with the shaﬁt and dlstal end

'"-31-



nos

'preservedf_ buﬁ miasmng tha head It was recovered

':from the ﬂhari Tuff and is dated to around 1. 53

B

La“(Feibel ot al 1989) The speciman has 'giﬁf”gff" o

e

v

”}5 tantative1y been attr;bute& to the genua _.: ;Q   jf;;fF 
" 1 Ausgra1qpithecua (Leakey, 1971,_Leakey et ;l.,
if 19?2 Bay and Leakey,_1974 Day et al‘, 1976)
”f xnm-ﬂn 1\73 15 the proximal portlon cf an
- adult right humarue‘fMi, the a;ticular surﬁace of
?QPthe humeral head recovéreﬂ from the Upper Bux%i
 ';fMember (Leakey, 19?3:,Qay;§t alw 1976), da;ﬁd to _ .

I .

2 6-.-; - 2w8 @Y.a (Brown etal, - 1985) . ta_'.. '
: : : : - . _ _ _'@i:
The most racently repurted flnd is a small
scagular apine fragment associated w1th the
'partial skelehon xnu ER 3735 (Leakey et al.;  
'1989)._but the author has been unable to obtain a
. Q;cast of thia small specimen and no. formal
';Qescrlption has baen given.__  ;. ;~7%£9
_ - S .z;‘_' :
2. 3 2.2.3 . Ethiopia

&

Cpagaee ey, L

- 82
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LAY

The Gmo sltes,=aituated in the south west uf ”'
Eth;bpia, QEve béen geolagic&lly and
palae&htoﬁogidally explcred s;nce early Frenuh

I
expeditioﬂs prﬁspected the;reg%on in 1932 1933

Homlnld matﬁrial has been racovered from the Omn

ﬁf  ragion s;nce the late 1960'

ﬂ"_%?

B

There are numeraﬂs rﬁcognised formatzons

”” ﬂwithin tha Oma deposits bur only the Shunguru has |

yialded shoulder gi'dle elemants of early

*hominida Thb geochronology and memner success;on

fat Omo have baen established by both Argun~Argon

-

 7: 'dating and faunal succession {Ceppens, 1975,;_f

'FCOppenB and chell 1976; Maglio and cdbke, 1973’:

_:;Bonnefille et al ' 1937 Churchez, 1992) Members

are lEttered trom olaest to yaungest (é g. Mamber

A" B" Ca ..etc. ‘=

Only ene shoulder girdle element, a left

”fpraximal humerus and Bhaft 1abelleﬂ 0&0“119~i_.

2718, has bean reported from any of ‘the Omo sites

(senut, -1978)- The specimen was recavered from-":'

Memher D in bhe $hungura Formation and has been

'_dated to. approximately 2.5 mya (Brown et al.,

63



| ffviSQS) Thls spec1men has been attrzbuted tb the
'fgenua Australqpitherus (Senut,_197a) and mcst

.; fprobably to the speciea ‘Australqplthecus   23[;;}5-|

" _aetﬁzop;cus (K1mbel et al., 1988} N

ﬁetweeﬁhi9§$ and 1977 tHe 1nternat10nal Afar 5::}
fResearch Grbup recovered numeroua remalns bf
:.fossil hominids and associated fauna fram the  -7
Hadar Fo:matian, central Afar, Ethiopla (Johanaan
:.et.éi  1978}'Johanson ‘et'al”} 1982);. Includéd 1n

' the flnds is a 40% complete skeléton, A L. 288 1,

1

:."popularly dubbed “Lucy“ : The parts of the

'skeleton referred to in this study are the rlght
'.scapula (h h. 288 15} ,:right clavicle (A L., f'“.
 238 132), and left and right prcximal humeri { AL,
'_.zsswgr and A.L.-283-1m,-reapectively0." Thesa1i;-

 s§eciménB1wére_descﬁibed~by'Sohénﬁdn:féttal,
“(1932}- Additlonal observatlons and measurements j 

:”were made by the author us:ng casts aupplled by

' _the Inat:itute of munan Or:lg.ins_.‘ The partial

: skelaton is attributcd to the specmes ‘A afarenazs

g4




”f by Johanscn et al (1979) and is dated te 2'6 ?

:'7 _~fxagmants nﬁ

ﬁuring t}e 19?4 19?7 field seasons several {1’

i,

upper llmb materlal were recevered};;f; j7

"vfffrom Hadar includiﬁs the following shoulder girdle“f;jT??ég

:_'fmaterial-7 a left clavicular fragment ( k &¢

N 5";ff333 94), a rlght clav;cular shaft (A L. 3333 6/9},5ﬁ

h=7fpraxima1 humenus (m‘n.-zss 107), and a r;ght

'” 77humerai shaft (A h; 333 109) The desarlptlans

T a left proxlmal humeruﬁ (a n. 333 87), a rlght

* fused in the presant study are taken primarily from f}b?“f};w

senut (19783 and ﬁoveioy gt al. {;ngl;-.

?here remazns cons;derable controVersy as to
| ffthe age of the hommnid foaszls from Hadar $ome~_ﬂ o

'_sclentmsts haVE placed the specimena recovered _:-

",nfrnm the 333 alte around 4 0 mya (White and

”:Harrls. 1977‘ cooke,s1978; Harris and Whi:a,_*”“
'1979), but it is more 1ikely that the specimens

?_are uloser tc 3 3 mya in age.“:_i*

'395 SGme investigators can31der that the

fsubatantmal amounts of fassll hominid material at |

.88




* frrepresented ln the sample,_a Hrgbustu and a L

'wf{gaohansonsmkﬁal

g{Hadar repreaent twa species qf homlnmd belng

)1’

"i;"gracile" variaat (Jahansan and Tazeb, 19 6

N

F .

figaz, 1933a b* senut, 1973, 1931a, b*”IQSZ Sehut

‘-l;?7and Tardieu, 19&5 ﬁardiewu_iQ?B, 1282 1983)

-- However, 1& seems that a majormty of authbrs have ;; ::Ef¥L

_:jsettled nn theksingk? species hypothesis and

P

'“assigned all the &pacfmens to a single highly

"" _sexually dimoxphic Fpecies Australopithecus

*iﬂafarensis.. Kimb 

”_:(1983) have aince reported that there is little-"

"doubt that only one species“of Australopitbecua }:45“-

7.fls faund 1n the Hadar sample._ Nevartheless hé_l"

A

'{_taxonomiﬂ affinitiea of the Hadar sample are still

A

~an area of much aebate (Tobias, 1980,_19§55; ]”~

s Tardleu, 1981, White et al. 1981i SEnut“and'
. . ﬂ . o
Tardieu, 1935; Zihlman, 1935 McHenry, 1988,_

A u

McHenry, 1991,.Hartwig seherer, 1993) . Some o

';aubharé 1nclude A. afarensis within ﬁhe sp@cies; l _ 

N africanus thaugh as a: separate subspeCmes,

hilat others recogn;se a probabla secmnd speciea

- at Hadar (e g Tabmds, 1938a, b Tardieu, 1981’f7“

'_._ Zihlman, 1985; genut and_Tarﬁieﬂ;;kSBB)a -HoweverL _;

W

=ff1935), and Kimbel and wnite -

_1976, Olsen 1981LWCappens, 1%31’fl._a



| faustralopithecina material &rom Hadar is R

' _moEt Gontinue to regaxd zh -afarensia am a

ffﬁmorgholngically distinaxnspeclea (e g Alella,_ 3.

'-’";'_'1951, G‘chanso:r. er: al _t‘% ﬁsazb, Jungers‘ 1952,
f  Jungerm and Stern, 1953 Whlte, 1985, Skelton ec
aJ., 1986 Mcﬂenry, 1933 1991 1993,
“T;fHaptw;g Scherer,_1993, etc ) Foﬁ the pﬁrpésés of

“fthe present analysis, all oﬂ ﬁhe

'afar63515.3

;Snmnat?;.

The méirlcal and non matrical analysis of the

' extant osteological mater;al usea in thms thesis
Jis hased upon data collected from the measuremeﬂts -

- of the scapulae,-clav1c1as.and humeri of'quv

individuals representlng a speciel of primates._;

'The akeletal specimens are derived frnm lthe'

- *callectians of thQ'Depar:ment"QE Anatomy and Human

e

llﬁio;ngy,_Univeréity oﬁ'tﬁe_Witwate?sraﬂd,.-'
- Johannesburg, the Transvaal Museum, Pretoria, and .

' the Smithsonian Institution, Washington D.C..

- &7

M

f _ considered ta belong to one apecies A;?{ﬁ”“’“""'"“”"



N

?examzned°*

' '.a.'éq E

'jthe Piiocene EpeﬂiMﬁh

;is summarised in Fﬁgure 4.;

.Australapithecus.__:za_*

RERTIR

. ,,....r““-a;f .

__:3-'11&k addit;v?n to the mocrei:

1‘..

fspec;as hut are referred to the genus |

Lo

L 'Ls' R

'n‘Bkeletal'sample, ?Q o e

r’;*the EPECIES Australapit'eaus afarenszs. 

o \
atly homlnld shculder glrdle tqssils are

The-

"7]‘habzlis.y” One speciman from the Omo and hwu

ﬁ;KﬁOhl Fora ara not placed in any particulay

Each ﬁpecies* chronological posltlon

.In this theszs, all aﬁ

“from.Hadar are reférrad to Wﬁ”'

_a””;ffrom 01duvai Garge is referred o the specieaJ HuMG .

4[::%._ o -




':731n part, on the baels of thoee used in prevzous

'”'humerus Partlcular emphaeme wae given te ‘the.

' chdprex 3 . oo

L .. | lﬁet.hmis : S

W iptreduction

Meaeuremente ueed 1n thie etudy were chnsen,

1!-'

'jbiomechanical, functional, anatom;gal and o

\f

.\.

Et:ud:.es eonﬁucted by Vallo*‘ {(1924,{ :uazsa by, 1927, S

_ ;972,_l975,-1383,_1990); Cerruocmnl and ciochon

”(1976);'9erut (1973), Vrha {1979), sermiente

(1985}, and Church;l] and Trlnkaue (1990}

e Wherever applicable, the deflnltlone of the

'_meaeuxements.er.angles, aa deserlhed by Martin'

to except where mere recent 1iterature suggeete

“-;otherw1se.- Tn addition, measuremente not found in

Martin_(lgza) e@ Martin and Saller (1957} but

63

ne.merphometrlc etudiee of the scapula, ceav1ele, and o

LT

”-1928, 1932), Schultz (1930, 1937), olivzer (1951),.'

Ashten and Oxnard (1963 1964), Oxnerd (1967,_1969}

”(1928) er Martln anﬁ Saller (1957), are adhered L




wibd

i

-?accepted hy more recent stud;es are 1nc1udad I'

',ﬁthms chapter, the etymolagy of the name of each

'v-measurement 15 glven fallowing its dafinition

RO

'athers-are-mcfe obscure. Thersfore, where

' Anatomical Nomenclature, . -

i
LI
I‘[-

Anatomlcal uOmenalature used in . the ;.{ " |

\\

_dearriptions of the modern skelatal serias, ag.

wa;l aa.far"the'fassil'hominid'seriea_follows;*'

whera pbésibié, ”that fdund iﬁ‘ﬁhe ﬁiftﬁ]edibiqn -

_-of the Nomina Anacc)mjca (1950) . -I:ci-'mo-s{: 'dasés..
tha English 9quivalents of the Latin foxms have R

'been uSed._ B

Whilst man"'of ihe anatummcal terms uaed in

'this study arr 'aaﬂily found in anatomical texts
" guch as swindler and Wood.(1973), Grays Anatomy

| {W¢lliams et al;jjkgas),'or Tob;aa et al;z(lsas),

: -necessary, these terms are defined in the text.

70 .I./ E



L
) ki

'f honea was confined to adult apecimens an whlch

;were believad to have suf%ered antemortem lngury,_-"
'i_;or exhibited bOﬁe pathology or cther
__ ﬂabnorma1it1es; were disaarded in favour af viaibly

'*normal'materiaI; e T-f.:"-_' Sl

_rnst;tute for.Medical Researah (SAIMR) . These

_ Selection of the Modern Skeletal Series .

D

In most cases selectlon of modern lndivmdual

‘-”1 .

_fcamplete aets of data cnuld be taken, except 1n

&

?.fthe ‘cage. of the Alaakan Indlan popuiatian frnm bhe B
':Smlthsonaan Institution‘.rhis saries was derived
  £ram exca?ated material and ‘many- Qf the specimena

'-'-;exhibited poatmorteu\damaqe;_ Ang-speczmens that ;f%

i}

1

ngin_genegal,;sﬁeciméns rePresenting{capti#eﬁ,_fr

‘animals were wejected in favour of field
' ;cbliédféd.%iid sbéﬁiméné;”. The oaly exceptloﬁs
:jare Lhe geries of Pqp:a ur51ﬁus and
';CGrcqutheaus aetﬁ:ops. : A majority of the é;.
';"skeletuna in these two samplas ariqlnated ﬁrom |
Hpopulations of captured w;;d animals that had been _7'.

: used in medical raaearch by the sauth Afr:can
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7?:an1mals were ﬁg&ﬁ in.dabtivity by the SAIMR for_f* ””

~fvarying lengths nf time befure being sacr;ficed.fu"
‘|-'

  :strict and any skeletcn which exhibited.?°551b1¢

o

ITQSelectlon from~thesé samples were espegiaily

_3 ﬁjdama§e {even 1f mosﬁ llkely postmﬂrtam) were nqt.uliﬂun

'“f;jusaa fn.this study.;=a,fif~??¥ ?:5 

T . . :
e - . B

-Deﬁinitions of tha Linaaxj_”

*;9 3' F'w- Haaaurements ;;jf”; -G:;;Hgﬁ--ia'

“Aﬁahamiuai-léhgth 6£'the sdapﬁia (Figure 5&, _L"K

. No. 1) (measurment 2 Martinwand Saller, 19 7. p.

35é3) . Thls meaaurement is taken from tha midpoint f" N

_ of the @nrsal margin oﬁ the glenoid cavxLy uc the
mldpoint of the vertebral end of theiacapular i
splne Broca (1378) named this measurement nhe
%.mmarpholcgieal breadthn This measurement has also _ ,

;'been called the “saapular braadth" (Hrdliuka{-:'

”'_1942, P 375), the "bxeadth of the scapula“__

CHrdlieka, 1952; P. 171). the ﬂscapula B f-

morpholcgical 1ength" (Montagu, 1950, p. 63~

-_! .§2 _:.; “~.:

AN



ffThis measurement?is taken from the most caudal
'”7# 7po1nt on the glanoid margin of thn scapu]

?T_glenaid cavity to the mast caudal poznt on tn ‘

:'”infefﬁor angle nf tha*scapula {Measuremant 3‘}

;f_'difgers from that cﬁ Oxnard (1969, Flgure 1, P

a :.' ]
:'**CGrruccmni and Ciochqn, 19?6, Figure 1A p 223;,r.f¢9l;'
'"_ 'and tha “max;mum breadth“ (Bass, 1971, 1979 1987,_}
'p 117),, ﬁeverthaless, the ﬁefinltion of the B
- measurement has remamned largely the same.:::} oy
hengtm o£ axilla:y maxgin (Flgure Sa, No. 2) _.f§ f-

-
LF
4

,-/ R .
o5 O 1

':Marﬁln and Saller, 1Q57 p 529); Thlﬁ measuremfnt

i‘ .
\ s

' }320 ), who uSes the mast caudal mark;ng of  ,mg :;
'iserratus magnus (vel anterlor) aa hia infsrior_.

. pqint." A majority of authora do not use

:7ﬁé;nard s derinmtion but adhere to the definitlon..

' -used in this atudy (aee’Vrba's 1979 diacussion on o
| this-matter, pp. 120 <122 ), Ta make the results
 cbtained by the preaent study more broadly

'-.comparable, the more consistantly used definmtinn

of this measurement has baen adnered to

'\:

3. Anatomical hreadth a£ supraspinous foasa

_(Figure Sa, Na. 3) - This measuremEnt is %aken

13




'ﬁ?fdeflnlng the anatamzcal length af tﬁe scapula o

f p01nt of the cranial angle (Measuremeﬁt sa':"

B from the pqint af intersecLian of the 11ne   i*”

f

’Hj -defining xhe anatomlcal breadth of the scapuza 3: 5:‘

"(Measnrément 6, this nhapter ) and the line

(Mfasurement 1, thms qhapter) ta the most cran:al o

o Martin uand Sallér, 1957, p. 529)

7

B

ﬂfifrom the mos: cranial to the most caudal palnt on ff'“

T o LT . _' ‘:I o
) ’ -

Y |
" A

4. Anatamina.l hraadth of the apihé of the scapula -

”(Flgure 5a No. 4) - Th:s measuramant 15 taken”

aaross the spine of the scapula at the point where -

:thé anatomical breadﬁh af che supraspinous fassa
-ﬁ{meahurement 3) intersecta the Buperlor margin ot

-_the spina g rt this point a maasurement is taken _ ” 

éa 1ina perpendicular to the ‘axis of the sp;ne.
.Thia measurement is equivalent tc COrruccini and
' ciachcn'a (1976, Figure ln, p. 22} !sp;ne

__thic@ness"

5. _Anatomical breadth of inf:aaﬁinﬁua fnasa
'_'(Figure Sa, No, 5) (Martmand Saller, 195?) - ‘I‘his
: meaaurement 15 naken from ‘the midpoint cf the

-vertebral;ena_of thé ﬂpiﬂe;0£ the scapula to the'

74
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5.

7  ﬂ%eservation abmut the uSe of thls measurement

LR

'T-ﬁbsg?aéﬁéal:#biﬁ£ 6nf£héfiﬁ£é£1é£ Laﬁgié: ;  ThiS{<%:j ?*5

ff:measurement is also known as the “infraspinaus |
3: ;height". Gr anfraapinous 1ength” of the scapula

 ;(Bcha, 1878} and the "lnfraspinous fossa breadth“sﬁ..
" ﬂ (mbntagu, 196&, p._J-r y COrruccini and cloqhon,~f  E

1976, Figure 1A, p. 22-.1 L

As aarly as 1386, Turner had expressed

L6

V:Qbecause nf the qreat fluctuatian in,accuracy Qf
 'measurement thmt is a resulL of the bend of the_-
'_:scapular splne and acnsequent displagement of the'iﬁ'
:1“_1ocaann of the gnint at the spine’s vertebral

,bomﬁer Dorsey (183?) subsequently nated that.

the use’ of the anatomical breadcb of the saapula_

*as a“numparatiVe meaﬁuxement did "not seem worthy
of much conalderation" Although many 1ater
':researchers hava concurrad with Darsey s f

sentiment, tha measurement has continued 1n uae in

reaent 11terature (see Martin and Saller, 1951;-
Ollvier, 1960; Ashton and oxnard, 1963;=0xﬁard}
lBSQ._Gorrucaini and ciochan, 1976, Bass, 1971;

979, 1937) | Hrdlicka {1942, pp 375 - 383) has 3'

';indmcated the need for this measurement to be

75



| 3"supplemented by somé)hing more rellable"
f_Nevertheless,-mcat racent morphcmetric studmes of

| -.the seapula have included tbis measurement under

'”:che name . ”Lenguh °f infraﬂpinous 11ne“ (Bﬁﬁs;g, R

T

ffé;zfun:pho1ogiua1 breadhh of. bhs scnpula (Figure,
’fu5a, ¥o. 6 (Mnntagu, 1960, p, sa) - Thig |

""*measurement is taken from the most caudal pblnt aﬂdi,]-'

;‘1

-the 1nfegior angle to the most cranlal poinL on -

-fthe superior aﬁgie. Thia measurement has bmen'

. known as "length of the scapula" (Broca ,1ﬁ78-

"S_Martln and Baller, 1957, mpasurement 1 p. 528 ),

"scapula tatal haaghtﬂ (Hrdlicka. 1852, p._170): .

and "Maxmmum length“ of the scapula (Eass;

3 - : -\
1971,1979, 1937,_9. 116) . o

T, Acronion width (Figure 5a, No. 7y (Martiﬁ and

_Saller (1957) meaaurement 9 (p: 530))- This

meaSuxement.;s deflned_as-the_maximum aqromial

” width'méasurad perpendiéuiar to the estimated long

_axia of the acromion (Corrucc1n1 and ClOCth,  

1978, Flgure 1a, - 22).

78

#



-;¢e¢_Vﬁéﬁth”oé”the'edaﬁﬁiaf'gienoid:EaQiﬁy'(Figﬁréé}lﬂ’

57I-5b No. B)-- This measurement ie taken frem a w=;ijﬁe

ﬂ,pelnt which 11es on the llne created by the length

feyaf the glenoid cavity measurement (measurement 1:_”"'

eiof the g]enoid cevity.a Thls feilewe closely nhe=

-

'10}. erpendicular to the 901nt of greatest depth e

},_.

L deflnition of glenezd foesa maximnm depth (GFD) by

N

Churchill and Trinkaue (1990, p 149). It 13

-equlvaeent to Martﬂn and saller's (1957}
. . . P ‘j. e

3 ' : o o E
“meaeurementtaé S }z o e

'9f Length of the coracoid.process (Figure 5b No‘?

»-”)-tMeasuuament.ll Martin and Saller 1957, ®-

530)-- Thie measurement im taken f@om the moet

IVanterolateral peinr of the coracoid proceee to the

;_moet peeteromedial exteneion of the coraceid .

process (see alSo COrrucrini and Ciochon, 1975,.

’_Flgure 13, D 22) . ﬁf

'0 Lenguh of acapular glenaid cavity (Flgure 5h, '
No 10) (Meaeurement 12 Martin and Saller,'1957,

p. 530) - Thle meaeurement'ie taken-from-the most

icranlal 901nt on the (glenoid) margin of the

- QlenOld cavity cf the sCapula, to the meet caudal
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"‘N%;?point cn the {glenald} marg%p of the glenold

'f"ffcavity._ Vailois (1932) uses the “most elevated

'A?f'pnzntu of tha superlor projection af the glen&md jn,ih}ittf

'ff"te identify the superlnr polnt cf thls

'?f'measurement This measurement has also been

o ,-.'-"-'1abenea rglenoid&helght“ by C“ru"cini a"d

'n.

'Ttn_Cinchon (1976 Flgure 1B, p. 22), and “scapular

'7fmfglenoid fossa maximum length” by SteWart (1962),,“n_f"

o altnough disagreements a8 to the exact deflnltlon

m;}cf“this measufement.abound.in thenllterature“

”;(cnurchlll and Trlnkaus, 1990, p 149 Stewart,

'=fé;71954, p sa Bass, 1971, 1979,_1987, p 123);

'tnnb Glennid cavity articular 1ength (FigureISb)_{;:.

n'ThlS measurement follows the definition gzven 1n

;nmehurchill and Tr;nkauu (1990,_p; 1493 and 13 |
 defined as the "maximum cranlncahdal distance 1n a -
_coronal plane between the outermoat edges of the t.t~
_llne of attachment of the glenoid 1abrum “ ;{GAL:_,

_glennld articular length)

11 Breadth af the glenoiﬂ cavity (Figure sb, Nn‘
: 11) (M 13 Martin and saller, 1957, p. 530}

Thie maaeurement is taken as the dmameter at the
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'ofpoint of greatest width taken perpenéicular to the” f*"” R
7mfaxis of the glenoid l%ngth meaSurement,\--Stewart:'~7°
'TE’ff(lsez) refers to thls measurement as the “soapularj::fy

”f,iglenold‘maxlmum breadth": *5:T

991nog1enoid notoh~depth (Figure sc, ND,:igfL

”'J;(CeruC¢lﬁl and\Cioohon, 1976, Figure 1C, ? 22)
”i1;~-TH15 measurem&nt is defxnedfas a ohord taken
“Viffrom the most posterolatexal border bﬁ th@ glenoxd*:;of{:.
f;; cav1tY to the:most medlal point in the _ikff;.““'io
'Jfofspin°glen°id notCh P the-ohord helng parallel to
:ithe mo:phological length of the scapula :;_ ;;frﬂfff
'_.?;o.aorooion projaction (ﬁlgufo.so, No ~131 - Thio 
imeasurement 15 taken as the projeoted maximum o
.hlateral extent of the acromlon.us measured frcm
tl&the most modial point in the BPinGglenﬁid notch
:f.parallel to mhe morphological 1ength to the mast

-flateral pomnt on the acromion grocess (Corruccini

_and.01ochon,,197sr'Elgu:e 1A, 9..22)-

'”'14; Eumerus madiolataxal head diamater (Flgure s)__f
(Maxzin, 1923 M. 12a. B 102) - This measurement
_isftakén.fxom the“intortuhercular'sﬁlcusffloor\tdso_o’“

.t "\}



e most 'rheaiélly--grrédj'*e'éi:ifng point on the humeral

'f;head perpendicular to the langitudinal axxs of the3'ﬂ””

'-humerus

{ i5; numarus anteropusterior head diamﬁter (Figuppugja:

'r.-..

TJG} (Martln, 1928, M 10)-- This maasurement 19

'taken frcm the most anterlor to the most posteriox

Pomnt'en the-articular'surfaca'cf.the head-of the.l=r'ﬁ

: ﬂﬁﬁhumgﬁuﬁ adjacent o the greater and.lessar

R ERR AN
'_-tubercles~and perpendluular to the .humerus

' deiolateraI%ﬁead dzameter

B iG. Gmaatar tubercla/head pxajaction hﬂighh

:(Figure 6) (Corruccini and Cicchon, 1976; M*ls, pp'..
" 22 - 23 ) - ' This measurempnt is tha perpendlcular
dmstance between the most supermox pomnt on the.f

"5greater tubercle and the horizontal  .‘*hxough

i

' the most superlor point on the humeraifheﬁd

_artlcular-surface._.

| f17f :ntartuberaular avﬁayx widhh (Wigure 6) - ThiB_L. 
measurement ig taken ag. the minmmum hcrlznntal
- diatance'betwaen the internal crests_of ‘the

greater and lesser tﬁberc;és (ﬂaaauremeﬁt 13, -



H_ f;1B. Graatest 1en9th o£ humerus (ngﬁré'S) (M 1:

'fFigure 1E p 23 - 23 Cbrruccinz aqd Ciochcn,
':11976) | | |

Hffw'”"-ff“**

:fftMartln and Saller, 1957 p’_532) - This

'”f measurement is taken from the.most cranial Point  ”'

i‘cf the humeral head to the deépest 901nt point of

|’

' f:the trochlea It is maasu;ea with an ostaometric  '" 

I
el

fis:ﬁ; Eumerua mid shaft ciraumfemance (Flgure 6)
1 (Measurement 7a~'Martin, 1928, p 10l1)-_ ThlE
   meaBuerent is taken at the mid-point oﬁ _\‘

- measurement 13 with a stcndard anthrcpcmetric
3 tape The measuremEnt 15 usually found.to lie a
_-few mmllimetres above the 1ower margin of the

' ;'de1toid tuberasity (Slngh and Bhasln, 1968, p.

'f710?)

Greatest Langth.oﬁ clnvicla (Flgure ?) fn'i: 
Avﬂartln and Saller, 1957 p 527 Thms measurement
:_ b -3 taken from the meat medmal 901nt on tha sternal
Ji_facet to. the most 1atera1 polnt on the acromial
| facet of the clavicle | In the present. o

ot ;i~ﬂ' 8L



-}investlgatlon thls measurement 15 takﬂn using

_ : L
;511d1ng calllpers Haweve$€:SEVPral authcrs
.7f prefer to: take ;hié measurément wmth an B
"7?;osteomeﬁric bggﬁd.(MQntagﬁ} 1960, Basa, 1971,_ ;  3::"":%
5 1979, 1987) '.' ; ;}fF}f  %. |

gt Glavicle atarnal facat 1ength (Figure 7; (M 2,, L

'ffMartln and Saller, 1957 p 527).- This ;5 53_3'R

"_feasurement is taken from the mcst super;or pcint

'3g to tha most - inferior polnt on the aternal facet fo

'g}the clavicl# (sae also COrrucclnl and clochon, -”__j;

: 19%6,'measurement 18, Flgﬂra 1n, PP 22 . 23)

ae

W

'7§éﬁ. ﬁumaral tarnign - Thlﬁ.lﬁ taken as a dlréct
_measurement of ﬁhe angle between o 1mag1nary
lines. - One’ ]ina paases thrcugh the axis of the
:'trochlea (Evans, 1973 Martln, 1928)- Tha othex
-;llne =13 drawn through,the axis of the humeral
head Thua, a humeral head with tba axls forming
.'wa rmght angle w1th the distal trochléar axls would

‘_shaw_a torsion-value oﬁ_QQ.dagrees; whilst medial

h%

8a

AN ST



'rotatlon of the dmstal Joint wauld give torsian _][-

__ va1uas hlqher than gn degrgeg.”_ _-::fz__

..'~5&557'ﬁn§153'1f  ff

The iour anglea measured on. the scapula are
PR _

cantained by connecting the ﬁallawing points
tFigure 8} (h) cranmal extremity nf the long_

xis nf the glenoid cavity, (B) interEEGtiOﬁ af S

"f the baae of spine with the glan01d cavlty,.(C)

| capﬁ“1‘emtremlty af the long axla of the glenoid
fnavmu ._jni most cau&al point on the inferlor
angle,l(E) mldpctnt of intersectlon of basﬂ of”
B Epine W1th vertebral border'ﬁ(F) most medial
| marking of the trapezius muscle, (G)~latara1

' extremity Dﬁ insertlun of the trapezius muscle on -

W;”the spine troughly equal to the medlial extremlty ;;°

o of the acromial articular facet). (H) most cran;al

marking of the serratua magnus muscle (vel

‘anterior) .

1

g3



metinitinna of tha nngular Keasurments |

0 .

: 5 1ih Angléin C nvis the angle between the glenoid .3- _ .5

- ?§av;ty and the 1atera1 margln oﬁ_the scapula, and
”frepresents the angulation of the ahoulder joint
lsisurface The 1ntersection of 1ine G F and B E .
fappraximates *he angulation of the crest\of the.-; #§ _.  
i;SpinE and represents thé angulation nf “;Q“.' .
']Lipagrtiqn:of_the-ggrapezius musc1e,  Angle,gwaE ¥f7 .'
igithe'inferinrféngle_pf.the scaﬁﬁlé.ﬂihié-:'
'lmaaéuiémént of the iﬁferio# angie différB £ﬁom*_'
 that of Oxnard (1959) 1,,1'1 that his Paint 4

' (0xnard, 1969, fig 1 pm 320) does not

'_correspond to polnt D 1n thls study but represenﬁs. 
" the mosp- gauﬂal marking of the’ aarratug _magnusl 7-'”
'fmuééie fféi anteriéff; whi1e .pdint b’innthié-

- study is the more frequenuly used point (a g._  ﬁ]~lT'
.Martg% and_saller, ;957;1959; Ceruccini and
{Cicchgn, 1975; vrha; 1979} ~ The intersection of
'the 11nes D-H and F ¢ creates the angle hetweén
the spmne and 1ong axms of the medial margin of

'the acapula Thie angle has been used hy Ashton .

'et_az. (1965)-and-Oxnard-(1959}.tq:apprnxima#e~thel
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pbsition Qf the serratus magnus muscle an the o

PR 1]

scapula._
3, 4,3 2
manﬁiﬂcakiﬁan ‘of  the Angle Points 7

: :r;,c BEUE IR T

.; Tﬂe lentE that defmne the angles WEre e

identified by projectlon using a dioptrographf.The':"

scapulae ware positionéd with the ventral surface __ 

facing dawnwardﬁ. Points C, Dlr and H were

supported at an aqual height of 5 cm By pjaatlc;ne3_.-ffﬁ

placed Qn the“béée board nf the dioptragraph 'Thé';J

POlntE,_Unce 1demtified through the eyepiece, were' f
transferred to a sheet of cartridge paper | Linea :
3 wera drawn through the points creatlng the angles
dascribed : All angles were measured to the
: neareat one- half degree using a standard
'protractor x ThlS methcd differs frcm that Qﬁ
Oxnard who 1a1d a sheet cf perspe Qver the
_speciman and recorded' polnts on thP perspax for
later Lransfer to a aéparane paper shaet (Oxnaxd
1969, p 320)'- An Earlier method of angle |
mgasurement emplayed the use of an underlymng

7k,
ey

sheet oE cartrldge paper onto which points were



'J;as both af the earliar methﬁds due to the'”

e d@nptrcgraph appears to be at . least @a reliable j

=

' ?cons1stent positioning cf tha eyepleae for

. Precislon of the Osteometric Data

?"_“l

. Except where noted all linear meaaurements B

;wera takan wzth & set of aliding d*al callipers o

;:humerus (Measurement 18}, whiah was taken with an o

: csteometric board, ‘the measurement for depbh of

_the.glgnqyﬁvﬁosaa.tMeasu:ament~8>,,which‘was taRenr:

'with cvordinate'callipérs}~and the'humera1=

. m1& ahaﬁt circumference (Measuremant 19}, which

was. taken with a standard anthrqpometric tape.pw

LN

All measurements taken 'wmth dial ﬁhblipers wera

'-'recorded to the nearest 0 1 mm, MEasuremean taken
_with the osteametric board were recorded ta the
_nearest 0 5. Maasuraments taken=w1th the

ﬁ*co ordinate calliners were taken to the nearest f:~

e 'gg

s projecte& (Aahtan and anard, 1963, Fmgure 1, p.,f‘f"“':
h &

'gt54_);3 The method of prcjection of pelnts by theiézfp;-'

'"'.'1dantification of polnts ;'f_"3_ '  :$; :  _;f f&@ 1  fﬁ'

'excepb for the meaauraments of total length cf the:h"



o o 2 mm. maasurements taken w&th the standard

fufanthropcmetric tape were recnrded ta the nearest Lo

";"'.:.'j.."’aPPrc:ximately twc ?ears s

T At

Tﬁffassessed after the completimn af the 1inear

' frepeated meaaurement within speaies did nut differo

ff1 D'mm All meaaurements ana 1&entif1catlons of

ey -.'o-'-
'f:the bong paints fo“ measugpmént have nran .

