
OCCLUSAL KISLAL’IONS AND MASTICA‘l’IOlV IN 
AUSTRALIAN ARORJGlNES 
bY 

HENHY 13r.:viros 

hTnntlihul:ir iiioveiiieiits and occlusal relations constitute a 
m:iny-sided field, :in(] for sludying thciii widely tliffclring re- 
search iiiethods 1i:ive hecn applied. Among those which have 1)ecn 
used :I re ex :i iniii :i t i on of dent :i I c :I s I s, i n  c1 I ii (1 in g serial studies, 
cineiiiatoKr:l1)1iy, rntliogrnphy of i n  tegral parts of tlie niasti- 
c:ilory systein, c lccLroi i iyo~r: i~~l i~,  and analysis o f  occlusnl con- 
tact  , i nc 1 u (1 in g e I ec 1 I‘ ic a I c i rc u i t t e st s :i nd r:i tl  i () 1 ra n s i n  i s sion . 
When studying occlu\ioii :is :I physiologicti1 silu:ition, irrespec- 
tive o f  iiiethod, t1ici.e is :iIw:iys the difficulty o f  collecting for 
ex :mi i 11 a t  io 11 a gr o 11 1) of s 11 h j ec t s w i t h occ 1 u sion s ( )f “nori n a1 ” 
c1i:ir:ictcr and with dental arches :ind their mode o f  occlusion 
un:iffectetl hy tooth loss or reslor:itive procedures. Because of  
this difficulty attempts h:ive nl\o 1)een made to obtain inforiiia- 
lion froin studies o f  “noniial” skull inaterial representative of  
1)riiiiitivc iiian o f  c:irlier tiiiies. 

l’his article i q o r t s  ;I study of‘ occlusion and 1ii:iitdibul:ir func- 
tion in :I groiii) of  Australi:in :ihorigines living under scttleinent 
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conditions in  Central Austr:ili:i. IJntil recently this group was 
living a priniitive l r i l ~ l  existence a n d  rarely caiiie i n  c-onl:ict 
with white civilization. I2x:iiiiin:ttioii o f  t h e  \ubjects w a s  per- 
fornird in  1958 when the author w:t\ :I 1nein1)er of  :in expedition 
froiii the LJniversity o f  Adcl:iide, South .4ustr:ilia. T h e  othcr par-  
t i c i p n t s  were Professor '1'. I). (hiiiphell :ind 1)r. hl. .J. 13:irretl 
from tlic 1)el):irtnienl o f  1)ental Science of the University o f  
Adelaide, who froni previous expedition\ h:id :in intimate Lnow- 
ledge of the Austr:ili:in :thorigin:il. 

The purpose o f  the  author's invcstig:ation w i s  lo ohtain iiifor- 
i 11 ;it ion o 11 cer t ;I i 11 I i i  a 11 i I' e \ t :I t i () 11 \ ()  1' ()c c I LI \ion n nd 1 ii : t 11 ti i 1) u 1 :ir 
function :is they :ippear in a group o f  Au\tr:tli:iii :rl)originer. The 
desired infortnation was coiiceriied with the  following: 

The :in:itoiiiic size :ind s1i:tpe of  dental arclies in\of:ir :is this 
knowledge provides :I l):i\i\ for the study o f  occlusion and 
in:\ n dibu I ;I r f u 1ic t ion. 
l'he intercusp1 position :rnd i t \  rel:ition\liip to the rctruded 
cont:ict position o f  the miiidi1)Ic~. 
The occlus:tl coiit:ict \ in sl)ec.ifietl functioi1:il 1)ositions of' tlic 
in:i 11 d i h 1 e. 
hhndibulnr inoveinents, es1)eci:tlly the sh:rpe :ind size o f  the  
inasticatory cycle : i n t i  tlie eutcnt to  which occlusal contact 
ohtailis during rii:istic '21 1' 1011. 

Anthropologists are divided i n  their o1)inions on the origin ot 
Australian aborigines. Ho\vcver, il is gcner:illy acccptetl that  
they constitute : in  early cst:ibli~lied txciitl group / , I  bhic,, 1951) 
which has  been isolated iii Australi:i for :ibout 0,000 years. There 
is evidence that the aborigincs living on the north-west coast o f  
Australia have h:id irregul:ir c o n t a c t  with visiling people of  hIn- 
Iayan origin. 

It is estiiiiated that  :ipl)roxitii:ttcly q50,000 full-blood :iboi*i,' " llle s 
are living in Austrn1i:i today. Most o f  thetii inha1)it t he  v:~st ,  arid, 
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central region o f  thc continent a n t 1  tlie northern and north-west- 
ern coastal regions. 

‘I’he ahorigiiies arc o f  sturdy 1)hysiqiie atid :ire a s  tall :IS Eu- 
rope;iiis bu t  o f  slightly ~ i iore  slender h i l d  1 Abhic 1951, 1957, 
1901 ).They possess :I durI\ skin ;ind their hair colour is Lypicnlly 
bro\ln or lilack. A n  interesting wri:ition in 1i:iir colour is  seen 
in Central Austr:ili:in aborigincs, inany o f  whom 1i:ivc fair hair, 
especially the younger ones ( A  b h i p  CC ‘ I d q ,  1953) .  Ch:ir:icteristic 
o f  the Australian a1)origiiies is tlie ~ i i :~rked  degree of nlveolar 
1)rogtiatliisiii which they tliy)l;iy, greater i n  females than  inales. 
I n  this respect they differ froii i  the Swede (Cr(Iven, 1958; Rnr- 
i’dt, 1iroii)n t t  dlrrctlontrld, 1903 1); ljromn ~t Brirrctt, 1003). See 
Figures 1 -5. 

In  their natural  Ii:il)it:it\ the :il)origines lead a rioiiiadic exist- 
ence, lwing constantly on the inow in search of water and food. 
They do not 1)r‘:ictise any foriii of  crop-r:tising or nnimal hus- 
h n t i r y  (Elkin, 1954). 

Their food consists largely o f  meat, which i s  provided chiefly 



by the kangaroo, by thc  C'IIIU :ind other l)ird\, :inti by reptiles. 
Cnniphcll (1939) has t1r:rw.n at tent ion lo their  s t rong preferencc 
for flesh foods. hIeat is p r e p i 4  foi .  eating hy ;I lwiiiiitive nielli- 
od of cooLing in :I siiiiplc o w n ,  fornied hy digging :I hole i n  the 
ground :lilt1 lighting :I firc in the hole. 'I'hc cnrcase is p1:iced i n  
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the oven and hot sand and ashes heaped over it (Fig. 1 ) .  This 
method of cooking incorporates abrasive particles of sand and 
ashes in the food. Campbell has also recorded the wide range of 
food items apart from flesh foods which forms the diet of these 
people under natural conditions. 

The investigation w a s  carried out a t  Yuenduniu Settlement, 
situ:ited 185 miles north-west of Alice Springs in Central Aus- 
tralia. Yuendumu was established by the Coninionwealth Govern- 
ment in 1946 to provide food, clothing, medical services and 
schooling for :iboriginal f:imilies who had forsaken their nomad- 
ic way of life for a inore settled existence in contact with Euro- 
pean civilization. Under ordinary circumstances the aboriginal 
population a t  Yuendumu varies in nuiiiber from 400 to 500, oc- 
cnsionally rising to G O O  or more with influx of visitors from 
neighbouring areas. For further details see Campbell 62 Barretf ,  
1953. 

MATERIAL AN11 METHODS. SURVEY 

Material 

'I'he material consisted of 46 adolescent and adult subjects - 
35 miles and 11 females. All wcre of pure Australian aboriginal 
ancestry so far a s  could be deterniined. They belonged to the 
W:iilbri* tribe and were living either temporarily or  niore or 
less permanently in the region of Yuendumu Settlement. 

Selection of the subjects was based on willingness to attend 
for examination and the attainment of adolescence at least. It 
w a s  impr;ictic:ible to obtain :I statistically random selection of 
the popuI:ition, and it is difficult to determine the extent to 
which the Yuendumu group and the subjects of the present 
study were representative of Australian aborigines, generally, 
in regard to oral status. 

The material was divided into 3 age groups: 15-- 24 years ( A )  ; 
25---44 years ( 1 3 )  ; :ind 45 years and above ( C ) .  These will be re- 

::. Sometimes rcfcrrrcl to a s  Ngalia ,  also known as Walbiri, Walbrai or 
other b i m i l a r  tiiiiiies. 
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ferret1 to a s  the youngest, middle-aged, and oldest groups, respec- 
tively (Table 1 1. Ages were estimated by C:iiiipbell and Rarrett 
and were approxiinate. 

Me11 1 7  ti 12 :15 

\\‘omen 7 :1 1 11  

All the subjects were clinically healthy. The dental exaniina- 
tion performed by Barreft  (1953 a )  on 193 members of this tribe 
revealed a mean of 1.2 carious teeth per person. 

The gingivae were slightly more prominent than is normally 
found among Europeans. Pigmentation was rather coni~non (Fig. 
6 ) .  R m d e  ( 1  962) has given a pre1iniin:iry report of his observa- 
tions on oral pigmentation among Australian aborigines of Yuen- 
duiiiu. The periodontal status was consistently good, even among 
the older people. The depth of the gingival pocket was within 
the noriiial range and there was no abnormnlly great mobility 
of the teeth. A few subjects displayed reddening of their gin- 
givae and had soft deposits (Fig. 9 )  ; usu:illy these were persons 
that had heen living in the settlement for sonic time. Cnlculus 
was seen occasionally, especially aniong the older persons, but 
even among the aged the amount w a s  not large. 

Barrett ( 1953 a )  noted that the gingival condition of children 
showed a definite improvement hetween examin a t‘ ions on con- 
secutive visits to the Settlenient when the children, during the 
intervening period, had spent some iiionths away f roni the Set- 
tlement, living under primitive conditions with their fmii ly  
groups on hunting excursions. 

As regards the gingival status, the findings were in agreement 



Fig. G .  Suhjcct o f  thc youiigcst group. AInntiil)le i l l  

(:I)  intercuspal position, :ind in positions in  ( I > )  right and ( c )  Icsft I:itcral 
excursions. Although the attr i t ion i s  iicgligible the canines d o  not lift t he  
premolars and  molars apar t  in gliding to  latcrol pos'itions. Note the  

pigmenlation o f  tlic gingivae. 

Fig. 7. Subject of t he  youngest group. Mandible in  (a) intercuspal pokition, 
and in positions in  (b) right and (c) left  latcral  excursions. Note cracks 

in  enamel on canines. 



Fig. !). Suhject of  t h e  niidtllr-ngrtl group. M;iiidibIe i n  (:I) intercuspal position, 
( 1 ) 1  rctrudctl coiitact l)ositioii aiitl i i i  positions i i i  ( c )  riglit ant1 ( d )  left 
lateral i ~ x c u r s i u n ~ .  TIii~ri~ w a s  iwltleiiiiig of  the gingivae and soft deposits. 



with those reported by Crrin for 118 iiictiibcrs o f  this tribe ( 1955, 
1 9 5 7 ) .  