'“ f"performed by the author aver a period nf

o 3.4.8 T

¢ Relisbility of * the Measuremests

o The reliability of measurement, was_ e B

#

@

,"ffgmeasurements on the akeietal apeclmens.. F*am the

a

'if“°m§1@ﬁ9d Beries 11 6 % of the total were salected; f'u

 randﬂmly far na measuremenn The repeated

'.meaaur “annﬁ ﬁawa tested against the origlnal dataj}.'t“

;cmllected,using paired - tests The xeaults [;

 obﬁa1ned lndinated bhat the valuea for any Sy

B

signaficantly from tha original value (p < o 05)



'”rf_absance of slgnjflcant exror was demanstrated«by

'"-f; means af a pa;red £s teat.- The results abtain,di””'

7

Error of the Angle Measurvehemts =
L 87

Angle measu;ments were repeated on 20 scapula'

V during the course of the 1nvest1gat10n,:_ The e

  1indiaated than the valueé far any smngle repeated“”'

; fmeasurement did not diffex signifxcanxly from the o

 .origina1 value {p < a 05}

'  3:5ﬁff-*

natarminmticn at the hreas of thé'ihfraapiﬁbus'

anﬁ Supraapindua rosaaa af the scapula

Area detarm;nation cf.the fosaaé of the
sdapulae was limited to those spec1mens in the
'Uﬁ{v;rsity of tﬁe ﬁztwatersrand Department of
: aéagomy and_Human qulogy,__where 1magagana1ys;ng
"'eduipmeﬁt y;s.@vaiiablévand:to thqse spécimens_§t'
tﬁa Smi#hs§nian Institutienﬁth&t ﬁere phdtbgrapﬁea )
-inthé éﬁthor;i Area determlnation was calmulated

_usin? a Kontrcn leaanalyse Videoplan system run -

 ‘on a DOS compatible computexr. Video-reprdduction'

™

T

o ;



ﬂ~”for anaiysla was adcomplzsheﬁ using:an Ikegami

"*iﬁvldea camera

“ﬁ  The area determlned by th;s method 15 not that

"?ﬁdof the actual bone surfaae area hut reprasents the

.q_.

'Vf’farea uf a plane Whlﬂh 1ies between tha margins cf"
L the lateral and medial barders ana inferior and

 Fsuperior;angles (Figure's).-c=”The_autho: t;iad, ~'”

n*f3and ;n most cases succeaded, ta ihclu&e.orly-the-

| . relative muscle attachment areaa on the darsal

AT e
 surface contained wzthmn the supraspiuous and

_”inﬂrasplﬂoub fussae of the scapula '(Figure 10}'

Standardisation of the Measurement Techniques

'finiﬁiallj'lb Qaix?tdf §¢aphlae;.cl&%iculaé,'

t'.aﬁq humé£i ;ﬁexé1émamined'and measﬁred_to__'
 faﬁiliarise thé"obsetver.withithé ﬁéaaufément
htechniqueﬂ. | Measurement was ccntinueﬂ until the
'_1ntra observer variation in measuremant was lasa

than 5 % fnr each Jf the measuraments



AT

ﬂthe surface of the scapula1 partlaularly 1n
3regicns that do)nat pcssess definitive harders

-f.such as the area nf the scapular neck,

 Reliabllity of Avea Deterhination

Beaause bf var;ations 1n the morphology 'of g,' 

“”Qinconalatencies 1n area determination resulted

a.reduce-erroraduringstracing-of a particular__-"
 tc follow nnly 11nee of ﬂuscular attachment

_curvature of the fosaae of the acapula presents

'dlfflculties when area detebminatlon is attempted.'

1\.
by any method whnch canverts the threa

'-'dimensaonality of tha surface into a twa o

.fVmethod o£ arua detarmlnatlcn used in this study is

nat an exception*. Bespmta\attempts at 1nsuring

I;that a scapula 8 fossa lav in tue harizdntal
PlanE,_when_the_uu:ved blade of the fossa is
"_aonvaftéd'into a twd-aimenadcnal. surface threugh

'_1mage reproduction on the screen of the 1mage

90

'-'.fragzon for area determination, attempts were made t-'

: fvisib1e"on the surface-cf.the-bone.?“ﬁnweVEr, the_ "”

'.dimensional view (Figure 10). The" image analysnka'-'



';fefdeterminatlone_ Ite effeetiveneee 1iee in ite

“fffanalyser, seme part of the abeelute area contained

"'G .

Ef”1n the cenvexlty ef the fessa eurface ie lGSt

5’It is therefore neceeeary to apprdach the

:feresulte and reliability ef the image analyeis

ﬁ¢ methed of aree determlnatlon with a great dgal af

'EVf{cautJﬂﬂ and net caqeider it ae an effective methed

\| \\ . . _., ; “

'“ﬂfar ebne sui‘hce or muscle tachment:anee

R

.:“i.abillty to act as an index ‘of abeelute eize end
f ;relat1ve smze of the saapula when one examlnee

‘7inherepee1;mc and ;ntraepecifme varlationﬁeee“f,ﬁf'""

&

el

Reliabiliuy ef‘the area meaeurements wae

.ejaeSessed by repeating the area ﬁeterminaﬁlon of 10

"}eeapulae The»absence of eystematic error wae

'{"9confirmed by means ff a paired t teet..'The-\
ﬁreeulte obtained lndicated that the Value fer any

eingle repeated meeeurement dmd not dzﬁfer

<e" -J‘

lsigﬁificanEly frem the origlnal value (p <D, 05).-.- -

: o ’ e ' ) o s . .
by
\A’\'
)
o




:*-. w_v*;.-:x'vdm': R ,wc:_»;z;--,r=_n-fa::n--.r~_
B . L . . ______.
The method of 1inear measurement of the fnssil L
pecimens fcllows thah described in tnis chapter
for the meaquremgnt of modern material However, ;
in numeroua dhhes where the desurihed maasurement
cannot be aompleted because of damage ta the
fossil, yet the author felt that a reasonable { 1:¥ffH”"
e&tmmate of the Qrzglnal measurement cauld be;'ff.5 -
made,- “*best guess“ was recorded. These-d
estmmatag- or "best guasses“ y are indicated as'if'
B such in the descrlntlon of each fOESll alcng with   _'-'
the actual measurement taken of the damaged regmon f '

[

: of the foasil specimen. The 1etter "cﬂ 1n front‘! F”'
'cf a maasumement value indicates tnat there méy.£g_5;457
aome impreclsman 1nvolved in the meaaurement ?
additian,-lmnear measﬁréﬁehts ofilmportant ~:
 omnrpho1og1cal features have heen taken for
.cbmpletenass. | Al1 meaaurements mn.the fossil.
descriptions ara expressed in mlllzmetres unless.

otharwise stated~ S fﬂ L : 7:'-y.r' S

e



|+ The Qualitative Data

The noﬂ metrlcal charagters ﬂomprmse prlmarmly .
';E_those for which .no. quantitatlve data are ;;'
:,provided or for which quantitative measurement is

'beyond the scope of thls 1nvestigatmou .Wherever

'.5 onssible Fha claarist and moat preclsa comparative

1mmrpholagica1 herminolcgy 19 used. However,jln )

 - some cases whera theruse of comparative 571&;;5
tg:minqlqu;iﬁ unwieldymithe-author has-usedj

 common and easily visualiseéd analogies. . v

The Dissections

| *The shouldér xegi6hs oﬁ_seveﬁ'spégiﬁEnsf
represénting 2 of the taxa (humans and

'“chimpanzaes)“examinéd.in-the'preaéht'Study wéi&4f."

| dissacted ia the Department of Anatomy and Human .

Bialogy, Univeraity of the witwatersrand
. Lo “\
znlssection procedures follow those dESCﬁibaﬂ fcr
. N a
_]humans in the flfth edition ot M@ﬁ E &matﬁmy

S f,\__
(Toblas-et_al;,-isas),-_and-;fpx non-hu@an -{,ﬁ,



T

”Vﬁprimaﬁés, those illustrated and desc*mhed 1n ‘An .

“'fJfAtlau of Pr:mate Gross Anatamy (swindler and

_  W0odT;h9?3) and those used by ﬁshton and anard

" PHotography and Tllmstzatfom’!

Black ané\white photographs of selected

“”’speelmens whlch are held in forelgn museums wefe
. _'ft.aken to ast%:u,st w:a.,th :,dentif:.cation of
'_morphclogical faatures characteristic Qf the f ;' :

'f'speczes that are not obtaidhble i%/Smuth africa.."

C =

The plates of the Emssml Specimens vere. taken in
{

” .the Department Of.AnatQMf and Human BlOlOQY, ) j-';;'
 Univars*ty Gf the Witwaterarand by Mr P M. B |
7 Eaugust.' Illustrations of the original ﬁossll
“7épé¢iméns were drawn to scale,hy Mr. B Qginngy”g-p'

-and by the author._=-

| f

Drawings of the cagts of the fossil material

'_'.were made by the author. Additional plates of the
_]caats of the foasil specimer not available for B

'foraginal photography were made by Mr P, Quinney

ERY
(0

| "94:

"*; (1953; '. ::.;.:.  ; --  ;' M;¢;p:{3? :}f  f ;_ﬂ]}}»~ .



'”-1main goal of this study is to examxné the normal

E ;mﬁrpholagy, functlon, and dxmens;ons of tﬂe

L

:_}for by the authgr, All other illuﬂtrgtlgns; i5-

tab eg, plates etc 'were made hy the authar,;f' .”.

. t)l( BT

“-f;' R Y L o o L e L
. kd Ly . . S DR

R "“_fghifﬁjf;; i jf'%1;fK*-~5f {

Staﬁistical analysis was cmnducted ona f 5 |

”&ﬁmacintesh.SE and a nos cnmpatibla Pc usiqg the'-  

' :1990 vension af Abacus Canepts¢ _,  Wif ,'

”statms;ical analys@s software, as weli as the 1992 ;”[n;@i
. !_(/ L . N .. -
=2

version of CSS Statistlca hy StatSoft,: Since tbe J_:

.]'shpulder complax, it was decmded to restrlct the ;?,a-

' statmstics used to thoae of a descrlptive nature. -

" T
SN

, .

Lo,



| Chapter & .
'-'ﬁhé' artktp1p§y apd@ﬁqveméﬁté af Extant

 Hominoid Shoulders

<

! fotrodwetiom ./

| The morphclogieal differencea observed betweenl.
the saapulae, clavicles and humari of prmmates are o
primari1" related to variations in the performance_1
' demands plaqu upon the upper 1imb by d;ffaring
1ocomator bahaviour.(Miller, 1932 Ashton and
' oxnard,_1963;_Robertp,-1974; Oxnard et-al., 1956).
It is thus'to be expecﬁed.ﬁhat.the mqré Similér 
]tﬁe-reqhirEménts'cf the iccamoﬁdr.behaﬁiour in
related gxaups of animala, the more szmilar will"

be the morpholagy and shape of the region.-

| . Hﬁmans, and to a 1esser extenﬁ apes, hava
 freed their upper limba from the demanda of_.-
quadrupedal behaviour. Henae, apes and humana o
exhibit a far great&r range of upper limb mobilmty _

than thelr truly quadrupeda& couains. The

96
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”-.exceptlans to this rule are those pr051m1an B

:3 pr1mates (some leaplng lemurs and tarsiers) that ?.;f” .

'.:_hahitually pracﬁise the £orm af 1ocomatian known ;' 

f':fas veftical clinging and.leaplng In additlon,

" arhoreal New World monkeys exhibit a ralatively

'ythe ahoulders at some afl$he more acrobatic,

_1j high degree of fréedom of movament (Erikaonr-._, xw-?f

"'1963)

'.[iheﬁgxgatér_mobi;ity of the shoulder girdles.

'h-af-apésfand_humaﬁs is iargely dﬁe_toﬁﬁhe'scaguiaeﬁ-

'_”oﬁ these grcups helng situated mcre on tpa dorsal

~aspect rather than on the sides of the rib cage |
‘(Schultz, 1947) (Figure 11) This posztionlng af ; _
'the gcapulae in the”hominoida a;lqys.nEarl§~the-
- full range of .mation'au'the glénqhumeral joint to
be achieﬁe&' In additioq._ dertain dshediagical
1£eaturea of the scapula, auch as the relatively
:__round, wide and flaLtlsh.glenoid_cav;ty.gf_pumansf'
: and apes{'ddmpared to'thg eloﬁgated; nargdw and |
'.more-deeply éoncave glenoi& cavitiés"of mOnkeyét_”
‘have been shown to give a greatar range of |
:mobility to the humeral head (see Chapter ),

"Howevar, this greatex degree of freedom is

e



 ostapilivyy

‘achieved at the cost of some structural

The hominamd shoulder'ia a hlghly mobmle

 : 'complex operating in practically all three"

'.ﬁfﬁ'dimenaions and ib haa the 1argest degree cf

[0

Erhfreeddm of movement of any osteo«ﬁependent
“Lfmechanism i the-homlnoid body (Inman et al.;
~i1944) w\; The great mobility f is due to the"
H;presence af no feweﬁ than four joints, all of
 which are involved 13 the movements of the
_shnulder complex, These four jaiuts are the.th
ﬁg¢9nohumera1 joint (awticulatio (capitis) humeri}, 
ﬁhe acromiaclavicular joint (articulatza |

ZIacramzoclaviaularxs), the sternoclavzcular goint

(artiaulatio scexnoalaviaularis) and the

scapulothuracic joint ox scapulathoracic gliding

i mechanism;' Theaezjoints'wurk. togethnr to provide'

the hrachlum with an almast 360 degrea cone of "’

movement (Figuxe 12)

The primary ﬁunctions of the joint syqtams

of the shoulder girdle are:to furniah a platform,

 _in :he farm:af the.gmenohumeral jointq from which

o8



&

thu joint complax prov;des a field af motion fnr :

the 1ever in the systemﬁ the humerus Mbst of the

o

 fanatom1cal variation observed in the shoulder

"*_girﬁie of modern prmmahe groups LS } due taﬁ"-

/

;,-7marphological rastriﬁtiéga or freedems granted to:F?  - 

 this field af motion._ The restrlctions and

ff;freedams are a reault af adaptations tc difﬁerzng”ff'“
v_forces placed on the complex in the perfarmanca .

L'of varioua 1ocomcbor aetlvitiea : However, despltef jj'

3 'thiﬁ, tha variation in ‘the anatomzcal

: cmnfiguration of the joints of~the shoulder girdlerf

 =betweeﬂ tha different speczes of ext&nt homincids

13 mlnlmal*- ThlB is surpfising given _ th

_variability of upper 1imb 1oc¢motor b&haviour that 

_may be nbserved in th;a superfamlly (aae alac

chapter 21

'Modern'hominoidsnpérfofm'a-variaty of

='antivitiﬁb that require the upper 1imb to operate

in three dimensians. ‘Hominoids in particular
are ﬂependent mn the aaility to control precisely
_ the movementa of the arm, forearm, hand and )

-ffingers in the“perﬁgxmance Bf _many maﬁipulatmvé .

activities and locomotox behaviours.  To .

e



. a

&

._ :suCCE55fﬁI§? perform a wide range of manmpulatlvE ; .t,.

i,aativities, accurate p051tion1ng of the hand in

' QPﬁGE‘iB'c:itica1.  Logieallyr-the.accurate-_~ "”'”

'.positioning of the hand 1n space 13 highly
‘JI .

L depandent on the accurate pﬂBltioning of the

__“ ;farearm and arm to which it is attached Jslnce iﬁﬂ__ :

' the humerus acbs aa the leVer in. the shoulder

.complex, the ability to positlcn the upper Iimb
"3’acaurauely is intimately llnked tq the range cf ¥  
7L motmons al;owed at the shoulder”qaint‘- "'
Consequently, the degreé £ o) which sdme‘“
'a?fmanipulatlve behavlours can be effic;ently -

 per£ormed is also linked direﬁtly to the fieid'df'

:mahility allowed by the faur primary JOintB of the

1“ .' . .
_ shoulder glrdle complex.

_1?bféliow Eﬁis.wide'ahéice'of-ébﬁéﬁtiéi
_fmaveméﬁtak” “the wh§ie'of_ﬁhe sh§uIééf:girdié- .
f¢959133 ié-susﬁenqgéwprimarily by-soff:tissués
.tpatféﬁige-ffqm ﬁhé;head;_ﬁeqk and thoraﬁgf_Thﬁs;-;
anﬁercsuﬁerior'éupppit.ié thrbﬁgﬁ :the _p;gh;y  '
. &ﬁahi;e, buﬁ*st‘rqﬁg;-ste-rnoela@.icu:;ar”'j'di:ii:'_-"(.ae_e- o

.thé dia¢uséicn béibw). The cetVicéi.spiheja#ﬁ;”.
_¢c¢iptt_assist“inzét5§eﬁsi6h dé?nhé dcﬁpléﬁ.bf7 .
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- 'iiu. Co S L f4 _.,_ .ﬁﬁx-n’
-4 c g . L= U T "&3,‘_ R .
'ﬂthe upper t;apezius, levator scapulae and “j“ -
| fsternaale;dnmasnald musalea.u.g;; ?;'}y;jf@§_ Sy
o %'-'*?*t

leatramyographical (EMG) studmes of human

'fshoulders 1ndlcqte that when the upper limb is in

0L

: “the anatomical Pbsition there is no eleetrzcal :‘ 7f¢".. -
'7factivity in’ the supporting muacles mantianed ..
fabbve (Bearn, 1961) Support is thereﬁbreﬂ :;f"“t

"}prnvided by a cmmbination of passiv&wmuscular
':}.restraznt and by ths tenaion in the .
Eﬁéégnéiavicular joint. Furthermore;_;hé écapu1g f-.
:is attached Lc and in. essence hanga frﬁm théj_ ”
 '1atéra1 end of the”clavicle Ey the o
'_corgcoclavlcular-1igament:and. the éﬁperibtlﬁagi;*”

:-fpffgné'dapsulé of the acromioclavicular joint.

"_'Rob;ﬂ:s.:ziéva) has &aime& th:aE; m'og:t.-
ﬁquadrupedal animals rely ﬂuhstantially on the H.
akeletal strength of uha shoulder complex to h |
"provide atahiiity since the humerus appliaa fnrce .
.directly tc tha supariurly positioned.scapula

(Figure 13) : Thus quadxupeds utmﬂ&se their limbs

):{.

| pr*marlly in two- dzmensionse whereas homﬁmoids use

101



ftheir upper limbs in threé dlmenalons Thérefore,_iffj L4

- ._..(, .

"(“1

L

' 'A'fZ? :tn maintain the structural integrlty gf the jO&ntgﬁ'

_homano;ds require addltional muscular supporn to

. \

  stabil1se their shoulder joints (Laraon and Stern,_."

,1986) L
~Below may.be fousd a discussion of rhe =

'-fmarphology of each oﬂ the four przmary joints of

¢ S

;the shoulder girdle af extant hominoid species |
;natex in this chapter the described moxphaiogy is"]’; 

_related to 1acomotor oriented functloﬂs.

.;4;;;: o v
- :_n;i—i:l?;nbl_isgy--"-'-
4.§Q1 o
,Geﬁérél L .'Q

Joints are artlculationa Whlch are. formed

when two or mare nones are unlted by fibrcus,

_ 31astic or cartilaginouc tissue either alone or in
| combination Three-primary groups of joints are

‘typically raaognisad and are named,accarding to

thElr characueristic structural Raahﬁxes.' These

~ joint types _areﬁfib:ous ( articulationes

102



ffubrosae], oartllaglnous [art:culaczanes

  cartilagineae) and synovial ]OintB (arciculationes

's&ﬁoﬁiales) The present study is primarily ff

P

5 co cerned WIth the 1ast group, Which is the"f [ j §ff

Al

'#fjci E type mast aaaociated with movement..f{“ 
4M3.fﬁ TR PR P L

'l;4}2}m;mﬁff

~ Bynovial Joints

e synovial joints are the commonESt Joints °f

the éxtremities dﬂd offer the greatest degree otf*

- zmovement._f3  Synavmal jolnts are generally

R

' characterised by five components, a joinh ¢av1ty

(eavitas art;aularls), a jo;nt capsule (aapsula

'?artiaularis),_ ynovmal-flui& (synovﬁa artiaularis)
Iand articular cartilage (cartiiagb art;cularzs)
-anﬁ Lhe bony aurfare% that partlclpate._ The blooa-'

" supply of aynﬁ 131 jaznts is provided by an

arterial and venous network that usually

:originates from one oz more parent trunks lylng o

“near the 3nint

Lymphatic vessels also are presenu in synovial'

| membrane and thms accounts ‘for ‘the rapid removal =

NI



_capaule (Bauer et al., ;949, Gardner, 1950}
ﬁ;sanviaL 3ainws are innervated by pﬁrlpherql ana
-muscular branchas cf nerves that crcs% or 11e 1n

: tha vicinitY of hha j01nt.f'.

e I
A

g

fﬁaf ﬁroteins aﬁd suba ances 1nvaaive to the jcint

&
Q

. 1..

L}.

- The Joints of the Hominoid Shoulder Girdle =

o W

There are typzcally thpee or four 301nb9 1nﬂqfé“~

 j the homincid shoulder glﬁdle.; the glenohumeral'

"?coracoclavicular joint. In addltlcn, some authora :7"

 joint,.,thhe_;~ acramivclavmcular | jqint,_._-tthf.

*_sternoclavfgular joint, __and ]1the  inconstant:--a-'

- 'suggest that the scapulothoracic gliding mechanism'

'-miaht ‘be conaidered a. de faeto joint ];Theas_

"”movemants ang’ morphclogies of. these atructures*:

_sections.;

[

'will be discussed in detail in. the following fivej,f'

© 10a
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'"'g ffifThé:éiéhéﬁﬁﬁqréi*ddiﬁﬁfzjj”[f[ ¢§f._ﬁ'

The hnm1n01d glenohumeral joint has baEﬁ
A

. descfibed as a ball and sccket,joint, but it is

.Tifnbt as freely mobile as an 1dea1 ﬁall and sock%t

£

.f_f jolnt would be “ Rotaticn -of the head of the :'

]

' lhumerus daes“not occur solely as-rotatian=arouﬁd_éni;Aff”ﬁ

:  centra1 axls smnce this wauld result 1n severe ;;'
ﬁfggdislocation of the axls spatlallyﬁi Rather,’

_ ratat1ng movement takes place within the Jolnt

_capsule, aceompamied by infexior dlspl1cemeﬁt {ar o

Y

f g1iding dqwn) of tne head of the humerﬁs (the y__E:':
'.hall) within the glenoid cavity lthe scckat) :
L;hdditiomal restrictions on freedom of movement
”occur as g]enaid cavity breadth ‘is reduced in
:relation to length thus creatlng a glen01d ch1ty-f' 
- that ia more pyrlform in: shape This - ”
Lmorphological aituation is normally obsefved in .

”::the mnre terrestrial, quadrupedal.primatea.an§ the 

reverse is true of the mare acrohatic, arﬁbreal

forms-(Inman et-al.,41944);' In addition, the_'

'humeral head 1tsel£ restricts freedom of movement'

"as it is not a Qomplete sphere nox in most. cases .

v wes
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I
. \

ﬁumeral head of qua&rupedal hominolda and those f.'

is 1ts cantour perfectly spherical.; Thus the

s Epeciea that du not experience a wide range of

movement 13 less spherlcal 1n shape, Whe#eas,xln

apes and humaﬁs, grcups that enjoy a hzgher degree 
of f;eedom of movement 1n the upper'limh, the

humeral head articular aurface is more Spherical

chever, because of theﬁe morpholog;cal

":”adaptaﬁlons to increased mobility, skeletally the '

jolnt is weakest in apea and humans and these

roups must raly prlmarily on. surrounding muscles_7"

and 1igaments for structural stabilitg (Rcberts‘
1974, Larson and Stern, 19&6). _-In-mcntrast,.the
mare terrestrlal quadrupeds depend primarily on-‘“"

o
Bkeletal support in the joint ﬁ;: atructural

- ﬁecurlty Wlth corregponding restraints on freedom:.

of ratation in the ahoulder glrdle

There are typicaily three degrees of fr%edom

in the glenohumaral jolnt of the homlnoids (Figure =

14), bu; as has already been ment;oned, they do

'. not operate to the same degrea as in a clas&;c

ball and sccket jOlnt (Fahlstrgﬁ 1ﬁ$1). $keleta1

restrlctznns in degrees of freedam iﬁ tha

106 i



_; :;?°f the 1esser and greater tubercles at the haad of
”ﬁifthe humarus' and hha bch and thorax, Which

"ﬂfprevént complete sPherlcal adductiun.g- Tha‘degree

,glenahumeral joint are aﬁly partlally due t@ the

i  j3of freedom oﬁ thls jOlEt ls alsc affected by

"fother skeletal srructures-such as nhe protuherdnce

W

'“qiat freedom exhibited by the glenohumeral joint
jalso depends on the morphology aud shape of the o
.fperimalihumgrusxand thewshape-aﬁ;the,glena;d- .
 jf0sﬁa5fThé Qiénbid-ahﬁbe”creatEsﬂweﬁdﬁ'dt
;i“lncking“ positions for the humeral tubercles

“-_rn addition, hhe 1ength of the humerus and the

: fspape-o£ the thorax-mayqafﬁect freedcm of

;mOVemﬁhﬁ‘"'whﬁsfa ﬁwo:diheﬁsidnai”imagé éf the

'srange of mation of the glenohumeral jolnt, at

1east'in humans, i more like one- half“of a 1arge
'&ixcleﬁwith'a distinct ovoid shape-{Figure_lz).
In other ﬁbn%human-hominoids; anq in any arimal

'jﬁhat possesses a glendhﬁﬁeraiﬁﬁoint{"*the-degréé

of freedom of movement of the Janc w111 also

vary with several muscular and skeletal factors

107
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” ::§1enoid cav':

e
I AL ,"

e e o0 }.«-"f . !'

Klnematic studles mn humans hava shown that

. P AT
A

'   fthe humeral head is held preclsely 1n the centre _”

I

 of the glenoid fassa exrept at extremes of

'f:fmovement (Howell et aZ‘, 1988) Even at the';fﬁ"”

«'J.H .

" most ext“eme ranges of movement,:the humeral FV..f“

H:head remalns Wlthin 1 mm of the centre :of the

’V(Pappen\et al., 1976, Howell Pt
' _1- -1988) Thuag althémghuthe form of the

';_glenohumeral *01nt ﬂces ﬂpt match that oﬁ +
: . \rQ‘ L

“tradltional ball aﬂd soﬁuet jﬁlnt, the mechanics 3 @.-7~
'i-of the jolnt are nearly ident10a1 d those of the_°

more canstra;ned.ball and SOQRet joint {Fahla,ram.¢

1931) Mare regernt studies 1nd10ate that tneseiu'

' .precise ball and socket k;rematmcs are. provzded by
'the constraining.eﬁfect-of the glenaid labrum
7wh1ch 51gn1fiaantly denpens the. socket HE the :

 g1enoid cavity foasa (Howell and Galinet 1989a b}

}{The.glenohumeral jolnt 1taelf is surrounded by
_:a fibrous capaule which attaches medially to the
:haad of the s»apula Outsldg the glenald laabrum-
(labrum gﬁenaidaie) The glenoiﬁ 1abrum attaches
';:on the actual artmcular yurface of the glenoid

:;cavity - Whlle there is some debate cﬂ the rolﬁ of



" the glenaid labrum, it is generally agreed that

~the 1abrum,is a fihrbcart;laglnous structure thatﬁ;'

. //
provides additmonal depth to the glenold cavitv

: and thus increases the socket 11ke effect of thg

' a1., 1990) The gienoid labrum alsa encroachea  ;,,

'tw:'onto the raot of the coracoid process and 1t

'_;1nc1uﬁes within 1ts margins the superior:

' ,§abtachment of the 1ong head of the biceps muscle._ﬁ'

-  3Latera11y it has strong attachments to the --wi” 

A

: anatamlcal neck of the humarus except inferO*_- %

medial&y whare it descends unto the humeral ahaft,

In genet%l the labrum 19 structurally weak, but""

' 1ts architecture-w-allows for aﬁ-:extremely_wide;

Igfangéfof'mmveméﬁt and considerable ﬂiﬁtraﬁﬁion of

_thé-bcne&" Amongat modern hominoids tﬁe3'
: : oy

 -:attachment area of the glenoid 1abrum forms a
'fraised bony rim typically VlSlblﬂ just 1naide the -

"glene;q-cav;ty‘margin (Eigure_msil_ Whi;a the_ ..T 

ﬁbrﬁhulogY of this attadhment area'varies'ﬁoia- '

"conaiderable degree amongst hominoids, it can be'

"generallsed that 1arger* mnre heavily muscled

_anmmals;pcssess-a_more pfoncunced attachment area;._
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The aapsule af the glenahumeral joint ls"5~
--fsupported by the tendons af 1nfrasp1natus musclé f”m
'ﬁand the teres minur muscle pasterlorly, , 

*]supraspinauus muScle anteriorly, and the 1ang haadaf T

:of trideps inferlaﬁl - These tendons, excluding
ﬁ]Y

m,._he long head of trﬁéeps; blend with the flbrous ;" ';’_ ‘

. 5?capsule éb add additlonal actxve support and

'_create what is known as the rotator cuff "Theija*f-:"
Hilang bicipmtal tendon traverses the joint capsule:- ':
-,.1n a. bYﬂOVlal aheath and continues laterally into _ 1

'the intertubercular sulcps, attaching at the" e
':anatomlcal neck of the humerus | The enbmre.“

' mechanism acts as- a barrier to guard againat
' 'disp1acement Gﬁ the humeral head during external..

rOtathﬂ .

There are three- glenohumeral 1igaments‘
(ligamenta glenahumeralia) whiah offer addltiﬂnal:ﬂf:
euprrt and security_to theﬁﬁibrgus_capsu;e.ai the.
:- shoﬁldgf jSiﬁt éhd-hhesé &ttéch tc-thé" (
-supercmadial edge oﬁ tha glenoid margin.-._hs 
'superior glenohumeral ligament travels along tha”
' med1al»edge_gk'the-b}cmp1tal-tendan-ané“a;;acnesf-I

' laterally above the lesser tubercle of the



ﬁj ;humerus The middla—glenonumeral 119&Ment

| ;ﬁttaches to the inﬁer;ar pnrtian 0f the 1esSer

;mtubercle, and the inferlor extends te the loW&stf]jf '

"Vpart af the anatomical neqk of tha humerus - The“f’

*51nferior glenohumaral llgament arlses frem the

“1farea or the infraglenoid tuhercle, reinfnrcing theffﬁ

 :area between ‘the origin of the 1ong head of Lhe
l trlceps muacle and the subscapularis mus&le, and

!-f..

__;lattaches o the surgical neck of the humerus

The COracohumeral 11gament (ligamentum

"_ _coracohumera1e} arlses medially from the lateral r

.apart of the baae of the coracoid and passes _-:
ztiaterally Lo 1nsert 1nto the greater tubercle.cf
"the humerusa,} It blenda on its dsep surface and
’posterior edge wmth the capsule of the Joint and ’

-fthe ten&on af the supraspinatus muscle‘ It is

'_important in checking rntation of the humeral head_ o

and preVentlng downward subluxatiop of the head of_

the. humerus {Stelndler, 1955, Baaman;an and

Bazant, 1&59).

' A synOVial memhrane lines the capsule of the o

| 1jo1nt and covers most of the anatummcal nack of

J_.zf;;r‘.fif_f'_: '



the humerua,_l BetWEen the superior and mldﬂle
11g?ments is the apenlng for the superior
subscapular bursa,_Innervatlon oﬁ the joint is by

i
branches of the cirﬁumf;ex, supfascapuiar and“

lateral thoracic nerves and occasionally fram the f 
"stellaLe or other sympathetic ganglxa (Gardnar, |

| 1950).. = o

The Acromicclavicular Joint
w7
' The acrnmaocxav:culdr joint ig a synovial

planar Jomnt and ig tha articulation betwean the

convex, oval facat on the acxomial end Of the

 ¢1évi¢1e and; a'congava area on the madial margiﬁ

‘__.bffthé-éérbmion“prqcaass ‘ thase two articular

: surféeés é*hatéia‘joint'1iné thatfis obligue-and

"'slightly curved "Tﬁisfcurvaruré petmits'the

_acromioh, and thus the Ecapula, to glida forward

ar backwaxd over tha 1atera1 end of the clavicle,
thus protec*ing agalnst éx&locatlon at the

glanohumeral joint by keepzng the gieno1d fosaa

_continually facing the humural head Forcea

""y transmitted thraugh the foralimb will tend to_ -”K”'



Ee

' _drive the acrnmmon prccess under the 1atera1 end

'af the clavinla ﬁ Stablllty in the xegion is not

'“;1955},. “:' ”A;;;Ff“"

"';that completely encases the artmcular margins

“” _15 the goint itself but in acdesscry soﬁt tissues

‘;fand llgaments that surround the ijﬂt (Hall,

.{@f

Thn joint 13 surrounded by a fibrous qapsule e
S

_Above mha joint intertwined with the trapezial

Q_acromioclaviculare}, which offers support to,' aﬁd ”;"

"'{ligamentum caraooclagﬁculare) which binds thé'f: {_'

‘ and delteid aponeuroses and extendlng between the S

'\

Jf:acramion and 1ateral end.of the alav1c1e, 15 thelg:

”acramioclaV1cu1ar ligament (ligamentum_”ﬁ5

;strengthens. the upper aspects of the fibrous . -A'ﬂﬁ;

',*capaule ~ The: major 1igamentoua support structure

AR
of the 301nt is the coracoclavicular 11gament

=\

A

7'c1avicle to the scapula‘_: The caracoclavicular

ligament can hE-dlvided intd two components, the

g trapezcid (ligamentum trapezo;deum) and fzonoid

(ligamentum conaidéum) ligaments The o o ; ;¢@€

f  coracocLavicu1ar ligament is situated medial to,

but aeparate from the acrnmioclaviuular jodnt It -

-afte:a;the;moat_efficienu meahs_of-soft,tissue ~



féuppoft by preventing dislocation of the jmint at

. .the contact pamnt'of the 01av1cle and acromion

e

'_(Saiter et al., 1990) The tWO major parts of

ZVthe caracdclavicular llgament are functianally and

'9 ;anatomica11y dzstlnct but they share a border

_ffiAnteriorly there 15 a space betwaen the ligaments

‘that g fllled wmth fat and uften, in.man and thera

-  5great apes,;lodﬁea a hursa‘ A second 1igament,

1the—coracc acromiui 1igament, attaches to the

' 5anterior and 1nfer10r undersurfacas and near the:”

"art;cular facet~of-the acromion.pracesa‘- It forms

'_a hood OVer the head of the humerus that may help
'prevent upward-subluxation of the head of the i o ﬁ'
_ humerus and it also appears to be a signiflcant

 :stab111ser of the Jclnt {Hall, 1965) .

The potential movements of thé
:_acromzoclavicular~ jo¢nL are descrlbed Aéldﬁi?é’td .
-the~position oﬁ.the_scapu;a or,_in-the aaﬂéacf- }
'deements df'the ﬂcépﬁla}'tﬁ.the:daréél thofék‘.f:
In humans the freedom of movement is about 30
_degrees {Kapandjm, 1982). but any. movement at the ;”
_Joint.iﬂ ccmbineé with“axial-rctatzan-qﬁ,ﬁha;'

clavicle (Inman et al., 1944) (Figure 16). By
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is allowed (Hall, 1955, Kapandji 1982) he

”- the acromioclaV1cu1ar jolnt is allowed by rotatianf_

e ]

.j jcimt, abﬁut 60 ?0 degreey nﬁ acapular rotanmdn ?Vﬂﬁ

5?inatu;e of Ehis j@int allqws angulatidn of the_fﬂ”3 5ﬁ"

“J91mnlbéneuus rohation at the sternqclavlcular

'ff_fscapula 1n almost any direction j;fﬁ

g :aa@umioclav;nular jﬁlﬂt. Extreme ﬁpin and

. 3 S .

\.\

R

o

Spin, rbtation aad angulation all occur'at thef

Ia

“;fangulatién tense tha caracoclavicular llgament

-

:qiwhile L‘sp¢m alone tlghtans ﬁhe entire qapsule §: 

*)

77£~hrough spiralizatio : Addltlonal rbtatlon at

sat the sternocla31cu1ar joint (Steindler, 1955,
'_alsa see below) The-mlddle.and prox1mal-capsulaf”

'struﬁtures tbat surround the acromioclavlcular

joint apgear tq restrazn external rotatxon of . the

-upper limb, the middle glenohumeral 1lgament S

. actlng as the main check of external rotatlon from

oo to 600 of abductlon (Ferra:i 1880) .

o s
e .

EE3 ’ : W

Ca Tha acromimclaV1cu1ar jOint is extremely

 "&mportant 1n all movements of the shoulder glrdle,F-

- not. only beeause it transmits force between thé

";{'_clayicle and_acramiogjpfocass; but alsgghgaause-;t;.?r,l



'.f_contributee to total arm novement (steindler,v:
 '-1955 Hall 1965}, The prlnCLpal xole cf the

'r”,acremloclavicular fg Joint ;n Vmof-"

'e'primates is to pexmit continued 1atera I

\"’J

1E-Qf the scapula after 100 degreee of abdunbion, at :,

5_- wh1ch pmint further acromlocﬁ4v1cular mevement

k!'

eﬁ{lls restwaanedjpy the sternoclavlcular 11gaments 7; fE"”'

”-fff:(xapandji iééz?fpeat,-lsas)a o The twa major

e'j;mnvements of the acromloclavlcular jOlnt are a

"f;?gildiﬁg;mevement ag the shanlder Joint flexes and eﬁjiﬁff

';eektenﬁEQ'eerﬁeil as an elevation' and depression feT.

eaemovement that conforme to changes in the BT
'.positlonal relationshlp between the scapula and -
.humerus auring abduction (Frankel and Nerdin,. ‘
 .1980, Peat 1986) The j01nt Ls 1nnervated by“h_; 

fthe suprasvapular nerve

o 4.2:2.3

' The Sternoclavicular Joint

The sternoclavicular joﬁnt is a planar' T§e7
jsynqvial articulatlon but ite ‘undtion. most
‘closely resembles_that.dﬁ-a*restrictediball andr5e o

* socket articulation. The articular surfaces lack®

pe
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*:]VSternalvsenkeb4f% The sterndl surface Qf the

{
)

| f;uangrumty and aheut half of the medial ahd cf the

{ffclav1cle tYQiLallY protrudes above the ahallaw

D

”_]medlal end of tha nlavicle has d Bmall,'superiar'fwﬁa&uf'”

'1

":f_ﬂbn afticular reglon where an’ 1ntra articu ar disc EE

,:*attaches

The stérnal end of the claviule ;s surraunded

'fby 2 fibrcﬁs capsule with 1igaments encasidg the

. f thQe area This capsujar and 1igamentous

A f ure apta to strengthen the joint and bind
fthe clavicle to the sternum, first rib and 1ts
”coatal ca%tilaue ; The articular diac ( discus

iartlcularis), along with the cqstaclavicular

o k

nllgaMent (ligamentum costoclaviaulare), are the

'principal structures that stablllsa the joint and

'._;reaist medial displacement of the dlav1cle,

-”thareby limiting the clavlcular component of arm
;movement (Rall, lsssrzwilliama e:_al.; 1999),

The fibrccartilaginoﬁs értidular~idiéc is. f
*[- arly circular and completely dlvldes the Joint

 _space into *wa separate cavities o It attaches

A
'.ﬁ-u
B

_Supenoriy to- the uppe:: part of the sternal qand of Lo



-,gfthe olaviole and passes inferiorly betwoen tha

'fﬁ artioular surfaoes to attaoh at tho first costal

ifoartmlage, being goripheral;y woven 1nto the ]Olﬂt

__,*ga_Capeule‘.- Thls meahanlsm allows the disc to act

i'a'

'jfllke a hinge; oontrlburing to the total ranga of

"tha amnt's mavement,_ Th,e dlso also acts t:o

aostabillae the joant whon forcoa pass medially

upper %1mb movement.

.'"fthrough bhe claV1cle to the axial skoloton during

AT P
*

The joint oapsulo whioh surrounds the stornal

'-fend of the glaviole is supported by the anterior

'_and pGEterlQr sternoolaV1cu1ar 1zgaments

'ﬁ (ligamentum sto:noclaviculare anterius and ROREE

-_iﬁl;gamants pass 1nferior1y and medially from the o

'"-fllgaMentum sternoclav;chare ‘posterzus
- respectively} and two accessory 11gaments* the

 1ntero1avicular (l;gamenﬁum Jnterclavnculare} and

oostoclavioular 11gamenta (ligamentum

“costoﬁlaviculare} The sternoclav1cular S

a';sternal End of the olavicle to the anterior and

C POEtEIIOI aspects oﬁ the manubrlum”ﬁterni

4
W

o " o - L18




"a”provides stabmllty to the superior aapect of the

The interalaVLcular'11gament‘?pasaaa ovef the ”

jj super1ar aspect cf the sterncclaV1cular jolnt,u,FT--“

u.

: join ng the sternal ends of the two claV1gles. It

1955) The costocl vlcular

. -) . . s

T?the starnonlavicular joint capsule (Cave, 1961)
”1 It is formed in two layers, anterlor and :;%€ ;ﬁﬁW
7 posterior,_which are separated by a bursa.r' | |
"“FiFibres froﬁ the anterior 1ayar pasa 1nferior1y gnd
Lo :

“= 5med1al1y te the sternum.- ,FlbrES'from the

' fposterlor layer pass inferiorly and Jaterally to

the sternum,- B T

Mdvemént"atLthe sterno¢1aviéu1ar ﬁoiﬁﬁ'allows

'for elevation and depression of the clavlcle, ag
,well as prctraction and retraction,of the clavicle
'-(Peat,. 198-6) . In -addit::u;on., the -j.oint a11-ows for
'-ratatlan of the clavicle around the axisg of the
:'shaft of the bone (Figure 16), as well 28 rotatloﬁ
"“about the fulcrum of the costoclavicuiar llgament |
“in .horlzontal and vertical planes (Hall 1965) |

"The sternoclavxcular jo1nt ig innervated by the

3

LA




medmal suprascapular nerva and the n 

”-,'subclaV1us*_~h3“

IR

4 2 2 4

whe cﬁradaclavicuiar Joint "E; 

13,

| When presemt dg a rare anatomic variant, the

T.'l-

CGracaclavicular joiﬁ& is a trne SYnoviaJ Jalnt fffffj__ﬁ

”_ﬂnposse591ng a capsule,:synovial lined spaCe and

'-‘\asr e

hyalmne articular cartilage., When present,; the

Vfﬂjjoint lmea batween facets of the superior aurface )

O

'.qof the ccracemd and the 1nfarior surface Qf tha

:;- clav1c1e ﬂlose to the 1atera1 end.of the groove-;:

L

'l”for snbclaVLus (Flgura 16) If present, thé "/f;f__

._‘)

301nt facets may be difficult to 1dentify in .,,Kf"fm

. j )
'sheletal material but nhere 15 often a bony

"protuberance (conaid tubercla} whiﬁh extends from ngg

_the clavicle towards the coracoid.-' chever,_P
absenca of this conold tubercle does not preclude ]

'the exlstence-:o£ a true ioint, nor ls:it:knuwn 

'f_ .whether tha preaence of a rudlmenfary conomd

_tubercle indicates the presence of ‘a true joint

(Cockahot,_lﬁ?&),:

B

ERETY ST



'ffjoverloqzed 1n both stan&arﬂ anatcmlcal bexts as

L

PR

The coranaulavicular joint haﬂ been eften';fnlz”'

g;{well as more speclallsedzscientlflc ¢1teratura. i o

HV'L-As noted by Gruber as early'as 1861, thls neglectg;i; _*f1

“5ifarea on dry bone and ala

Z Ls due to the.dlfflculty_ 1n assess;ng the joint

to the rarity of the

- _:jaint.; In addltlcn, tha@

!,r“‘-:.

-area where the chnt

m’typically ocaurs 13 often,dlvmded by a bursa"f‘ B
f*that when accbmpanied by‘_etaplaai ' of the g}vwiz
'ftrapezaig llgameht to fmbrocartllage, may

3_Simulate a true JOlnt tQ*I&Wka, 1957~'Lewis, 1959,-'

=j cockshat, 1958 1979)

P
AR

\-The reph,tgd accufrenée of.the
: caracoclavxcular jﬂlnh in human subjects depehﬁs

:-;:greatly on. whether the study was conducted.by

 dis§egtion,_rgdlplog;calrmetnng@'pr,osteqlcg;éaikf'ﬁ'

sﬁﬁﬁiéé;;diséé?t%bnfbéiﬁg thg'éﬁiy'cértéihfﬁgyjéd{_; ' |
.fi&énﬁiff;thé~bfeééﬁcé bE értfuéijoiﬁt (Téhler3).

o Both the radiclogical Etudles and the asteologzcal % 
':studies mentloned below generally record the -
_'presence of a coradoulavicular joint when a -

:"proncunced" conoid tuberﬂle ipronﬁunced raughly

+ 2 0 mm) is. Qbserved In slx Btudies utllis1ng N

- 121




SN

ebilateral.dmeeemtlons of eheulders ln a.variety of

'"human pcpulatione, presence of the j%lnt wes
f:.;reaorded in approximately 13 0 % of all sheulders,

5with a recorded range oﬁ obeerved eccurrenee

'jamcngst all human pcpulatlons of 2 6 - 33 0 %,_(e..'

'approximateiy 3, 0 % of all shouldera w1th a

'Irenorded nange of 0. 3-- 9. 9 % . In the present

s

RS S

¥

i_5je:610) (Gruber, 18”1, Poirier, 1890' SchIYV1tch,
 1937,_Abe, 1964 (pillay, 1967~ Fischer et a1,
:€1971) : In radieﬁeglcal Studles of qpe human _'°

  gshou1der cgnduCEed,from chest films, the recarded

. ) .
' ,OGCUrrence frequency of the Jant based on twelve

studies oﬁ varieus populaticns world wide was

Y
_ [\, \\J\t% .
“recorded.range of O.D&_— 21;0'%; (n = 26 161) - %
(Ponde and Silveira;*lSBB, Nutter, 1941, ' Lo E
B S _ L o
Wertheimer, 1943 Moore and Renner, 1957; . B
Cockghot, 1958, 1979; Jaluvka, 1959; Pillay, 1967; . .

Oikawa'and'ﬂatafuku} 1970?'Fiseher;“1971)' In

seven oeteoleglcal etudies of the human clavmclea

- a pronouncea doracnid prOCEaB, possibly indicating
" the preeence of & txue joint,' wad neted in

1approximately 4. 0 % of the human populatlan W1th a

;study the presence of a pronauneed ceraeeid

;t

. -proceae was recoxded in approximately 12 0 % ef



. 6o

3':ia11 chxmpanzee and gorllla claviklés and 16 0 %; >'*”“"“'

*‘f _Gf all orang utan clavxcles
Mnst authors ﬁeel that the presenoe oﬁ thls_-

A

'":;f“jolnt offers no extra stabllity to the shouldar,fﬁfa
”'",mOVEment 1n the shoulder (cgckshot, 1979)
' -chgver, sarraflan (1983) haa linked the presenue
;of tha 3oint to the lateral stablllty of the
';]clavicle, s;nce he assumes that the gq}nt must 1n

ik

v “part hdd a component of dlslocation reaistance
TR T 2w
4 2 2 5
' Tha scapulathoracia "Joint' or Saapular Gliding

Hauhanism

. There 1é'soﬁe debahe whetper the scapular
'_’glidmng mechaniam shauld Be regarded as a joint
or'whether it should simnly he seen as the riding
of the antericr surface of the scapula on the

postarolateral surfaee of tha thoraclc cage (Peat,

'1986g Wzlliams et al 5'195%} It certalnly does

1,

_not meet the definitlon of’ a classic joint." 

| ?'123 b
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'.f:ncr does it appear to create any restrlctlon af_T¥f| ;7j.



""'j'movementa includa prctraction, retraction,_ '”"
_ fAe1evat1on,_depressmdn, and rotatlon, all arqund a

'E ]variable axis, perpéndiculax to ;ts flat surface ff

The scapula is without any 1lgamentous

'¢attachmﬂnts to the thorax The thcrax is aeparatad}' .

" from the scapula by the subscapularls and serratus.  '
. o

qnteriar muscles, Whlch cantact and gllde over

5

”;;each anher during movement of the scapula. nThéff7””"
“ffscapulalFié thus permihte& a wide rangu of  ;f;fl“,=fi;;¥

';;mavement during mmvements of the shoulder.' These

3,3(Franke1 and Nordin, 1980, Williams et al,,_1989)a

' gummary

fhé'modefh h5miﬂ0ié sﬁduider girﬂ1e519';
characteriﬂed by the preSEnce of three or four
':_synovial 301nts and the scapulothoracic glidlng

'machanism. Thasa structures allow the three

{bones of the. girdle an extremely wide range of o

_ _movem&nt.

The morphological variation cf the JOlnt o

1:atructures and variatlon in the potentzal range of
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  f;xf

?mavement of the shnulder girdle among madernf

ICQspecies of hominazds 15

:_possess relatively more grac:le

'71;ff1ex1bility

' g%graater strEngun.,...

e oo
T i
i LT

aurprmslngly 1imited

.-‘)

 nytructurea that trade some strengtnafor added {¥j g

The'more terrestrlal hominomds

7 ,34._ .

:exhlbit more robust 301nt stnuctures

w

:=-: bveral1 flexiblllty but nrovide conslderably f;ilf'

SR

1

.r,; However; 1n geueral the mora,argoreal ham;nalds

tha; reducehf

"



chapt.ar 5 o o

“jvoluntary an% involuntary electrlcal 1mpulses fram

B

L

_run@ts'af varaed morphology that are, energised by

\.

'ﬁthp~nerves~ “The smallest functhnal cell unit of

i 5 | _
1tha mumcular systam is the muscle\fihre. These_

\

| ;muscle fibres are typically classlfled into threa

'rtypes;esmoothr.cargiacvand stxiated agdgthe  '

.ﬁrésént;stﬁdyﬁiazdgnuexnédﬂanly_withtthe.1ast;' '

i
L

--non human hommnoids have nqt been SUfflClently

'_studied The present 1nVest1gation rellas

'imainly on the reported actions uf muScles based

cn electromyographical tﬂug) stuﬂies canducted on “

f human and ape subjects as we11 as 'on kinematic

:_126  
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'5Tpg'myplggyfcﬁ1the;Extant_quIﬁ$Id;Shau}dgxfg%

,}¥he Muscles and Muscular Forces

'The muacular system is composed of ccntxactile  wﬂ

Théeadtibnsfoﬁ.maﬁy shouldef.girdlé.muacleé-iﬁ"'



"’eéﬁdiee of muscular actlone where these are SRR

HV-T_varlatxon ebsexved 1n,_t(‘ Eueculature of the

'fextant haminoid shoulder glrdle reglon 'Thé_'

'foesil hommnid shoulder girdle‘_gl

available

Thie chapter ie a compenalum ef the reeulte aﬁ

o EMG and klnematlc et:ucnes that have ‘been-
eﬂeconducted on the actlane of the musciee ef the
'-eheulder girdle in homlnemds _ Ih aleo 1nc1udee a

L brief deecrmption °f the anatcmy of and

' _results oﬁ thlB etudy provmde a framework from

whmch to'build a model of the eoft tlesuee of the

' ' . U .
Twenty one ekeletal muscles that are prlmarlly .

. respone1b1e for the mevements of the homlnemd

shoulder girdle exhibit muscle markings on the

 bones of the shoulder gzrdle at thelr areae of
eorigin and ineertion; eince only those mueelee
‘that 1eave_dlece:nible_mueeularemarkinge on-bonee”
_mey.be etudied.iﬁ'feseilepecimeﬁe. To Slmpllfy
' f_reed1ng, a deeeriptmon of each muecle 13 given
'and variations ameng the heminoid epeciee are

-diecueeed.'Finally,;the.muecle'e'actione,_
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 innc1ud1ng variatinns in.actions, are desuribed.

vIt ahould he noted that the genegal descript;ona

“.ff'éréj. of b@e human conditicn.:_ Whila some of the

’e"’

""7” fm11owing inf_'matian was bbtained from

human and,apa cadavé%s conductad

-dlssectlcns o_

\

'f7during the pxesent study, mpst of the 1ntormatiqn

| *ffpreseﬂked 13 der;ved ﬁrom the literature

o Flgures 17 E 25 1llustra5g Lhe muscle attachmenta.&;f“

l". ol

n][on the bones af the shoulder glrdles ef the extant o

'Q;hnminolds that are discuBSed in the text

s, é_gf  | __ _
| The deltoid muscla t(fﬂn._déito'ﬁeﬁél_; f a:
“?syl.zgi_ A | o : :
.” -,:' _Genérai : 
R;__ o
"'I:‘h._e___l-...-__de'l't:_.éid ‘muscle - is a _-tﬁ_iqk triangular =
}musclé}tﬁat ﬁéérits.arigins'an.Ehe:daﬁdal.aspectf
of the scapular Splne, the most 1atera1 aspect and
upper surface of the acromion process and the |
ventrolateral one- third to one quanter of the_ {.
.clavicle.  It descends inferoiaterally to attach.
' a1ong the shaft 0f the humerus creating the |



T - ERd

" fprom1nent delto;d tubérosity It 15 multipennate

'fand is comprlsed oﬁ three dmvisions, the anteriar )

”‘fpfhead {pars clgvicularzs),_ which take a fleshy

“aarlgin from the attachment area on the alav:cle,hfi§ ? *'.

'-Tthe middle héad (pars acromlalls}, whlch arlses ' £

- ;via several tendons frqm the 1atera1‘atb&chmqnt on

'* the acxomion process and the aponeurosis whlch f-fu

”;Ef%overlles th;s region a? the muSClel and the

 'poster1ar head (parw sp:nalzsér whlch takes a
.ji;fleahy origin alang the caudal edge af the o
 "Scapular spine The mlddla head inserts by a
:? short tendun into the distal part of the dEthld i_w_;}:f 
';tphquaity'f?Thg aptgrior aﬁdr9°3t9ri?r heads,
cmﬁrgem ’-ﬂsert byteﬂdm"“s ffbres on the
:ventral and &o?éai éépécEs_of”#ha d§l£bié“}
 sftuberoaity; aﬁ ﬁhé:ﬁiaéé §f*tﬁefét£5¢hﬁéﬁt-of_pafh:f_"

;ac:omial;s-

'5;1,2}2

veriation

The deltozd muscle reaches its largest
 re1ative size in the hylobales (Ashton and :

"_'@xnard 1963) The great apes have deltoldz" *
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 ihylohatids,_whi$%t humans exhiblt the relatively

=}g sma11est daltaid muscles amongst homlnomds (Ashton: QW“-'

';f"and Oxnard, 196:ﬁ,';LW1thin the ape group, the

.“ 1nsert1on of the deltoid muscle 1nto the humarus

iﬁliusually occurs about cne third of the way dd Wn the.T153 '”

”iafhumeral shaft Its Lnsertlon may be identiﬁied as  7f  .

ﬁ,h the deltoid tuberoajty In humans, 1nsertmonjop_-fﬁ" “

"*f?the humerus occurs as in the apeS«'q7'

mE

Ashton and Oxnard_(lsss) report that
-spparatlnn of the delhaid heads by fibrous raphes.
* is cons&stently faund aman¢ all the anthropold
 apes, separatian of the heada by flbrouﬂ raphes

--_:#éﬁffﬁpqu 1n'thg_twp.mhimpanzee%specimens

" dissected by the authox.

' ExténSive= variatinn'haa'beenaobserﬁad amcng'

:the hominoid species in the origin of the pars

e alav:cularis of the de1t01d muscle in~

"_chimpanzees and gorillas the pars clavicularis
_consistently arises from the lateral thlrd of the.
':claV1cle as in humans (Ravan, 1950 Ashton and

anard, 1963, Swindler and Wood, L9?3) Iq,..
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L{"fashton anﬁ Oanrd"19633 In modarn, humans the-fﬂjfﬁﬁf
tfjmantexlor hea&\)riSas as 1n the African apes

?(Williama et al*, 1939“ rop;as,_en al.,d;f

- I

”l_forang utans the crigin tends to extend Qver tha f'

s i

 f’1ateral half of.the clavmcle (Sonntag,:lsza 1924

'.))

f,\-

S .

Tj¥fA11 reCent_EMG studies of the deltnid 1nd1cate___ﬂ”_j

;:iEﬁhat, when Oﬂﬁ examines the activitY Df the
.:ﬁ:imuscle,'°it must be considered as three 5aparéte -
'}parta ( Tuttle and Basmajian, 19?83 b, Baamajian |
 and de Luca, 1985; Larspn and Sterna_1986?w 'fiﬁéf"
  studies on chlmpanzees indicate that tha anterior

?ﬂdeltold lS most active during movementa that

nvolve flexion of thw uppe:;limbf-suchgaSV'

 cross+body-gr fcrward_reacpes% c1imbiﬁg__and  ‘”
'_arm-swinging (Larson-ahd'sterﬁ, 1536,-9; 1%&; 5&5 .

"alse Chapter 2, thia study) ACthity 1ncreasea

as the hand 13 suplnated during thBSe movements

,_{:nman et,al;, 1944; Basmagman and de Luca. 1985);

'*whereas durlng aﬁtive pronation the anterlor,

daltold is 1n the "nu11"3e1ectrical positiun'-”iﬁ '



'\\ R

I o .

e

:across bcdy or forWard reaches (Larscn and §tern,

:;durlng all reaching actiV1tiea (Tuttle and

Zf“BaSmajian, 1978a b) The anterior deltoid ln

4¥11986, p.“ 17?) - However, in arang utans, the ﬂ[?aj“=f--”

Vaaactivity 1avel of tha anterlor delto;d 13 low 53; o

f;fhumans and Ppes is reported to assist>zn rotary B

DAY

aaftorque and Eupport of bhe arm (Larson and Starn,a Fwa?f:
' i1986} In apes,-the muacle has been shawn to -
;;daasslst in- the downward sw1ng af the arm durlng.
5~apendular arm gwinging (Barson and Stern, 1986)

Viﬁgendular arm»sw1ng1ng has been deflned,by Larsan j

_u

| ”fj'and Stern (1996) as a raplﬂ form of susgensory B
'_:1acomotion where the body is suspended from a'a'

'a:nearly vert;cal supportzng upper 11mb ' Durmng

ifmnch,llke a'Pendulum'hanglng heneath thea'

~ supporting hand.

| The mlddle deltoid is recogniled as a powerful N

o abductor When aoting alone its llne of pull

'abdupts the arm in Lhe plane of the acapula.--uti-

ig repartedly aetlve 1n all valuntary reaches and

-its activity has been shown te be unaffected by

: __13__2_*

ﬂlocamotzon,. the BW1ng1ng 1imb is swept downward?_“

'ﬂfand then upward,in an arc, and the trunk behaves;' 



S ST S ; e

S ' ' S ' . By IR
'__pronarion or supination (Laraon and Stern, 1985, ;;;_

'f §Basmaj1an and De Lu¢a,.1985)“l5;v uﬁditiOn,rrf 
 5activity is recorded 1n the m;ddle dEIthd durlng
"5ia11 arm swmnglng behav1our (Larsan and Stern, |
f:1985, 1986) These arm SW1ng1ng behav1oursnfifﬂ5
T,1nclude nnnpeﬁdular forms ﬁhar%dirrer from |
'*hﬁpendular arm SWlnglng in that the hcdy pivots -
'f?approximately 180° araunﬂ the axls &f a nearly ’Ljr: ff;¢f

R

fQVertical supporting armt{Larsan and stern, 1985}

”':r.Aﬁbngsﬁ chlmpénzeéa, ‘the postérior deltﬁid
iexhlblts no act1V1ty durlng elevatlon of the
 fore1imh (Laraon and Stern, 1936, p.i 177)'_;ﬁg' T
 300nt:n:astr durlng experlments ccnducted on J"'.ﬁ. |
'forang utans and humans, Tuttle and- Basmajlaﬁ |
| 3{19?8) have recarded high 1evels of activity 1n -'.
.the posterlor deltomd ﬁurlng elevatlon of the
Tforelimb The posterior deltoid is also active
  dur1ng the secnnd nalf of the support phase of -
 pendu1ar arm-swinging;_when it'adda prapulslve'.
':r.power (by retractlon and adductlon of the humerus) N
”and during the first half of the swing phase |
”_.rdurlng lowerlng of the forelimb (Larson and Stérn;r.“"'{

1988y, - }“f;f'ﬁﬁ":f"f: SN -'K?-'

 r:133.



 axillary nerve. -

| 'ﬁiﬁﬁérﬁéﬁiqﬁad£°ﬁh§'aélﬁﬁidvmusﬁxé fis-ﬁ?f;;héﬁﬂ]

oo /_r‘"
Pl
L L

oy

. L
.‘II- :

-_5' _”Thé:biéeps-muséléﬁ- arises from tﬁe scapulah“"ﬁ“

':7by 1ong (caput longum1 and snox. (aaput ‘brevei  

\ 5

jheads. _ The long head of biceps arlsea from the.
Laupragleno;d tubercle,._ Its tendon runs aaross
_the superior part “of the humeral head and emergﬁs
ffrom the shouidar joint capsule through the
:.intertuhercular groave wherg 1t 13 helﬂ mn placé

'by the transverse humeral 1igament and part of the f}

tendon of insertion of the pectoralxs magor _‘

: muscle.'  The short headﬁof biaeps arises with ?}'

 coraqbbragh1a1;s f:qm.the 1ateral aSQectjpf the;f«

- coracoid procéssgj;;ts;fihpea deécé§d  £Q3f#seﬁ\.f”

-1'134”3 i

i




wmth the 1ong head of biceps in the area around

  the distal ‘one- thlrd of the humerus..__Tha“musgle .
“'jpasaES'&eeprand'forms a%short tendon that'inserté

”'flnto the posterlor part of the radlal tuberoaity

R

_on the radlus Medial;g the h;caps tendon gmves _”'”

f]mff the bicipltal agoneurosls . apaneurvsxs

'musauli biaipitis brachii} whzch blends wzth the

antebrachmal deep fascla - Through a thiqkened S

”'part of the deep fascia of the fcrearm, the

: ;nsertion Qf~biqeps*-1s ex;ended-lnto_the,
posterior border of the ulna.

S B.1.3.2

" Variastion

LA

In apﬁréximateiy'eighty aault human cadavers'

| dlssected at the University a! the Witwatersrand
'7Medical school Ty 1992 Profesaor J.c, allan
ObSBrVPd bilateral hicipital aponeurosea in 100%
"of the specimens (Prof v o c Allan, pers. comm )
In addition, bilateral hicipztal aponauxoses
were observed in the two chimpanzeas diasected by
the author. In glbbons the short head of biceps

commonly arises from the supericr part of the



'-"\

L

™

var:ation in this muscle amongst other hominuids g’v

RS )

o humerus and almast 1mmadiately fﬂses wihh the y@ﬁ?,;f[f“

fong head (Miller, 1932} Thexe is no“reported sffff; f>f

The blCEPS muacle ie a powarful fiexax—and R

’Lu;ﬁnpinator of the ﬁarearm and both heads are actmve
'*fiin flexlon Qf the sh(ulder joint (BaSmajian and

'p;natlf,_1957), “The short hﬁad of biceps, in o

5f combination with coracobrachialis, 13 a flexbf.of
1 the whnle shoulder j01nt - Tha 1ong head oﬁ _
 fb1ceps assists in hold MQ the head cf the humerus.
liuagainst tha glenoid cavity thereby reaisting

'dmslocatmng forces

5.1,3.4
. Inmervatiom
Innervatioﬂ af the bmceps brachmi muscle 13

frcm tha musculoautaneous ﬁerve.

wF



S I A

| The supraspinatus muscle (M. supraspimatus)

Tﬁe suprasPinatus mnscla ariginates fram.the

 ;ﬁ_sdapu1a.~: Its area of orlgln includes the ragian
 f;¢f &he suprascapular notch Whexe some of ;ts |
' fibres arise frcm the fascia cnverin§ ths j_  _;”
-.subscapularls muscle The flbreb of the ;;ﬂ'”

T

| _en a tendon adhering to the capsula of the

;:ahoulder.jointt_ bhms tendon inaert;ng 1nt@ Lhe o

Jmost superlor paru of the greater tuﬁprgla.

veziation . - 4

here 13 lltule raportad variatiou mn the
morphalogy of thia muscle among the hominoid '

species and no varlation frem the above was e
. 4, .“‘. . Ch

’:observed ia thlS a%#hor's di-sectioms“_ Howev&r,

197
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'5*{°medial two thmrds of the supraspinous fcssa af the'”f"

i_aupraspinatus muscle travel 1aterally tc Cﬂﬂverge :1.



'7ﬁfMiliér31&932}"rapbrté”Ehatﬁnrangéﬁﬁaﬁs-eﬁﬁiﬁit* Qf'f,Ps'_ 

o relatlvely narrower SupraSplnatuE muscles than 1n

_fothar hom;no;d groups.'

i

. '--:\_ :

._' L oL {-L'v‘\'

| Wlth the de;toid mﬂscle, the aupraspinatug

::musclﬁ‘is a powexful abductor oﬁ the armd- 1t ulsc

.”*_ass sts in keeplng theJaaad of the humerus 1n  '

o

_positlon, preventing it from being pulled upwards

;i_.againag the  acrom@an prﬁcess_and'deltoid muscle3

D . sy 7

R EMG snudiea of the aupraspinatus muscle in’
'chlmpanzees and orang utans (Tuntla and Basmagian,
;l&?&&;_harsQn-and Stern,_iass) 1ndicate-thatxthe

;aupraspinatus'is acti?e.at.the beginningfdf almoﬂt .

]all reaches, activity that decreases as ‘the reach

progresses This holds trua for all reaches save
N . | - ) e
.for posterolateral reaches where bhere is no
.'\;‘\ . ‘_. - . . //’
_:eductmon of-théisupraspinatua“ muscle{a = I /,-

a&tifity_leveig? ¢6rfeaponding1y}Jaétiviﬁff”

e

”'-m;";" _



'_incxeaaes after aompletlon af the reach 'as the
'_'forellmb begina its return to the "nullﬂ

 ;elechrica1 position In aﬁdluion the :

| suprasplnatus muscle ig active ﬁuring arm- swingzng_ [ i“% 

: and 15 particularly in"alved 1n the beglnnlng of

";-brachial elevatlon, befare the release df the hand_ff:

'-. 1(parsoﬂ.ana:Stgrn(_isas, p, 3132}. _ ThlS aqt;vmty"”

_ﬁecreaées;afte:-the:midﬁieggf*thgjéwiﬁg_phasé;_

Bi1.4.4 o

. Innervation

Innervatmcn of the supraspmnatus muscle 1s by

the suprascapular nerve

_the"fnfxaspinatus musdie_ (g inffaqpingéus;'

5.1.5.1

‘General

The infraspinatus muéc1e-foriginatés'frém_ the
medial two thirds of th? 1nfraspinous rossa.. It

passas superibrly and 1aterallv to. inaert on
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=iﬁhumerus

'V;_lthevmiddle facet of the greater tub6rc1e of the

O variatiom -

o humans thls muscle reachea its greatest'7'““'*"'

-1

 *'width relatlve to its 1ength (Miller, 1932)
-?;zmhere is fus:an of the muscle‘s fibres with the  ;5
- 'teres mlnor musala (Wllllams et al ; 1983} Thls-

-infraspinatus/teres minar camhinatxon pasaes 1nuo ;

a tendon that inserts distally on tha greatar

tubercle of ;he humerus., 3951&55 this varxat;onﬁV'

'_ob%ﬁrved 1n humans, thete is 1ittle reported

i

. varmation in tha anatomy of 1nfraapinatus among

"-the:hemlnoid species. Na'variation_frnm-the;

 homimoid pattern was noted during the -

"'dissedéibns-aonducﬁEd by ﬁhe,éuuhor,"

. Actiong -

The primary functibn of the infraspinatus

- mufdle is to asasist the teres minor muscle in

140



';f;rotating the arm 1aterally.:. The muscle iﬁ also

e place during abductlon : 'Q

. Qestabllsh that this muscle is actlve ln all

' ] ;progressive1y 1nareases through the middle af each
l“ reach while it is 1awest during posténolataral )
eachesaf_ In addit*on, 1nfraspinatus 18 hlghly |
'V acu1ve durlng arm swinging behav1our aa a | |
;aupporting muscle and it echibits inchasing
‘ﬁactiv1ty thraugh the mlddle oﬂ the swlng (Larson:ﬂ:'

--j'and Stern,_isas p.- 182)

e _--*-m;-n .