Methods 

1.  A clinical cxaniin:itioii wa\ perforiiied on all 30 sul).ject\. I n  
addition to the general oral status, certain occ1us:il conditions 
were recorded and :I nuniber o f  tiie:isureiiietits made directly on 
the subject. 
2. An cx:iiiiination o f  dent:il casts in :in :irticul:rtor w a s  per- 
formed for 32 subjects. Stone casts werc niade frotu :iIginatc ini- 
pre ssio ii  s . It e gi st  r a t ion of  j :I \v re I a t  ions w a 5 perf o r 111 etl a nd the 
casts were iiiou n ted i t i  :I 11 i t i  d ivi d 11 :I 1 l y a t l j  11 st ah1 e :irLicu I :I t or 
( Dentatus 1. The rcgistr:ition couiprised facebow transfer and 
\vax records of positioti:il jaw rel:rtion\ a% specificti by He!jroxi 
( 1959). T h e  casts niounted in l h e  :irticul:itor w e r ~  used as  :in 
aid in  the clinic:il ex:itiiiti:itioti, and later, in the I:iboratory, for 
anntoiiiic Iiieasiireiiicrits o f  the teeth and  dental arches :ind for 
a su pi) 1 e iiieii t ary o cc I LI S:I I :I t i  :I 1 y s i s. 
3. For 26 subjects the iiiustic:iiory :itid empty contact iiiovr- 
iiients were recorded by cineiiiatogr:rphy. These records were 
:inalyscd 1:itcr in the 1:iboratory. 

l'he various sections o f  this articlc report the iiiaiitier in which 
each p r i i c u l n r  inethod w a s  used in the study. Although :in a t -  
tempt w a s  made to obtain a s  wide :I coverage ;IS possible, eacli 
subject w a s  not cxainiiicd by all the  methods. This would have 
required :I inuch longer period in the t'iclti than w a s  :ivuil:ihle. 
Furtherniorc, repeatcd ex:itiiin:itions \voultl have  beeti neccss:iry 
for each subject. I n  tiiiiny instances this woultl no1 have been 
possible; for the subjc,cls, 1rrc;iuse of their \\-:indering hal)iLs, 
would 110 longer have heen living :it the. Settletiicnt. 

In addition t o  the 46 subjects coiiiprising the tiiuteri:il 5 were 
initially registered but were not awilahle for the actual ex:itninu- 
tion, having left the Settleinent. 
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A n  :iiiatoiiiic exainination of the teeth :inti dental arches w a s  
perforined :ind the presence of attrition was recorded. The ac- 
count o f  the o1)serv:itions and iiie:isureiiieiils is condensed, since 
they were intended primarily to lirovide :in overall picture of the 
mnteri:il as :I basis for :I study of the occlusion :ind m:rndibulnr 
function. 

Number ot teeth 

‘The t1ent:tI arches of all 46 subjects were practically, if not 
who I I y, coiii 1) I e t e,  n s j u dg e d 1) y c I i n ic :I1 e xami 11 at i on. Thirty- f ive 
h:td a l l  4 third molars, and the other 11 had :t varying nuiiiher 
crupted. One hnd ;I rudimentary fourth iiiolor. 

Al i io~ig  these :iborigines it is coninion for hoys to h a w  one o f  
the upper central incisors removed :it a ritual ceremony, usually 
:it 11--12 years of age (Fig. 10 ) .  In 12 subjects one of the upper 
central incisors u ~ i s  missing. Of the other teeth one was missing 
in 3 subjects, and 2 and 3 were ~ii issing in one subject each. 

Fig.  10. .\lctlial i i i c i w r  l o h t  1)s ccrcmonial too th  cvulsion. 

Tooth width 

‘The ~iic.siodistal width o f  the upper and lower incisors was 
1iie:rsured on the casts of 32 sub,jects. ‘The nieiisureiiieiits were 
performed to :in :iccuracy of 0.1 iiiiii by Iiienns of calipers with 
sharply ground lips ( Helios) . ‘The recorded value was the iiiean 

for the right and left teeth. When one tooth was missing the 
va 1 u c was t a I< en for the reiii a i ni n g tooth . 

The iiie:ms for the iiiesiodistal widths of the  upper and lower 
central (11) and 1ater:il ( 1 2 )  incisors were: inen - maxil1:iry I1 
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9.29 and I2 7.52 mm, mandibular 11 5.75 and IS 6.52 m m ;  women 
- - ni:ixillary 11 8.97 arid 12 7.30 111111, ni:intlibular T I  5.55 and 12 

6.31 111111. 

Cnmpbell’s studies (1925) on adult  crania of  Austral im ah- 
origines with no division according to  sex gave the following 
values for the inesiodistal width of the incisors: inaxillnry 11 9.37 
:ind I2 7.65 iiini, mandibular 11 0.00 mid Iz 6.70 nim. Measure- 
i i ie~its ohtninetl by R w r e t t ,  Brown & Mncdonnld (1963 a )  f o r  259 
Australian ahorigines froill Yuenduinu Settlement gave thc fo l -  
lowing values: iiieii - in:ixill:iry 1, 9.35 and I r  7.65 111111, ii1:indi- 
bular T I  5.87 and I’L 6.60 iiiiii; woiiien ~ inaxillary 11 9.00 :rnd Ia 
7.34 iiiiii, mandibular 11  5.68 :ind IS 6.36 iiini. The corresponding 
iiieans ohtnined by Seipel  (1946) for :ibout 500 Swedes of  each 
sex aged 21 years were: inen ~ - innxillnry I1 8.84 :ind 1 2  6.81 111111, 

mandibular 11 5.51 and IS 6 . 1 3  min; woincn ~ niasillnry 1 1  8.62 
and 12 6.64 111111, inniidihular 11 5.42 and I2 5.94 111111. 

The 1ne:ins for the mesiodistal width o f  upper and lo\ver ccii- 
tr:rl incisors o f  the Austra1i:in aborigines slightly exceeded the 
corresponding values for the 21 -ye:ir-old Swedes. 

Tooth spacing in the dental arch 

Clinical examination revealed regular arches for nearly :ill 
suhjects. Three had slight crowding in the anterior and preinolar 
seginents on hoth sides, :iiicl 5 tlisplayed spicing in the anterior 
se g I11  e I1 t s. 

Width and lcngth of the dental arch 

Width and length of  the dental arches were measured on casts 
o f  32 subjects a t  the points specified 1)y lljijrk (1962) .  Sliding 
calipers as modified by Iljiirlc mere used, :ind the values were 
read o f f  to the nearest 0.1 niiii. 

The distances measured (Fig. 11 ) were: 
13 ~~ the width of  the dental arch iiieasured hetween the points 

of contact between the lateral incisor and the canine on each 
side. In the case o f  n di:isteina the distance was measured fro111 

the iiiesial prominence o f  the  canine. When the canine w a s  inis- 
aligned, the distance was ineesured from the distal prominence 
of the laternl incisor. 
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The iiiateri:il WIS not intended primarily to serve a s  :I basis 
for roiiip:irisoiis 1)elwceii :rge groiil)s \villi respect to inorphologic 
fe:iture\, for which 1)urpose i t  w a s  in any c:ise too siii:ilI. The 
n id th  o f  the t lent: i l  arclieas tended Lo he siiialler in tlie iiiiddlc- 
:\get1 :md oldest grou1)s I l i n i i  in tlie youngest group, except with 
respect to the tlistancr 131 in the ~iinndible. The  differences were 
not s1atistic:illy sigiiificnnt. A\ regards arch length,  the iiiean 
value for the youngest group w a s  3 f i  111111 smnller th:in for thc 
oldesl. 'I'hc~ tlil'f'e~i~cnees were  \ignificant ( I '  < 0.001 ) .  

Overbite and overjet 

Overbite :ind overjet  were iiieasured 011 tlie casts froiri 33 sub- 
jects :IS specified by T,iind.sfrijiit ( 1  !PIX). Overjct w:is nieasnred 
with :I calihratcd s1):itul:i t'roni t h e  Inhi:il surlnce o f  the lower 
ccn1r:iI incisor to tlic iuid-l)oitit of the incis:il edge o f  the upper 
ceiitriil incisor. 'I'hc distanw was iiicnsiiretl to Llie nearest 0.b i i i i i i  

in thc ocrlusnl pl:ine and perl)eiidic.ulnr to  the arch.  \I'here there 
w a s  :ittritiori o f  tlic ii1)per incisor, nie:isiireiiieiiLs were iiintle to  
the l:iI)ial edge o f  thc w ) r n  surf:icc. 

Ovet*l)itc x i s  iiic:isiircd o i l  the lower central  incisor I'rorii tlie 
incisol edge Lo the saiiie Iboirit a s  f o r  the overjet. 'l'he reference 
point was tii:irked with :I s1i:irl) Iwncil. The distance w:is iiieas- 
urcd with sliding calipers to : i n  :iccur:icy o f  0.1 iiiiii. The iiie:iiis 
for thc three age gi*otil)s for ovei.bit(1 :itid overjet :ire given in 
'I':lhlc 1. 

The iiie:iii v:ilues o1)t:iine~tl for ovcrhite decreased from the 
youngest to  the oldest  group, in which it w a s  mro.  This is ~ I W ~ J -  

Table 4 
0 r w r l ) i f e  t r n d  o u t , r j r t  ( n i i l l i n i e l r r s ) .  
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ably due to attrition. The iiieans for orerjet were only slightly 
smnller in the middle-aged and oldest groups than in the young- 
est group. (Mandibular growth would probably not have been 
complete for all the subjects of the youngest group). 

This tendency in adults for a iii:irltcd decrease in overbite arid 
only a s m d l  reduction in overjet with age is in agreement with 
the findings on Scandinavian material froin the Middle Ages by 
1,untlstriiiii h5 L!jsell (1953) .  l .~ jse l l  ( 1658) reported the follow- 
ing values for :in adult :ind :I mature group: for overbite 1.67 
f 0.41 and 0.24 t 0.54 111111, respectively; for orerjet 3.25 t 0.38 
and 2.16 -+ 0.69 111111, respectively. 

The development o f  an  edge-to-edge relationship of the an- 
terior teeth as  :I result o f  attrition is ~ i s ~ i d l y  considered to be a 
characteristic feature o f  priiiiitive races. This implies a iiinrlted 
reduction in both overbite and overjet (Cnrnpbel l ,  1925, in a 
study of  crania from Australian aborigines; Hilming h5 Petler- 
SPn, 1940, and N e i u m f f n ,  1952, in studies on recent Eskimos). 
Hilining & l’edersen stated that in the adult there is a fronto- 
dorsal change in the intermaxillary relation with age. No devel- 
opment of such an  edge-to-edge relationship was found in the 
present rnnterinl. Observations “in the field” soiiietiiiies gave the 
impression o f  an edge-to-edge occlusion, in that subjects being 
exaliiined often held the iiimdible in :i stable protrusive position. 