: rl?

fffmmportant in.keeping the head of the humerus mn S

EMG StUdlES ofuthe chlmpanzee infraspinatus'

”"@Emuscla by Larsqn ana Starn (1986, p} 1?%)

1m
ni"

'freaches and is alao an 1mportant stablliser ofﬂthe g

”'glanchumeral 3oint.. xts act;v;ty level

8

amervatton |

‘ innerva#ion.offthh;infﬁha?iﬂa&usfmushle_isl .

from the suprascapular nerve.

Da e



Cos.1.6.1

.'4531?6ﬁTf? 'ﬁ 3* ?;fwﬂ ffﬂ; 1=_gffffff;ﬁf[,"'

" rheé teres major muscle ( M. teres major) . .

R T o

| d{égnargi¢gf_  }g jg"'”';

DAl

The terea ma:or muscle haa its orlgln“on et f  af

',:the doxsal surface of the scapula. It arises aa E

”ﬂfleshy fibras from the 1nferlor angle and by
'3tendinous fibres superiarly along the gateral
'“'margin of the scapula Both sets af fzbgasfpass

0 f

=icraniolaterakiy in front of the humerus to insert

QTQW=:'”

_:;along the entlre ﬁrest nf the 1esser tubercle ?ﬁ,;: ,_F

'(madial lip of the intertubemcular graove) of the
;_humerus. Insertzon beglna just below the distal
'.fiimit of the 1nsertmon of tha Eubsaapularis _.: |
' fﬁnscke The middle third\af the insertion 1123  ?5

fmédial-tg the a;tachme%;~o§"thei;at;éqimﬁa_¢a:sm“ f 
”mnscie”tb.the iﬁt§rﬁ§bércu;ar_Qroavélﬁﬁxﬁhé_

Cmumerde, L el

v e

o
R .
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b

varlatiom

The\morphology'of thie muecle dlffers

P
oE

311ttle among the homlnold groupe However, the ;;e

j;ogreat apee typically posﬁess ;a much reduced area :”

'e7iof attachmenb for the fleshy orlgin, Whlle the

on the lateral margin of the scapula than is seen

'-;in humane.: In humans the area of fleehy

'”-;attachment is somewhat enlarged compared,to that L

:___'oi the ages In contrast the 1ength of the

| tendlﬂous inaertlon along the lateral margin of

1‘["-

Temaee ig usually 1ese strongly developed in humans'
e'compared to the condltion in the apes (Miller,ff

:1932}

Ashton and Oxnard (1963] report ﬁhat in'“ o

'.several spe01mens of the Pongldae examxned in -

:their'study, flesﬁy fibree-arefreceived'from the'“'

o tend;noue attachment tends to be posltloned hlghEri;;_,”

Sy

o 'the scapula is much reduoed in humane -The muscle -

_'latissmmus dorsl muscle near the insertion on theafo_

humerus. No additional fleshy fibres were noted in

"-the chimpanzeee dmesected by the author.-' The?"

';i435



\;,1ower edgeshof'the tendona of the terea major and_:"-7

 : lat1sé1mus dorsi muscles are-cammonly fusad in f;-q,

2“ 1humans (Mlller, 1932, Ashton and 0xnard,_1963 :%*

fﬁWilliams et al., 939, prasent 1nvestlgataon}

' ‘Actloms’ -

Tﬁe tefes majér mugclells mildly active._ |
Tjduring almast all movementa of the upper 1imb hut 1
B is vlgorqusly active only wne; a391sting PO
“f.malntalnlng the Etatic position of the shoulder3: 
'.'under stress, or when the shquldEr is in paaitions
*of active resistance (Kamon, l966* Basmajian and ﬁ
Da Lupa;‘19B§J, - Larann and Stern {1986) reportl;  
'itbat‘iﬁ_chimpaﬁéeagl-:he;te:es-major3mu5qle-;s_,7.y 
.inadﬁiveidﬁriﬁg a11 §6iﬁntafy:reachéS}1but i£- 1§ 3-“
;imﬁéfﬁéﬁﬁ i@.assisting.thé_éctive leé:ing pf_ﬁhé?__
:fbrélimb dﬁriﬁg ﬁhé fifst half af*hhe é?inQ ﬁhﬁae.'
 }in pendular arm swing;ng | :in bd£h'chimpaﬁ2éé§ |
_and gibbo s, the terés major muscle ig involved ln.

providinn propulsive power during the second half



H”vifg.;¢6;4~:

'3-_vessels that traverBE“uhe groove. ;n the 1ateral

"'r

'mhase in pendular armwswinglng

o E(Jungers and=StFrn, 1983, Larson and Stern, 1986)

Innervation af the teres major muscle is by

-[: ithe 1ower aubscapular nerve

o PEen

-q~-:.ﬁ W

H&ﬁm_ﬂy

"Infhﬁmans.the'texés minor.mnSéle'fhas“its]"

S i
\origin on a flat strip along the Bunerlﬁ“' Ewo
.~:n .

\ A

tﬁ*{da tb one- half of Lhe axillaxy maéf\}
: ;@'Pﬁf.*

B scapuiar doraum LIt alao ar;sea from an ﬁnkj_;

\\

_”aponeurct&c lamina aeparating it from thé

g
Y

) _infraapinatusvand meresjyagor muscles.' At its v

\‘\-

\

Ta

,?. 145 .;;

;;%lﬂf  i: _3

: o Z.'”'ﬁ'.*_“y o  '3:? '"'”  Lo - "“.'-ﬂiﬁ"{
. The teres ‘minor muscle ( M. rares  minor) .-

Bihe

:Vorlgln, 1t ia ofté pmé&ueé by the cxrcumflex ' '77;

: .
o,

 border_of'the_s¢apu1as  It*aqcﬂnds'1aterally; Ibs




) N \._ N ; . P . {'J - o .

' fmore supérior fibres end 1n a txﬁdaﬁ“tﬂaﬁ &sg;if;E;If”'Vk;
L o O LTI
'L[adherent to the capsule of tha shauldefﬁEomﬁt an&

'f}5tnen 1nserts 1nto the loweat facet on th& greaterj-z~-3

~\

"fﬁtubercle of tha humerus Its 1nfer10r fih%es

“ insert inta the shaft of the humerus imme&iately;fﬁ¥?'”
'Uﬁ:distal to the greater tubercle and Iateral Lﬁ the  

o proxlmal end of the origln af the laterai head bftf*

© crtoeps. (R B

" vartabton

Littie variatﬁon is reporﬁed 1n the morphology B
 '-0£. thia muacle among - the 'various non~hu;§n |
';hominoid graups and none  “59f noted.u h-ﬂghé-
d3353q91°n575- cmnducteﬂ during ;th; ﬁresent 'f'i

"]in%astigéﬁipn._ ﬂcwever,:in humans the terea mind e

'.‘u_é_

'*mﬁsdle attéins 'Lts greatest extant nf scapular
.driginV(Miller,.lsszj xn thia speciaa it ia often

jfuaed wmth the infrasplnatus muscla




K

Actlons g

f|

o

”**Thé téfésﬁmiﬁorﬁmuSdle~acté=in¥¢0njundtioh”7”5

R

":aa the 1nferior part of the force couple that

S

.“”abducts the humerus (Inman et al., 1944)--  Thé ff f]

”EMG studxes of the teres mlnor muscle of the":

-ahlmpanzee by Larson and Stern (1986) ard of the.y '

"orang utan by Tuttle and Basmajxan (197Ba),-

:‘nd 'ate that the teres minor muscle ls inactive

-1during all voluntary arm ralslng behavzaurs, but:

”1513 aunive during rotation and adducplon. Low

‘\\"

*levels of activ:ty in the teres minor muscle were_”

 'uepor;ed-1n chzmpanzeea durlng'reaches which

Vfinvolve lateral rbtatibn of fhe-fléxéd'arm.-

'_However, tha EMG activity is nulllfied if there 13;_;'

o active pronation durlng thxs movement \Laraon and

Stern, 1985, p.- 173)

o

The observed partlc1patlon of the teres mlnor: -

'\

'muscle in rotatlon and adductlcn is 5upported by

the recording of a sha:p increase 1n actxvzty

#

3ust befora the chxmpanz@e graspa the support at

147
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_the end of the BWlng,._ e asﬂists in. addmng ke
'propulsmve power to the seccnd phase of pendular-_f'
arm«swlnglng 1ﬁ chlmpanzees (Laraon and stern,'

'1936)

B.1.7.4
'”mzﬁﬁgﬁvatibn
Innérvation of the teres mlnor muscle is by

the axillary nerve

: S'I',::.l . 8

- The swbacapularis muscle (M. subscapularis)

-5;1;3,;'-'

General

The subscapularis..muscle has its origin in
‘the subscapular fossa . tts fibres traval
.laterally and converge into a single tendon that.
' adheres to the medmal part of the capsule cf the
_ffglenohumeral joint and inserta into tha 1esser"

-tuberele oﬁ the humerus and 1ts crest
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s.t.8:2

varfacton

thtle varlation has been observed in the
7anatomy of the subsnapularis muscle among the

:,Fominoidea. One excepticn is that in humans.;ahéf

'-_-muscle attamns 1ta greatest scapular'attachment

'(Miller, 1932) SR

C5,1.8.3 7

Actions

'%-Subécapularis assists“the infraspinétualand

'teres minor fuscles to act as the ;nferior force

Tcouple during abduction of the humerua (Inman et

Z:al,, 1944) . Tuttle and Basm&jlaﬂ-(19?8a b)ﬁreport-
that in orang-utans, the onset and increase of

_muscle ant1v1ty in subscapularlﬂ ocours during

.Lﬁ-reaching activlties that involve medmal rotatmon

T at the;shou;der. In qhimpanzees,_narson_and~
Stern (1986) report that subscapularig acts as-a
' powerful medial rotator of the arm during

:élimbiiig .
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) fstern (1986) 1n their EMG studies of bhe

-- ch1mpanzee shouldar,_ The upper portion 15 *_;;f.ﬂ_a;;wﬂf

GWactive in all raaches excapt those which involve

The subscapuldrms muscle has bee

atvidea iato

; uPPer. mlddle and Jower partlons by Larsan and

}Vextreme lateral rotatian of the forelimb B
_ '.:..'-_.;.'-Activity does I!.Clt begin unt:(.l the ma.ddie of tha
ff  reach and decreaaeai with active pronation or |
-_ _;supination durinm the reach The mzdﬂle portlon
 1$ only min;mally actiVe durzng the end of a
;reanhing hehaviouV, most likelﬂ as a- result of.
?med;al ratat;on cr the arm that Dccurs at the'end |
'Qf aach reagh f Actlvlty 1evels 1naraase if
-'marked prﬁﬂ&tlﬁn is involved durlng tne reaching
~.hehavi¢ur.3 The 1awer psrtion af the subacapulatis -

fmuscle ig inachlve during reaching but is aative

-._durlng marked pronaulon (Laraon and: stern,_lsas).

'7 the subscapulax nerve

5 - 1-8i4 .. "
ei o :
a

B Innemvatlon of the subscapularls musc16_$$'5§"-

ol
P
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Cmaae e s e

- Tae trapezius muscle (M. trapesius) =

LW e

:{;§£ .*f££apéziﬁB' muscle .lgn; ”larée;. ;:?i ?ﬂ; ?j _
°'Q[triangular muacle orlganatlng from the 1igamentum  1 
?fnuahae,_the eplnes of the aeventh cervical and
.'.iall the thnraclc:;eﬁtebrae and the ligamenta ;[gf.
isuprapiﬁalia.__ The-most cranial fibres run |
:”caudolaterally to attach to the 1ateral end of the; ””
'.L;;clavicle and the smperoxateral aspect of the S

ﬁ_acrcmion, The intermediate fiﬁres run 1atera11y

I . 1|

 from the vertehral column and insert 1nto the -

ﬂaqromion and along the cranial border of the

) gscapular'apine~ : The most caudal fibres run

e st

 cran1a11y; heaoming COntinuous with a short
aponeuﬁoams that insartg into a *arge tubercle.
ﬁThe tubarqla is lccateﬂ neaf the medial end of the

gaudal 1ip Df the Scapular spine ;

ﬂ”j "'



_thicker than the caudal part and some of the more o

AVclavicle. N In the_great apes - the cranial part_

. Vaciation

Most 4cfif£hé'=ﬁafiatioﬁ’finl morphologY

:trapezlus observed between the hammno;d species
-f”FOCGurs in thP relatlve thickness oﬁ the muscle  &§-5'

well a8 in the diréctlﬂn of the muscle flbres,. Iﬁ__'
| 'cranial flbres attach to the lateral end af theh

| prQQOrbidﬁs and 1ts flbres pasa 1atera11y to the 
'7;;intermediate and lateral parts of the clavicle,

'7_,acramion and the 1ateral part of tha scapular. }- 

o

'spine, : In apes 'the*-clavmcular _ attachment- 15'_f

;) heavmer and wider than in humans The Variations

B the various homino;d spacies (leler,'1932, Ashton .

' However, the origin of the muscle shést does not

_in orzentation of the nmscle fibras are due to:

_' and Oxnard,. 1963, seé- also Chapter’-é, this_ )
":volume,; :'_ _mhere-ié'rﬁre;y agnuchal'origin fbr-'“'

 this muscle in Pan (Swindler and Wood, 1973),

R |
‘ 152

":fhumans_ the cranlal part of -the mugcle is'-no:;7'””

'_of__the.imusclé -reaéhes”:i;s largest relative7n '

differences in the position of the scapulae among _'f_



'7dfféﬁﬂfé$ﬁéndf1#df;tﬁ“:hiast thnracﬁ% véftébréj_:;£~

' XMiliéf;gi93thf'_In gmbbons, the muscfe commonly'g_ﬁ'u

has only slight OGCIPltal armgin (Mlllar 19%3)

T _I_r

o '._‘

"ff_whé5§ trapezmus j.muécié ;;isff'aﬁﬁive ﬂurlngﬂ o

elevat:.oﬁ and ret;ract::l.on cf _.é shauldam‘ amd

dura.ng flexian and abduct:ion of the hu,merua.. It -

ﬁ e
also assis\:s in raising the 'arm b preventing;-___?___;\.

downward d:.sloca.t:.on ot the hume:r:us (Yamshon and';'_.‘_. :

E:r.erman, 1948} The trapeziu.s :.s in a nul:l.

alectrical cond:’.tiﬁn when the shaulder girdle isz

in a relaxed upright pcature and thus does not -

actively 'ass'ist m : sﬁppcrt :Ln ' th:l.ﬂ : pos:.t:ian' R

- S (Fernandogy Ballesteros et al.,' 1964)

 Innervation
Imnervation of the trapezius musc¢le is by the -

~ spinal accégsory nerve. In humang, and most)

."153f?.-g'



'jprabablﬂ in apea,_"_lt may recezve additionai
_innarvaﬁlon by branches out af the cervical
-a'plexus (03 and C4 in humans} (Gardner et al.,'
-Lf_iasa) -
”“TSQigiaifﬁj}uqu--'-

Whe serratua anterior muscla

”1(M§ se?zabus anberior; u; aarratus)magnus)

P e R

. _Géna;aiﬁf””'

“The serratus anterior Muscle typically IR
"originates frcm the anterolateral part nf tme - 3@ R

' upper eight rmba Its fibres pass dorsally and 

';nferqmedial;rt tc_;naext'inuo_the_me&ial=marginﬂ,;ﬁ_

i

of the scapula.

_#ariaﬁiqn

In non- human hominoida the serratua anterioru

i

muscle is often founﬁ ta be indistlnguishable frcmt--"

f; _the 1evatar@acapulae.muscle. ‘When these m&%cles ¢fﬁ{<> |



-freferred to aa M:.ﬁerratuswmagnus.df-ff“ :

RE L

| Actions

The serraﬁus anterlor musale dctsgﬁoth,toﬂ

("l

':*-olding 1t aga;nst the ribs xt assists in-"f”

E:7'--_:5__.e::l.e'vajo’c:z.cm of the saapula and acts as the upper

"°1 rhomboids and the trapeziuﬁ muacle 3 This forGE'?

- i A
vj: pulling the scapula fnrward

ﬂvfacyponent of a farre couple tnat CGHSlStS of the__

oo e

'°Eicouple actq to rotate the scapula (Inman et al..

L

'-';1944) It assists ti\pezius during flaxion by

]
u

rnnervation of the serratus anterior’musele is_" ”'f

:gfrom bhe long thoracic nerve._f

N
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' The levator scapulae muscle (M. levator scapulae) .~
” fé;4}iiwif. 'fﬁ1}Qf}795 J,? fT?ff ,;;ff? :’fV'Ff'f*'“?7ﬁff;
oo gemeral ol
| ,ﬁﬂ. g . S U |
Th; levator scapu1¢e muscle orlglnates from g;-”@ -.

";,the transverse proaesses of the flrst ‘our

'if:cerV1ual vertebrae.- It 1nserts 1nto the scapula -f; '

lfabetween the auperlor angle and the root mf tha

At

__scapu,ar spine. 

.. It 4o

| ‘Variation

The extent of orlgin frcm the cervical
'vertebrae varies consi&erably among hommnold

__1species1_' In,aﬁang utans the origin of 1avator
';sCapulae is mest commonly observed on the mastoid

' process althaugh slips arisq frcm Ehe cervi&al

u\\

"7vertehrae (Ashton and Oxnard 1963)  ?._u |

xS
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S

uNEdial rOthlon af the scapula.3 f4-

"fﬂ?ﬁtibﬂs_";fﬂ

_____ e T e e T -;,5,_.;.a
Levator acapulae a331sts in elevawﬁon and -

N

.~531?ii?@ﬁ";f7'

. znnervation

InnerVatlon of levator scapulae is by the

f}doraal scapular and thixd and fourth cervlcal

.*nervesaﬁ=

' Thé'fhoﬂbo1d mu$c1eB'} 

:5_1;12;;

@General

In effect, tha rhomboids conﬂtltute a single

_muscle which in actlon may be divided 1nt0 major
ijand mlnor parts. . It- exhibits canaldergh;e   "

"intere and intra-generic variation in morphology.

157
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RN R

- r;rRhomboid mlnor is thé upper slip, The thmelﬁS

of the savenrh cervical verﬁebra, the fzrst

o thoracic spines, the thlrd and fourth oervical

.frrPoatnrior tuberoles; and the asSOCiated 1jgamenta B

;josupraspinalia.: Th&ir fibres pass caudolaterally

*“”to 1nsertﬂa;png the Medlal boroer;of the scapula

“'""TThe 1nsert1ondextends from the triangular smooth

'ofosurfaoe at. the medial end of the soapular spine

-

-?fi

__1n$ertion liea juso dorsal to the lnsertion of the
- oserratUs anterzor- muscle; At 1ts 1nsertlon lt

'.often presents a “double fold“ or asymmetrical

'-;f u- shaped attachment that has both dorsal and

-Ventral layors Above, theae 1ayera enclose the

-1nferior border of the levator scapulae muscle ini

?humans,

5.1.12.2

‘Variation

rhomboideus m;nor musoles aro usua-ly s

“the muscles may overlap anu may be oontingous.rﬂ

{rhomhold‘mlnor) to the 1nferior angle&krtmﬂ.f[rjf

1rate but_

:r::ﬁ originate from the iigamentum nuohae, the Bplne_g_;;,



R \
-Z!;aixth thoracic Bpines (Raven, 1950 Aahtan and

In humans, rhambold magmr occasionally inserts

into a tendinous arch attavhed tc the madial 'fiﬁﬁf;f“; 

fnkbrder of the scapula It may also insezt 1ntc

' -Lf  the inferior angle of the scapuia (Gardner 'et al

" 19G9F;%j With the axceptian cf orang utanﬂ,_ff

‘_,.4——-.

1

'f the mlddle af the 1mgamentum nuchae*and atten

' extends as’ ‘an uninterrupted aheet tQ ﬁhe 1fth or"

ﬂ='  01nard, 1963* Swindler aﬁd Weod 1973, preaent
fliinvestigaticn) Variations observed in apes
’?_1nc1ude diViElQn of the sheet 1nto dlstinat

cranlal and caudal pfﬁrts ("‘F{htqn and OXEard , o

i . LA ot

__- J1963) ;_._";.{/;

In orang utans the cranial or;gin is usually

at the ligamantum nuchae (Sarmlento, 1985)

I,r :

L : Rt - : o L : R

_Numeroua variatlcns occur. 1nc1uding an. occlpltalﬂ:' -

 head faking orlgin from the external occipital

' 'protuberance and ocqasionally from the adjacent _f__~

fpart of the superior nuchal 11ne (Ashton-and

"'Oxnard, 1963). CIn gibhnns the gize of the muscle

is much reduceu and its parallel fibrea rTun 1n a'f-..,a-

© 153



"3f assist in contralling the PQJltlﬁn ané.movementé

*¥ _retract1on of the smapula In cqéglnaticn witﬂ'° 

“gf”teres minor aad levatar'scapulae, they assist in

P

"' shou1der (Toblas et al., 1988@ Wllllams et al.,.

R P

o

The rhombaids,. ctlng Wlth levator BCBQHI@E,

o]

 ? °f the scapula.3ji The rhombalds élﬁonassist in ff]  L

e

'-rotation of the scapula+ _  Wlth\the ﬁr39351us"’“
muscle, levator Ecapulae aasists in elevatlon Qf

o Ehe scapula and 1n the bearing of weighb on the ff o  ;%

1989) .

s.1012.4 10

Lo ,¢1  '__-'* 'Innérvatian_;

Thn rhombolds are 1nnervated by the dorsal  ~’
3Eca9ular nerve and in humans by both thn dorsal

;scapular nerve and the ﬁifth cerviual nefve,
o
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-
h

-

: The 1ahiaaimua d65317mtﬁcié°thhp 1§%issimﬁ§=&6rsi):*”ﬁgn'

TR

L

 General

The 1atisaimus‘dara; muscle arises ﬁxnm qpa _“Tf ;;§:

' R
apmnea and the Bupraspxnaus ligamenta of the mid

. IS
\\ 2 1

% ko lowar thoracic vertebrae (Ts to Tiz). the iliac

.\\

-Qreat and 1ndirect1y from the upper lumbat and

= . e

) sacral ve*tebrae thrcugh the faacla "

o tharaculumbalxs ﬂ It lies superficmally as it

pasaes cranially and laterally, spiralling around

. the 1ower part of the terea major—muscle, ta :"

'cmnVQrga into & tendon that inserta into tha £loor -
(and med&al lip) of the iﬁtertubercular aulcua. . Ww
5.1.13,2

variatlion

In the apes, sava fnr the gibhan, 7fibfas'may
'saparatﬁ from the main mass near the teﬁdon of
'insextiﬁn to 1nsert-1nto-the_ med;al-lip gﬁ the o

'wintertuﬁafaﬁlar-sulcua ‘with’'the tares major
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st 13

B,1.13.1

'ﬁ.:_Tha 1atisaimua darai muscle {.H. '1##15&1&&35&&4&{} ;"

-‘ T )

The lat;ssimus darsi muacle ariaes frem the \g”~,;}'
_Zspines ana the Bupraspinous ligamen&s of the mid
”to lcwer theracnc vartehrae (Ts tc le), the iliac

ZQ”GrEBt aﬂd;&ndmrectly fnom tha upper lumbar and

3.

| sacral vertebrae through the faacla

.'thcracelumballs :H It 11es Buperficlally ag 1t

L

"passes aﬁanlally and laterally, sPiralling around

.the 1awer mart OF thp teres majar muscle,.1 ﬂ'

i

converge intm a tendun hhat inserts iato tk”\ﬁloor .

(and medial iip) oﬁ Lhe intercubertular sulcua

~ variation

in the apes, save for the gibbon, _-Eibrés'may o

 separatp from the main<maas near the tandon nf

insertxon ta-insert-intc-:ha -medial_lipvoﬁ the

intertuhe:EQIar auldué' wit@{the teres maj oz

o

1861



g :

Coe

Y Lo . e -. s -. o '. ¥

L_mnscle (Miller, 1932 ashton and Oxnard 1963*-

B Swmndler and wGod, 1973, present 1nvest1gation)

@‘ In humans a Sllp may—armse‘frcm the lower three

;Qr four ribs and a few fibres from Lhe 1nfariar

Lk

?l{:angle of the seapula (Ashton and oxnardg 1963*"'

':;Gardner et al 1969 Williams et al m9891a3

ST S

B 3 _giBbons *he muscle does nat arlse frgm the ilium f@*m

"_;{fbut interdigitates 1atera11y with the serratuﬂ |

- anterlar muscle (Miller; 1932)

Csaass

5#&;*?#5
.j%he.Iatissimgs:ﬁorai'ﬁﬁ#dle'aséiéééjpactééalié\f:
' ﬁaipr_in:hﬁmaxa;-adduétion;' It. is_aisafa |
'ﬁbwarfu1 éxtgthr_and  aé$isﬁéf]iﬁ.cmédiai

'éotatiéﬁ OE'thé'ﬂhoﬁldér as wéil'aﬁ beiﬁg-é .
powerfui retractor of the arm (de Soura & Vitti.,

© 1966; Tuttle and Basmajian, 19?7}.-_;: It s
.'-particularly important in activitiﬂs that requlre f;

. extanaion of the forearm such as are perfarmed |
* dur1ng bipadal walking (Basmajian and de Luca,

71985) ox swimming (Ga:dne;_gt al,; 1969). ¢ It is

 active in assisting to elevate the trunk in
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*.__fclimblng and may play a role 1n deep inspzratiou.zf g;ffj¥

'f347in stabiliszng Lhe inferior angle bY hﬂlding it |

'_fxts inconstant scapular nelatlonship may asslst

*,*agalnst thp chest (Gardmer ezt:,al.qr 19693

Innerv&tion
Tha 1atissimus dorsl muscle 1s;iﬁnervated by

”,fthe tharacodorsal nerve, ,f  .i 3f_f;' 

'athé_adyQ#dbrachiﬁlis mungé'fﬂzchfa&obﬂ@ahialisf5f ,'
Bii.ld.1 e
e cemeral - |

The aqracobrachialia muscle originates as a.

tendon on the apax of the coracoid process, 1n

_common thh the short head of che biceps muscle.

o It passes infermorly bo inaert into the medial

E boruer of the mid- shaﬁt af the humerus between the -

'triceps and brachmalis mMuscles. ! Its_inﬁertion*an -



'”'fthe shaft

ﬂ'i.4¢_tuberos1ty,¢.

G

".fglessez tubercle of the humerus._ It may have *Fm;j___'¢v

e

/f:s apprcxzmauely oppaslte the daltoid .:.:: ;

In hum&ns,_addmtlanal slips may arlse fr°W Lhe  ﬁm

 f;%fib$es attached to the— medlal epmcondyle of the'.
* }distal humerus ar te the 1ntermuseular septum of
: ::the humerus (willlamg et al ’ 1989).,. In gibbons
:E?the muscle 1nserts as only a slngle short, heavy
tu“fmusale into the med1a1 crest of the

'-_intertubercular groove (Miller, 1932) "Ndlﬂ_' %fL”'

R

- variation is reported for thms'muscle in the

other ape spacies and tne two dhimpaﬁzees

o dissected,by the author 5h¢Wed no departure from

-  :thP pattarn deacrigﬁd abovet.- _ f o - W
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?zshculder Its anterior flbres also assmst the

Che o0

“{:;j;;cgianaf;'

The ccracobrachialis flexes the arm a the;_:

‘Jv

”fdeltoid muscle during abduation by stahilising the

'”arm.

' rnnervation

The ccracobrachlalis muecle is innervated hy
-.fl'

_;the muaculacutaneous nerve (&ardner et al., 1969).

. e

: Tha]_aubula?ius muscle ;iJQ{faﬂbclavina}"

s

Gan@ral

The subnlavius muscle originates aa .8 tendpn

_attachad to the cranial border of the fmrst r1b |

i

W

les

i

near its coatoqhondral junction,__gxt insepts_lnto  3



-%i middle mf the baay

Cosaaakiz T

: 1atera1ly thanﬁmn_ humans, while aome fibrea alam

-~ B.1.15,3

the lnﬁnricr'surface nf the claV1cle naar 5.

. u

©L v Varlatlom

Im'the apés tne insertion af the suk@laviﬁ%

  fmusc1a pn the ﬂlavicle is positionad more

I'\.

. attach tn the ;igamentum costocaracoideum (Ashton :""'
' and oxnard, 1963 Swindler and ond 1973, presenti |

'  invest1gation) In gibbons the orig;r 1  the |
 musc1e axkends over the 1st thzee ribw (Miller,-“'"
 1932)1: xn humans the muacle 1n£réquently has

: fibréé_thaL 1nsert*;ntn tge coracoid Pracess.

il

L F

b
i'l_ . .- . o . " . L
-deti?ns_' g
o

i

" There hava been few ﬂﬁqaeasful EMG atudies jdnf 2 _'”

'ufthe actions of the subclaviua muscle Howeverf
 1n humana iu appears that the subclavius muscle
s involved mn pulling the dlaviclé infériorly and

. anterzgrly. puriﬁgamavements uf the shpulde;xit
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it_acts tm steady the qlavicle againat tha

 _f'sternoc1avicular arﬁicular diac.;«

.“The subclavius muscle is 1nnervated by the
*fnerv% to Bubclaviua

. E,
sl
The atlanto-clavicularis muscle '

(. aﬁléﬁtdndﬁa?iqularialff.-35 

 Ggeneral

. The atlahta#cléviCularis, a1so'calléd
'f'bmocervicalis (Millar, 1932), muscle armses from

"}tha spmnous procesa of the atlaa Te travels

'*dmsmally, often blendiug with the medial part cf .



4 :._ ;
I ".;_.

fthe trapezlus muscle, 1nserting into the 1ateral

=

ﬁend of the clavicle adjacent to trapezlus&_jf;.*

 5;1;15;2f;   ¢ﬁ__

Atlanta clavmcularis is absgnt “in humana but fQu-
fpresent in all ather hnminoida It blends w;tn:f

]and 1s;almbst 1nd13t1nguishable frnm the trapez;us”ff'

musnle in chimpanzees (Miller, 1932) “In apes,ﬁ

--the muscle is usually positicned deep to thﬁ

:'c1ted tﬁaj deacriptlon of a single chimpanZEe  o

itrapezius muscie However, Ashban and Oxnard have' 

'speclmen whers the muscle 1ay supErficial to fthe

1 '_trapez:.us- - musc-le‘ Whmlsu.. a’.' 51ngle-' Q-r_angnut.aﬁ'-

"speclmen was. found to ethb;t aran;al fibres of::ﬂ"

'hg.the atlantoscapularis anteriar muscle attached to

the occiput.

In humans, atlantoclavicularis is usually

| ab“nt' However, as noted by Aghton and Oxmard
5(1953); several authors have described subjects

- where the muscle was present in this species.
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V;and oxnard, 1963)

5 ‘211_.16-':4_.__‘ o

sear
oo

U

'“LWhen observed 1n,humans,'1b may not be donsldered

'T" homo1agous to the levator suapulae m&acle (Aahton

PR

The atlanta clavzcularis muscle assists the" '

: "gftrape21us muscle in elevatlng tha clavicle.f['""'

 Innervatdon
e L R VA C
. Innervatlan of the atlantoclavzcularzs

: muscle is from the anteriqr primary raii nf the

thxrd and fourhh carvical nerves (Ashton and

Oxnardg 1963) SRS



.w5.i 17 3"“

The omohyoid ‘muscla (ﬂn: oﬁbhjb£&Eﬁ§i_" f

. General

T

" Théj]5 omchyoid muscle"qriginates on _theff“”5"

' $uPerior border of the scapula arcund the saapular '“ ”7

”'75; natch dit passes mediolaterally to 1qaert inta the :~f"

*;-ventrolateral aspect af the. bcdy of the hyoid-'V~f-¥

'*hann -,ihé  omahyold pcsseaaaﬂ 'aﬁ- 1ntermed1ate  ,_fh

'::tendan lying dﬂep ”tbijsternOCIE1domastoid ;hat]*':‘

'f.attaches o the back of the clavxale.,
T O -

. yariatiom - -

In.tﬁegﬁYiOBéﬁidé'the musa1e is. §tfé§+1iké”
7;;(Ashton and Oxnard, 1963). In the great apes and
' humans the muscle 15 ramprised of Ewo bellies and'_ -
5an 1ntermediare tendon -However, an intermediate -
 tendon has been reported to be Frequently abéent

R
in chimpanzees,.orang utans and’ humanﬂ {sa;nt&§, '

1923,. 9%4 Ashtaﬁ and Oxnard, 1963 prese v

- 179E ff;-:*@ﬂ;f:.



o |
o

'=fiﬂ§esti§atiaﬁy" In the hylcbatids and
Lchimpanzees the musqﬁé 1nserts 1nt0 the mmddle of

?;tha superlar border of the scapula (Ashton and

'*_f oxnard 1963, Bw:ndler and‘wood, 1973, nrasent

 'f#investigat1on).-f? Ashton and anard (1963) regard

' _jltha variatlans 1n mqrphology that have been;_i;?

o observed ta have 11ttla relation to dlfferenaee-kﬁy;f”

o

*fumn the-modes of 1ocomotion obs&rved betweén the

'"” ffan§hropqid gpes~and-human5y;-_;.~:'”

- B.1,17.8

‘the area of the neck.

" Actioms |

..“

Due to mts posltlan, electromyographical

i

:studmes of the omohyoid muscle are difficult
”The~ombhyoid muscle may tense thE-lower-déep:-ﬂ
' _cervica1 fasc;a and probably asslsts in dpression o

- of the chest in prolonged lnsplratary eﬂforts

(Willlams et al., 1939)y~ Tobias"et-al‘ (1988)
suggeat that the omohyoid probably aSSlStB in

reliev;ﬂgjpresau;a on_the apices oﬁ the lung in

a7

I



'V'JZTPQ pectora%%ﬁ minor mtscla (jn_ Pﬁﬁtvralis minor) i&t”

ﬂféf5ﬁigi9;i;~”;f?LLfEfHZfQ7J * 'L.._: ”f?fV€¥Q*-f}:i3-f

{donly or - che anaa cervicalis nerve.

'f_is?completaly obscured by, the pectoralia maJar

"1nto the caratald process of tha scapula.v

.55 The Qmahycid muscle is xnnervated by either

-.-; " i

the super;or ramus of the ansa cervicalis nerve

1B

E :'.\.\.

'a/ ‘r\

o .dn*f;ﬁ;

'? muscle.-3 It originatas frdm the outer surfaces of 4*x

'L-the L8t tn Sth rlbs near th31m costachondral o B

'”_Junctinnsa It paasas cranlolaterally tﬂ 1nsert

variatien . ., .