Attrition 

A characteristic feature of  the dentition of the Australian ab- 
original, a s  of  other primitive races, is the co~iiinoii occurrence 
of occlus:d and proxii1i:il attrition. Attrition w a s  observed at  
clinical exaiiiination of  all 46 subjects, and in 32 of these also 
on casts. 

Orclirsnl tcttritiori 

The degree of occlusal attrition was recorded by Brocn’s clas- 
sification, used earlier by CnmphelZ (1925) and Rnrrett (1953 a)  
on Austroli:in :il)origines. Table 5 shows the distribution of the 
subjects with respect t o  their degree of occlusal attrition. 

42 ~- d C f U  tJdOIlt. S c f l l l d .  I.’Ol. 22. 



A 1 6 -  24 21 12 12 

4 6 

1 11 1 

Sofe .  - The subjects  of group A with degree I of a t t r i t i o n  \yere aged 15-20 
years ;  tlic subjects w i t h  degree 11 were aged 19-23 yc;irs. 

13roca’s classification a s  used by Criniphrll ( 1!139) :ind Nrrrrett 
(1953 a)  is :IS follows: 
I. En:iiiiel worn without cusl) obliteration o r  exposure of den- 

tine. 
11. Cusps worn down and dentine exposed. 
111. Appreciable wear of the tooth crown with obliteration of the 

oce1us:il surf:tce features. 
11’. Excessive WC:II* rcsulting i n  luarlietl retliiction in the crown 

portion o f  the tooth to\v\.ards the neck region. 

Fig. 12 shows subjects with attrition grades I, I1 and 111. 

Rrirrrtt, Rromn B illrrctlontilti 1963 11) assessed the degree ot 
occlusal attrition of perinanent first inolar teeth o f  Australian 
lib or i g ine s 1 ivi ng at  ’I’ 11 end u niu , u .; i 11 g the in e t h otl tie scribed hy 
Drruies & PPtlersen (1 8 5 5 ) .  

I n  the present study occlus:il atlrition was noted in  evcrg sub- 
ject. ?‘he findings indicate that the :iuiount o f  tooth substance 
lost by attrition increases with age. The 1r:insition froiii grade 
I lo grade I1 occurred :it about 20 years of age. For one subject 
in  the oldest group the attrition w:is rated grade I\’, hut  there 
w a s  110 pulpal exposure. The observed increase in  :ittritioii with 
age is i n  agreeinent with the findings on Austra1i:in :ihorigines 
reported 1)y C~tniphel l  (1939) and Rtrrrrtt (1963 a ) .  

The incisors and first mol:irs displ:iyed the most severe attri- 
tion, the second iiiolnrs les.; than the first, ant1 the third niolnrs 
the least of all teeth. 
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There was :I striking siiiiilarity hetween t h e  forni  of attrition 
in the right and left c p d r : i n t s  (Figs. 12--15), the two sides 
being practically niirror iinages o f  one :inollicr. The grade of at- 
trition and the direction and C L ~ ~ V : I ~ L I ~ ~  of the plnnes of attrition 
bore a close resenib1:ince. This syiiiiiictry intlicntcs siinilnr use 
of the two sides o f  the jaws. 

Fig. 13 .  Casts showing tlir helicoidal form of  the whole masticatory surface 
of the premolars :rnd inol:irs resulting f r o m  :ittriti'on. 

As  :I result of attrition t l i c  incis:rl line 1)etweeii t h e  Io\vc~r canines has 
assumed the form of :in obtuse angle, \\.it11 thc, a p e s  in the central incisors 

:I nt l  d iwc t cad II pw:1 1.~15. 

In attrition grade 11 and :ibove the 1nost coiiiinonly observed 
forni of the whole chewing surface o f  the preinolnrs and molars 
was helicoidal, as was found hy Cnmpbel l  ( 1925 1 in Australian 
aborigines and hy iickerntrrnn i n  Esltiinos (1941, 1946) : The 
masticatory surfoce of  the lowcr preinolars a ~ i d  first iiiol:ir, es- 
pecially the latter tooth, was inclinctl downwirds in the vesti- 
hiilar direction, that o f  the  second molar  is ne:irly horizont:il, 
while that  o f  the third molar sloped downwards in the lingiial 
direction (Fig. 13). Accordi11g to C ( ~ i n p l d 1  (1925)  this for111 of 
attrition may he :iscril)ed to :I tlift'crcnce in wid th  o f  the upper 
and lower arches. 
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In the case of overjet it XIS found that  attrition of grade I1 
and above gave the incisal line between the lower canines the 
form of :in obtuse angle, with the apex in the central incisors 
and directed upwards (Figs. 1 3  :ind 2 0 ) .  This forin was prob- 
ably developed during long 1:iter:il excursions. 

I ’ r f J  l ‘ i l l l ( l /  ( l f l l ’ i f i fJl1 

Proximal altrition was recorded for all subjects and it was 
noted that adjacent teeth vere  in close proxini:tl contact irre- 
spective of the degree of attrition. It was coilinion to find in  the 
preinolar and mo1:ir regions that the  convex contact surface on 
one tooth fitted closely in to  the concave surface of the adjacent 
tooth (Fig. 1 4 ) .  The reason for this modelling of adjacent sur- 
faces is difficult to establish; it inay be due to the greater sur- 
face hardness o f  the tooth erupting the earlier. 

Fig. 11. t’roxirn:il attri t ion,  showing how thc convcx proximal contact 
surfaces o f  some premolars and molars f i t  closcly into the  concave surface 

of the adjacent tooth. 
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iiinxilla and iii:indiblc, respectively. U e p j  ( 1954) has :ilso drawn 
attention to the reduction in dental arch perimeter resulting 
from interproxinial :ittritioii. 

The occlusal :inti 1)roxiinal attrition was almost certainly due 
to vigorous chewing, and lo the presence of abrasive particles in 
the food. It is improbable that the attrition was due to bruxisrn, 
since it occurred in all inouths and was strikingly symmetrical. 

l‘he occlusnl position of the iii:indiblc, which is detertnined hy 
iliaximuin interdigitation of the cusps and inclined planes of 01)- 
posing teeth, is referred to here as the intercuspal position (Bey- 
ron, 1952; Posselt, 1952). 

In spite of  the occ1us:il attrition which had taken place, the 
intercuspal position was clearly indicated by cusp inclincs for 
every subject except one in the oldest group. I n  this instance the 
cusp systeiii had been levelled so severely that it MYIS difficull 
to find the intercuspal position hy opposing the separate casts 
of the upper and lower arches. 

Observatiop of the :iutoiiiatic 1iabitu:il closing iiioveiiient - 
:in ileiii in the clinical exaiiiination - -  showed that  the 1ii:indi- 
ble assuined the intercusp1 position with no deviation. This is 
a sign that the iiiuscular function in the :iutoiiiatic closing iiiove- 
ment was in 1i:irmony with the existing intercuspal position. 

In the studies by Bjiirk (1847), H m f h  (1947) ,  Possalt (1952) 
and Donovrrn ( 1953) on young subjects with rioriii:il occlusal 
status (referred to by Donovan a s  “excellent occlusion”) it has 
been demonstrated that the 1ii:indible can t:il\e ul) a position 
dorsal to the intercuspal position ~~ a retruded contact position 
(which is probably determined by the stretching of the liganients 
- Posselt ,  1952). 

The occlusioii being regarded :is “normal” in ch;ir:\cter, it was 
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deemed o f  interest to examine the present group in this respect. 
Direct iiieasureiiieiits were performed to ascertain whether the 
mandible could be moved froiii the intercuspal to a retruded con- 
tact position, and the extent of this displaceiiient was noted. 

M e  Ih od 

The retruded position is t'ound by moving the mandible rtiyth- 
mically up and down in a hinge movement while applying lisht 
pressure in the dorsal direction ( M d o l l z z m ,  1 9 3 9 ;  BPyron, 1942; 
Possclt, 1952) .  I n  the prcseent cx:rinination the swinging inove- 
rnent was effected by the investigator, who held the chin between 
his thumb and index finger. T h e  c o n t x t  position obtained after 
closing in the tcriiiinal hinge relation is then the retruded con- 
tact position. 

The distance between the intercusp1 and the retruded contact 
positions was obtained directly on the sub,ject by me:rsuring 
overjet i n  the  two positions of the ninndible. By means of n C a l i -  
brated spitula the distance w;is mc;isured from the h l h l  sur- 
face of the lower central incisor to the mid-point of the incisal 
edge of the corresponding upper incisor, the iiie:isureiiient heing 
performed in the occlusal plane and perpendicular to the dental 
arch to an accuracy of 0.5 mni. The reference point on the lo\ver 
incisor was marked. Overjet W;IS measured, first with the mm- 
ctible in the intercuspal position, and then in the retruded con- 
tact position. The difference provided a value for the required 
tl i s t ance . 

Hesrtifs ttnd rliscitsaion 

Table 6 A shows the distribution of  the suhjects with respect 
to the distance between the intercuspal and rctruded contact 110- 

sitions of the iiiandible ; the \?:dues for the individual subjects 
have been grouped according to age. The me:ins for each group 
:ire given in Table 6 13. 

In  all but 5 subjects R difference W:IS found hetween the \aI- 
Lies for the inlercuspal and the retruded contact positions. This 
iiieans that  in only about 10 per cent of the subjects did the in- 
tercuspal position coincide with the retruded position. The grent- 
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est tlifferencc between tile t\yo positions w t s  2 111111, atid this wts  
recorded for (i su1)jects. 

The iiie:iii difference l ) e l \~cc i i  the in  t ercusp l  : i n d  the rct rutled 
contact psiitions w a s  ycry 1ie:irIy thc wiiie for all the age groups 
-- 1.15, 1.11, :inti 1.19 for  the youngest, liiitldle-:tged :tiit1 oldest 
groups, respctively.  'I'he iiieiiii f o r  :ill subjecIs, 1 . 1  5 111111, is in 
agreement \! it11 the results reporled by l$Jiirk, I)onov:in : ~ n d  
Heath, who piit thc dis1:iiice :it slightly iiiore than  1 111111, anti by 
Posselt, 1.25 -t 1 . 0  ~ i i i i i .  



One Iiionifestation of  the functioiial status of  the dentition is 
l l i c  number and 1oculis:ition of the teeth in occlusal contact in 
r a  r iou s f u nc t io t i  al p s i  t io t i  s of t h c ilia ndi bl e . For  a 11 cvnl u :i t io n 
of masticatory nioveiiients it is also iriiport:int to have a detailed 
I( now1 edge of  the existing occ I u sa 1 con t :ic t conditions . 

I n  the present material occlus:rI contact W:IS exniiiined in tlie 
intercuspal position, in right and left lateral cusp:il contact 110- 

sitions atid in tlie protrusive contnct position. The lateral cusl)wl 
contact position, which will be referred lo :IS the lateral position, 
is defined :IS the position attained during lateral contact glide 
when there is intiiiiale contact between the grentcst nuinher o f  
teeth 011 the working side. The lateral position was deteriiiincd 
for individual subjects hy exaiiiining the contact hetween upper 
and lower teeth in less m t l  iiiore extreiiir lateral positions, and  
by observing the changing contact between the v:irious teeth and 
groups of teeth during progressive iiioveiiienl. The distance be- 
tween the intercuspal and the lateral positions varied between 
subjects but was usually from 2 to 3 iiini, measured in the rc- 
gion of the canine teeth. The protrusive position is defined a s  

the position attained during protrusive contact glide when the 
greatest number of anlcrior terth are in intimate occlusal con- 
tact. 

Method of examination 

The presence of occlusnl contacts was tested at  the clinical 
ex:iinin:ition tising strips of cellophane 0.03 i i i ~ i i  thick placed be- 
tween opposing teeth. Where casts  mounted in the articulator 
were available, these were used nt the s m i e  tiiiie a s  :in aid in 
locating areas of occlusal contact. It was impossible to repeat 
this exalnination for each subject on a different occasion. How7- 
cver, the double deterniinations which were made g:ive consiat- 
ent results in every instance. 

For each subject the number and position o f  teeth ni:ilting oc- 
clus:d contact in the specified functional positions were record- 
ed. The findings :ire suniiiiurized in Tables 7 A-C. 



Findings niid discussion 

Occluscil  coiiliicls ill / h e  iniercrcspc[ p o s i l i o i i  

I n  most of the subjects (75  per cent) comprising the youiigcst 
group there W:IS cont:ict in the inkreuspal position for molars 
and premolars only. A small space was found hetween the :in- 
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terior teeth, t ha t  is from the canine on one side to the canine on 
the other (T:il)lc 7 A ) .  Aliiiost one-half of  the middle-aged group 
(44 per cent) displayed this type  of cont:icl hut only a few (15 
per cent) o f  the oldest gro~ ip .  I n  most o f  the subjects in the 
oldest group (02 per c e n l )  thcre w i s  contucl i n  the intcrcuspal 
position 1)etween i n o l n r s ,  preiiiol:irs ant i  cnnines, while the in- 
cisors were srp:ir:itctl by :I sin:ill space. Although the sp:ice in 
the anterior segunenl usu:ilIy :~111011nted to only ;I fern tenths of a 
inillitnetre i t  w:is re:ittily discernible. In  view o f  the small size of 
the space, the occlusion o h e i ~ v e d  in these su1)jects could Iialdlg 
be regarded :is one of open bite (Figs. 7, !I, 1 0  :I : ~ n d  1 7 ) .  

W'lien the incisors were also in conl:ict in the  intercus1):il po- 
sition l h e  occlusion w a s  of the edge-to-edge l y p ,  or pr:icticollg 
so -- that  is, 1)oth overhilc : int i  ovcr.jct were pr:ictic:illy zero. 

I ) ~ W I I S S ~ ~ J I I  

I n  the intcrcusl):rl position lliere wis  I I S L I : I I I ~  no occlusnl con- 
tact between the incisors, nnd oftcn not between the c:inines 
either. This :il)sence o f  cont:ict hetwecw the upper : i n d  lower :in- 
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terior teeth constitutes a deviation from text-book norinal (i- 
deal) occlusion, which postulates siinultaneous contact for all the 
teeth. 

On casts of dentitions that were considered to function well, 
Brenner. (1943) :ind Thielemnnn (1956) observed that there was 
a siiiall space hetween the anterior tccth in the intercuspal posi- 
tion. In :i study of 15 subjects :rnalysed by 5 orthodontists a s  pos- 
sessing excellent anatoniic occlusion and :ipp:irently normal 
function of the temI~oromandibular joints, Dierlies ( 1957) found 
that wax records had no perforations in the incisor region ant1 
hence that there was no contact. 

Occlrrscil conlrrcls in Irrtrrctl posi t ions 

In the specified right and left lateral positions of the iiinntli- 
hle, occlusnl contact was observed on the working side between 
the second and first molars, the prcmol:irs, arid a wrying  nuni- 
her of anterior teeth (Table 7 13). In the youngest group there 
was occlusal contact froin the second molars up to and including 
:it least the canines. Two subjects showed a weak contact be- 
tween the second molnrs. In the middle-aged and oldest groups 
there was occlusal contact from the second molars up  to and iu- 
cluding at  least the canine on one side and up to anti including 
:it least one incisor on the other. Figs. 16 and 18 to 21 illustrate 
the occlusal cont:tcls in Iater:il positions for suhjects representing 
the three age groups. 

None of  the subjects displayed contact on the non-working 
side (known in prosthetics as  1)al:incing contact ) in the specified 
1 :i ter a I posit ion. 

1)isciission 

Contact between several teeth on the working side was record- 
ed for every subject. In contrast, present-day Europeans usually 
inake c o n t x t  during lateral gliding between :I few teeth only. 
I3ec:ruse of steep iiicisal guidance, often only anterior teeth make 
contact, especially the canines. Opposing premolars and molars 
do not achieve contact during gliding of the mniidible from a lat- 
eral position u n  ti1 the intercuspal position is :ipproached (Hiltle- 
hrrlnd, 1!)31; Sfl~ZJJl(Zll, 1 9 5 7 ) .  
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b'ig. 18. (::ists ol' a subject  o f  t l i c  youngest group i l lus tra t ing  occlusel con- 
1:icls. N o l c  l h c ~  coiil;ict Iic~l\vccii inany tcactli o n  llic w o r k i n g  s ide  i n  lateral 

posit i t ) i i v .  



Fig. '(I. (:Lists o f  :L su1,ject of [he  middle-ngcd group illustrating occlusal 
coiitncts. Xote t l i c  contact  between inany tecth 011 the  working side in lateral 

piisit ions. 

Fig. 21. (hsts  of :I subject o f  the oldest group illustrating i)ccluanl coii- 
tacts. Note the intiriiate contact hetweeii al l  teeth o i i  the working side in left 

lateral posit ion.  
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A striking feature of the Austrnlian aboriginal material studi- 
ed was the absence of occlusal contact on the non-working side 
in lateral positions of the imindihle. In the literature it is some- 
tiiiies stated that such contact exists in “normal” occlusion and 
that treatment aiiiietl at improving the occlusnl status of a pa- 
tient should estahlish contact on the non-working side. 

I n  the present innteri:iI, hoth preinolars and molars of the 
working side p a r t k i p l e d  in lateral contact glide. This is prob- 
ably not due entirely to early mnrlted attrition of the anterior 
teeth, as has been suggested by Jones  (1947) and tl’dmico (1658). 
In those instances of the youngest group in which attrition was 
negligible (Figs. 6, 8, 1 9 )  the shape and position of the c:inines 
arid incisors were such that they did not prevent contact of the 
premolars and molars during gliding from a lateral to the inter- 
ciispal position. However, the niean number of teeth milting 
contact increased with age, and this would proh:ibly he due to 
attrition. 

The intimate contact in lateral positions and the large nuni- 
her of teeth involved indicates an anatoinic:illy harmonious de- 
velopment of the dentition in the Australian aborigines; this en- 
sures powerful ant1 efficient iise of these functional positions. ‘l’o 
provide a coinl)arison hctwecn occ1us:il contact in the lateral and 
the intercusp:il positions, the subjects were divided according to 

Table 8 

I~istriDzzlion of subjects  f o r  conipctrison 0/ owl i i s tc l  contrccts in 
interczisptrl ccnd Itrterctl pos i l ions .  

(hiitnet i i i  letel.oI position on the working 
side (riglit or left) from second molar to 

Contact in intercuspal 
position oii  both sides 
srolll sccolltl 1nolar to 

sccontl I”’eln0lar 

first preinolar 

c;iiiiiic 

incisor 

2 1 1 

‘2 9 ti 5 

15 5 10  

7 7 
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the presence of this feature. As Tiible 8 shows, in every subject 
a s  many or niore teeth made contact 011 the working side in the 
lateral position as when the s a n e  side :issunled the intercuspal 
position. This indicates that the lateral positions are  extreniely 
iiiiportant functional positious, :IS hiis been einphasized by Bnr- 
re t t  (1958) .  

General observatiou of ihe occlusal con tact during lateral glid- 
ing showed that in sonic subjects, especially those of the oldest 
group, prxt ical ly  all the teeth 011 the working sidc niadc con- 
tact during long excursions. Usually, however, the contact moved 
from one group of teeth to another during a lateral excursion. 
Near the intercuspal position the same teeth iiiade contact as in 
the intercuspal position itself, usually only the premolars and 
molars. Then, in the specified lateral position, about 2-3 mni 
from the intercuspal position, the greatest nuinber of teeth came 
into contact. In excursions beyond this position the contact grad- 
ually diiiiinished between the inolars antl then between the pre- 
niolars, and the incisors made contact in turn. Finally, in iiiore 
extreme lateral positions there might be contact only between 
the anteriors (Figs. 16 c and 19). 

During progressive iiiovenient from n niore extreme lateral to 
the intercuspal position, contact passed smoothly from one group 
of teeth to another. This “group function” is a remarkable fea- 
ture of these Australim :iborigines. It lins been considered by 
Goldmnn P t  d. ( 1960) to be characteristic of a properly function- 
ing dentition, “Group distribution on the active side affords ade- 
quate masticatory efficiency and physiologic distribution of force 
antl stress.” 

Occliisnl contricts in protrzisioe posi t ion 

Occlusal contact in the protrusive position involved a varying 
number of anterior teeth and in sonic cases also the adjacent 
preniolars (Table 7 C ) .  In most subjects there was contact for 
:I group of 2-4 :interiors. The relative frequency of subjects 
with 5 or inore teeth in contact increased with age. 

Observation of the protrusive contact gliding showed that 
there was always a group of teeth functioning; this is consistent 
with the previously inentioned group function during lateral 
contact g I i d i n g . 
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jects can effect the ”tiorni:iI” cusp f o s ~  relationship on either 
the right or the left side by moving the iiiaridihle slightly to the 
right or Ie t t ,  iwpectively. 0 1 1  the opposite side the  deviation 
from “noi~nial” is then cwiggt>r:iIed. Ih r r e l t  refers to this type 
o f  occlu\ion ; I \  S-occlu\ion. 

Hcifhrirsrr!j ( l ! t ( i l  ) ob\cr\ed the  s:iiiie type o f  occlusion in :I 

different tribe ot Au~tr:iIian aborigines at  Hnast’s Bluff, :tiid 

Brornn c t  I?rwdr ( 1 M 3 )  ha\ e I efcrrec! to thc condition. 