Very occasionally the origin_of the géctoralis

| minor muscle =is from the 4th and Sth rib 1n apes

] S
(aghton and Oxnard._lSGB, Swlndler and Wood,_ipf

B 1 7 SRV SR

L



 rf ghe caranoid pracesa o£ tne scapula and not 1nto f.
; f:tha capaule af the shoulder jaint as in most bf N
:“the anthropomd apea. However,_ln same human -
 ﬁ5speaimens an infrequent Blip from this muscle.

.lnserts 1nto the rlm of the glenoid cavity of the

S

'._gscapula (zvzacaliater, 18671,

ool

S

f_:Tigﬁﬁd In humans tha muscle -iﬁéefté-dﬂly iﬁtd A

¥

hetdoss . i

S L
SR

The peatoralls mmncr muscle h91ps :the

:1-serratuﬁ antex;or muscle to draw the aﬁapula ”ﬁ_

Y

ifanterolatﬁrally araund the thorax thus depressing ; "'

< With the levator scapulae ana rhomboid muaclea iﬁff
o rotates-the scapula inferolaterally- To this
;author's knOWleﬂge, no aMG studies have been o

 performed on ‘the aetions ef this muscle,__3

 ']the supefiar part of the Bhoulder - Acting

i

5.1.18.4

‘Tanervation . .



A

Lk

:;figss)

R

‘,\...‘ -

Tha pectoralls minor muscle is 1nnervated by

 the medial pectoral nerve and by fibres den;ved

' from the 1ateral pectaral ﬁerves (Gardner et al

s, 1. 19 3 g];,ﬁi;-” S

"; Tha naatoralis major muacle (M.-'yeéﬁarilis':

f_maja:)

. General

A sugser'ficial. muscle which is :.‘.-afga, -

_multilaminar and triangular in shape pt
"=origlnates on the ventral aspect of thébthoracic

' cage, sgecifically from the medial one- ha1£ of

the clavicle the éternoclavicular jaint area,_theQ

;manubrium sternl, the second ta seventh castal;;ﬁ

o cartilages;§nd_fr¢m the aponeurosis of the . §

-exterﬁﬁlLobiique musdle cﬁ.thé*abdomen. f.;-,'-

Pectoralis majar inaerts, by a bllaminar tendon,__,;

into: the latEral ip of the lntertubercular

sulcusi'

17a



Cs.1.19.20
. variation
wzth the exceptmon.of orang utanﬁ, all of the

' ;1a”9e bodied hommnoids possess a slgnlficant

«;,i¢1avicu1ar origin of pectcraliﬂ major. ( pars
_; ; a1aviau1ar1s}.3 In«the urang-utan, the clavicular
 wzfarig1n bf thlﬂ muscle 13 uaually abSant. g..ﬁ “'a
'§ humans the tendan cftan has extensions to the
.7 :capsule of the shoulder jcint and the fascia of

 _ the arm (Gardner et al., 1969) __In all the 7 [f . rﬁf.'
T

3 hominoid groups the dlraction of the fibres of

o hhzs muscle is predomlnantly 1ateral

' B.1.18.3

 Actions

- The pebtﬁralisfmajar muscle assiste in humeral

adductlon and medlal rotation it also assiaté-

. the latissimus dGrBl, terea major and deltn*d

»muBCIES;iq drawlng the.trunk upwards and forwarﬂs i _5'

:during.ciimbiﬁg ﬁehaviOﬁr (Inman‘ et al :-194¢g de '

 ‘gousa & Vitti,.iéﬁﬁi;;: The adtions of tha .

a7s .;ﬁy?_ i}".'

¥



AN

"' part.,

.': Pe°t°ra115 majar musale have been sEudxed
! 'extans1valy in Hylobates hy étern et al (1930)
lv*f_Thaaz authars have demmnstrated.that in this

C p '”~=d- o
_:genus, %he pectoral;s major muscle can be '”Fi'D h'

Co

lzmdivided functlonally into a cranlal and a caudal

=.-‘}.' .

_?Tha caudal part ;s fundamental 1n féy;-J'“

,ffassisting flexion, adductlan and retraanmonfat the -

3 P

1' 33h°“1der ﬁurlng loéamaticn It also acta as a

[,I

m, ¢¢limb and during the pull up‘_%/The cranialrpart

VJTfis alaa ;nmolved in adduction and retraCtlo?nof

. _;the forellmb Hawever, its ratractive abiﬁitiea : ,;_
"tdlsappear as the.forearm is raiSed‘: TIe ‘AFY act "

:'f-#also as a "sheck absorber" durinq touchdown from

 ”brachiat1on (stern aﬂd Susman, 1981)

1 '5 i 20 _Z,E -¢;f} ';",“_”._.”'?;“

L . o T

. g"_g*}:f: - jf f_'__gﬂhilis,'5gnﬁ'ﬁ,!h"

5.1.19.4 | _-f,_ "'.; T }fl1_'f4@5_,r

Innervation
! P} :

The'pectoralis qajor musc]e ia 1nnervated by

[/ . J\

'thha medial and lateral péctoral narvas

lf. _ . _ S

':_u Tha briﬁepa muacle R0 p@icgp§‘ ?¢g§§¢g)“

iﬂ_propulslve muacle &ur;ng tha sugﬁort phase of the o -

(R



vy

Cos.1.20020

;tubércle.: The 1ateral head originates from the D

“héad of the muscle is from the superolateral

ﬁhla lS a large muscle that may be dlvided

‘ '1nﬂa u@ree headSi thaiong c aaput longum), lateral

-ff:(cdput giatagale) aﬂd medial ( caput mediaie)

};Tha 1ong head origznates from tha inﬁraglenaid _ff“

AL
b

auppar part Qf the postermor aﬂd 1ateral aspects of

"Q;_the humaral shaft and the capsﬁle of the shoulder

.. .'\J

"fjaint Thé medlal head orlginates from the diatal
.  Qne third.to one half of the humeral snaft .Tﬁhl_;   :”
:threafheada pass-mnﬁeriorlg and.converge to'insétt' "
Jinto tha upper surface of the- olecranon process of

::the ulna and, by meana of the trlcipital

"apoqegxosis,- intn3the'£asc;a of'the forearﬁ;

- In_'non—humah hominoids the origin of the long

e



% AL
'jIn humans thﬁ 1¢ng'head arlginates from the

'T';lnfragleneiq tubercle ﬂnryg | Iﬁ all haminoids theif

N w*'lateral head orlglnates %rom tha pcster%or and

;jlateral surﬁéces of the superloﬁ one half of the Tj;;  i:”
f”iﬁffhumeral ahéﬁﬁ. However, in humans, the armgzn i .
;   typica1ly féund more superlarly than in apea  fi#lL;?“
fnan human hdminaids, tha orlgin of the medm&l head
. _i;is usually more diatalhy placed on the pastnrlnr
 _ :surface of thh shaft of the humerus.. There &B

 ':11tt1e reporLed *variation in the inaertian of  iff’

'fthms muscle among thP;hominoid species.

5 * 1-32 Qgs '. | r,;\ L
o S S

&dt%bns',

The'triceps muscle is uhe major exténlom of  ff-'1 ;
:the forearm._ The’ med1a1 head shows some degv -
cf EMG actlvity:in_a;lJﬁmrms_of-extension,=
o Howeiré.r-," the meaisii' a.ﬁd"-’?:,aat-érafi héads in
_.comblnatlon show only minimal activity exuept
iwhen resiating extension. Thzs 1ndicates that tha

| }medial head ia the mora active Of the two

_f (Baamajian_and de Luqa,-198§35 The long head

. 17&



’Q_7£orceful supinatian of the Eorearm, the trlcepa

Qasslats in aaductlon af Lhe humerus and provzdes :

3_support ta the shoulder joinb frem.below; Duringﬁ_,ff'}

1\"

'_fmuacle con;ractsosynerglstlcally to mazntamn

. Ry

:ﬁﬁsemiflexion."fim"”'

LAl

o

. . - Lo . C

'.;p. :

The hEads of the trlceps musclﬁ are innervated

jseparately by branches af bhe rad;al nerve.'?ﬁ
:J%BLIizi
S L

Tha Sternnqlei&omaataid Huacla

. (lﬂ ﬂternocleidamastaideus)

/ .

Genezral = -

The sternocle1d0mastoid muscle armglnates -

'V_Lfrom the. superior surface of the claV1c1e and as &

'tendon from the front of the manubrium Bterni

S 1atera1 to the Jugular notch It 1nserts 1nto thei

[1ateral part of the mastoid process, and the



o near;-

alir.tly mare rﬁgoae than the surr%u,'ing areas  ff¢,

SR superior Burface of the clavzcle, often

"'encroaching onto thp sternal art;cular ﬁuriace

f

%:fiﬂprEQQHt i vbstigatlon) :nchumans, the'

"fattachment af@& of the sternocleidbmastoid mnscle

i =

'15 rarely discexnmble on the surface of the ’

A

. nctioms

 T(Ashtan anﬁ Oxnard, 1963 Swlndler and ﬁood 1973,_

xn non~human homin01ds the area of attachmentiﬁ"“

_1of thza muscle 13 strang and localised on the’ ' ;fﬂf'”




Ll

”"5_53the functlon of this muscle ia fundamental

'IThE'sternacleidomastcid_ nmscle plays only a
mildly :active_ 1ole (4n 1:bdnctlcn ﬁﬁtﬁfth arm;:f 53

{Basmajian ané de Lucata,éas and 1ts tunctian 1sg;j_*5j

' nﬁt well underSV

odi_ It has heen suggesbeﬁ\_fqh B

ﬁ leve1 rotat;an of tha head and in tiltlng of. %hei,, {;

'  head cranially towards the ipsllareral shoulderv  ?f:7

.ﬂﬁchbiés et al (1988) have suggested that the two;f_f f

:'"*ﬂfheadsf_ aCtlng togetherq extend, the . skull nn. &hel*ﬂf*f

éalaﬂlas 'mhus- [z producing flexion "Vhéﬁﬁfffthé; ¢ ;7

' gfat1antq occipitai5j01nt.  The mare pranounced and_.f

[

1!’

flocal;sed axea bf orlgin Qf this musCle fin-therj@; 2 

| '-VfciaV1cleE|of_ apea suggests to this author greaterf»f

- fdeve1¢pmen(} or stronger act;on of this muscle 1n_:f'

'-“”nan human hmmmnmids than 1n humans,' f- '='

Cosl1i21.a

.G

\3 .

W _‘? ._ L

' Innervatipn

o

The sternucleidomastoid muscle is 1nnervated

fby the splnal accessery nerve. and fzbres fxcm the

seccna and third cervical nerves‘ ]if PR

e | :: 131 :. o I;.::“... :



S

ueqpsertm into the creet cf the greater tubercle Df

L Peat‘;&‘al 18 ﬂbdaminiﬁ N

e s e Qemexal .o 0 ‘

the muacle arises from the sheath ef theffi[
'ﬂ. R

‘En E.QES v

. vardiatiem . . ©

ﬁ~{ There is no reportpd variatlon amongst apes-in ”

#

the origln or 1naert10n of this muscle‘.

5.4.22.3
RIRE S

. The muscle acts ag & flexor of the arm (A;ello--
G

and:Dean, 19903

\.\




The magor myologioa; differences betwoan the '];”;ff

:~ﬁlshoulders of apes aﬁﬁ humans 11e 1n dlfferences "f{ 0

| Fobserveﬂ inJE o’orlgins.:lnsertions and acqﬁons of
N s o

-;foertain muocles Many of these diﬁferences may be o

,;;relatod to differences in locomotor behaviour but _-$1
wfofsuch a relationship remalns to be shown.-"fﬁf:o5;3:.

ns

'“*;addltlon, several muscles dr muscle groupo are
STJ.;eitheﬁiabsent in moaern huﬂans but present 1n

i_,n’

--#Fextant hominolds, or are separated Lnto 1nd1vidual

R

': chponents in’ humans but are beEd into musclo
igroups in apes, 5 To 51mp11£y Ehe reoognitlon of o:f':
'othesa differences amongst ape shoulders.and
-obetween ape and human shoulders, tables have boen

o construoteﬂ‘:(Tables 4 and“s)"*. Tgese tables are

-syntheses of morphological and functional

.wdifferences 1n the myology of the’ shoulder girdie

 of the apas and humano which are seen by thls
'author as 1mporbant in interpretlng the | |
musoulature of the shoulder girdle of fossml
thominids When not apeoifmcally 1ndicated,_the."
:attaohments found 1n Hbmo sapiens do not o o




ﬁk'ﬁslgnmficantly dlffer frum thosa obaerved 1n

 “;non human humlnald specxes.L; ;,,,

ca

"174 gone may note that there are anly two*"”'

“'l?addltianal muscles in the shoulder girdles cf agea." £;j

_.‘ .

'7'that are nat found in the shaulders of mudern R

.5  humanB, atlanto claV1cular15\ana‘pectoralis

'  3_humana is most probably related to the 1§terau'

'iabdominls.. The absence of atlantaclaV1cularis in H

-\l’..

”_ratatzon af the scapuia on the ﬁhorax and the o
fffhabitual carriage of the forelmmbs in uhe 1owered
"*;.posztion' In contrast, 1n.humans, the luwer fzbres.-”

'a_nf pectoralls major act to a351st Ain. flexlon of: 

’the arm and have replaced.pectoralis abdominls...

g

'-Séﬁeral'of-the muséléé éxaminé&:iﬁ'tﬁis 
'7chapter exhlhlt dlfferences in origins and
 -1nsertzons.of muscles._ These'variations 1n:~5

orlgins of selected muscles are contraaﬁed An
. ;-‘j.

'Table 4, ‘Variatlans in. insertions of selected

”muscles are cantrastgd_;n-Tlee 5,_  These tables

thus allow an eagy assessment of the myq;cg;aal;




among' the ‘ape species ‘an

' apea ang- humans S

KT

L
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N T

Tﬁ, 'T
gha skaleﬁal Elemants o£ the Eaminoid Shouldnr
@irdle N
R \\

Wl Gﬁﬁéf&i_a'
"£' ﬁi7;
Th Vertebrate 5keleton serves both for

o “_prétection and suppﬂrt Whllst also pravlﬁiﬂg o

"3;addition. the bnnes of the skeleton act'a:

o a.thﬁ;skeletan is- a dynamic strucbure knat is

;  *36hes reSpond to changes in vitamin, mineral and

L

'leverage platform for muscular actians. _‘Jinf*fﬁ

a

. ( . . ) II"- \ .
;.storehause for minerals and fat as well as}-

'for hlood Eell formatlon ~ In the 1iv1ng angmal N

 constantly changlng and aatlvely metabollsingQﬁf'

' Tha skelaton can be altered in shape, size and \

'paaitian by mechanical or biomechanical demauds
y
' normone levels and inhhrent in these changes are' \3

changas in the construatzmn and ma@hanical

functlon of the body o _.-"izf . E__'gf Lgﬁ?
) : . S : S

Case b b




' andothe bones whlgh comprise it may be fcund in

-3othe;sb

' terms long bonea, short bnnes, ﬁlat bones,  “”

The mammalian skeleten & 13 well Studied f~ z~r
¥ {9 g Webster ané Webster, 1974 etg 3 'More-iff“ R

”“ ;speci£ic informatlon abuub the primate ﬁkeletoanﬂl%ff‘

7

ffjtexts such as Hill (1953), SWindler and ﬂgﬂd

"-:--'-__(1973} and Williams eb al {1989) amongst many

Eones are generally ClﬁﬂElfiéd by shape.,-%ﬁé';f -

.'“sesamoid bones and irregular banes aré readily..
':understandahle | Long boﬂes oacur typiwally only"ci o
{'1nzthe extremltles.: Shnrt bones ara faund in the_
 _narpal and\tarsal reglons‘ leat bones ara found
”__”1n the prnxlmal 11mb qvéas‘ﬁnd in tha head and
 thorax. Sesamoid bones are’ formed 1n tendons and o
are uaually found neaf freely mOV1ng jaints |
'_Irregular hones are thoae of the vertebral aolumﬁ,;  
parts_of_the skull and the three parts of the
) peIVia:QTTheubonEB gf-the*shoulder'regmon-campriéé_ ”

'tﬁb‘\;EEQQ%iee long bones fhumerl and claviculae)”

\

and flat bones (scapulae}4



N

' 1;}shou1der‘._ It ia the most piastic of the bones of

'The scapula is compriaed of three main parts the

3T;body;~thafspine:and the.head. It may also be

The Ebminni& Scapula

Thﬂ scapula. is the 1§rge flat bone of bhe fr~i ¢*t$}

' the shoulder g1rdle be1ng readlly alnared by

{mugcular stresses during growth (Roberts, 1974,} ;,__,1

;;-'mayle et: al, . 1930 K:Lmas et al., .1979. 19501. PR

"”TqboﬁSideféd to ﬁ&ve'?thréé*angles (artlcular,ﬁ.&;
: supezlor and inferlorj, three borders (lateral

'medial and superior) and two surfaces (darsal and .

0

The body of the saapula in hom;noids isa

;kite or fan shaped flat, or alightly |

”.-concavoconvex plate, whmch has doraal and ventral

surﬁaces (fac;es_postarzor and faaies costalzs”_-

respe&tively) The dorSal surface is divided

' 1nto the suprasplnaus fossa (4fossa sqpraﬂplnata)-

and the 1nfraspinous fossa { fossa infraSpinata) f’

: by—the spine of the scapula { gpina saapulae)

188



The spine af the scapula 15 the mOSt promlnent

’ﬂ Tfeatura on the dorbal surface*ﬁ The sﬁmne, in 1ts ffg;"

'"' 351mp1egt farm, 13 a flat plate lying

'  }appraximately perpendlculﬁr to the blade,'f Iti {- ”;*“'

";5adts as kS strut fur support of tha acromlon

:prccess on 1ts 1atera1 end and as a. structural

: :  suppart fnr the whole of the body of the s;\§ula o

 f”and as at apophysis for muBcl& attachments inf' :

‘Uf 1the scapulae of hominaids the Bpine beglns in ‘an-

ffarea approxlmaéaly three quarters of the t?tal

'  length Qf the scapula up from the 1nferior gngle, ”

t

”~'_on the medlal bar&er._ . On the medzal barder it

;negins as a smooth area which gradually begomes
  w;der, thinnér and more elevated a8 1t courses 5:
: ié£efally It thuskiresents supericr andlinferlor.
urfaces throughout most af its length fhe

b
_;dorsal.barder, or nrest of the'splne, is slightly
thzckened and often rolled 1nfer10r1y in- heav11y )
'_muscled 1ndividuals., The. perpendlcular |
iarrangemgnt ofh:he.p1anes-of the blade;and;uhe;
75§ine3impaft3;considerable.méchaﬁiéal'ad#anﬁ%gé f

:and r;gidlty to the structure in resisting forces.;-

'  aSSOCiated with muscle contractlons and in

- 189
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 ijwithstand1ng the stressea associateﬁ wmw _i“ﬁif“”.?'

o

']_ftransmittlng the bddY‘B welght tn thﬁ upger 11mb5
E  (R0herts, 19?4, Doyle et“al 193&& Laterally on . ,
- ha L q;_f

'“f?*ztha spinér thera iB a widenad truncate proceaﬁ

 {§1 known a8 the acromzen. This part af the boneﬁﬁzes'ff;ﬁj_fiﬁ

,subcutaneously and 13 aasily palpable in tbe } m};ﬂf'I'mN
 1iving animal | The acromiun provides attachment
Tfar aevﬂral musclea and it articulates with the

_clavicle.y'” _ “
: . -:_ &1  o
. the costal surface of the body of the scapuia

'_is*cbmﬁfiseﬂ.df"a.singie{ ésntiﬁﬁéﬁsséuhéééﬁﬁiaf>7':3
':ffdssa on the dorsal surface it is camprised of
5_ Ehi supraspinous and infraapinuus fossaea The;*' .
;;_supraspinoua fassa ia bcunded hy the superior S

‘surfare nt the scapular splne and the adjacent |

*7dorsa1 surface of the scapula.: The thin plate af

',bane is then sinuous and in many caaes o '
.'"JfEnestrated._. The superior_ or cranial marglﬁ _ ;

(margo sqperior) 15 often thickened and’ 1n

3f_heavily muscled indlviduals, rollad dorsally.;k

'1 .1993=3



2 f.') .

Lateral and adjacenu tb the-suprasPinous

ﬁzfossa is the scapular notch ( znaisura s¢%pulae)

’ _:which marks the position of the constricted part

o :ﬁof ﬁhe bone.- The supraspinous fosaa anaﬁsuperlor

"nuﬁ,margin undulate as they reflecL the con?aV1ty cf _55=

'f[jthe suhscapular fossar i

The 1nfraspzneus fossa : is roughly trlangular e

e

'in ahape, Its{ 4ﬁgeat hordﬂr ig- the axlrlary, or

“J__Clateral margin (maryo 1ateralia) and its

fr -

f?acutest -angle-is~ tha 1nferior angle "Thaff'“

i[;axlllary'margln and meﬁmal margin (.margo.madialxs)

'3”'are thzckened while tha floor of the foasa 15

“extremely thln and may be fenestrated The
axmllary margmn 15 the thlckast of the three
 -borders-aE the scapula;- Just inferior tb'the
'~g1enoid cavity 1t bears.the 1nfrag1enoid tubercle
.:(tuberculum infraglenoidale). Thia tubercle ¢9_ '
:_.uaually located aamewhat anteriorly on the
~1a;eral margig and " in most hominoid spacies,.
fis thé lénggét_tuber¢1g~on-the_saapula.:_Its shape
_'andffﬁim.varyfto akconsidefah;e_degﬁée Bbth ﬁitﬁin '
' énd.b§twégﬁ1spe¢iés*. The laté§a1 adge of #he' |

- axillary margin is often concave. Ingthé'infaribr
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o

*Hﬂfhttachment Qﬁ the teres magor musale, usually

’f:thlrd aﬁ the axmllary bordar a flat,:inferaiateral

_fexpansion of the 11p that s created by the {57;f;7 f¢}ﬂ;¢

The head of the saapula is cansidered to

-ff'lncludn the glenoid cavity { aav:canglenoidalis).
 _neck of the scapula and the caracoid pracess

7ﬁ{proeessus coraaoideus) ﬁ The head area ms_ff”7’

"f;'referred to as the artlﬁular or 1atera1 angle af

B the scapu%a. ?unatlonally, thms area is the mest
”:fimpcrtant part of the bcne since it 1ncludes the

 "_glenoid cav;ty The gleneid cavity is re;atively

' sha11cw, roughly ovo:d ta pyriﬁoru in shape and

. extends cranially znto the supraglen01d.nubercle E

"'(tuberaufum éupragieno:dale) and the roab of the o

coracald promess.

-.Tﬁe]supfagléﬁnid tubercle-dsﬁalfy:iprojedta"

3crania11y and dorsally Frcm this tubercle arlses u

_} the single tendon of the 1cng head of the biceps

EY

‘brachii muscle The somewhat enlargeﬁ coracoid

"p#oGQSH fmaf-bs_ﬁound_immediately superlox,to the

supraglenocid tubercle, ”It'crbssgs méaiaily and' 

v
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 'fcav1ty mhis process is hcmologouh W1tha-the

L

  [anter1¢rly Qver the supericr par@ nﬁ Eha glénnlﬂ

“f-f;aorqpcid bcne (oa caraco;@gusi which m&y stil&

'”f# (webster and WEbster, 19?4) To the coraca_ﬁ-

*"Efiprccess attanhes tﬁe cgnnmd and tr&gezaid

~_f,faf caraccbrachialls and- the 5hort head af b;ceps

l."

'f;fbe faund as a distlnct éntlty 1n some monbtremes

ff;ligamenta. the pectoralis mlnor musele, thé ten&nn

"[}brachii _fgj i;;Q5_;f;

. {Figure 30) .. w0

; }.r__.:j?_ .

°1n h6minoid§; the clavmcle (axavicula) is. an

'"__,irragular, smgmomd long bonp that acts as a strut

”bLtween tha manubrium and scapula.: Tha clavicle
3Iarticulates medially _wzth the manuhrlum's |
f3_c1avicu1ar facet and the first costal cartilage
'¥(fa¢ies art;dularis sternalis) and laterally
Lwith the madial aapect of the acromion prn&ess of

_'the scapula (facies artzcularis aaramialzd}



“_.superlur and lnﬁerior suxﬁaces thrOughOut,

hfj_anterlar andfPQBterior borders laterally. The

“ﬁf{(Tobias_ﬁt a1§

= B -
The clavmrle ma" ‘he lelded into a lateral

1

alavmaulae) and a medmal @xtremity { extrematas

tetna%zs),_ It may be cons;dered to pcas&ss

v

C.

"'ossmﬁy in membrane and &his Qccurs in humans ;“

'”f'arnund the fiﬁth week af intra uterlne life

;1933, Wllliams et a1 1939)

.'i]'claviﬂle is unique in being the anlyxleng bqne tg ‘s

oot

-Eﬁ'extremity (excrem:&aa acramial:s), a body (caxpus“'f“éiff

-f  VerY 11ttle dﬁta are available on thia bone's time leﬁ;;

 ”0£ as%ificamlon 1n nnn human homlnaids.- The

'¥f ci&vzc1e's shape 15 highly depEndEnt on the soft

o t;ssues which surround and attach to. its surface_a

o and ita morphalogy can be readlly altered by thefjlﬁff“
'f fqrcas exerted by'these soft tlssues (RQberts,-" S

7n,;1974)

*-The*subéricr surfaue of the clavmcle

_ exhibits pazts of tha attachment areas of the  *;'”

| 1trapez;ns and deltoid muScles laterally and af

bhe Sternocleidomastoid muscle medlally.:ff_'”



s nsubc&avius (aulcus ,musaulz' subclavzx) anﬂ area

 ;»fmusc1e and the costoclavicular (rhombold) ligament

Pt
-.f')._ Lo

'*jvisiblg the concld tuberGIE-(tubErculum
’ YT S .

.'7fa E\hll part of the a%tachment area of qhe

. inf Ericr Surﬂhﬂe Df thE bOdY, the gro QVE er .
_  :6f attadhment of the clavipectoral faacla ara m;; ;::_

e

“{;ugualry V13f‘ie;?- Inferumedially, the attabhment

....“

| V'fareas of the pectoral;s major muscle,_sternahyold

.j\,

Il

3, may be- seen (impressio 1igamenti=a”f”"

';'cnstqglavicularis)f«ﬂ

On the anterior ﬁurfaue are the attachment
‘;areaa for the deltoid muacle laterally and the -

z_pectoralis major muscle medldlly
L 4, .

-.-'-rh'é pdé‘tériof- s:ur'face'_ exh'iﬁi:'ﬁis- the sﬁpériar_' e

' part of the attachmant area of the trapezius

:;muscle.-In the middle is the attachment llne for ;'7"

the clavipectoral fascia‘ The area of attachment
*for the nostoclaviculax 1agamant and sternohyoid

_muscle may- be obaérved medlally.

s Ties

':'i"“ﬁy;f--f-=u‘=ﬁ.: R
'--T.',_.Q. :.j ;::-J__=:*- e

Qn the inferior surface, laterally there arefﬁ“--*'
"fjgconozdeum), trapezaad 1ina {llnea trapezaidea) anﬂ;;}'*

7ﬂ¢jbinferior part of the deltoid mﬂscle fl On the _i;fff-'5

P



R
.r}f S

.The”ﬁuﬁe?ﬁa. 13 the moéu pyoximal 1cng b&ne.of ;??;;;”
  £h§ upper llmb (hrachlumk and ia the 1argest bane
'” in the hominomd arm Proxlmally lt articulates'ﬁz'
:" with the scapula and together wzth this boné.fo*ms.
jthe glenOHUmeral jOlnt.. D:stally lt artlculates ~T
lf_wzth-the rad*uS-andtulna'to'form the-elbow-zoint=\-f
Anatomically, 1t may be diV1deé inro a bady,ii_f".“
.i head and a distal extremity In the preaent
"ﬁﬁstudy the proximal humerus ig. conslderad tc be

”_comprmsed of the head neck and the shaft

superior to the delt01d tuber031ty.-

 _2ﬁe-pﬁ6xima11é@d'of phe:humerus:indlﬁdéé[thé:; 
:xoﬁndéd_heﬁd §f.ﬁhe_huméru§={;Eaput hume;%}; This 
'area:oﬁSually:apprdximatEé a ﬁeﬁisghérea' Thé_'.
- c=ntre of the artlcular head faCes mostly
 fposteromed1ally and superiorly ' Despite'being"
..hemlspherical the articular aurfaca does not farm

 a perfect arc. in any one plane._ The.remalnder-o:n-'
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'fThe greatar tuberele af the humerus iB a large
”fﬁcxanzclaterally positloned projectlon Qf the B

prraximal extrem;ty of the humerus._ffj Tt has &

°.fthe head is comprised of the greater and 1E55€r

. .. *fhh

’ j respectlvely) and the superlor parr of the

';;head It usuaEi@*hxhlhlts three fanets (super ;-?

il

5'1nsert10ns of Lhe supraﬂplnagus, 1nfraspmnatus and j

teres mlncr muscles respectively

_ TﬂeVieBSE£ftnbércle of the humérﬂ%; as its';

. name impllea,'ls smaller than the greater tubercle;“

' boq;gd homlno;ds. It 1ies Qﬁ€g;he an:ériéfﬁ“ﬁarff{i
 0£'£&@ hééd'bf_ﬁﬁé hﬁmérﬁsfé;d*uﬁﬁ&ﬁi&.eiﬁiﬁiﬁé :
some flattening along its antErior face. _‘éhgi:

auperior border of the 1easer tubercle rarely

' ,extends as hlgh as the head The two tuberc1es .

Ta

_ 'grgqve called the-anatpmical neck\g aollqm

o ana:omiCﬁhliaﬁdféfe_uﬁitéd_tc'ﬁhé S@dy f@fi&héﬁﬁ)
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'jftuberclas (tuberauiuﬁ.méjus and tubervulum ‘manB '

Tg-flntertubercular groove (sulcus zntertubercularls)L”'”"””

:"fsmooth summit that rarely exﬁénds higher thandthe;";”V

}'posterosuperlor and posterior) which serve *or the fﬁ':

in’ humans and this is also:u:ue.in'thewother 1arge_§5“

" ara segarated from the artlcular head by a shallow'_"



'] ah;rurg;cum),_'7

J'intertubercular gr00ve provides spaae~for the

-the superlor one thlrd oﬁ the shaft.__In;its 

of the humerua by the surglcal neck ( ¢ollum

e

L The greater and lesser tubercles are sepaxate& :5§fif

hy ;he lntertubercular groove | The @~H

“ff-biclpltal tendan and 1ta a:companylng lubrlcatlng

&

"

ﬁfgrmove continuas 1nferlor Ly on the surglcal neck

f and hody of the humerus but typicaiﬂy ends w1L

".prnximal and mldd1en parts it 13 bounded bY the

' ;mediai and 1ateral ar‘sts of the tubercles.w

Sk

The body ar shaft is the long,:eraight to

.slightly curved par{ n%“'he humerus that unites

)

' the pwg extrem;tles; Itl;s typically cumpresged
-posterolaterally and possesses anﬁerior (fhczes

anterlor), postericr (facies _posterlor),m_and__u,:_
'_ med1a1 surfaces (facies medlalis) ' At a-prOximal

point beglnning near the junctxon of the anteriur ﬁ

: A
andiposterlor surfaces,-the cre&t of the greatEr'~

tubercle continuES 1nferior1y in an uneven arc ta

. l .

7  beaome chntlnuous wzth tha anterf%r 1imh of thaf,'

Fgaheath (Tobmas et aI., 1988) The 1ntertubercu1ar:”*"



': 1ength, the muaculospl 1Vgroove ethbits a

wcranial aonvexity. Thﬁﬂ%usculcspiqpi groove

V_nerve.

 de1toid tuberoslty (tuberaaitas deltoidea} 4t the
'*'[insertivn af the delt01d.mu3cl - The deltoid

'-. j thbernsity ia usually positioned apprﬁximately 1/3

n 1/2 af the way dnwn the shaﬁt.;, Proxlmally, an

"i the anteriar surfaﬁe; a crast for the—*nsertion of _33-7

C-' . o

'; the teras minar muacle forms an edge nf the

’frﬁintextuberuular gremve.'j

e

Markzﬂa the s&ightly convex, and relatrvely

 .amooth, dorsal surface along almost its entire
'fflength is the usually faqu musculospiral greove

_(sulcus radzalis) (Hughes, 19523 Along ita

marks tha passage down the shaft of uhe radial

i ' :
4 'I"\'_. : . :
e S
e '
PN
. - . =
o e E
) . -h
. ' .
. ' >
. \E B
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Tha camparahive Morphblngv of hha H@naa 9£ ;§4559;:~5

the Extant Eominoid Shouldan airale 53:;=~---="(

0 ‘The Scapula - .

'wﬁrhéfnrticular-iréaa']“-ﬁu“ﬂaf*'*“

_( _ . o o
The most promlnent articular feature of the |

.scapula is the glenoxd caV1ty The glenaid cavity .

forms most of the sccket af a- ball and socket f '  jf“

do;nt and ita sﬂapa in part defines the patential :%;_

-Vrange of movemeﬂt at the glenohumeral jnint

-gig add1tiQn,;as?the d;regt'link betwean the

5"pedtora1'gitdlg4-and brachium, this contact i -

Hassbdiaﬁed_With the'stréngEh; stability and

- mbvémént"bf'thé*uﬁpef.iimb"and‘itleveﬂ'pia?s'an:,

_impnrtant role in manlpulative behaviouf—in o

i

5_humans (see Chap er 4). One of the most
frequently discussed areas of scapular glenoid
 morpho1ogy 1: the variation in scapular glenoid

ﬁavlty shapa amnng various species mf extant
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- Homimoidea (Vallols,'1928; Stewdrt, 196z,
Cotruccini and Ciochon, 19767 Vrba, 1979,f§¢-_;_f
| Churchill and Trimkaus, 1990). .

The glenoiﬁ Eavitaeﬁ of h°m1n01d8 ére not

perfect hemispherlcal concavities~ Rather,_ ih l '

: .(1 .