Thi \  type o f  incongrucn t intei.cii\l,ation, the term used here, 
\\:I\ obsci\ed o i l  c:i\t\ ~ iiiountcrl in lhe articulator -~ of 8 suh- 
j c c t s  o f  the  younge\t groiil) :ind o f  one su1)ject in each of the 
inidtile-aged :inti o l t k t  g r o u p .  ‘I’o ohlain :in iiiipres\ion o f  the 
in:ignitutlc ot thi\ incongruity in the transverse direction, the 
1)ucc:il cu\l) tip o f  the  lover fir \ t  1)rciiioI:ir and the ~nesiohuccnl 
cusp tip o f  the  fir41 iiiol:ir \vere iiixle to produce spots on the op- 
posing upper teeth by nican\ o f  :i dye. ‘I’he trans\ ersc distancc 
between the  p i n t s  ninrkvd on the upper teeth was nieasured, :is 
MYIS the tli\t:ince between the central  foss:ie of  these teclh a t  
point4 \ituuted in thc xiiiie tr:tns\erse p1:ine (Figs. 22, 23). The  
difference I~etwccn tlie\c t w o  distances provides a iiicasiire o f  
the  incotig r ti i t  ~ 7 .  

’I’he 1iie;in v:iIue\ for a l l  8 \uhjects were: first preniol:ir region 
2.98 i 0.27 m t i i  ( s  - ().Ti), fir\[ iiiolnr region 1.84 % 0.26 ~ i i i i i  

( s  = 0.i3). l’hc values denote t h e  totnl incongruity for both 
side\. The incongruity iii:iy o f  course differ slightly on thc two 
\ides. ‘I’he mean o f  2.98 iniii for the preii101:ir region thus  implies 
:ti1 “incongriiily” of 1.5 t i in i  for each side, and  lhc  nie:in o f  1.84 
niin in the i i i o l : ~ .  rcgion :in inroiigruity o f  0.9 nini for each side. 

I t  is not C:ISJ to interl)rct the picture presented by the occur- 
i~c~tice of incongruent intercuspation. I t  is conccivnble that  the 
incongriiity i \  “corrected” througli changes i n  the position o f  the 
tee lh  resulting from growth of the jaws. l k c a u s e  of the attrition 
t h e  incongruity was, of course, niore difficult to ascertain :it 
iiiore advanced ages. Zljorl: has shown the presence of such in- 
congruity in  young Swedes ilwrsonal coriiiiiiiiiicatiorlf. 
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Movciiients of the iiinndihle perl'oriiied when the nrouth was 
empty, the so-called free or einpty nioveinents, were observed for 
all subjects :it thc clinical examin:ition. The nature of the ~ i l o \ ~ e -  
iiients was recorded. 

It was found in every subject thal the hahilual opening and 
closing movements of the iiiantiihle were snioothly executed and 
showed no marked deviation to one side. IA:itcral movements 
were examined in order l o  judge the type and range of i i 1 o ~ -  
inents. For guidmcc of side the investigator placed one hand on 
the right or left side of the niouth. Special care was taken to ob- 
serve whether the subject showed preference for one side or  the 
other when these free lateral inoveiiients were being perforrned. 
Wide lateral excursions were obscrvctl For most subjects and it 
was found that every subject W I S  able to perform inovellienls to 
the right or  left side with equal f:icility. 

Two separate functions are distinguished in the act of chew- 
ing: first, prehension and incision ~ the seizing of food with 
the lips and teeth, and the biting off of the food; second, actual 
mastication - the preparation :ind trituratioii of food with the 
teeth bcfore swallowing (Hiltlrbrnnti, 1931). 

The Australian aboriginal seizes his food with extremely active 
and powerful nioveiiients. For ex:imple, when tenring off a por- 
tion of nieat from a larger luinp held in  his hands, the meat is 
gripped between the incisor teeth and the portion is severed by 
use of arm, neck and jaw mucles. Thc iiiandible is often pro- 
truded and nioved to  one side a s  the food is seized between the 
teeth. When a bone is gnawed, for  ex:imple when nibbling ineat 
f rom a ltangmoo limb, lateral iiioveiiients are  commonly em- 
ployed.* 

:$ The vigour of masticatory movements and inlegration of musculnr acti! i- 
ty  during mastication :ire strikingly illustrated by a short instructional film 
which has heeu assembled from cinrmatogrnjthic fi lm records olttained by 
Barrett at Puendumu in 1956. This film, on which Barrett ha\ made a teutn- 
tivc frame-hy-frninc analysis, was :I 5tiiiiulus to  the work of the prescnt 
author. 
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From the observations on occlusal contact during I:iter:il glid- 
ing reported :)hove, it is evident that in the 1:ileral position in:iny 
su B j ec t s 111: I rlc in t i 111 :i t e con t act i n\wl v i n g t he who1 e working 
sidc froin 1nol:irs to incisors. For some subjects intirii:ite contact 
grndunlly dcvelo])etl between the :interior teeth on the working 
sidc during wide excursions 1,cyond thc lateral position. This in- 
timntc cont:icS between upper :ind lower incisor teeth is :idvan- 
tageous in gnawing and nibblinfi. 

- 1  1 ht' t l ~ ~ ~ l l l l ~  I l l l l . \ / l C t i t t J l ' ~  f I 1 O l I C I I l P I l f S  

l'hcre werc 26 subjects :iv:iil:ible for :I detailed study of the 
in:istic:ilory mowiiients proper - - 15 in the youngest g r o ~ p ,  G in 
the middle-ngcd group and *j in the oldest group. 

1'ieu.s differ 011 the inann(~r  :ind extent to which the chewing 
~iioveiiients are influcnccd by the nature of the food; the usunl 
c1nssific:ition o f  the consistcncy ranges from resistant, or hard, 
to soft food fJrrn1;rlson c t  t r l .  1 $),5:3; ~<oir) f i iJ i i i f i ,  l!)(il j . 

liilticbrcrnti's investigation ( 1931 ) showed that :IS a rule the 
nature of the food does not influence thc appearance of the nias- 
tication curve in any respect. IZ ln t~ l i ! /  (1940), Jnnkelson (1954) 
and Koivuninrr (1961 ),  howevcr, found variations that they as- 
cribed to the c1iar:icter of the food. 

Since the food of Australian aborigines consists chiefly o f  
meat, this was considered iiiost suit:tble for the study of in:isti- 
cation. The use o f  a test food inaterial unknown to the aborigi- 
nes would probably influence masticntion because of its strange 
taste and unusual consistency. Fresh roast beef, a moderately 
resistant food, was used throughout the study in order that the 
test food would hare as uniforni a consistency as possible. 

Method 

The investigation should he designed so that the perforniance 
of the masticatory iiiovenients is affected : i s  little :IS possible by 
the experimental procedure and the choice of recording appli- 
ances. Various types of X-ray cinem:itography used by Z<lrrfskg 
(1940), Jnnkelson et t r l .  (1053) ,  Berry ct (11. (1959) and Koiuii- 
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inrrr i  (1961) satisfy these rcvluireiiicnts; o ~ i e  tlisad\:iiit:tge o f  this 
method is the inherent source o f  error in the :iiialyticiil tracing 
of  details in the picture. 

h c o ~ i i n ~ o n  nietliod of  recording iiiastic:iiory iiiovenients is cin- 
eiii:itogr:iphy. I n  order to folio\\ the I);tthways of thc in:rntlil)lc 
by this procedure, indicators rn:iy he :ttt:iched to the skin or :I re- 
ference grid iii:iy be affixed to the hc:id for instance nt the 
ears (A  tkinson cC- ,Shepherd 1 %ij; TlroPlfcl (it nl., 1Ni2 1. This, 
howe\ er, t o  soiiie cxterit inipairs tlie :iccuracy of  the records OM - 
ing to displaceiuent of thc skin :inti other soft tissues. A n o t h c r  
1)ossihility is to a&t;irh to t he  lo\ver teeth :in indic:itor that pro- 
jects outside the lips, such ;IS :I Iiiet:tl wire m i t h  a siii:ill hall :if- 

fixed to  the t i p  situnlcd outside the mouth (Ziiltlc~hrtrntl, 1931 ; 
Wild -Eher l~ i i rd ,  1'350; Schrocitzer, 1961, 1062; Hicl<e!y e t  t r l .  l!)W, 
who combined i t  mitt1 : i n  indicator iiistrletl into a condyle) .  'I'he 
iiioveiiicnt of  the 1x111 inuy then be folloncti in l h e  f ro i i ta l ,  sngit- 
t:il : t i id horizont;il plmcs. 

I t i  the 1 ) r c se n t s t ti ti y o f  in  :is t ica t o r  y 111 ovc iiie n t s c i 11 e I i i  :t t o- 

graphic recording was used. A dcvice with :in extraoral indicator 
:itt:rchetl to  thr teeth \\;is tried out on the aborigine\, hii t a s  i l  
appeared to irritate the suhjects :tntl iiiight therefore ha\ e a f -  
fected the i1i:isticatory nio\eiiients i t  \\:IS :~l):indoned. Ho\vewr, 
since the Austtxli;in :iborigines studied iiiostly kept their lips 
apart  during iiia\tic:ition, it WIS possible to 4ec the incisal por- 
tions of the anterior teeth during I i i o s l  o f  the niasticntory I I I O I ~ . .  

ments. 'I'hus, i t  was possible to i'ollo\v directly the tiiovtiiient of 
:in incisal :inglc o f  a lower incisor, tlie reference p i n  L chosen i n  
sever:il previous in\ estig:itions. A Ithough thi\ p i l l  t \\:IS visible 
i n  the cr:inial (superior) p r t  of iiiost m:tstic:itory cycle\, i t  X I S  

sometimes covered by the Io\vcr l i p  during the c:iutl:il ( inferior) 
p:irt \vhen the In:intlil)le n a s  ne:ir its liosition o f  iii:i\;iiiiiiiii o l ) e ~ i -  
ing. When a n  upper ccn1r:rI incisor w a s  tiiissing : in  iiicis:il cor- 
ner of :I lower incisor could he followed directly rven when there 
wiis  a n  ovcrljite. Iiestrnint o f  function due to indicators of w r i -  
ous types was thus :ivoidetl and the  iiioveiiieiits were unh:iiiipered 
: t i id  n:ilur:iI. (The i i ~ e  of indicators outside the Iiiouth atso rt- 
quires calcul:ttion of  the values obtained.) 

Each subject WIS seated on :I c1i:iir und the he:ttlrest \\:is ad- 
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justed so th:it the occlusal 1)lnne xvas horizontal. For soiiie sub- 
jects the head w:is stabilized against the 1ie:iclrest hy :I hroad rib- 
hori tied loosely r o u n d  the fore1ie:itl. 'I'he c:utier:i wis positioned 
s o  t h a t  the lens asis  mas :it right angles to  the frontal plane and 
level with the occliisal plane. A c;iiiier;i-to-suI)ject distance w a s  
selected such that  with the appropriate lens the field included 
the lower half of  the head. A f i l t i i  speed of 32 fr:uiies per second 
n:is used. I3y using an electric iiiotor drive, 100 feet of film could 
bc exposed in  one scqueiice. 

This techniclue permitted the recording of the masticatory 
iiiovciiieiits of principal interest -- those in  the fronlul plane. 
However, :is no extra-oral intlic:itors were used, recordings of 
the iiioveiiieiits in  the sagittal plane could not be obtained. 