'9anonﬁhuman hominoids the glenczd GaVltY tends to be f}ff:3

o

more OVOld to pyriform in shape, whllst in humans
the glenoid cavity 15 typically pyriform tc

1nverted keyhole 1n shape (?mgufe 32) In the ’

| -Z_ more quadrupedal old Werd monkeys, the glenoid “ ""

*ff Q&VltYnlB narrower-and.more elongaté»-:¥ It is an

preaently understaod how much gleneid cavity
shape influences the degree of freadom allowed aE"'

'the joant; Howevem,'most authora agree thab

l\.

differences in gleno;d shape may offer'advantagesé %-ﬁ""h

‘and dlﬂadvantages in stabllising and 'in xesistmng:f ; 
) external forces,n whilst reshrmciing the
glenohumeral jalnt's p@tentlal range of. moveﬁénﬁ  g*
..f?!eas y Fahlstrom, ;9Bx;ﬁc§urch111 ‘and Tr;nkaus, . 
Ziééu} Ehapter 4, thié.V6luﬁé)- Jolly (1966) has'

'_pointed out that the narraw glenaid cav;ties Qf

",_”tha;mqre terrestrial quadrupeds limiu j

\

'_antercpcsterlar motion Thia 19 in contrast to the
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:@provide a greater ﬁegree of freedom of movement 1n

~[-a1most every darectlon

e glenoid oav1ties exhlbited by tho difﬁerenr
"ohnminoid spowies, 1ndioes whioh reveal th*”“;';/
_ﬁrelative proportlons of bone parts have baoy

'“fl_i_tb he more: useful than absolute me*rioal vai

'fjmbre rounded gleno;d oavitles of homxno;da, whlch

_ -~ : e W {
: In order to_oompare the roundness of tne J*:';ﬂjﬁl

‘~¢-—-._~\ R

'*f,_*one of the most”commonly ;aed 1ndmoes of Lhﬁ

!

;sﬁapular head thaq has been found to be relzahle
~fl$ the glenomd index (glenoid cavity maximum :

: b;eadth (xxlno) / glenoid oavity maxmmum longth)

When caloulated a hlgh gleroid 1ndex score (ono

tﬂat approaohes 100) indicates that tho glenoid |

7-cavity breadth iy large relatmve to its 1ength and

- thus this acoro indicates g more sPhermoal (or

.miapherical) glenoid shape." converaely, a low

glenomd index soora *uaually one that approaohoa

'-59) 1ndicates a glenozd oavity that 13 narrower o
:: in relation to 1ts maximum le}gth, ag’ when the |

leenoxd cavity ls more ovoid or. pyr;form in =

~shape When combined wmth a. rounded humeral.

: head, one may suxmise that tha more circular a

| 20—2



:highest mean glenoid index values observed mn any o

e-gleneld cavity is, the greater degree of ﬁreeﬁom Ul

'*. ;of movement it wzll have (Jelly, 1966)

The small serles of hylobatids possess the rje

:fjef the hem;neid spenies (Tahle 6 and Flgure 33}

oo

'3:This indicates a relatively "round" glennld cavmty-e.
'"ein these two epeciesg Drawing on the cenclueionsf'
:f;af Jelly (1966), one may infer that the glenoid
' eeav1t1es ef hylebatlds are adapted to allew a hlgh':'

"-degree of freedem of movement 1n almost any

emmeatien All theimean index values ebserved Ln_"
the great apes aredﬂloeely clustered {61. 0 -

66. 0} ‘and da not alffex?algnlficantly-  The indek

evalues calcuiated for tbe human series are. clearly
: hlgher than thoae calculated for the great apes
- but are ptill appreciably different from those of
-the hylobdtlds. ':t is important-to emphasise
 that the pongz.ds. all exhibit a fai‘ri#} feetficﬁéd -
:'sample range oF observed values for thms index,
 with no observed values below 54 04 and no. values

"above'77.41, thereby presenting-a*total sample

range oﬁ only 23 a7 amongst pongids In

_contrast to the angld series, the sample range ef .



| *{ neapzta Lhe reportad useﬁulness of the glennid
. |

WH1ndex for the determlnlnq of glanolﬂ.cavity shape

L -
.I' A
:B

tha 'glanaid indax in bath gibbons aﬂd humans is

'7”{ observed to be very high.; When the weighted meana
';are calculated Eor eaah taxon (Table 6) tha |

o clustering Qf the gréat ape gxaup is even moﬁe

vismble and tb gap between the meaﬁ foriﬁ

Hylobates and thlB group ia wideneg In bath this'”

author's eample and the welghte& means, the
aalaulated glenoid 1ndex for humans clearly talls

neatly hetween the mean valuea ohserved for the_wf~'w

great apés and that observed for the lesser apes

- with limited ovarlap from eithar group«:E ] ¥

R
L

] - F
'_.l "

J

(Stewart, 1952, Jolly, 1366 v:t-hat 1979, churchili

'and Trinkaus, 1990), it ls important to note ﬁhat

the glenaxd index daea nbt take inta accqunt F*

:mxregularities outside thé terminz for the glenoid
:1ength and breadth meaaurehents.- rOne.of:tha mast

'_eommon irregularltiea obsarved outside theae'

terminl is an mndentablnn of: the costai margin of'

{the glenoid that afﬁects the extarnal shapa

' outline and may give the gleno&d ﬂavity a pyriform'

 2°§1



“f shape (see the human glenaid ﬁav1ty outline 1n f . ‘

,_amnngat haminomds, 1ndentatlon, or notch:ng,:f

'-pf the qastal margin of the glenomd cavlty 15 mastf ;"

commonly nbserved in the scapulae of humans and f; ”

"*'fls rarely absarved in the scapulae of apes

'.:Fahlstrgm (1931} has cancluded that this nutch
”“;acts aﬁ a locklng position._01 skelatal

';fend Positiﬁnr for the lesser tubercle af the

5;_humerus dur;ng flexlan and medlal rotatlun of the ;_t_i S

'f farml_'~This skeletal end poaitlan, namad the j'

: :usward draught QOBltlon“ by Fahlstrnm,_restricts

v further flexinn, rotation and medial movement of

) 3the arm- unless hhere is aubsequent anterior and

“lateral movement of the whole shaulder girdle

? 'COmPlex. Thﬁ glenomé caV1ties of 3933 generallYL .'

IT_1ack;ﬁﬁis;?ingentanignf~This_gu;por-be11gvas.that_f':
_gmi-:.ac::sf;af :.ndentaticm in ‘the gilé'_:ié_id_ c:'a’_\.ri.'t:.'-'iés." of
:'-apeé_ may fiﬁ&icaﬁe”thaﬁ thé marpﬁ6logylb£;thé aqu;=.
glenohuﬂeral gclnt allows greater degrees oﬁ R
freedom of movement in forward and medial |
rotatian of the arm Brachmation and numerous
'modea of vertzcal clzmbing behaviour, performed -

-"efficiently by apes but less BD by humans,



-be a-dieadventage during theee forms of
'-.ﬂeflocemotion.u However,' leeking positlon is-

"*_jfinherently a&vantageoue te a biped whose egper

_requlre extreme flexlon and medlal rotatlon ef

- .fthe axm. tnunt :1.990} ’I'herefore,, & strong

farm reachee Fahlstrom's sword dfaught posztlan mey

"jffesxnce the lock posmtlen.prevehte over extension of

j'data aneiat present not available. o

An edditional ekeletal feature that 19'51'

' directly relatea to freedem ef movement at the

3_*glenohumerel jclne-is the lack ofge_etrengly |

prejedtiné'eupteglenoid tubercle.in'most extant .

e hemineid'epeciee._ This allowe a greater degree _”
of freedem oﬁ mevement oﬁ the humerue,.i
' par&icularly when the qrm is raleed abeve the'

-'_1evel of"bhe ehoulder' ﬁn menkeye, the

eupraglenoid tuberele ie extxemely well developed

fzﬁﬁi' T :

:skeletal end p031tion at the pelnt at wﬁlch the_ﬁ_-'

coEel

.{ilimb hes been moetly freed from 1eeomotor dutles,: :

;= :0ne way of teet;ng this hypotheeie would be te:;'”
”_ecompare the frequency of glenohumeral dislecatien

: 1n3ur1~e in wild apee with,that in humane. »fSQChIT.

'_ﬁ_the joint reducing the 1ikelihood of dislocatien._i"'



and thls morphology 11mots the degree tg Whlch thé.fv'“"

5humerus can be moved upwax@smn relation to the J:fmf

'j._glenoid cavity, since the tubercle wedges, and

'oj_locks 1nto the intertubercular groove on the

' jo'humerus (cloohon and Corrucolni 19?6)'-  However,%'fof'

oo¢the small greater tubercle of the humerus of

,-ohumans and apes has also been Bhown to braﬁe.fﬁ""'"

'?~gaga1nst the—glenold cavzty, partloularly around 903'f'of¥:

““_degrees of abduction. (Fahlstrom, 1981), o S

. ooheo skeletal end Qositions.where the head of
-ﬂoha bumerus and its tubercles brace against the  "
‘; edge of the glenood cavity have heen well
'fdocumented (Henke, 1863, ohnsorge 1932,5-“-.””
Mao@regor, 1936! Martln*-lsaz- Saha,-lssa)- Those' 
s looklng positions may be related toe glenold qavzty'f
.~outline_1n_gpeoifio;imstanoes, _;Avdetailed-:ovleWt

B of!these-posiﬁions'is-givep-byo_ﬁahxgtrom (1981) .

Hominoid species share very simllar size
'relationships between the observed values for
;spinOQIEand notoh depth and those for length and
breadth of the glonoid cavzty. These

'~"re1ationoh1ps are used by the present author to



:effscapula In Flgures 34 and 35‘ it may he
IVf:}observed than the plotted values of tnese ;;)1L

| ﬂ}.fmeasuremente in indlvidual homlnoid speczes

l“\.

'”*_indicate that all share remarkebly sxmilar

"ffregressien slope valuea for glenoid cav1ty$ ﬁ;-ffﬁ;

-lengths/breadths agalnst spineglenold nétch

”:e7;ﬂepths. : Furthermore, there ie a hlgh degree of

’;finterepeclea homogenelty 1n these data and this B

Eihands presented 1n Flgure 35

v

-cercepithecelde exhiblt a e;gnificantly shallower

'fregression slope and thus a d;fferent ~ 

_ morphologiﬁal trend (FigurL 36) However, as was

'f. express the relative ﬂlength" ef the neck bf ;né;;V”ieV

x‘~;7-may he obberved in the reatricted 95% cenfidence f,*u

In contrast to that ebserved in hominolds, the_'e'

'feund fer.theyape detai_cerccpithecoids-de;exhihit_ :u'F

‘a'high dégree of inter- and intraspecific

' uhemogeneip?”fer_these data. This indicetes to

_this author that the differences observed between

: nemiﬁfoidé and cercopithecoms for these

“1.relatleneh1pe are biologically 51gn1f1cant and may

" be ueed as a separating factor between the ape and :

cercop;thec;d morphelogy;- -The'functional f;

Wb



h 3imp1ications oﬁ the shortened scapular neqk

'f=f{po333ﬂsed by the moxe prcnograde, quadrupedal "ﬁfﬁf o

'Hﬂ'iobserved 1n quadrupeds is relatéd to the f;ﬂ:gff”

Z'Qmonkeys 15 dlfflcult tu understand Hawever, it

. i!

" _=may be suggested that the shortened Bcapular neck

-_\ \ T :

'““Tiffjxequirements Qf r9315ting ﬁorces that pass .thrvugﬁ

'Jffthe neck and blade of the Scapula rather th&g

"“ f}”reE1st1ng forces that pull againat the neck and

'  ﬁ$lade, a conditlon encountered by more arbareal

__;;ffarms Fsﬁe Chapter 3) Qne mlght allo Con51aer fﬁﬁ

' _0£ the coracoid process relative

-_than the scapq;ar neck 18 "longer" ln,more .7 f"'”
”':arboreal f&rms 80 that the glenohumeral jo:nt is
"_positlaned“more 1aterablly to incrEa§e the

*,

't‘ipotential range of mov&Ment of the upper limb§_  “

Although 1t ig dlfficult tn express the siZe )

__:scapula, hom1n01ds appear to posa@és'relatzvely
largex coracold procesaes than monkeya_ -The -
'coracoacrammal 1ndex (coraaoid 1ength X 100 /

. Al
Lo bt

_acromion 1ength) h} &~bn used to attempt to

express the relat1Ve 51ze of the aoracoid process
'by relatlng its absolute szze to that Sf'the

acxnmlon (ciochon and cOrrucini 1076)

l--h.\:’? L

] i
LT
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Bcapulae allows humaﬂs to maintaln a hlgn degree

' 3According to tne results of ciouhon and chrucxni{"'

f.humans and orang utans possess the smallest . |

_¥ ccraco1d processes’of the hom1n01d speclesffwhilsthi_, :'
'7 'hy1obat1ds passess the largest coracoid prOCESSeS_;
Tw}?ITable 7) Chzmpanzees and gorlllas possess:"'.lw
”;:;_coracold processes thaﬁ nré.approximately equal 1n ;f_  ;}
*;size to each othEr It 13 bEll&VEd that these slzei7; ﬁT
":v d1fferences are-a'result-cf=dif£erent1al lever- |
:';* advantages related to 1oc¢motion (Ciochan and

VgCorrucclni, 1977),_ However, the examlnaLmﬁn of

W

1 coracoid,size1thkough the-use-af-indices-appears - -
:.unsatlsfactory due to the 1rregularitiea in shapei”
': presanted by this proceas, the metrlcal .:\ -
'”examlnation af the caracoid is an area in néed of

"furtner study.

In orientation, the coracoid processes of apes

are directed more antero-inferiorly than those of
 humans .(*'ig‘ures 32 and 37). The difference in.

_orlentatlon of the caracoid between human and ape

'Tof freedom of movement at the nhoulder, even
o though the scapula 15 positloned more laterally on__

' 'the thorax.: This is because the position cf



'5f;3fccranold in humans mq?e dorsaly ﬁnd superiprly “ 55;“

Coesaa T e

"ﬁf“path of the humeral h&ad durlng ratat;onal

f  m0Vements Qf tha humerus

o fareas of the body of the acapula rTher&fore, most:t

. of the diSQUSBlon that follows examines variatlon

e T

"Uﬂmeans that the_ccracai&ﬂt@m&?es itself ﬁrom the_].t””,

.i:\ [

Absqluté measurEMents of the body af th&k;ﬁ'f

: ';fscapu1a have been shawn to be of<&itt%e uae 1n
%dlstinguishlng between the scapulae of extant |
:fprimate groups (Hrdlicka, 1943) _ Rather, theﬁ'
hushape of the scapu]a, expreased as a4 serlﬂs~0f$f ¢'

 fangles and indmces, exhwﬁits strlklng

R

:moézficationa Whldh are discernlble amang exw@nt

R
) k]
AV

-BPEGIES of hamino;ﬁs (Hrdllcka‘ 1942; Inman wet o
f al., ;944; Oxnard, 1967&,b;-¢prruq¢;ni and.

:cigahgn;rié76-i;: These ﬁiiférén#éé'aré]ﬁiﬁectlf”

xelated'to différénaés in'mubcle”ﬁizé'andféhape g:
. i

and d:fferences 1n perﬁormance demandﬂ placed on

1

'in scapular bsdy shakﬁ based primarily on the { 6{ ,f 

W ; _

SN |
: . . T L . T ot !



=

-c ana1ysis af indmceg and angles and dlscussES

:functicnal anatomy hased on these observations._ :

The scapular index has been used to express

- _1tﬁe shape of the body of the scapula by indicatlng: ;?*;?

‘-the relationship ef length,to braadth of the bdna {;J!:

.'* h(Hrd1icka, 1942, Inman~bt al., 1944 Oxnard,

E '_1967a b, Ccrruccini. and. f::r.ochon,, 1975) ot a.ll "

" }the nom%numﬂ species the hylobatlds poasess the- ﬂ-“

5.highe§t-individuql values and-the_greatest mean”:-;5a
values for £hé saapuiéﬁfindex'(Taﬁle:S) | .The
 ;high scapular index values observad in the
_hylobatids SEEVP to illustrate che extrEmely 1ong '
:'and~naggaw scapu1aa posssssed by this-group._ Thus'
the é'aaﬁﬁlae' of .'.'t.hé Byl 6ba£idé -may:'b'a 'd*es-cribed as
being as . similar 5n shape Lo the scapulae of the]“
'-'monkeys as they are slmilar to those of the other B
-haminoid&.' ,The-valuea af around 12@% that have =
'been calculated for the mean of the acapular index
_of the hylobatidﬂ compare cloaely with values |
_ﬁ”obtained for the mosf prcnagrade primatea examined.;"
.in the preaent study. The high mean index value
? indicates the extremely specialiaed adaptatinns of

the | scapular bady in thls, tha only true mﬁ.
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—em Il

".i-brach;ating group wmth;n ﬁhe Hmmlnoidea (anard,

LB

.Thé saaﬁular index values are substanﬁially”.
 i1ower for thp great apea ana humans than for the
.’  hylobatids;,- The deareasing index values amongst]
.:L?i-humans and ﬁongids sexve to hl@hlight the |
:fextra“aly “broad“ scapulaemof t@g 1arge bodied =
 -  hominoida, possibly reflectmng ﬁifferencea in the
:f E1ze and shape of the muscles of the scapula
"-I(Inman_et.al 1944) Inman at al (;34&}_h§ve;1i

"; furthérasurmised that-the relative-indrﬁaéé in

breadth -of the scapula in the great apes and

which is preaent in the upper 1imbs of these o

_-formsJ _-Theoratically-the Broader-saapula:af'aﬁes“
'gallaws for a greater degzee of freedom of movement”*

- at tha scapular glidlng mechanlsm. The true.

- -the potential freedom of movement in the
__glenohumeral 3oint hy requiring adaphations to  f

'Significant uni dlrectional stressesbs

- 213

humané is due to the 1ncreased freedam of movements"'

.brachlation-praatiaed by the hylobatids restridgs ':__ ’



ﬁmnng thenlarge bodleﬁ hpminaid speaies,

'77fgor111as and ahimpanzees have the higher mean el

*]Evalﬁas £ar the scqpu&ar 1ndex (respectmvely 77 4%[§ L

4

'ﬁfand 75 8%) and thqs the more: restvlctive mechanismVIf":

' f&mongstythe homznqids‘ _ These restr;ctions are
mest probably a result of the mdre quadrupédal
1o¢omot¢r habxts of these two speames, af,;*

..f\

“*(prapqgitian also set forward by Inman et al

=.;“ .{1944} é Qrang utans have mean Bcapular 1ndex

'{_:values (39 5%) betwaen thq - af the two African

.‘!

 ';apes and thosa éf humana (63 ?%), prnbably

;lndmcatlve of the high degree af mobzlmty present;ﬂ.z'

.'in the shoulder girdle of the orang utan* V;_L-f
':'Humaﬁsf- be1ng bipeds but also the mosc

 ,orthograde of the extant hominnld species, have “,_ f

y/

' fupper }imba that are freed fxam the requirements R SR

'of laéggotlon. These bahavioura hava influanced

adaptatioﬂ 2| acapular body marphology for an

almost three dmmenamonal ﬁield mf movement at the-av\i

_ahoulderi in additmon, human sdapulae hava few f')

-frequ;rements ﬁof extreme reslstance oﬁ external

‘}

Streases._”

214 x
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e values fcr the scapular 1ndex (resPecégvaly 77 4%}4*7

Among the 1arge bodied hqmincid SpP&iBB;_:.  ?

B

| {gorillas and chxmpanzees have the hagher mean

M amd 75 a%} and thus the mnre restrlctmve mech&nisméf;l'f”

. -r.

s7iamangst uhe thlqplds.;_ These restnictiang are_{”f'"-”

L

'”f most prabably a result of the more quadrupedal

'ifflocomotnr habits Qf thase twc speﬁles;

R

proposltion also set forward by Iﬁman at al.:-l

ﬁ-(i944) orang utans have mean saapular 1ndex

 75_;values (69 5%) E%ﬂween those af the two African jff”'

-'f -;ind1cat1#e of the high degree of mohllity present, 3: o

v

l%apes and thosa of humans (63 7%), probahly

"in the shouldnr g;rdle of tha orang utan.]

¥

| f ﬂumans, j bﬁing b;peds but also nhe most }th:”

_\_

.{., )
\thograde of the extant hemimoid spec1es. have

-

_” .up®er limba that are freed from hhe requirements Ff

lI s <

'f~ofhlccomot1an. Theae hehavxoura have influenced

' ;.ad&ptat1on in Ecapular hody mormholagy far a@

. shoulder‘ In addltion, human scapulae have few |

almost bhree d;menaicn&h field p£ movement at the1f-f

::1requirements for extreme reaisnance of external

o

! U-, P



f _;Tradmt1¢ﬁa11y two 1nd1ces have been used to

- ,_ infraspinous and supraaplnous indices (Hrdlmcka,

1942, Imman et al 1944 ﬁoxnard_ 1967 Roberts,-?

Vl&?é, Larson and snern, 1936)¢

_Larson7and Stefn,'1§a€)-- Iﬁ-contraét..#thég

| fossae relative to thelr infraapinnua fcssae. _ e ¢'

ﬁ”i While the abave mentioned acapular index

fexpresaes both shape and the tatal length tQ .
Lfbreadth relatmanshlp nf he bady Of the scapula,-i'.; r':
”‘ 11t.daes.th reveal7 the reglon\s) @f the scapular |
.';3body that most affect shape‘ Inman et ai '  J .u:H. 
*;“f(1944) inﬁiﬁate that mnst of the shape o
ﬁ _ fd1£fereﬁces that may be observed.in the scapu&a& )

-f7of higher primates are in the infraspinous fassa, ‘Lff

_;reflect the diffarancaa in the relative aizes af ; 5;

  each of the fossae of the acapula, name*y uhe;

Ey uhe use of llnear measurements of the

'aaapulhr fassae, many studie- have 1Lﬂitated bhat

: tha ﬁMman scapula posseases a small aupfaspincus

fossa relative ta 1ts 1nfraspznous fossa \Figure

”_as)}&efg; $nman~et;al.; 1944; Roberts,y1934;-_T .n' ST

_scapulae Df African apea have largar supzaspinous i

These difﬁerences zn relative sizea have been

,.213'



Vgposseaa relatively largerf rotatdr,huff muscl%s.
' '. i} - tf _
*The enlarged musculatures are the¢ret1rally

o auspeneory 1ocomotmon (Larson ahd*Ster',=i§B_mff ﬁj ': if
However, these two fassnrlal 1ndices aniy relate ;_
! .' F- )
-the breadth af each fossa tn uhe tatal~ scapul&r Ej,- s
_ §
1

"-'flenguh and thus do not reflect the actu41 muscla i S

,;paﬂtachment.areaa; 0bv;@usly,.the comparmson af {;

_11near measuremants is} non the preﬁarred method P
. . f \':\_ . . ;‘

_. of contraating tne size cf twa*rggioﬂp Whicn fu%m Lo
-_.-’

planes ratnar than 11nes.vﬂ;fiff ) '_5-'-- '_ {_: R
.To tast the validity oﬁ the hypntheses
.developed by inman et al. Iy@&q);;kqberts t1§74)°.'f¢'
  and Larson and. Stern 119860;ff0ﬁ*théﬂ&bc?é
'1nd1ces, the areas af the infraupincua and ';' }' f'
_‘ _ R
'supraspinous fossae mf selecteﬁ scapulae wexa -'@:_”"
.'calculated as describ@d in the Methods chapter . 4.
(chapter 3)---ﬁ' The results of nhis analysis ax@
glven 1n Fmgure 40, where the data have been. '%_

ploLted ag a b;variate plat regresszon.'-A   | -g'

“fossorial 1ndexﬂ (area of auprasplnous fcssa x, '
.
.

100/area af 1nfraspinous fogsa) is usad to -qx;f




' compaxe the relahive sizes of the two ﬁossae

=ﬁ_(Figure 40 and Table 10) The results obtained

'fusxng these methods do diffar from those obtained :-"'

'fuszng linear 1nd;ces but not suhstantlally ;t'wf-~

may be seen frbm\\Fmgure 41 I:hat‘. whilst gorz.llas, 3.

"‘-ffand.in particular male gorlllas, have relatlvely

*'°fthe largest 1nfraspincus £ossae o§ any«of the'

':_hcminold gruupa humans do not ﬁossess relatively

..;gmalle:Jinﬁrasplnqus_fossae_than arangyutane_bu; :-

. :dOvPaééeésffeiatively*smailerfinfraspinduaifnésée',g_  

-than beth.African apas and this is corroborated by
'-;the results calculabed for the foasorial index

_'(Table-;O).~

Several marphological features of thé mcapula
.show few diffeménces between the hommnoid Bpecies
but do separate the scapulae of homlnoxds from

:those of cerceplthecoids - The slza anﬁ projacrian”
;ovar the glenaiﬂ cavity of the acromlon\process ¢f
!tﬁe hominoid aﬁapula is such a- feature._ Acting as
- a 1ever,_ ﬂt 1s fundamental in increasing the'
Fmechaniéaxladvantaga of the deltoid muscle dufmng  .
'_?abductian;af the arm. In hcminoid ﬁP@ﬁiEBijﬁhe_,: |

" acromion ,:ggromass pQ‘.’ﬂ-ihib_ns the origin of Meltoid

5

EEN A



#

'hfmaﬁe laterally over the Ehouldar gnint thereby s]:?3 [Qf*

' glving dalt01d a 1ever advanuaga Qver fts
31nsertion on the mld shaft af the humerus (Inman
'"xe;;al,  1944* Ciochon and Ccrrucéinl, 1977)

A

: ijmihbids.thus*have a‘léverage advantaQE'mnr'”

- abductiqn over gercqpithecoids'r 1n which the - SAF

"fa”acrumlon process daes not extend substantially

'-Ejavermthe-glenoidacavity f The maaor differenceﬁ

- between homlnolds and aercmpithecamds may be
;fexpresaed as an acrommon.projectlcn index  _~"5“
(acromicn pfﬁjactaon “ spinaglenoxd notch dePth

’ xlun ! anaaﬁmlcal length of the scapula) (Table

"- 1 1). It may be saen from this tahle that the

3 Extension of. the aqumlon process 1n homin01d5 ﬁar_ﬂ;
¥ L
"exceeds that obsarved in cercopithecoidg

otnard (1968b,¢) has noted that in Wumans the

 insé&tions of the-majorlupward rotatdrs+o£.the 

lscapula re&emble thase insertidqs observad in the_ .

o 'scapulae af pronoﬂraae primates mome clasely than

they resemble those insartions in non human
: homxnoids To 1llustrate thase diffexances, the
| upward angulatian ef the creat of the apina,may be{

B ”used to indicate the angle of inaertiqn of the

1\
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'f_tra9621us muscle (Gxnard, iéﬁab“éﬁ (Flgura 42)

-In~humansf_ this angle is small and ccrxaspaﬁus ’1'Qf*f

zfmost clasely with the angle 1n quadrupeds

' ff{F1guxa 43) COxnard 1968b cJ xn contrast, in.f” ff;fr°'

 the scapulae of apesr thﬁ angle is apprECiably

'"{gwi&er but the absolute values are Stlll Qu*te
"“?small.;f Th%s feature,'lt has been suggested

'”C'(Oxndrd, 196&b c), fndlcatea that tha human arm

*-ff[lacks power in Elevati°n and s a result °f the

'arm being habitually used in the 1owered
-position

 £ﬁﬁbthér'aﬁg1é méffb£ u§éd:té:répfeseﬁt.the
! force uouple created h& the relatlonship banween

 'the medial end of tha insertion of trapezius on

o the apine of the scapula and both the lnEErtionB

' of the trapezlus and the serratus magnus muscles

||_-.

(Figure.44;jsee”also_Ch§pter 3aﬁor_mare-detalls:pn 

g'the'measurment-bf7this-ah§1e)=(bﬁﬁard;'1§63y;' !
o Oxnard has raported that 1n human scapulae, the

'orientation af thms trapez;ua/aefratus magnus

force cauple more clasely resembles ey cond:tlon -

'-1n quadrupedal monkeys In addition, Oxnard's

_'reﬁults indicate that there is clear S
219
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:'_However, the xesults of the preaent stud? suggeft

 fdifferentiation between the angle values abserved rf:-”:}&

"“f?;in apes and thase Qbserved in humans (Flgura 45),L;f f7‘

ff; ithat Oxnard's ﬂata far apes ara tca heavily ' *ff;},f**7
9 ’;we1ghted with chlmpanzee and hylobatld values aﬁd
ﬁf -that the grouplng "apes" may be too broad a |
w:”g”dategory {Flgure 45) This author's data fnr
.:}humans ccnfirm oxnard's Values hut 1ndicate that ;  ?;3'
 the human sample range overlaps with those cf E
*'s;gorillas and orang utans Thus, gorillas and .TH

mrang utans foxm an 1ntermediate group betweeﬁ the

chimpanzee/hylobatid cluster and the |

 human/quadruped aluster._ Therefnxe, the meaﬁ.”.
';values may stfll be used to distlnguish between e
isamples.oﬁ-apes and_humang( but the human over1§§';  f-“

' wi#thorillas'and.oﬁénQLttans mmlitates aga;gat~;-'.

' this feature being used to determine the   w'
affinities of individual speczmens with uﬁcertaih

. taxonemlc status _ Nevertheless, 1n broad terms,_

humans may be conslderea more simzlar to.

”quadrupedal primates in their trapezmus/serratus

magnus force couple than they are to the 1ivin3

apES;-' The reason for thls similarlty is the more

'_'1atera1 faC1ng glenoid cavity in quadrupeds and

égﬁ.'



;}fﬁf-iT“:.
-

'ﬁefbmpedal humane anﬂu as Oxnard (1963) hae
'-5f'euggeeted" the human arm may 1ack pewer 1n-
“f_elevaticn ae a reeult of 1te belng used ?ﬁ;

"rfﬁhahitually 1n the lewered pasxtlﬂn

.5ﬂe In humane and mnnkeyB.- the glengid C&Vity

“*'fanee mg\e 1ateraler whmlst 1n apes the glenoiﬁ

“\

“..}cavity facg§ more cranmally (Inman et al ; 1944,'

” “foehten and Dxnard 1963 Oxnardr 1953 1963“‘:’e;

1969, C1ochon and Cerucc1n1, 1976, Q\?ut, 1978,

_ Vrba,_1979) : Th@ee differences iﬂ orientatinn of

"jethe glenoid aav;tles between primates may'he'

fmetrleelly expressed by the axlllogleneld angle

JThe axillogleneid angle is defined as the angleQef

Vbetween bhe cranlocaudal aXlS of the. glenoid ©

ecavity and a line parallel to the axle of- the

”axlllary margin that passee through the inﬁerior

:angle Human ecapulae exhibit much higher valuee

- of thie angle than are observed in the upes and

'-are moet similar to those oﬁ qua&rupeda mogkeye

':cavities and more medlally peex_ieneﬁ ecapulae on

_1the therax {Inman et al.,_1944, Gxnar@‘)1953,:_i



;_'that thelr saapular glenald caV1t1es aﬁe

- 1«5# axil'lo?gi-'eﬁ:oi'a aﬁgle«-vamea‘ wh;—{'éh'--riﬁea'é-'z:a&;eg

_..J s U

f: orientated more cranially and their scapulae

fg;pc51hiqned mcre 1atera1¢y cﬁ %he thorax (Inman et'uhﬂ

'*i[flssaa b, 1969,_01ochcp and Corruéﬁgni,

i

f___,fx

l 1944, Ashtun and Oxnard 1953- oxnard 1933,

_? 1979) This Feature in apeg hag beéh ELQQQSted ta=.”

'_be directly related to tﬁe need for thlﬁ group to

D .

ff usa their upper 1imbs above their haads during

”“=-upper 1imb degendent arboreal act1v1tmes (Oxnard,d;-'--=

.'1963 1968c) The mora lateral positionlng of .

i

'ithe glenoid cavityscomhineﬁ ”th a mora medlally

positioned scapular body that is observed fn the
g . ' ‘
Bcapulae of huﬁaﬁs, has been aasociated wi tﬁe

‘  ;hrachlum hanging free alongside the thorax,_a:

| Dositian that allows the human'arm a wzde fieidfof*

movement in frcnt of the body but correspondingly

restricts activitles which requira axtension of

_the limb above the head (0xnard, 1963) HoWever;“
'oxnard (1963) haa.also noted that the.moreﬁ'
:-laterally orientated glenoid cavity in humans most"

'probably 1ndicates that the human arm. lacks pOWET o

in-elevation-atfthgyghoulder.Joint s;nce-bne o

. 222
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'7,wh1ch has bean distussed ahnve, has a ;fduaed

’7¢r1entation Qf tha glen01d%%avity has been

-:-:_.'-..éQSéCiEEEd wj_j:h adaptatio:n tO frequent use 'D"t

.F P
.‘\, .

as brlefly mentloned above. the cranial

-k
)

olSGBc) Thus hylobatids, whlrﬁ amongst all apes

”f'?position since they are dependent on brachiatlon

-fas 2 prlnclpal mcde ef 1ocomat1on, exhibit the

*apes The mean values observed for the

Tk

::_axllloglenoid angle values amongst large-bodieﬂ

"5

'?t;apes cluster alosely and are less dlagnﬁstlc

“ranges (Figure 58) Thus; thls authmr s dat
- indlcate that the axllloglenaid angle may-mot be

]as useful & taynlomxc or functional indicator

,_,,

tT_amongst 11v1ng deinbldﬂ as . some have ¢1aimed

f:tftrayezxﬁs and serratus magﬁuﬁ\muacle force cauple¢

'-fHowevar, the sample range of index values far thef

) great 1paa and humans is extensive Wlth major S

?the o

5;'Most frequﬁntly use their armg in the raised 3,"gjf"

_overlapplng between the human range and the apesr L

 :forel1mb 1n a raised positlon jgxnprd, 1963, r;_gh@;f:Tft

__-1owest mean axilloglenaid index value amonQSt SR



‘. (nshton and Oxnard, 1963; Oxnard, 1963, 3968a,¢,

axillary margin is ﬁ%re pranounced in- the
 ”'scapulae of the 1arge b@died apes than 1t 15 ;in',
i

"most human stapulaa.g Gften the supermor part of i

  10¢31ised area of attachmenm of teres major in the-

~ '1969; Cidckon and Corruceini, 1976; Vrba, 1979).

¥

The origin of the teres magor—muscle on the

the attaahment araa of this muacle farms a 1atera1'--

praébuncEment Qf the margzn'near' the-superior-

%ait*of.its'attachmEnt aréa, especially in tha

‘ﬁanapulae of sama larga bodied non- human

"haminoids.: This greatex prunnuncement in tha

”acapulaa of soma greah apes may be due to the mbre

_apes than in humans. In an examinatlon of ape !