The f i l i i i  sequences for e:icli suhject were :is follows : First, 
:I record was oht:iined with the iiiandihlc stationary in the inter- 
cusp:tl position. Sccont?, the act of chewing w:is filiiied. The sub- 
ject w:is asked to eat, :ind f r o i i i  then on 110 fur ther  instruc- 
tions were given. The subject bit off :I portion of iiie:it from a 
large ste:il< he ld  in his h:ind, formed the portion into ;I morsel by 
shaping i t  hetween his l i p ,  tongue :ind cheek, perforiiied the 
act u a 1 111 a s  t i c :I tory iii ove i 11 e 11 t s, niid f i 11 :iI I y swal I owe (t the bol u s. 
Third, :I filiii record was oht:iined of lateral contact gliding 
iiioveiiietits with the mouth empty. During this the suhject w i s  
instructed to slitlc the iii:intlible in right :uid left 1:iteral excur- 
sions while Iwrping his teeth in con1:ict. 

From t he  photojirapliic iiinteri:il :in:iIytical tracings mere pre- 
pared in the following w i y :  Consecutive frariics of the filin were 
projected, one :it :I tiiiic, on inillitnetre graph piper ,  with :in 
enlargeiiicnt factor of 3. A n  accurutc w l u e  for the enl:irgement 
in the individual case was oht:iiiietl 1)y coi i ipr ing the iiiesiodis- 
tal widths of  the incisors on the iiiilliiiietre paper with the va1- 
ues ohiaiiietl hy direct 1iic;tsureiiieiit. l'he paper was p1:icetl on :I 
r1r:iwiiig hxird and held by :I couiiterb:il:iiiced :iriii in such :I w i y  
that i t  could be moved steadily while reiiiainiiig in contact with 
the hoard (Fig. 24) .  The incis:il line of the upper j aw  was drawn 
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with t h e I 11 an tl ibl e he Id s t :it ion a 1-37 i 11 t h e in  t erc 11 sp:i 1 1'0s it io t i  

and this dr:iming w:is iised :is the reference line for the subse- 
quent pictures. Ijy projecting the consccutive fr;imcs on the saiiie 
area any siii:ill changes in the position of  the head were thus 
eliminated. The inoveiiiciit of the iiiantlibular incisal line was 
followed :ind an incisal corner of a central incisor was entered 
on successive fruines :is a point. l'he ch:inge in 1oc:ition o f  this 
point represented the pithway of the mandible. If the overbite 
concealed the incisd line o f  the 1ii:indible the jaw position was 
deteriiiined by iiieans of a cardbonrd cut-out o f  a pt te r i i  drawn 
f lo i i i  thc projected image o f  the m:iiitlibular incisal line. 

A n  opening and :i closing movement together form a inas1ic:i- 
tory cycle. Four to eight masticatory cycles were traced for each 
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subject. To iiinlic sure that a record was obtained of  niandil)ular 
iiioveiiieii t s du r in g act ua I m : t  s t ica t ion, t hc cycles t r:t ced were 
those between the first three or four cycles, when the iiiorsel 
was being shaped, and the last two or three cycles prior to swnl- 
lowing. 

The lateral contact gliding nioveiiicn1 with the mouth empty 
was analysed and plotted fr:tiiic by fr:irnc in the s:tiiie manner. 
The tracings of the ~iiwsticatory cycles m d  einpty contact inow- 
inents are reproduced in Figs. 2 A - 4 6  (pi). 648-63). 

Possible errors in projection crnd plott ing (tracing the position 
of the 1n:indible) were determined by repeating the procedure. I t  
was found that the successive points used to develop the tracings, 
which were enliirged by the factor of 3, did not show :i discrep- 
ancy exceeding 0.5 111111 on repeated projection of the filiii. 

Findings and discussion 

The findings reported below relate to observations on the 
f i I nis . 

The dnrcrfion of CI mnsficnfor!j  cyc le  wried  within the s:iiiie 

subject and between subjects. Usually the time wis slightly less 
than one second. In the opening phase there W:IS an initial ac- 
celeration of jaw movement followed by :I retardation as the 
position of iiiaxiniuni opening was approached. During jaw clo- 
sure, again, there was an  initial :icceler:ition followed hy :I slow- 
ing down :is occlusion was approached. Near the intercuspal 
position the iiiovenient was soiiietiines so slow that  points in 
consecutive frames overlapped. 

The chewing was performed by each subject on one side at  a 
time and it d t e r n n f e d  between the right and left sides with 
striking regularity. Chewing began with 2, 3, or 4 cycles on one 
side, and then, during an opening iiioveiiient, the tongue passed 
the morsel smoothly and rapidly to the other side of the nlouth, 
where a similar number of  iuasticatory cycles was pcrforiiied. 
This pattern was repeated regularly until the bolus wns swal- 
lowed. The total nuiiiber of chewing cycles varied for different 
subjects but the number of cycles on each side was almost the 
sanie. 
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The  t i t i i r  for one chewing cycle slightly less thnn one second 
- is in :igreetiient with the findings o f  S h c p h p r t l  (l!HiO) and 
Tvoczfr’z c t  ( t l .  ( l o w ) .  

Irrcgularity in choice of chcwing side untl unil;ttcr;il chewing 
have often heeti reported in in\  estig:itions on suhjects of Euro- 
1 ) ( ~ 1 i i  origin, : ind are l)rol)ul)ly :I coiiiiiioii feature. \\‘hethcr there 
is :iny connection hcl~vecii this irregularity :ind Ihc occlusal sln- 

tiis c:tnnot, however, be jiitlgctl in invc\tigntions in which t h i 4  
s t :it 11 s i 4  n o t  r e po r led. 

Hildcbrrrnd ( 1931) and IZc!yron (195.1) found that  the preferred 
side for chewing w a s  tlie one on which the  grezitest niiiiiber of 
teeth werc in c o n t x t  during lateriil gliding. The altern;iting 
p i t t e r n  obwrvetl for Australian :iborigines is consistent with 
t h i s ,  since tlie two sides were equivalent :is rcgnrds llie occlusal 
coiit:ict i n  the I:itcral 1wsitions. A\ rcl)orlcd ahove, the :iltrition 
w:i\ a lw  consistenlly syiiiinetric:\I on the right : ~ n d  left sides o f  
the t lcntnl  arches. 

h h l l / l t ’  ( I l l t i  51-1’ l J /  l ! l C  I l l t l h ~ l ( ’ 1 f ~ l J l  !I C t j ( ‘ / C  

‘l‘lic ii1:tsticatory cycles varied in shape :ind size. I)irecl ohscr- 
v:ition o f  film, X-ray citieniatogrspliy and strohowopic record- 
itigs :ire not very reliable, are difficult to iiitcrprct and can re- 
sult i n  general ev:iluntion~ thut iinply only great irregularity. 
‘I’hc masticatory cycles arc hest 4tudied on annlytic:il tracings, 
anti  :ictual nic~isurctiients 4iould 1)c perioriiied on these to cn- 
d)le \ :iri:itions in  ioriii nnd size to  he reli;ibly : iswsscd.  

The :tn:ilytic:il Lr:iciiig\ in the  present study show the iti:isti- 
c:itory cycle in tlie fronl:il plane. Its coiirse iii:iy be defined in 
reht ion to :I coortliniite systeiu consisting of :I horizontnl axis 
(S) Lhat closely coincides with the occlusal l)lane, and :I vertical 
iiiet1i:tn axis ( Y )  that  coincides with the iiiediiin sagittal plane;  
the intei-cusp:il position is the  origin (Fig. 25) .  Variations i n  the 
iiiaslica tory cycles a r e  consir1cr;ihly greater i n  the caudal :iiitl 

middle parts than  in the c rmia l  p r t .  Various evaluations and 
iiie;isureiiieiits can appropriately he divided into ( A )  those coii- 
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cerned with the shnpe :ind size of  the whole masticatory cycle 
:ind (13) those concerned with the cr:inial par t  of the cycle and 
ils rel:ition to the p i th  of contact glide i i i  einl)ty moveiiienls. 

.I. S J  t r p e  r r n d  size ot l h e  i i i l iole ~ ~ i r r s f ~ ' c c ~ t o r ~ i  cgc le  

0hserv:itioii o f  the gener:il for111 of the chewing cycle showed 
t h a t  in the opening iiio\wiient the iii:iiidit)le pxssed tiietfi:iIly, 
closer to the niedi:in pl:rne, while 111 t h e  closing movetlicnt i t  
tiiatlc :I lateral swing tow:irds the 1iiastic:itory side. 'I'he caudal- 
most poini, :ind hence the lower portion o f  the iu:~sticntoi.y cycle, 
iiiight be situated on either side of the iiiedinn 1)lane. The p:1Lli 
o f  iiioveiiient was gencr:illy stiioolh, but it could be W I ~  :lnd 
t i  i sp I :is sii tlde n ch a 11 g e s i 11 ( 1 i r ec t i on, c s pecin I I y d LI r i 11 g the ope11- 
iiig phase. l'he opening and closing movements rarely crossed. 
l 'he scverul iiinsticatory cycles studied in  individual subjects Y:I- 

r i d  hut in most cases ilierc WIS :I close si1iiil:irity bctwecn theill, 

so ihnt  the indivit1u:il pattern w a s  ch:ir:icleristic. 
The l ength  o f  the iiiasticatory cycle in the vcrtic:il direction -~ 

the total opening - was 1iie:isurcd in relation to the incdi:in 
plane. I n  the closing iiio\Vetiient the greatest 1:iter:il distance to 
the iiiediaii plane w i s  iiicasuretl to :in :iccur:icy o f  0.1 111111. 'I'he 
vertic:il level o f  the extreme Iater:il point of the closing iiiove- 
iiienl was recorded, for  which purpose the vertical tli\t:ince w a s  
divided into a crani;iI, :I iiiitltlle : int i  :I caud:il p:irt. Moreover, the 
l a t c ~ x l  dist:inctt to the tiiecti:iii plane WIS iiiwsurcd :it :I 3 iiiiii  

vertical opening (Fig. 25) .  'I'lic iiicwsureiiieiits were performed 
on e:ich individual rii:istic:itory cycle :inti the nie3:iii XIS calculat- 
ed for  each subject. ( A l l  iiiw\ureiiients were made on the  en- 
1:irged tracing oht:iined on the milliinetre gr:iph paper. A n  ac- 
curate value for the enlargenient i n  the intiivitluul c:isc. W:IS oh- 
tained by coiiip:iriiig the nie\iodist:il widths o f  the incisors 011 

t he  iiiilliiiietre paper with the v:ilucs oht:iinctl hy direct me:isure- 
iiieii 1. ) 

l'he results are reported in Table !I, coluiiitis 2--5. The 1iic:in 

\ d u e s  for the age groups were cnlculated frolii the values for in- 
c1ivitlu:il sul)jects iTahle 1 0 ) .  
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. . . . - . . masticatory cyclc. 

p a t ~ i  of cont;ict glicte in cmpty inovemcnts. 

S 

1 
The iiiterscctioii of  t h e  i ~ x c s  is  the iritcrcusp:il ~iosiition of the mandible. 

i t  

1, (irentcst Iatcr;iI distance t o  the Incdian plane (closing movement) (eol .  

Horizontal ax is  closely coincides willi the occlusnl plane. 

Verticiil ;\xis coincides with  t h c  \crt ical incdi;iii plane. 

I'citical tlimcrisitrn o f  t h e  masticatory cyclc (col .  2 i i i  'Table 9 )  

3 i i i  T;ible !))  

c 1,atcral distniicc to  the nietlinn plnnc for  :I vertical opening of  3 mm 

tl 1)ist:iiice over which thc closing movement coincides with t h e  path of 

(closing ~ n o v e m c n t )  (col. 5 in  Table !)I 

contact glide in  empty movements ( co l .  li in 'Table ! I )  



Table 9 
S h t i l ~ e  ccnd size of /he fo l t r l  nitrsfic.cttory cycic tint1 refnf ionship  bef ineen d o s i n g  
m o r ~ e m e n t  trnd p(rt11 of contcicl ylide in e m p t g  m o o e m e n f s .  T h e  ucrlnes itre meccns ~f 

nietrsnrrnients on inriioidniil cgcles. Linrtrr n i e ( t ~ ~ r r e n ? e n t ~  in mil l imelres .  
~ 

~ 

1 2 3 

(;lY~:ltcst 

t l  i st ii n cc 
Verlical Intel-a1 
t l  i  me 11 - 
h i o n  of of  closing 

Sub- mnsti- movement 
ject catory from median 
no. cycle plane 

~ f J l l l l ( ] 6 ' S f  { ] l o l l / )  ( A )  

1 23 5.1 
2 17 5 .8 
4 1 7  3.8 
(i 1 :1 5.5 

1 !I l h  6.2 

20 20 5.4 
28 18 4.1 
2!) 1 !I 5.4 
4 0 22 5.7 
1 -1 1 !I 5.2  

4 (i 14 3.7 
48 18 3.8 
-l!l 2 ::I li.1 
.50 18 4.!1 
,-11 17 5.8 

,!.IiddIe-(i{jed Y ~ O I I J J  (13 )  

15 1 (i 5 . 3  
1s 1 7  3.5 
21 21 6.3 
22 1 ;1 5 . 3  
26 1 7  5 . 3  

45 18 4.2 

Oft ies1 q r ~ l l i f l  (C) 
1 0 11 4.0 
2 3  18 5'!1 
27 15 5.6  
3 3  1 t i  5.5  
4 3  1.1 5.0 
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planr at a 
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3.:: 
3.8 
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4.2 
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4 2  
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3.8 
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2.8 
3.0 
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X!) 

3.5 
3.4 
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3.7  
3.8 

3 . 5  

3..i 
:!.!I 
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4.1 
4.5 

I) i  s t :i 11 c L' 
over which 

closing 
ni 0 wine 11 t 
coincided 
with path 
o f  c0llt:lct 

glide 
~ 

3.0 
3.2 
2 .4 
2.!) 
3.2 

2.5 
2.7 
2.5 
3.1 
3.11 

2.1 
2.5 
2.6 
2.6 
3 . 1  

:1.0 
2.8 

3.0 
2 .7  

2.6  

x n  

2.8 
2.5 
2.2 
3.5 
3.3 

Angle to horizontal 
plane made by path  
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l ou l l t l  tll:lt the I o t : 1 l  lllorelllent decrcnsctl 
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for the closing movement in Hildehrand’s material, 3-4 111111, 

was considerably sm:iller. The large movements for the group of 
Australian aborigines were consistent with Crimpbell’s (1925) 
and Rnrrett’s ( 1958) observations, which imply vigorous inasti- 
cation with large, accentuated niovenie~its. 

In the closing inoveiiieut the extreme lateral point was found 
to be situated about mid-way along the vcrticnl dinieiisiou of the 
cycle for 17  suhjects. For 7 subjects the extreme lateral point 
was in the cranial part of the cycle, :ind in 2 suhjects in the 
caudal part. The m:istic:itory cycle thus differs froin that re- 
ported by Zsigniondy (1912) m d  frequently referred to as the 
“tear-drop” forin, in which the greatest lateral swing is situated 
helow the middle. 

Measurements of the lateral distauce of the closing movenient 
a t  3 iiini vertical opening (youngest group 3.6, middle-aged group 
3.7, :ind oldest group 3.9 nini) showed that even near occlusion 
the niandible still occupied ;I fairly lateral position. This eni- 
phasises the more uniformly wide, ovol form of the iiiasticatory 
cycle in the Australian aboriginal, somewhat renii~iiscerit of the 
cycle found in ruminants (Hildrbrcrntl, 1937). 

R .  The crtrnitcl pur l  of the nicisticcifory cycle (mtl its relat ion 
t o  the p i t h  of contnrt glide in e m p t y  mouements  

As indicated :thore, in the individual subject the cranial parts 
of the masticatory cycles were considerably more uniform than 
were the middle and caudal parts. I n  some cycles the cranial 
parts were not so sinootli ;IS the rest, and gave the impression of 
iiiinute oscillatory movenieuts. 

The cr:iniul part of the masticatory cycle may he coin pared 
with the path of contact glide ohtnined from reordings of empty 
iiioveiiients. This path, which is guided by c u s p l  and incisal in- 
clination, was consistently very smooth. 

In all subjects most of the chewing cycles coincided at  some 
point or for some dist:ince with the path of coutact glide in einp- 
ty movements. This would iudicate that occlusal contact usually 
was made during chewing. Only a few masticatory cycles did not 
coincide at  any point with the path of contact glide (single cy- 
cles in subjects 1 (Fig. 3 5 ) ,  4 (Fig. 36) ,  21 (Fig. 3 1 ) ,  28 (Fig. 

14 ~ dc t t /  odorlt.  S C t c n d .  1’01. 92  
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3 8 ) ,  44 (Fig. 28) ;ind 47 (Fig. 3 2 ) .  Evidently the closing move- 
i 11 en t con t i 11 ned into the 11 e x t open in g ni ov e in e n t wi thou t tooth 
contact Iieing inade. 

When the inasticatory cycle coincided witli the path o f  con- 
tnct glide in empty nioveiiients this occurred allnost invariably 
in the in te rcusp1  1)osition. Exceptions were the second iiiasti- 
cotory cycle of  subject 6 (Fig. 26)  :ind in the fourth cycles of  
suh*jects 4 (Fig. Xi) :inti 44 (Fig. 28) ; in these two cases slight 
cont:ict was inade only after the intercuspal position. Moreover, 
in most niasticatory cycles the closing movement tow:irds the in- 
tercuspal position coincided over soiiie distance with the path of 
cont:ict glide. On the other Ii:intl ,  the opening iiio\ement usu:iIly 
left the contact glide iriiiiiediotely af ter  tlie intercusp:il position; 
cont:ict was niaint:iinetl :if ler the in tercuspal position only in 
single cycles ~ :inti only for :I slight distance ~ for sul-)jects 4 
(Fig. Xi), 20 (Fig. 3 7 ) ,  21 (Fig. 3 1 ) ,  28 (Fig. 3 8 ) ,  29 (Fig. 2 7 ) ,  
33 (Fig. XI),  44 (Fig. a x ) ,  40 (Fig. 40) :ind 49 (Fig. 3 0 ) .  

The d i s t an cc over w I i  i c 11 the c 1 osi ng in ove men t coincided wit 11 
the p i t h  of  cont:ict glide in enipty tiioveiiients varied. In excep- 
tional cases thcy coincided :it onc point, :ifter which they sep:i- 
rated and  met again in the intercusp1 position ~ single cycles in  
subjects 22 (Fig. 4 2 )  :ind . iO (Fig.  41 ) ,  When the ninsticatory cy- 
cles coincided with the path o f  cont:rct glide for only :I sliort dis- 
tance or no contact TKIS I i i : i d c  :it :ill, they tlieiiisel\.es usu:rlly f o l -  
lowed a sitiiilar course, which closely resenit)led the path o f  con- 
tact glide. Thus, these in:isticalory cycles, Loo, gave an iinpres- 
sion that  they \ \we  guitletl in the cr:rnial 1):irt hy cuspal :ind in- 
cisnl inclinations. 

l'he distance over wliicli the closing p r t  of  the masticatory 
cycle coincided with the 1)atti of  contact glide in etiipty 111ove- 
tiients was incasured to the ne:ircst 0.1 iiiin. When the cycle and 
the p t h  o f  con tact glide did not coincide, or they coincided only 
in the intercusp:il position, the dist:ince WIS denoted by 0. The 
tracing with the p:ith o f  cont:ict glide in cinl)tg iiiovetiients w i s  

snperiniposed on the triicing o f  each indivitlunl 1nnstic:itory cy- 
cle and iiieasureiiicnts were perfortiled on each o f  these sepnr:ite- 
ly. The mean was c:ilculntetl for the intlividn:iI subject (T:iblc !), 

col. 0 ) .  (The Ine:isureiiieiiLs were in:ide on tlie enlarged tracing 
o1)t:iinecI on t he  iiiilliioetre gr:il)li p p e r ) .  
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From the values for the iiidividu:il su4jects the 1iie:ins for the 
age groups were c:rlcul:ited (Table 11 1. 

The angle to the horizontal p1:iiic W:IS measured for the 1iie:iii 
distance over which the closing iiioveiiient coincided with the 
path of contact glide for the individual subject. The value was 
expressed as the iue:in of the aiigles to the right and left, aiid 
since the path is not perfectly straight, the v:iluc is approxiinate. 
The angles were c1:rssed according to R ~ ~ y r o n ' s  ( 1954) grouping : 
shallow 0--20", moderately steep 21-35", and steep, over 35" 
(Table 9, col. 7 ) .  The distribution of subjects in the different age 
groiips :iccording to this clnssification is reported i n  T:rble 1 1 .  

Table 1 1  

Relict iorish i p  be 1 iiwe i i  cloa in g m o v e m  en t of t 11 e in (1st icn t or y cycle and p t i  th  of 
ronirict yiitle in enlptg nror~ements .  M r t r n s  t o r  f l r e  trge groups for mecrsrrre- 
nients r r p i ~ r t e d  i n  'I'iible 9, co l s .  ti trrrtl 7 .  Linertr nietisiirementa i n  mil l inietres .  

1)istaiice over which 
c 1 I ) \  i ng more men t 
coincided with path 

of' contact  glide 

1)ihtrit)uIioii of subjects with 
re \pet t t o  a ng 1 e t o  horizontal 

plane made 1)y path in  
a ci j ace 11 t col u m ti  

 hallow niod. steep steep 
n--2oo 21-35" y :$GO 

1)isrrission 

When the recording showed that the masticatory cycle coiu- 
citled with the p t h  of contact glide in empty inovements, tooth 
contact was considered to exist. It is conceivable that  the ciiie- 
iiintogrnphic recording is not accurate enough to show actual 
contact, for ins1:ince that it does not exclude the possibility of 
:I very thin layer of food between the teeth. On the other h:ind, 
:I guiding contact 11i:iy well he considered to exist hefore i t  is in- 
dicated 1)y coincidence of the cycle aiid the path of contact glide. 
'I\Then the inaiidiblc :ippro:whes the inaxilla the food is coin- 
pressed and it presents :I firiu resistance (iiidirecl contnct ) j u s t  
hefore the teeth penetrate it completely. 