" the apea. male gorillas axhibit the highést

Ffrequency and greatest degree of Jataral margin

'pron;uncament bot guch pronounuement is non

;uncommon in the scapulae of orang utana ané male

,chmmpanzeesf Laternl margin p“onnunaement is
{1353 irequently abserwad dn the scapulae nf

'hylahatida and femaxe chlmpanzees.; Hawever,'ﬁﬁén

. 'present, the scapuwae of thesa two forms exhibit

| 12-2-4_; |



.fthe slighteat deqree of 1atera1 margln
fpronnuncement amongst apes . In cantrast, mumaﬁg:

' _lesS frequenbly exh;blt the degree of o

'pranauncement observed in the aﬁaﬂ However, it-"

“is nnt uncommon.to find that bﬁe scapulae of

"'__heavily muscled human males passess some axpansion JT§
*_Gf the lateral margin at the auperior énd of the

_ teres major mﬁscle*s actachment. Nevertheless, in

 ¢:thﬁse-indvidua1a, the whole area of attaahmenﬂ of
' 'the muscle ig also axpanded into the 1nfer10r ;h -
angie=:hereby adhering:to the_general'human
patﬁgrn.of_posﬁesaihgfén'Expanded iﬁferiﬁr-érea;

~for the attachment df~teres_mai9r., "

' The Proximal: Humerus

e

Al wihh the g.anoid cavity, the proximal end:

of the humerus posaeaaas several marphological

N features bhat asaiat_in_creating_ an extrame;y_.
mob§ié j6intf”Thg-mdéb promiﬁ§nt ﬁaaturés of the-
”'proximal.hﬁmexua.éré'tha tﬁﬁ ﬁﬁberéles;.thé';
fxntertuberaular sulcus and the artiuular part of

:;the head. -zn this section, in@iees-wil&.he- uaeﬁ
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; po[discﬁj varlatlens in: the morphblogiaal

-featufes d the humeri amongst the hominuid

Juet as”the supraglanoid tubercle oﬁ the.
”thom;ﬁoid scaﬁula has beuame reduced, thus allow;ng im”
 f a greateg.dé%#eé.of upward movement of tnh o
 ffhumeral head within the glenoid cavity,
 7;acrrespanding1y beth the greater and lesaer

 tuberc1es are reduced ovaer thase observed in mare _'”
}:quadrupedal Qrimates The greaner and lesser
”;tuberclea of ape and human humeri are typically
.'.'positianed wall belaw the humeral head (Table 14)
}This hag been suggested ay an adaptation towards
allowmng the numeral head_greater freedom of
R mcvemeﬁn ﬁithin-the'gieﬁoid caﬁity:(barsoh and 
Stern, 1989). The relatlvely amall size of the
greater and lesser tubercles in apaa and h\nana is:
.in contrast ta the pattexn obaerved in the humerl
of more Perreatr;al mammala aa well as with the
pattern pthbited by monkeys. In both of theaa
.groupa@' tna greatgr:tubercle_yroggcna'well_over
"ﬁhé'humeralAﬁeaﬁ.':This“restﬁicﬁa cranial s

movements of the humeral head articular surface
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“o[oofreedom of movement 1n ‘the Whole glenohumeral

.:¥]ﬁ joint (Zapfe, 1960}

&

'-ﬂ.;fwithin the grenoid oavity and thus restrmcts

,-',' T

_‘-."-.

The inferiorly positioned tuberrles oﬁ the

.‘-_nominoid humeral head allow for a high degree of

”fupward movemenu of the humeral head 1n the glenold?ﬁ

'-_cavity wmthout interference wlth the passage of

«u'ﬁﬁgroove (Larson and Sternr_1989) Theoretlcally,

a0

:'ﬁthere 13 also an 1ncrease in- the léVerage

rnrfadvantage of the the rotator cuff muscles that .

'7 1ns=rt intc the tuhercles. In particular a

U'leverage advantage is prov1ded for movements which'

- 1nvolve rotation, abduotion and adduotion Lniallo i-

and Dean, 1990)

The articular part of ‘the. head of the humerus

g

'ogothe supraglenold tube;cle 1nto the 1ntertuheroularla';"

_may be oonsidered almost cémpletely hemispherlcal ';;

" in apas In humans, thé head tenda'no possesa a
sllghtly greater 1ength.diamater in ralation to
‘breadth (Table 18} (Knussman,_issv, cipchon and

COrruccini 1978; senut, 19?3) Thua the whole

artioulaffsurﬂaoe_presents nore of-aﬁoollipsoi&.;n”

o

o '.o-_ f,V..227]':- -;{oﬁ'.



A

e

humana axhibit ‘the 1owest mean values.'_These

shapa in humans The humeral head mndax (humaral j; *th

headnbreadth.fhumeral head length.xloo) has been

*:usad to express these shape dlfferences {Sanut,

1978) While tha values calculated for tha

&
humeral head index overlap to some degree in. all

) thﬂ prlmate SPeciaa observad by this author,.g%aV  B

- N

' results are somewhat in contradictlcn W1th the

: findinga of Knussman (1967), who reported that Lheff

relatlonshlp oﬂ langth t¢ breadth af the humexal _

head in humana 13 mid way between the "roun&ﬂ_

1!

humaral head posaessed by apes and the "elongated"'. “

head poasassed by maneys.f The present author

s

found that the Ber;es of Papia ursinus have
relatively broad humeral heads in relatzon to heaa :
1ength._ In addltlon, the cercopithecus aectiqps .

‘series possess both the 1owest racorded mean

-Value and the greatest fange of values for this

this author. Thia‘author's reaults, whiah

“_-inﬂex-for - any of " the primate greups examlned by

“°“tradi°t.tha_Btat?mentﬁ of Knussman (1967), may

be due to the presence of a large percentage of

~ captive animals in the monkey series examined in

iy

VO

A
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'-f :the presant study or that thlB au&hcraexamined

7.;more anamalsor dlfferent specles ﬁhan Knussman

The relatlve width af the intdrtubercular ;1_ 3?5"'

h

1su1cus, and by infereﬁce the slze Qf the bmceps _fi

' :;brach1i tendon and its investzng sh%ath,_are

 expressed by the intartubercular in@ex' 7

'-__(1ntertubercular sulcuﬁ width xlﬁﬂ/ﬂediolatexal

l diameter cf the humeral head)4 Homimoids poasess :

_canaiderably smaller intertubercular\ graoves than
":'the pronograde olda World.mankeys (Tabhe 16) |
 Among the hommnold speames, tha mean iﬁdex values
“'do not Hignificantly differ.WEHi 0 |

- Tiier'e is a greéat deal of iﬁafi.-at:ion -:ami:ng%str

hominoids 1n the poaitlan of the intextubewcular'-:

'sulcua in relation to the graatar and lesser

tubera;es. rh&*greataat;d@gree of dafference is

bbserved'betwean tha arbitxary'hylob&tid gfbuﬁing

. and the human/pangid greuping (Figure %6) (Inman
' et al., 1944;~Zapte, 1960) Hylobatlda have
 1ntertubercular BUlCl which are apprcximateyw
centrally- chaqu betwﬁen almnst;equa;fsi&aL  f

greater and lesser tubercles, a condition most’
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_ bontrast, the large bmdled ha 'n?idso QBEESﬂnig;ﬂf'ﬂ'}fi,f"
| " ST X
Vintartubenmular ﬂulci Which arasmore mediallﬁ ERERCA: D
' - : ,.;,=;r' B
: o ek 3
_ Pas1tiuned between Lubarcles that are unequat in R

fiﬁiZﬁ-' Amongﬂt 1arge bodied hamincids the 145& o
"tubercle attains its greatest felative aizy ;1

__humana.--

The abovementioned media1 displacement of the Y

“-_*_intartubercular sulcus haa been 1inked hy

;i;several authorspto the dagree Of humeral tQ** ”n

i .
{Inman et al.,:1944 zapfe, 1950) } It ha$ been

 fnatad that 1n'any anxmal Whieh haa reduced, arjz %

fabsent humeral toraion, the ﬁntertuberaular f'.%-;” : E

.Qroove is centrally 1ccatad uetwaen the two rf.Eia .i
"tubercles IZapfe, 1960) . hs humeral torsian; - | ;

o increasea, the position of the interuubercular-

groove is sh:ﬁted medially (Inman. eﬁ @1“. 1944)

-of humeral toramon amongst hominoids, hava t:]rva B

Thus hylobatids, which Exhihit ‘the lowest degxee

most centrally paaitmoned intertuberrnlar sulci.-

In aﬁdznion, Zapfe (mssn) haa reported that the'i

higher tha humatal torsian, ‘the narrower and

Coa
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| Vfdeaper the 1ntertubercul¥r groove f In aupport of

__:_ zapfe's amnmluslonf ic wﬁs observea by the authorff

‘. i

. ,5jfthat in the nhzmpanzeE aﬂa QOrillé the tWr:f@“”””

wot

_  functian have beenldebated at consmderabie 1en9th .

-

7[fspacies which posseaa Qh# highesf QEgree of
"ihumefal torsian amangat #he apeJ (Table 1?), the
| “Hg?humeri passeaﬂ nhe narraﬁast adﬁ dﬂepest

t-j?fantertubercular su101 Jn bodh hylobatmd species;ff

1
|

J

as fnund to be wide and shﬁllow orang utans and,-

humans appaﬂr to be the exception tb Zapfe s"

N

uhservatlan ' Orang utans‘bosseas relaulvely low

degraes Gf“humeral boraion hut alao haVB narrow o

k-l

*-an& deep intertubercular gr@oves Humans; who :
-péssesa.the highest degree Qf humeral torsinn cf

  any hommhcxd specias, have relatively shallow and

4

5wide intertubercular gfboves. The functional

implications of the relatianship between

A

_1ntertuhercular sulcus ﬁlmenslans and humeral N

]..-'

' ﬂt°rﬂi0n arE-notmclear_and-deaerveafurther study?f

The 5volution bf humeral torsion and its

ozar

A .

G ;._;

e

'g,féwhlch were pbseﬁved tu pqssegm the lawest degree {:_g' ;3

,nf humeral tursioh, the'intertubarcular groove ”,.._”




1::{M1ller, 1932 LeGros clark, 1971,_Larson,01988)
It aufficas to Bay that the most recent studies | ;f
'Suggest that humeral torsion in the apeﬂ and

-  humans is mast prabably not a pléaiomorphy, fbutf“

:_isjmore 1ikely phe result of parallel evclutian in DR

'7response to selectlon pressures (Larscn, 1988)

,__ﬁ narson has Eugaegted that for hUMans, the ﬁ L

.Q-Belectign preESure fcr humeral torsion was

.prcv1ded by an adapﬁatlun to manmpulative
'ibehayicur;'cTheQ;ngfeaseq torgian-gf=nhe-pgme£ﬁﬁa_.
'_ih:ﬁuﬁéﬁé_ﬁ¢uid thﬁé;ﬁé ip'keépiﬁéfwitﬁ-the'mﬁfe  '

. 1at'e£:aiig}': §-b-a-it:ione&- 'sb-'aﬁléier. joint - "I'd:c-.sic':'n.- |

:of the humerua orientates the elbow anterioriy, :_;

'thus placing the hands in front of tne body |
fCanersely,_Larson (1988) sugge:ts that apes
evolveduelther-humeral.torsion,.or_lack:qf humeralnz
 toréion;;iﬁ respoﬁse té'a %ariétﬁ pf'differinﬁ |
-'upﬁer.lihb-depeﬁdeﬁt-iocdmotdr needs;'  F9r 7"':
example. gibbons posaess very low humeral torsion
 va1ues in keeping with the need to 1aterally

rotata the arm at the shoulder jOlnt, Whllﬂt the.
'“arm 13 hyperauplnated at the elbuw, This position
.is maintalned in preparatzon fmr graaping a new

support 1n.advance af- tha body during the final -
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==

”" ij11ler, 1932,_LeGros clark, 1971 Lamson, 1988)(,

e It auﬂflcea to say that the most recen& séudies

'- i1s mare likely the result of parallel evclution in

'ffsuggest that humeral terslon in the apes and

" §ﬁmana is most pnphably not -a pleslomorphv, but

'7 ”reapcnse to selectian pressures tLarson, 1988) ;; sﬁ’"

'”fLarsun has auggested that fcr humans. the Lo

”'fselectmon pressure for humeral torsion was

'." previded hy an adaptaticn tn manlpulative
';behaviour. The increased torslon of the humerua_
'1n humans would thus be in keeplng wlth tha more°
  laterally positioned shculder jaint.: 5 Torsionf

 ,0£ the humerua nrientates the elbow anteriarly,__"

i

'  thus placlng the hands in front of the body.

-conversely, Larson (1985) auggests that apes'

evolved elther humeral tarsion, Or lack of humeral

.Etorslon, in response to s varzety af differlng

- upPer limb dependent locomotor needs “FOr-;.==. i
, examp1e, gibbons paasess very 1ow humeral torsion

. values in keeplng W1th the need to laterally |

_.rotate the arm - at the shaulder 3oint, whilst the'

ari 15 hypersuplnated at the elbow.' Thls posltlon :

is malntained in preparation,for grasping a new

'support.in-advance_cf.the body.during-the f;pal
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':f.Larson, maae)

| 'fswf&g phase of brachlation (sarmiento, 1985,

© rhe claviele

g -. Sl

'?"se'véfai-._.'ﬁ;arp.amL-ag’ic‘al; features on 'cﬁe.-' clavicle <

" -ﬁéy be used to dlstmnguish batween the various o
""'_..s-p'ecies_-of axomlnalds and in parmcular, between
:;humans and apes.  Mbat prmmlnent among theae
._jfeatures lE the cranial twisting of the claVLculaﬁ -
'_body‘- This feature allows the clavicles of apes-'
; to reach themr more cranially posmtloned dcromlon._'J
”_Thus, the lateral endg @f the clavlcle in ;pea .
:ef lblt a pronaunced cranial thst (Figure 47}
.(Oxnard;:1984) ' Thlﬁ cranial twisting is ’
_ generally absent in ‘human clavicles. althcugh

. there ara 1nstances of deviation from this rule.

Several features aasociated w1th muscular
_attachment areas exhibit extensive intra- and : rFa

 1nterspecif1c varlatlon amongst primftes.g The .
| Ao

A

morpholcgy of the area of orlgln of ‘the

s:ernohyoid muacle_on_the_medial-part oﬁ-théﬁ?‘?
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Ty

olaviole lS one euch feature that although foofff:LJV

. "p’ . T
localised 1n posltlon, lS var;able 1n appeardnoe

: amongst h0m1n01ds. ,A vislbﬁe attachment area for_*"”

sternohyoid 15' almost unmversally present 1n

human clavicles and the clavicles of orang utans,e°5"'“f”

but 1talS not alwaye deteotable in the olaviclee

of chimpanzees and gorillae.i'o The orlgln of'“

e;nsternohyoid in human olaviclee is obaervable as aﬁﬁ;;;oﬁ_f

rugose or depressed area 51tuated just medial to"'”
the rhomboid ﬁoesa.e; In non human homlnoids,'lt
ie typioally observed as'¢é _ 1arge-area of
.:'sllghtly rugoee bone 1ooated 1n the same posltlonL“

'-as-those_of humans,,

]
| éoncerning iigamentoue soructures, inomosif b
: Afrioan apee the area of attachment of the

costbolavioular ligament is not pronounced since
.the ooetoclav*rular 1lgament epreada 1ts
-attachment over a muoh lerger regaon of the

mnferomedlal surface of the claviole than in
| humane. ; In modern human olavlcleb h the area of
.attachment of the oostoolav;cular 11gamenu teﬂds

to be more 1ocallsed and to form what oa known aﬂ.

.\.\

/

the rhomboid fossa, : The presence or absenoe of a\\j

L

N )\ S



_:jlo% (ParSOns, 19161 Longia et éz., 1932 Jlt anq

o i ﬁ:} r e
"}Trhbmbdi&ﬂfossé hésﬁbeén:extenéively Stﬁdied~iﬁ734:.f?ﬁf o

:t:medical research (Paraons, 1916 Longia eb al.,
' r1982~ Jit and Kaul, 1986) These studles have_f'.
'  1nd1cated ﬁhat 1n modern human populations as many

:t: as 95 q % ot clav;cles exhlblt .a rhomba:d fossa

.f (Srivastava et al ,_1977}, but frequencies vary

'-]widely amcngst ?ﬁﬁulations& Human populations

“f”have been kncwn to rECOEd frequenc;&s ag low a8 ;ﬁc;~.;'-~

\'r"- Ii

Kaur, 1966) and bne wfhld expect that Such

”varlablllty would also be vrewent in ape _'; fgf,&:;;
. npopulations-'-: S ".;;_ T

Whereaa it is wel¢ recognised that both the

_"relatlve curvature and the relative tOIElOn of

the hominold clavicleiexhibit-considerable '

'-intraspeaiflc variabilzty (schultz,_lsso 1935;:
"Slowik, 1945 Ashton and Oxnard 1964~ Oxnard,
2_1969 Sarmiento, 19&5), the functional ?uﬁ'
 si$nif1ca#ce of such*'varzatlon is-not&wellf
,f. undefstodd (Ashton and Oxnard 1964 Oxnard
'1968a Frost 1973 Boaz, 1980) It is reoogéised..
'that apea possesa generally straighter cla-icla '

"shafts, whilst humans possess a considerably
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" _“relatively high dEgrees of clavicula;/;o _n‘[

ﬂ _intermedlate between thase extremas althaugh alx-

Co

'T-greaﬁéﬁ-degrééfbf-aigmoid chfvature,. In cgﬁtrast,-'
'¥gﬁhuman\clavicles ethhit a relatively 1ow dEQree af

' 01av1cu1ar tor51on, whilsf those of apes exhxbit

L.

: ra S
Figure 48 shaws thnt, amongat exhanﬂ hominoids,ﬁk
":the dagree of torsibn is greatest in tha -
"7=5fclavicles of garillaa _and 1dweﬁ; in human ”'”f";-;gﬁ

5fclavicles.. Both chimpanzaes, hylobatlda and f  ¥-}'

_;orang -0 "ns exhibit clavmcular torsimn valués

o the apes clustar clOBaly togetner

N
S

In\their landmark study oﬁ clavicular torsion

", AsHton and Oxnard (1964, p. 429) concluded that

the degree of clavicular tcxsionjreflects "khe

- extent-tc which the-shauldér gir&lé is't&istéd.
_-cranlally and posltionéd rather mOre supermorly on

the thorax“ mn homﬂnoadﬁ.- Asg the;mean:value-qf:

c1avxcular.torsion riaeS“ﬁrom'QnQ-grqupfto_-“'

o another, we may'bbsérve aﬁ'apparent rise in the
_frequency of uppar limb dePendent behaviour
- ﬁssoc;ated with suspanz;on of ths body (e g.

i brachlatlon in the hqubatids)ku



__to_Z;ihylobatids ' 2 to 3; whilst humans and

_i/?__

POSSiblY related to clavicular toraion 15 the

|  de§ree of. Blgmﬂld nurvature ohsarvable JAn-
:clavia&es_of.apes, Certaznly, sigmoid agyvaturé.
'ffmay be used tn sepaiate the clavacles ot hommnolds}_'"'%
: “from those cf mankeys (Baaz, 1980) _ However,"'
'H   a1though examlned by numerous authors (Schultz ?1ﬁ;ﬁi.l
.:fimsao Inman et al. 1944 Lockhart et d1., 1959,-=”""”
.  'dxhafdy?196aa;-m969~ Froat, 1973~-Bcaz, 1930,33- 
:: sarmiento. 1935); thP degree cf sigmamd uur”ature_fn? _

Vﬂof the clavicle and the consequent variatmon among 55: "

l.':

fi hominozdrspecmes,- is not generally.quant;fied.'-.
 Figure 49 presents a sccring method of Elgmcid
. curvatuxe det}sed by this author that is based ﬁn |

'standards for fiva degrees of curvature;.'-#'iﬁ .

thisasysteﬁ, the absence of chservablegeurvature- :

pn

in the shaft of the clavicle is scored as 0

'wh11§ﬁ~strong.aigmoia-curvatﬁre is scbred.ésfbyf
fThus orang utan modal clavicles poore 0 ko' 1l on

8 x;sigmnid curvature, gorilla mOdal clavicles score 1':

g

chimpanZAes typically-scorﬁhar 4 or 5; 'Most  

_ monkey clavlulps would score 0 for sigmaid

'curvature,_
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_fHowever, aeveral authnrs have suggestad

'1;1n mcdern homlnlﬁ:ﬁlavicleg‘_:_”"

";(19553 hypathesise that the 51gmoid curvature 1r ﬂ'

-human clavicles acts as a more powerful bracing

E"fAEJOxhard'(iéég)?hasénoted, the éxaqt nature  “JT}i7:

Lsfpf the relationship af the aegree °f slngid

-3

'*_curvature to mechanical functzan 15 not kﬂOWﬂ.a-_

planations far the 1ncreased sigmoid curv

e

- toman et al. (1944) ﬁav'e'-sﬁgdéate&- that the =

“' _h1gu dagree of Blgmdld curvature present in human
| ":_clavicles allows them bo act as a craukshafﬁ

.during elavation of tha arm* | Lockhart et al

A
mechanism far the shoulder glrdle Frost“(1973)~

Buggests that the degree of sigm01d curvatu&a is

related o dlfferential ‘bone deposmtion in

'response to forcea axerped by differentiallyvq
'Placed’muscla attadhment areas in the clavicles of

'humans AlternatiVelyf Boaz (1980) and Sarﬂiento o

(1985) suggeat that the Bmgmo;d curvature _;n phe

clavicles of hominids is due to the more posterior

position of the shoulder girdle with respect to

the cenfre oF gravity of the body and to thoracig -

shape (é.g. thé barvel shaped chests of ?ﬁéminidé'



Az

’_a“claV1cles.'

e

J;afas OPPGBed to the more fusilined shaped chests :F°
.w-seen 1n apes) Regardless of the speclfic

':functlan of claviaular sigmcid curvature, bhe

L ;curvature make 1t ossibla to determine the S

}Emorphologlcal afflnities of early hominid

Ly

'---1;~.; Co
R

'aAQIatrﬁié af~thﬁﬁ5, 1n African apes the body  f_-C
{of the clavicle 15 not heavily marked by soft__f

f tissue attachment areas, Whllst in- human
clav1¢1e5 anﬁ to a lesaer extent in the clavialaa;a
 fof Aaian.apes, thera 13 a tendency fbr areas of:
' ;muscu1ar attachment to be more pranuuncad‘ _afhe 

”most striking attachment axea in the human

clavmale'ils uSually the raﬁﬂed rmdge Qn the

¢ anterc 1nferior ﬁurface that 15 created by tha
falaheral contlnuaEiOn of the origxn of tha
| pactoraL}s major muscle and by the medial half of a
'the 1nsertian area of tHe subclaViua muscle,fa
;%These two areas of muscular attachment méet Just
":;medial to the midﬁle af tha human alavicular body '
:._creating tne raiaed rldge This ridge runs |

--diagonally acroas the inferlor aurfaae of the

239 -
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o

gciaﬁicﬁiarfﬁcdy“ﬁhf Often, on the sternal part of

{ftha anterosuperlcr aurface of the body of human

_._T_clavicles, the rugcae area 5% origin of the

Cu

- pectara11s majcr muscle is visible as an 3101gated

'°:'leand cﬁ raised bcne

'}{?iﬁca_a clavaclcs cf humans the attachment

- area of the ccstoclavicular llgamant is mcre
s:laterally and pcstercsuperlorly poslticned than hnfft

“the-clavicles of nonrhuman hominoigs.and,ig.almcst_"

\\,

“'v;always more 1ocalised., . The poaition'of the't'

':”attachment area becomes prcgressively more'*c'

R

'1nferiorly and anteriorly positioned from thejc

ccnditlon cbserved in the Afr;can apes to that

' observed in the Aaian apes ' In the African apes

the attachment area of the costcclavicular

fligament is typically cbserved as a small bulb or;

depressmon that iB slmllar in shape and form to

that-obsetved in human~clavic195.z The-exact pcxnt-

_cfﬁﬁttaChmént'cf thié ligament is ucﬁaliy

| situated Just 1ateral to, and often encroaches_

onto, the sternal articular surtace _-' In the

clavicles cf the Asian apes, the attachment araa

cf tha ccstoclavicular 1@gament often fcrma a
240
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'f,;'lnfexior surfade., The rldge most often haB a

- iiﬁtrong anterlﬂr urlentatlcn . On the-whule; th

A ._1") et

':dlstlnﬁt blade, or rldge along the length of tne 2 °;” :'”

& _jl'

7jarea af atgachment of the costoclavlcular 11gament

if“"orang utans 15 more medlally posit;oned.than

”'ﬁﬁghuman clavicles

::ain tha clavicles af chzmpanzees, gcrillas and

.'Ln

The function gf the costoclavicular 1igamentff*

Q.

- fsuggest that besides offering a structural

TRy

 -is not completely understood M@at studles L

; : attaahment batween the clavicle, fert rib and *

:.axial ratation (éave, 1961a b Willaam% aﬁﬁ.#c

Warwmk 193::, Williams ‘et al., 19;}9) l'

lf

féstrongar,_more medmally positioneq caahoclavicular S

I
&

f%llgament attachment. as: ig obaerv#a 1h\€he

f.clavicles of apes,- sugg&sts thau.a widfimrang

N
movement i allowedﬁdurlng- 1ate#a1 axlal‘\

efof

| r¢tatmcn ‘Bince greater 1ateraLJaxial rotahéOW

_of dislocatlon of the 1atera1 end, the strong

would give a 1evax advantage to the lateral \a
1

N

rt

area
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.

nf a;ta&hment may mndlcate compenaatlon for the='

added stresses placed on the médiélly posmtloned

@ g-ﬁf-'-.'-;-; ..“;“m_:”.f

The pectaralls major muscle presents a l&rge

,‘_ D '\;

area of origln on the medial end of the clavicle -

L"t

In human clav;cles the most visible area of

A

attaahment of pecnoralia majnr is on the - U:'A””*”"*':ﬁ”

S U

pasterosﬁperlor- paxt af the medmal endi.--fn~ﬁhis?4”

spec;es the attachment area of pactora‘is
o %\.

typlcally observed as & large. rugoaa area of

bnne..   The area of attachment curves frdm thﬁ:

o

extreme Euperomed;al edge of the sternal end of

b
til

the clavmcle Laterally ané¢anterlor;y' untll 1t

v
blends with the rather feature)ess anterosuperior

surface oﬂ the mldee part of the. ¢1av;c1e

In,the clavxcles of apes, the area af

y :attachment of pactoralis majcr is almost aIWaya
more localised and mare strongly developed than 1n,*

thé_ clancles of humans. The 1ocaliaation of the:

mﬁscle greatly affects the shape of thé medial
'énd.“~l In all non human hominoid groups the

Qrigin of the pactoralls major muscle usuallv

. EX .

llgament in apes-. TR S R -

RO

majﬁr is  ”_,,fi



*;_T_trlangular area of flattened bOne._-.;ihé_

-h.occuples most of the anterior face of the sternal B

*héﬁd;ﬁs In thlS region it generally attachesfxﬁ'a:.kﬁj

y

'ittriangular araa of attachment usually contlnuEE

s

_'1aterally and ends ln a ridge that may be cbse*vad

”on the anterier surface near tha middle of the

“fshaulder girdle, pectoralis major aaslsts 1n

""drawmng the thorAx up and forward (See Chapter 5),i S

.,, .

-g5fthus Ehe strang alteration of the medial

r

*hgfhady. In Combinaticn wmth the 1arqe muscles of the B

' morphology of the clavlcle obs rved in the apea

'most probably 13 a result of tne localizatlon of

o the area of attachment in these forms

The authdr'observed that'thére.is'exteﬁsivé

. varlatlon amongst hommnomd specles in the

......

Per

_ cross sectional Shape of. the body of therclaviale o

-_1and it wag decidad to. examlne the shape

';dlfferences to see 1f any uaeful taxonomic
;1ndlcators mlght'be observed..-Therefore the'
cross aectlonal shape of the body of the clavicle
twas taken at the approxlmate mid poinu of the |
Juqreatest 1engthr whzch 1n humans usually 11&5

LT i

. at o around the polnt where the anterlor “f”
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'*ﬂeﬁthe pesterior eurvatur variatlon 1n

. P L L e T R .

O S T A N A T
. o Lt A A A

=[”'curvature cf the body of/}he claV1cle give% way tg

T'“cross eectlonal shape of the body ef the'c _ﬁibiee_b |

7f-was observed tc be hlgh between homlnoid;epecles

'"75_€F§gure 50).;e-Humans:were-found:ta genera11?~'

V‘

'77Jexh1bit a lunate shape that has raunded borderﬂrﬁe-.
. '."._-althoug’h the preEEnGﬂ Gf an angular, flattenec’l

“,elepe on the enterlar surface lE not uncommon‘”fa_f

i‘---

'*~;(Figure 50) In contrast the clav;cles of

‘”'a,oraﬁggutans and hylebatids typically present a

G’

" mere angular”and almcet triangulex croes secticnal :

'_joutline Qf the body The clav1cles qf chmmpanzees:

and gcrillae are more flattened and in

-cxess eectional shape, resemhle £ reversed £ é e ee o

et

'7-amrfoii being semewhat flattened on the 1nferior
“fsurface and usually exhiblt a 1ong, anterior

'ffacmng slope on' the supermor surface. o

No previeue ;n depth studiee have been

;hconducted on. the functienal smgnlflcance of these e

varietles ef clavicular body shape. However, 1t_

'may be surmised thet the lunate ehape observed in
' the claviclee of humans may be aesocmated with

: 1ncreaeed s;gmozd curvature ' This correlat pn

C o a



;;7*has also bean observed by the present author in

e

hlmpanzee clavxclea that eXhlblt nﬂreased

h

'"’sigmai&~curvature ra and above on this authnr's

B¥ . :
. Sy

”-fjsigmoid curvatuge sj}:ale)i \kIn thesa speclmens, ;t;ifﬂ ”

oo . )
 :;has been noted that tha more pronaunced the

f,fslgmold curvature, the more lunate the

' ffcrasa sectional shape. Conversely, in human_ "5T5'T73Hﬁ

“ Lo

RPN

'fclavicles that Exhlbit less sigmoiﬁ curvature; the _ ‘ '
T'j} crcss sect;onal shape qf the body 15 more

"fjflattened ' '“f_' ﬂf5¢ff l'-ﬁ-f;V- :t,‘f-n”~"*-'

As waa ndted for the quss sectlonal hndy

'-Vshape, the aross sectional shape of the medlal, or;

'sternal end of the clavic;e varies dramatlcally ;-.ﬂ

_among the hominold groups Human clavmcles tend '

' “towazds a more rounded [+b ovoid crosa sectlonal

i'shape (?igure 51) The_optline is;usua1;y -
  1nterrupted:by rugasé iigameﬁf.;tféﬁhméhtl:s "
imﬁfesﬂibﬁé in éiaviéies.bf malé iﬁdivi&ﬁais;fif}
fFWhile these marklngs are less obvious in o
.clavicles of female individuals The |

cross sectlmnal shapes of the sternal ends of

: non human hominoid clavicles are usually leSS

| rounde& than those of human clav;cles._;How&ve:‘ f_~'



fwtﬁbse of Aﬁrican apes are'more' 51milar to the
_.lﬁclaV1c1es of humans._ The clavieles of orang utang %%5_3

_eand hylobatlds are more flattened and lees similar

i

= K

tQ thbse Of h\&{%ﬂ.n ClaVlCIeg__“_ e

 Summary

e

The skeletal eleméhte of the shoulder glrdle
;of extant honln01d$ comprlse a complex that is
f'v%;y moblle, offerlng ‘a high degree of Exeedom of
_ movement tn the Lpper limbz_ However, amonget
'T"hominoids there are verymng skeletal features that
fmay be related to 10comotor hehaviour._- Thie o
'”chapter has highlighted numerous morpholegical
“-features of the shculder glrdle whmch euable the Eh”
: auther to dlstlngulah between the functlonal -
"_ ﬁepphqlogiee ofxextanﬁ-taxe,i What is most readmly
.-_eﬁideﬁt-iE-thet.eihgle-feetufes-are, for:the most
:part, unreliable for systematic ox functicnal o
interﬁretatlons, slnce there iz a hlgh degree of
.:bverlap between the observed morphology of
_ individualjfeatures amongst extant.hpminoids;"

Rather, "packages’ of tralts are more useful in .




 {®;

hamogeneous between species, and only with carefu; ﬁ ”

. i;k..n L

dlstlngulshing between sPecles.” Heverthelesa,

W

moderh hOmanld morphology 13 remarkably 'J:;"&EZT;;QH

assessm&nt may the a:r.fferent 1ocomotor beha@ﬁ.aur

“ be distinguishad.

::;fgsstUdy of the extant hnminoid shoulder g%rﬁlﬁ will

S

In chapter ?, the kquledge galned in thia ;

' L

. -

be applied to the fossil heminid record,_;;*__,;_,

WA -

N R




-y

Reaentfdiscéveriea af nume;ous fossil heminid __ S

 _shnu1der girdle elements ﬁrom Sterkfontein allow 
'-th fmrst -comparzsons berween shoulder girdle - -
. : : Cel A o T

ERL

'ﬁélementsr_-of-tWa'well*rgpfés&nt&d- ~,species_pf"_f

..}5_9110 Pleistocene haminid This_ chapter :ig 'a# ~

3attempt to axirpgi“‘r the functlonal and morphaloglcal

i \ r

-knowledge ga;ned from the study and analysls of
the modern hominoid shoulder girdle IInman et al.,;

 1344;-WAshton ~and _Dxnaxd,- 1963;':Oxnard 19680,f

B .1-96-9," '-'199'0 Senut, | 19'78" Larson and St\arn, 1986,

_1989 etc‘, thia Btudy) EQ the fossil hominid .
_;matexiali_ The goal 15 to explore what functional.
 'é§a§tatiqns may‘bagﬁhown by;the ﬁqasil_fo;ms and'”
 '§9  make[ db§¢ivétibn§_ on 'béésiblé _phylogeneﬁig:
_ £e1étidﬁsﬁipé.-  Tﬁétéfdre, thisséhaﬁter hnﬁ 6ﬂ1f~

.compares the f0551la Wlth extant forms,-but also:

compares 1nt:a-'and 1nterspecific adaptations andfﬁ

s 248 -



: }referred to ”the{ early hﬁmlnlﬁ specles ”::Thé'i_lu'

"? and observed rangis.-: f

'Wrguidas £o . assmst the reader in ident;fying andJ 

| vmsuallzing ;mpartann mcrphological features of

'5Zreasonah1e facsimilea.of,the.orlginal Speeimen“*

nembers-allow.

 fhave previously been de-gribed are included as

'[:the bones. ij',T é Plgtes -and Figures af the:

AR

- rélatlonships  where fossil preservation and

. __1_]._ e

.\}

'.Thxs chapter hegins Wlth descriptions d ';.“:

ief?discussions of the fossil shoulder girdle material_f:fzﬁ

. '0

.atatlstical data presented in thzs chapter .éfe”

 Primani1Y presented as means, standaﬁ? deviatlong~’-'

_xu”

e

'”illﬁstratibnsfaﬁ foséil hominid*apecimens bhat'

"*previously undescrlbed fossils from Sterkfanteln."”“

| are anatomica:ly accurate and may pe considered as

-C,‘
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Bpacimenﬁ Refer:ed to, ar Associated With,

Australapibhacua afriﬂanua

T

B 25 TS TS

o

(right scapular fragmenu (Figure 52)

(Broom et ai .1950)

e

This specimen comprises tha glﬁ&ﬂii area, tha ,'

lateral one half of tha spine, part of the

-l
LA
¥ .

acrom;on, the coraccld process, thE'lnfragleﬁoi&_'“

S

".tubercle, supraglenoid tubarcla,'and the sﬂperior_

1half to three fifths of tha axillary margin oﬁ a ﬁ

gright scapula."Most of the glenoid cavity is -_p“ :

.Lpreserved: butr arefia superflclal scaring of

'moat of the articular surﬁacé. 'V_:'T'ﬁ

W



'I‘h& glenoid cav:.ty : Df Stﬂ ’7 may he desc:ibed_’ e

pyrlfnrm 1n shape This shape is emphasised ;f;):

fhy the strong mid costal margln natchlng There

'l‘i

f;have been numerous estimates cf the dlmensions aﬁ

';the glenoid cavzty but due to damage to the arpa,

esnlmates Vary greatly (Brﬁum et al., *,30-

f7Rob1nson,.19?a, senut 1978, Vrba, 1979) tTable

'*18).: Thms author*s estimate of the glenold

_ficavity greatest 1éngth (GL} is c38 o mm N Thia

queatimate is based on the assumption that‘the':':

fsuperior part of the supraglen01d tubercle is-' '

' 'ccmplete, or nearly complete, and that there 15

':minlmal anteroposterlor distortion along the '
?flength of the glsnoid cavity. on the basms of her
reconstruction,;Vrba (19?9}.has alao reported:.a_;

"QienOidlcﬂﬁitY'laﬁﬁth-aﬁ‘csé;q-mm._“ 

7__iha_$readt# diﬁénsibné o£wtheigléﬁaidfaﬁvity '
- aré;mo:é diffig?;£ tﬁ assess_dué_ﬁb“éignifiéant |
"amage to the é&rﬁél-éienbid'ﬁafgiﬂianﬁ minor-
damage to,%he lower part of the costal glenoid
'V_margin: Nevertheiess, there have bepn saveral

EstlmatE$ ﬂar glenoid CaV1tY breadth in thlB

Epeciman {Broom et al., 1950, Pnbmnson, 1972--«*

251



. 'Seﬁﬁt,_197a, Vrba, 1959& However, all estimatss
af hreadth that were made before Vrba's cleaning
ff of the speclmen 1n the 1ate 1970'5 (Vrba,.1979)

) may be consadered 1mvalad, smnce her removal of

- .._._-:;'—_.:_-*‘.-:_5-'-”"'

the attached bretcié has revealed cohsiderably
'-_ more bone than had prevzcusly been surmised._;¥ ?
After her recanstructlon of the &pecmmen, vrba |
\;:estlmates an artlcular suxface breadth (AB) of

"19 5 mm and a g1Enozd cav;ty greatest braadth (GB)

-._of 227 0 mm,- This author estimates artlcula:

breadthﬂat c19 O'mm and g eatest breadth at czs 0

~ 3:_mm;' Thls author's estlmate is based on the

o bel;ef that the raised ridge that 13 Vlslble along<_'-7'
the caQtal margin naar the point of greqtest  _¥ o
brea@th, is the lmne of attachment for the glenomd
 iab:u¢;[_1his indicatES'to thiéwauthor that.thé:

:articﬁlax'surfa‘ceé 18 complete .a-t-this point. This B

-_ author*s recanzhructlon ofaorlglnal greabest

- aliowance has been made for some bone 1053 on bcth

\.

- breadth is slightly higher than Vrba's because

'the lower dorsal and costal margins, a si tuatiqn_
not taken 1nto account by Vrba. Nevertheless,_the'
reSulting glenoid index valua (GI) of around 50%

is comparahle W1th prevmous glenoid index

252
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ek L L

' : N~ I o
---estlmates eave for’f%at of Robineon (1972), whose S

'\3estlmated index value ef 51 4% clearly xesults‘_

fefrom hlﬂ under¢5t1mate of the Ql&naid cavityn L

f breadthf1n the unprepared speclmen. Glenald

fecawitY aﬁticular depth is estimated hY this author-;7~i:

The supraglenaid tubercle ie pronounceﬁ,_and .

| :.jfls costolaterally orientated The mnfraglencid

e

';_ftubercle is narrow (ca o mm) and long (ci? 0 mm)

In ltE super;or part there ig a well defined 5

 tubercle lzke pro;ectlon Whlch Vrba (1979)

'~thaught might represent a "postmortem '

B

'ef_deformetionﬂ -

'-'I'he' aacum»af.- mergin'fis*thin.*-*' Tt has a sl’ight"- o

:costal curvatu L along 1ts ennlre lengtn Total

- 1ength of the preserved axlllary margln is '71.0;-'H

mm .

The acromion of the epecimen has been 1¢st
during tha past half century but fortunately 1t is

111ustrated in Broom et al (1950,-Plate 2:'_'

.Figure 9). - Fraom thme plate_-it'may-be=seeﬁ that o




V;JQ;evident from thlé‘plate that the acromian fragment

“-'f%s‘ight&y thlckengd at the base 'SQinGglEHQ}d"'

” fthe acromicn extends“_ medlally far sbme diﬁtance

'1 'over the glénOld cavity However,,.mt is also

fwas noc camplete E The spine of the scapula is- ’gl“%ff
B % _

ot deptn (sop) is’ci2.0mm. 0

The caracoid process of srs 7 is mcstly
"_ cmmp1ete- ' Authora varY ﬁt éhair astimates af the ;;_ ;
. ariginal axtent of the 1ataral pragectien %f the

'\'\ .-

'aoracoid proness nf Sta 7 Vrba (19?9) esbumates Lo

31_135 much as c10 0,-whilst ciochon and COrruccini yv?f jf'

: AR
(1976) feal that the aoraeoid was mastly complete

 The remainder of the coracoid 15 fa;rly robust,a
”but the neck Of uhe coracoid is quite slander.

'  sta T has what appears to he a strongly devaloped
”=dorsolatera1 tubercle on the aoracold which Vrba
'ff;(1979) bal;eves LS the hamologna of the attachment

area af ‘the conoid part of the coraccclav;cular |
| 1igament, Tha scapular neck has ah estlmated

.width-ogfcqo.o-mm,



7}51§ﬂ f*u“ ff,Ffﬁ gtw 153
:.ﬁ (left scapula (Plate 1))

(new speclmen)

' Thls 39eclmkn 1nc1udes the well preserved

o

";glen015>caV1ty, lataral part of the base of the

W

J ;axi11ary border<of a left SQapula . T%e.artlculaf
:faurface is in gcod _ c:,ozac,izl.t:!.c:mr huL somé slmght
-7 ;damage has occurred 0ver the inferior and dorsal
“__ i”parts of.the glencid cavxtyur1m= " The glenomd
na  cavity is shallow (c 1. 0 mm),_sliqhtly concave
hacross its bxaadth, but ‘more noticeably concgve
:'algng ks length ‘The concav;ty is a result of

- a superclateral ing 11nat10n of the cranmal

_one bhird of ‘the’ glénaid cavity

.2

| The inferior two~rh1rds of tha art1Cular S

 surface ia expanded anteroinferlaxly : Maximum‘
'adtﬁal 1ength7is-34;8 mm., The.reaulting_glencidQ

- #im is éxtxemé:a£d-Ehis'gifés Ehé*glénoid'déyitzf

u
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;fspine,'lnfraglennld tuberc&e and part of the R

breadth,;g_gs,a m@,  estlmated 1ength is c3? o mm.~' '

© index is 70%. The costal notching of the glenoid



S

a. dm&tlnctively "inverted keyhole" ahape i in all

placas where preservaﬁ,_the attaehment area for

the glenald lqﬁrum is wxde and pronaunced  WiL¢f¥*"5'”

encroachlng some 4 0-- 4 5 mm inside‘the actual ;;”;*giﬁ

N Lo

glenoid rim._ This glvea a greatest artlcular

\3

surface breadth of arcund 26 0 mm Th%ﬁ;ffffﬂﬂj(_ ER

supraglenoid tuherale ia 1dentiflab1e as a

roughened arvea of the'-superiar a:t*cular surfacef;.'

The roughened area' extends superlorly-into the

damaged area where the base of the coracoid wouldf

-_have~been. 

The infraglenoid tubercle is 1arge and

'.lantermorly expanﬁed Its foﬁm 13 bulbous and the o

1
Hi

' surface i8. rugose B Anterolateral to thlE '

tubercle is a large depression gthat may mark the"~ :

superc anterior limits of the origin of the 1angfy o

head of the triceps brach11 muscle and posslbly
- the attaahment of the coracohumeral 1igament.

| On-the costal surface, the axlllary margln 13_“
L broad anﬂ well defined :'A small boss of~bbnaih
1ocated near the 1nfer1oz extent of - the ax&llary
margin,. is prnbably & postmortém defect _~Qﬁ_

the dorsal surface the base of the spine is

. 286" ._ ..
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.-_.:::. .. (:%;_} ;

_ ﬁifrﬁﬁﬁét?: Lateraily lt rlses away from tha doraal ¢a ;vif”ﬁ
S ' Th Leno RN e
jfsurface at around 300 e  '

A SRS T e SR

The spinoglengid notch dapth may be estlmated e

w ,' ' T - .,gp_-“v
-  at 13 7 mm Just 1nfer10r Lo the base af the

Tr.

';ui,spine 15 a larga concavaty that 15 prohably the ' ';;f -

“”ii cran1a1atera1 en& of the attachment area of the

,_ infraspiﬁatuS mmsele,ir Just Buperlor to the_ﬁ

H?f;spmne} iE a 1arge vascular foramen pa531ng 1nto ot

':"}the neck and suPerl$¥ anq;e. ?_;_f**ff  fﬁ;+;jf :sg;ﬁf'
All tha superior ﬂart of the ﬂpecimen 1s_ff '"":”
,_misslng; having‘been broken from uhe base of tha

“.g[coraccid medzally across the supraspiﬁous qusa. 

'7’fThe edge bf the axillary margin 19 m;sszng frOm

'_fthe inferlor paxt of the infraglenold tubercle. “i "“:
There are numaraua flakes of bone missxng Irom ﬁll 1:"
\surfaces 9f the speclmen. A 1arge fosslllzatmon
crack runs dlagonaily across the infer;or ﬁace ot
tha baae af the splne.'_ Apart ﬁrom the positions
mEntloned,_none of the damage has caused any |

' _manifestjdistor:1on;or metricrchangea

oo
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7ﬂ allgnment.; L Whén recenstructﬁd it comprises Q]z;f

(ilght scapula {PJate 2}

(new speclmen)

N B
. i

_G'-'

'\’-‘ .
i

This scapula fragmdﬁnt forms an element of the

partial skeletoﬁ Stw 431.; It ccnsists nf four 77f“f T”

pieces that, when jained *fit in perfect

o

- ‘:\\3.

appraxlmately 140r9 mm of'the axillary margin af a.

e

rlght scapula w;th both the 1nfex10r angle and

part of Lhe 1nfragleno1d tubercle 1ntact The

s estimated original lEngth of the«axillary margin

is 143 0 mm.' This estmmate is based on the

aESumptlon that the speclmen is brcken gust below

",the lcwest palnt of the glen01d cav1ty,¢ _E'~' 

suggested by a sma.l'l amount of anterio:

curvatura tc the inferomedial ﬂélf of the axillary

- margin. At the superolaterai polnt of breakage

ca B mn of the infraglenoid tubercle is intact.

': Anatomically, the tuhercle 15 ccstolaterally

' rotated.
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On the dprsal eurface of the blade of tge f*'v

ecapula the attachment of the*teres mlnor muscle';fjf*”“*

:ie slightly rugese - Along the 1ength of thef“-'

7ifaxillary margin thls muscle is attached mostly

”ﬁﬁalong the extreme lateral edge of the blade¢ i.'f

'*¥breakage ie a slight depreselon whiqh may mark theif[ﬁﬁf7T

Q:.'

| About 40 D mm down from the uppermoat ppint of

(S

'“p01nt of passage of.the dersal scapular artery
53Approximate1y—two thirde down the 1enth or the
falelary margin¢_the inferler attachment of tereee_e*: B
'?mlnor and the superlor attachment of teres wajor
::"_are separated by a promlnent ridge.': At the |
Tepolnt ef Juncture of theee two muecle areas is a
' sllght depr=551on that crosees the rldge at’ an LTeT"
_zobllque angle:n it is meet likely the homologue.of.
fthe oblique 11ne, The rldge continues |
=iinferomed1a11y to end near the axls oi tﬁe
 ¥1nferior angle Blenuinq inferiorly with thlﬂ
'ridge ig what appears to be an overlapped par*_of
a promlnent attaehment area for the eerratus-”

-,magnue muecle and a small part ef the 1nfer;0r

contlgdatlon of ehe rhomboid major muecle.

o This author 1e unable to diecern whether the f,

-eamall tubercle 1ike rldge near the attachment ef :



'~” the serratus magnus mnscle 1sﬁzm attachmEnt area g_’”“‘
p | o L

j=;;ﬁ05 lattlaimus dors;. : Alternatlvely,.the

'H jtubercle llke area may s;mply be a rug951ty

_:_ ?lateral1y frcm the axlllary~hgrgin, it posse&ses B

-::jcreated by the meeting of teres major and serratus

o magnps,-qﬁf

“fﬁﬁ'ﬁhéﬂsﬁjéiior pbint'bf:aﬁtaéhméht-of'thé' L

. teres magor muscle, a protuberance pro:eats'

I""

’distinct Hubercle at 1ts superalateral tmp‘

'.;The attachment area of teres major continues

__inferlarly:untll.lt contacts the superomedial

'”cnntinuatian cf serratus magnus

TNy -
!

On the antériar surface the speciﬁen's-'.
5ventra1 bar  is  atraight 1n the 1nfarosuperlor
".axls. However; the ventral bar exhibmta a slight
costal curvature ¢lcng the 1ength of thé ﬁﬁrg;n. :
-There is a laterally expanded. but transverSPly .
:chln, axillary sulcus just 1nferior and me&ial to "Lﬁi
'the mbst distal part of the infraglenoid   - )
'f tubercle This feature most likely accommodatﬁs an

y enlarged, averlapped attachment fcr the longx@ead

_ of triceps braehli At the infermor—angle, the:f ?'  




frugose §nﬁ contmnues medlally until meﬁtlng a 
fjfarea of damage._fﬁ In the mlddle of the rugése

*.f;area ls a dlstlnctlve av01d 1mpresszan‘- Just

:  fimagnus is the inferior part af a: prunounced

Tﬂ:subscapular fnssa mnscﬁlar 1ine."_f??°-f

.! e

7¥~ffdlstal 1nsert10n of Lhe serratus magnus muscle ia

n} : . 'Qﬁ.

l:l'

“\ 1

_r;superior ta thd rugose area created by serratus"

Ca s

The head of the scapula._the supraspinon_

c'lnfraspinoua fossae are missing, aave for a smﬁll

_f

'area of the infrasplnous fassa w;thln the 1nfer10r

"'j dngleﬁju There 19 no VlSlblﬂ dlstortlbn.af the

o

- gtw a3t /-
 {right clavicle (Plate 3)) -

{new ﬁﬁécimehl

:;_;_3. ..

Thls"righﬁ--clavicﬁiar fragmanﬁ J associated

with the Stw 431 partial skeletan, ia 71 5 mm in

length butq; is miﬁﬁmng bath articular'ends;_-it g:-*

e

a6l



appaafg jté? possese”f_ zaw degfeeﬁ nf sigmoid7 *9

“'{ curvature and iE thp line of curvature cantinues,h';”

'*_{ﬁwould srexe' appraximately a 2 on the aigmoid   }¢f7

:{curvatura scale used in rhis tnesis ;Tﬂ The:

';_;speaimen pdﬁseases 'an | enlarged deltaid crest

_ R %J}
”frhe crest ia seen .aa 8 sharp ridge cn the

::“antermcr part. of. the-:ihférior surface- czags"mmff”“

':f;{frbm_ghe lateralrpoint of breakage. g Lt cnntinues1-

'*'jm§&;a11y55fo:,.czo o until Eee ‘meets the meﬂlalf_
f;bréaﬁggé'ﬁbihﬁ' Dn ‘the posterlar margmn of the "
-i#féfidf urface - near _the 1ateral -po;nt bf'.
 b5eaKage thafé-is the heginnings mf a roughened_

' ridgé that is probably a medial continuation af a
Li.prcnounced canoid tuberale. u o
- On the superiur surﬁace,-at the mediolateral

- po1nt of breakage, the eﬁ1y distiﬁutive morphology'

.. is a roughened, ra md area (c13 u mm in 1ength)

'_that is an extension oﬁ the deltoid tuberosity

 _The area of attachment of &elroid continues'u"

e

o médmally from the.tubercla, across thp Buperidr

surface, then inferiorly Qnto the antermor and
_inferior surfaces and fbrms, along the route-of

its pasaage, a pronounﬁﬂd deltold crest. The



o

o A
™

"e fieEain&er of tne epecimen is relatively amoeth and qfeﬂf

5degy;d of vislble muscle and ligémkwgous .g;;,jgf_wlu

"'“cbservable.?

.%Tﬁ“iaﬁtachment areasw- Ne apparent dletertlon is

Dimens;ens_of the shaft at the most

a

:e;medial point of breakage' are a 7 mm

','supern 1nferior1y, and 13 1 - anberoyosterlerly_j“

”(Car@ical bone th@ckness averages 3.0 mm at the

VZmeet 1a eral pOIHt of breakage

"would have poeseesed some degree of morsion by the'““

| differencee in engulatlon ef the bone from 1aterale

:most medial point @f breakage and 1 5 mm at tﬁe

.I.')'--. .

i In crose seqtion the inferior surface is f

"ff;flattened whilat the euperior surface ig raunded. :

Whilst One can eee that the cemplete specimen

eto medial, 1t ie 1mpoeeib1e te aeseee acurately

. -the exact aegree of torsion
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7T.2.1:3 T e

’ The Sumeri .

gﬁm *z
(rlght humerus (Flgure 53)

'”'9501

The sta.? rlght humE1us comprmses a neariy.
perféct artiéular surface, slzghtly damaged '_
_ grbatar aﬁd 1esser tubercles and ' a badfy crushed7i : '
_;'shaft. The articular surfaca 13 rounded W1th a a

Exl

.fmedmolateral dlameter (MHD) of 39 9 om and an.
'}kanterbposterior diameLer (AHD} of 35 1xmﬁ. -jfﬁéuL"

- humeral head index (HHI) is thus 88, 0% Tha 1esser ; :
'_tubeﬂcle 1s well devalaped and leéds dawr'bo a

atrong rldge} the crest cf the 1esser tuberale,: 

- thar bounas Lhe 1ntertubercular groove | Thare ia'

fvery 1itt1e anterior or posteriar curvature 9f
) .this ridge. The greater tubercle is not large

':and does notlextend above the head“of the humerus,"': 

ﬁltﬂ mast proximal pomnt lylng approxmmately 3 .5 mm"

B below the articular aurface; There is A ridge

;'near the superiux point of the tuberalq and



"_ accor&ing to Robinson (19$2) the rmdge aeparates T~>”

-"-the attachment areas cf 1nfrasp;natus and

. 't:‘.-U._' S

L S T

-1 ;supraspinatus Tha attachment area of tha teres

P

inor muscle on the posterosuperior part of this

'-_.greatest lntertpbercular groove width is c6 0 mm,

'*._fto identify any morpholoqleal faatures

thé inferior part of thé'articulax aurfaca thére

is a promznent ridge that ey in part be due to' }.f
:the dzstoruion caused by @%ushlng af the shaft

".The remainder cf the Bpemiman is too badly damaged

&

'frcm the survmving 1ength of shaft Braém et al.;
,¢(1950) have estlmated the recanstructad 1ength of

| the comp:l.et:e humerua ta be 290.0 - 3-1:_1,9 mm.

7,2.1.3.2

Stw 328
(right proximal humeral fragment {Plate 4))

(new.specimen).

This humeral fragment comprises
}

approximately three qudrters oﬁ the head, part of

the greater tubarcle, most of tha 1easer tuherqgf

:’-a&s

}'tubercle is visible aa a,ﬁlstinct concavity _Thé _

'-=<Where the 1ntracapsu1ar non artlcular area megts R

'.."\

However,"'

\
[RE e



'*”?ﬁdfélSﬁ311 ahountjof~Ehéfshaft 6f7ézrightThﬁﬁEfﬁai{ 

o kcéﬁ“oimmyb Prabable carnivorefdamage and some-fﬂi

are presant on the anterlar and pDStE“lOr

i .E

'“Lsurfaces of the artlcular head, as well as on the-ff ”£°'"

e el :
-~;1atera1 part of the anatomical neck

e
i

'_iﬂThe medlolateral head diameter of ﬁhe specimen- ';f'

“.“:iﬁ estimated at 34 0 it (Tahle 21} { Tﬁéf”. |
z;supero inferior head diameter cannot be estimated
duE'to'damage. At ‘the most dlstal point cf the ‘q f 
- arEicu1ar Eurface of the head, the surfaae forms:f..
fa ledge over the 1mtracapsular‘non~art1cular-'7 .
:aréé‘_" The lntracapsular non- articular area is .
”alightly condava, with some antermor flarlng helow

’the lesaer tubercle."

1Thé gfeétér:tuhércie.ia large and bﬁihbﬁs, butl 
1hs cranial extent cannot be establiahed due to
'surface damage a ‘The 1esser tubercle is rugoaé
iaud'progects st:gngly'anteriquy. - on the_lcwar' 
paét.§£:tha'1eSBér;Eubérqie,.thera*is é-layga17
urugose_atea; whi¢hVis'most §rohably“the'i#aéftibn _.

 area of?;he.Bubscapularis#mus¢194'- The .

: ,gg;.;'



'75 jbecoming 1ess Eo dzstally as 1t blends with the

lf_ 1ntertubercular grcave 15 badly weamhéred,_hun 4

minimum greatest breadth can be esnlmated at cs 0

'W5-f;mm:7 The media; lip of tha groove is pronpunced, _-i“f"

-J_1nsertzon area of teres “ajﬂr._' Doraally, with;n7-*f*

:ﬁ;the 1nterior of the groove,_a slight rcughened

'-area af the bone surface mOBt likely marks the

'H*jinsertlon area | af latlssimus dorsi._ COrqacal

© measurabls, .f_.mm..-c-a .0 to 3.5 mm.

ﬁt;bone t&icknesa of the shaft varies, wherever

- Bamage to the Epecimen has remqved mﬁﬁt cf thEr“~  .

'z”anterior, posterlor, and superior parts of the . _”f;f

 fsurface of the hea& This damage has exposed

':1arge areas of underlying cancellous : bone._

 ;_Most of tha posterior part of the shaft has beEn [

'lost, 1ea§ing only about 21 esmm of the. greauer:'"
V'tubercle intact.. some dlsuortian has occurred tb]
' .the;speclmen;duea;o-the:fossillzabicn_cracks,-f

" within the iﬂtefﬁubercﬁLar Sulqusf :
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Shw 517

(1eft proxlmal humeral fragment (Plate 5))

(new sPecimenl

- .This .sg'ee-imeﬁ is'a -15e£1:'-.p'::'o:£imai~- humerus .wi-th. o

most of the articulax surface, 1eseer tuberele,
and “anatomieal ;eck.intact._ : The head of the
humerus is slightly elliptlcal in shape, the

- 1nfebinr margln forming a slight le over the .

L intracapsular non articular area.__Apparent -

carnevore-gnawzng has-damaged thefsupéridrspertefj

o 5.0f the lesser ‘and greater—tubercles and the

inferolatéral part of the neck Despite heing

recognieable as ‘a humeral head of a hominoid 'fStw

o 517 pesseases little preserved morphology that

assists in further taxonomic comparlson

‘The mediolateral head diameter ot 8tw. 517 ms_f

c36 3 mm and anteroposterlor head dlameter '15
sk mm (Table 21). The humeral head index: is
_93;7 mm;: The 1elser tubercle 13 well preaerved

. Along its anta rolateral surface tha area of

_¢ﬁeer;idn,fox_the_subecapularis musgla is visible.'-
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..‘I‘h.e .greater t;ubé.rc]..e ...:.B-.pooriy ﬁreaeivad

.°T}There ia a silght amount of pasteribr Orlentatlon.
”oto the whole of this tubercle‘ Lylng behweEn the:'o: 
“f;.two tuberoles is the badly damaged | FONERE

f-'_lntertuborcular groove for which a maxlmum Wldth .

'_gof cs 0 mm hao been determlned‘:o;'

-_$ o The intraoaooular oon.articuiao areo.is W1oe _”fa

;7}and flaring..i Dotting the anterior part of this “;FﬁgoV"

olarea are numerous large foramzna._o Cortical bone =
. {rthinR}SB along the. dlstal part of the shaft

:"_averages 3.0 mm. Superior to 1nferior length of

......

-

i

i

_ Soarlflcation has occurred to ﬁost oﬁ tne“
-_artioular surface whilst a majority of the cranlal
and posterior parts of thms surface have been_i
'31osts- Several small areas of damage that expose
| underlylng cancallous bone ‘oseur across tha
__remalnder of the artlcular surface The superlorL
part of the greater tuberclo is missing ~A 1arge
:fossilmzation orack runs superOvnnfermorly thrOugh
'the 1ntertuberoular groove._ This Lragk has.,:o

‘dlstorted much_oﬁ tha postorior'part~ﬁk_théf
- 269 '
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LL- m;tuberc1e 13 damaged The specimen is broken

'ffjépééiﬁén}i_ The dlstal coﬁtinuatimn of the 1esser -

; ;diagana11y acroas the surgical neck jﬁ:;'w.___

' con51derah1e amounF of mediclateral compre591on

'fhas distorted tha"”haft of. the specimen‘,_f;'

ﬂpecimana Referred to, ar Assaciateﬁ With,t_ff

*ff Auatralqpithaaua afarensia

v rhe scapula

'T7;$?1,1J;_ | G

| o “A'L“. zss—-m

(rlghL scapula fragment (Figure 591} o
(Johanson et al | 1932}

| fhe A h, 288 11.scapu1a ﬁragment compriﬂEa

Jthe glenaid caV1ty, parts of the baae of the j5

spine,.the base of the coracoid process ;and cég 0

3;mm of the axlllary margin of a rlght scapuia
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The scaﬁular gleno;d caV1tY is in near perfe0t

O

”*Vdondltmon o The 99961men ﬁomprlses three major

p;eces Whlch whEn recqnstructed f;t 1n*nearly ~:~ 

 ;d1stort1on or metrlcal change, | A small

- 0"

  $&§perfect allgnment Several cracks are ﬁnund ih A?f{;

3the speclmen but appear to have caused nm | ;"wa@;.iﬁafﬁ'

' ﬁ§ubchondral defect ‘which Johanson e& al flésﬁf.

'%fi?;have descrled as premorteMr_iS onservable on thh
 artiau1ar surface oﬁ the gleno d caV1tYr near the.?':.

'_ ;3unctiOn Qf the superior two thirds and inferlor.
,";ione thirdu : The superior angle haa been shearéd  ' o

'-away‘. Althhe specimen med1a1 to ©20.0 T fram

 the base of the splne has been 1ost

: The raised rldge that marks the attachment of

 fthe gleno;d 1abrum 15 prominent dorsally, and 1n

fparticular,_in the superior ona half of the

__cavity‘__ The supraglenomd tubercle is

'Idlsringuishable _as a prominent, superolaterally

"extendlng protuberance, which 1B part of the'”

-ralsed, rugose.area of the attachmeut oﬁ the long

'head of. bicepa and the coracohumeral 11gament

_,The 1nfraglennid tubercle is vi51ble as a

-



5]fflattened bulb that forms a part of the rim of the
: ;glenniﬁ cav1ty if There are slight aiscrenancies

-}'cencernzng the aatual metrlcs ef the dimansians of

B rgn~n.-2aa~11- ’5 Seuut (19?8} has published Values

'JiiQfor glencld cavity length aa 26 a mmxand glenom&

'xtgv;ty breadth as 18 1 mm Jmhansan et al (1532)

ive values af 25 7 mm and brkadth as 18 2 mm 'f[“*%%f:

1f-respectively Since this authox has not
'fipersonallﬁjexamined the origmnal Hadar material

f bcth values for the\glenoid 1ndex have been used

"  in the present investigatlon (67 5% - 70 8%)

'-f'that has been dEscrihad as “triangul;r ov'}

_Jﬁﬁ

'“SPinaglenold natah dapth is estimated frcm a Cabt j

' 'The'axiilary marginfié'antefopbsteriorly

'narrow Costally it exhibits a deep ?éntlgl ;u‘dﬁ}_

'Tform (Johanson et al 1982) . On the doksalk-lﬁ:
.surface of the axillary margiﬁ a groave, which -
  liea c16 n mm down frem the gqgnoza margin, has
lbeen 1nterpreted,aa either bé\'mhferior 11mlt of
'the attachment of triceps muﬂcle and supérior end 21

B of the attachment: of teras minor, or a supermorly

”fy'posltloned graeve for the clrcumflex scapular _
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'1fargery (Johansoﬁ et al 1§8ﬁ5 An estimfte of

'uf the axillnglenoid angle has been made hy Stern and

ff;-Susman I1983 pp 284 235) uslng their ﬂbar

Wﬁfzglenoidﬁ angla._- This estimate results 1n a hest

'*7 ;;guess of c130° far the bar glenaid anglé,\§ ]ff¥ "

'5 *est1mate5 of the range of pcss;ble axillaglenm*d

E .]. S
“1,f1gurectﬁat converts to afaunﬁ 122° for the

5:f7axllloglenoid angle (Stern and Susman, 1983)
:*3senﬁt {1973} has estimated an axilloglenold angle ff~ )

:jfcr thlS specimen of around 115° | Thls author's
. Ty

 75115°— 125D with & "best guesaﬂ cf around ?120“

i ;?55;i§23f |

. “ ihé ci3§idu1gé  ﬂ:=-
.i  ?;5ﬂ1,é;i;f_at[' D

| | A.D 383“1b=
.(right.01avlcular fragment (Flgure 60)) .

,{qmﬁ&nson et a1;¢'1982)

Thlﬁ SPacimen is che lateral one- third Gf a'f_'

o 'righr clavicle that. is misslng the acromial

art;cnlar-end. g The Epecimen presents a. concave' o

o anterlor horder and a Canex posterlor bardera-_
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The super;or~surface pasﬁagses*the only maﬂnr__*ff”

muscular marklng observahla and th%s nas been

s

e

The lnferlor surﬁace 15 separated from.the

posterlor barder by a sharp rldge that representa

a?'

the continuat_aﬂ Df the 5ma11 canomu tﬂbercle.

. The area surroundzng the aonalﬂ téberc&e iE

"\

roughened for 11gamentoua a&tachmenta The r_j:

’n; mea"l part of the inferiar aurface shows evidenea

'ifsuperiorif and flattened 1nferior1y I;B

”ﬁiewed laﬁerally the Sp901mﬁn 15 raunded

e

.'_f .

interpreted aa the \rea fﬁr attachmenblnf delt01d _ ;}

.
S

dlmensnu&s are 7 4 mm-superclnfef%brly and 11 9 mm :5 ”:"

anteﬂnposterlorly.. The medial cross sectlon 13

“f_ovomd and measures 8 4 mm supero inferiorly and

10 5 mm anterapastarlorly. ) Thé total lengud Qf

the fragmeut is 34 7 Free

ﬁ:f¥

(right claviaula* fragment (Figure 61))

(Lovejey et al., 1982b)
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Tnis Epecimen is a r&ght clavacuiar shaft

misazng both articular ends It wag reccvered in  ,.:‘”

two separate pieces that, when aligned unzte

pertectly

The alavicla 15 descrlbed as being
:"maderately robust" However, rhe shaft has a
."“patticularly undifferentlated Hurface W1th |

%pect co muscle and 1lgament 1nsert10ns“-' 
3(chejoy et al . 1982b,3p.-838)-- - The most _-
f_ prcm1nent feature on the superiar surﬂace ig the

 ridgc '*e ﬁrigin of the deltoid muscleﬁ -On the
'” 1n£ericr surface the conmid tubercle is absent,“ 
being apparggtly iaap;aced,_py;an angular margiﬁ f
_ﬁﬁat éeparatgé £he:i£fériér'éﬁfface fﬁdmithe o
~ posterior sufﬁaée; 'The posterior éﬁ#facé;éhows a |
'féliéht £othened aiég.ét}the'aﬁtadhﬁEnh-ef the'
| fdaraéoélavicﬁiar-Iigameht, The lateral aspect of
thn specimen has a diatlnatly rhomboid shape.
' 'jeasurementa at the mast medial“palnt-of'braakagé'
.éﬁe; 15 O mm {anteropostericr height), 12 5 mm
.(aupero inferior breadth) -Measurements-takan.at
.__the cqnu;d_;ubercle are_lz.a.mm;(an;eraposte:igr), _
. S,B'ﬁﬁ (%hpérc#infexi@r)‘ ﬁeasﬁrements'takeﬁﬂégi_ 3f’

wh
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