The uniformity of the craiiial parts of the niasticatory cycles 
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for a particular subject and their close resemblance to the paths 
of contact glide strongly suggest that the cranial part of the cycle 
is guided by cuspal and incisal inclination. On this, divergent 
views have been expressed. 

Jnnkelson et (11. (1953) ,  who found little contact between the 
occlusnl surfaces during mastication and no regular pattern of 
the masticatory cycle, considered that this was not guided by 
cuspal inclination. In :in investigation in which the occlusal con- 
ditions were carefully classified Hildebrrrnd ( 1931 ) fourid that 
the “mastication curve” was in fact influenced by cuspal and in- 
cisal guidance. The same result was obtained by Koivztmrrn in 
his study (1961 ) on three subjects with specified occlusal rela- 
tions, which were selected so that they were clearly distinguish- 
able from one another. He found occlusal contact during masti- 
cation and definite articulating paths which were related to cus- 
pal and incisal guidance. 

When occlusnl contact WYIS made during inastication, it was 
almost inv:iriably in tlie intercuspal position. This is in agree- 
ment with the findings of most investigators (Anderson & Pic- 
ton, 1957;  Grnf & Zcrnder, 1 % 3 ;  Hickey et (11. 1963).  Moreover, 
occlusal c o n t x t  was found to occur in most of the cycles for 
some distance of the closing ~ ~ i o v e i n e ~ i t  and occasionally in the 
opening movement. This finding is essentially in :igreelnent with 
those of Hildebrtrnti ( 1  931 ) and Hicliell et (11. (1903).  However, it 
is contradictory to the findings of sever31 inveslig:itors, who 
maintain that the functional chewing stroke is vertical in  direc- 
tion, with apparently no lateral component (Knrt l i ,  1942 ; Jtrn- 
kelson e t  ( 1 1 .  1853; Shepp( ird ,  1959; Shrrncihtrn & L e f f ,  1962).  

The ~iie:isurelnent of tlie distance over which the closing niove- 
nient coincided with the path of contact glide in empty niove- 
iiients gave fairly similar weans for the lliree age groups : young- 
est 2.76, middle-aged 2.85,  :ind oldest 2.86 i i i ~ i i .  ?‘he inean for 
the whole series was 2.8 111111. 

The angle to the horizontal plane iiiatle by the path over which 
the masticatory cycle followed the contact glide was iiioderately 
steep in 9 subjects of the youngest group and shallow in 6;  in 
the middle-aged group it was moderately steep in one and shal- 
low in 5, and in the oldest group shallow in all 5 .  In the whole 
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inaterial the angle of the contact glide was thus fairly shallow, 
and on an average decreased with age. 

I n  the youngest group the 0 subjects with a moderately steep 
path had a mean contact distancc of 2.6 niin, and the 6 subjects 
with a shallow path a mean of 3.0 inni. Although this coinpari- 
son was in:rde on only a few subjects, it would suggest a greater 
contact distance the shallower the p:ith. This is still an  open 
question. It should, however, be ohserved in the present inaterial 
that even in the youngest group the canines and incisors did not 
prevent contact of the premolars and iiiolars in gliding niove- 
nients froin lateral positions. The last part of the closing move- 
ment with the tceth in contact therefore assumed the nature of 
:t true grinding moveinent in the aborigines and not of a niove- 
ment directed only by the front teeth, :IS is coninion in present- 
day Europenns. 

The niean of 2.8 111111 for contact gliding during inastication is 
greater than that reported by Hildebrnrid (1931),  who performed 
one of the few studies of this condition reported in the literature. 
His study of 14 Swedes revealed :I contact glide of 1.3 Iniii for 
niastication of meat. For 5 subjects aged 21-30 years who were 
classed as having normal occlusion the contact glide was 1.75 
inin. Hildebrand stated, however, that only 2 of these 5 had “sat- 
isfactory :irticulation” - that is, several teeth inade contact on 
the working side in lateral positions. In the other subjects, who 
were classed a s  nonnornial, few teeth were in contact in lateral 
positions owing to, for instance, tipping and extrusion of teeth 
into extraction spaces. 

The occlusal contact of niany teeth in the lateral positions 
found in the present inaterial ~ in certain instances all the teeth 
on the working side - would presumably explain the wider 
range of contact gliding during niastication conipared with the 
shorter restricted contact nioveinent reported for Hildebrand’s 
inaterial (Reyron,  1954).  

The mean of 2.8 nini for the contact gliding during niastica- 
tion, which was thus found in a group with good occlusion and 
“satisfactory articulation”, is, however, smaller than the value 
of 3-4 111111 coininonly given in the literature and reported by 
Gysi (1929) and Ackermnnn (1941; 1046),  who used it in their 
evaluation of attrition. 
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Figures 26-46 

The frrtrings f h c  nirrsficrrtory c.!yc.lc.s on the following p g e s  
:ire reproduced :is sep:ir:ite cycles in Fig5. 2-34 :ind a s  super- 
iinposed cycles in Figs. 35-- 46. I n  each part the subjects :ire 
:irrunged according to age groul) : youngest, niiddle-:iged and 
oldest. 

In  the tracings with sc1)ar:ite cycles tlie points plotted fro111 

consecutive frames of the fil i i i  indicate the masticatory cycle. 111 

the tracings with superiinposeed cycles the opening niovenicnt is 
represented by :t 1)rolten liric and the closing nioveinen 1 hy a 
continuous line drawn through the plotted points. 

The points obtained hy plotting the contact gliding iiioveiiient 
with the nioulh empty are joined up so :is lo  represent the p:\th 
of  contact glide :IS :I continuous curve; this is reproduced in :I 

separate tr:icing. 
The tracings are reproduced in twice the natur:il size. (‘The 

tracings and plotting were origin:illy made from the film on nii l -  
liiiietre graph p:iper with a n  eiilurgeiuent factor of 3 .  A n  ; m u -  
rate value for  the enlargenient in the individual case was obtained 
by co1np:iring the i1iesiodist:il widths of tlie incisors on the gr:ipli 
piper with the \ d u e s  obtained by direct iiie:\sureinent.) 

111 perforiiiing i1ie:isiirciiicii ts the tracing with the path of con- 
tact glide in eiiipty niovenients was siiperiiiiposeed on the tracing 
of each individual ~ii:isticatory cycle. When tlie iii:istic:itory cycle 
coincides with the path of contact glide, it is  inferred that  tooth 
contact occurs during ninstication. The contact iiieritioned in  the 
legends to Figs. 26-46 refers to this coincidence. 
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Mandihulw iiioveiiients and occlus:il relations were studied in 
a group of Central Australian aborigines living under near p i m i -  
tive conditions. Although the nuiiiber of subjects available for 
examination provided only a sinall sample, it was the i1i:txiniuni 
number which could be expected to be availnblc on a single visit 
to the tribal area for a liiiiited period of time. 

The results of the oral  and dental examination of the grcpp 
agreed with earlier findings for the same tribe; nnniely, very 
little caries, good periodontal status, even among the older sub- 
jects, and little calculus. 

The cinntomic c.rrrniinrrtion showed that these people possess 
large teeth and large dental arches. Apart froiii a few of the iiien 
who had been subjected to cereinoninl tooth evulsion, the sub- 
jects had practically coiiiplete dental arches. The upper arch was 
wider and longer than the lower. In most subjects there was 
incisor overbite and overlet. The dental arches were consistently 
regular, indicating Ixirinonious growth and developiiient of the 
dentofacinl structures. 

Coinparison of the findings for  the three age groups studied 
showed that there was a shortening of the dental arch perimeter 
with advancing age, owing to progressive occlusal and proximal 
attrition. Thus, even in the adult period of life the arches of 
these people undergo :I continuous process of modification. This 
development was also 1i:irinonious; the wear on one side of the 
dental :irch, in degree and in  the direction and curvature of the 
attrition planes, was strikingly similar to the wear on the 01)- 
posite side of the arch. Within the age range of the subjects 
studied, proximal tooth contact WRS iiiaiiitnined irrespective of 
the degree of attrition. (Cnnipbel l  and Btrrrett have reported on 
a larger material of the same tribe.) 

The material obtained for the present study was highly suit- 
nhle for an  investigation of mandibul:ir nioveiiients and occlusal 
relations because of the consistent regularity and syniiiietry of' 
the dental arches, their coinpleteness, and the retention of proxi- 
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mu1 cont:ict even in the older subjects showing advanced atlri- 
lion. The inwstigation was not coiiiplicnted hy the wriahles in- 
troduced by mulocclusions, inissing teeth, :~bnorin:~lities atid pa- 
thologic states coinnionly seen in groups of “civilized” people. 

Tlie reltrtion of tlie intercuspal posit ion to the  rctriitietl conttrct 
position of the nicindible. - The jaw re1:ition in which i ~ i x i i ~ i i u ~ i i  
interdigitation of opposing teeth nornially occurs, or idedly 
should occur, during function, is iiiuch discussed, :md especially 
whether it occ~irs  in the retruded position of the i1i:indible. I n  
only about L O  per cent of the suhjects of the present study did 
the intercusp:il position coincide with the retruded position. The 
average dist:ince between the two positions was slightly iiiore 
than one ~nilliiiietre. ?‘his findins is i n  asreeiiient with the v:rlues 
reported for other groups of people j utlgetl to have excellent 
occlusions. 

It is not:ible that there was little difference between the three 
age groups as regards the mean distance between the intercusp:il 
mid the retruded positions of the iiiandihle. A greater distance 
iiiight have been expected for the oldest groul), in view of pro- 
gressive attrilion which iiiight have resulted in  :\ forward shift of 
the ni:uitlible and hence :I iiiore mesial intercuspation. 

Occlrisal contncts in specified fiinctionttl positions of the  mnn-  
rlible. - Ex:iinination of the occ1us:rl relations of the anterior 
teeth showed that in the intercuspnl position :I iiiinute space 
existed hetween tlie upper and lower incisors of most of tlie sub- 
jects; in nia11y of the youngest group there was :dso :I spice 
hetween the omines. This type of contact differs from the tcxt- 
book concept of norinal or ideal occlusion which postulates si- 
inultaneous contact of all the upper nnct lower teeth. The few 
earlier studies of this condition also point to the presence of a 
minute space in the anterior region. 

In specified lateral positions of the iiiantiiblc occlus:~l contact 
between several teeth on the working side W I S  recorded for every 
subject. A s  many or iiiore teeth made contact on the working 
side in the lateral position than in the intercuspal position; this 
confiriiis that the lateral positions are extreiiiely important func- 
tional positions (Barre i t ) .  During lateral gliding there was ii 
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transfer of contact froiii onc group of teeth to  another, hut there 
was a1w:iys a group of teeth in contact. Likewise, during pro- 
trusive gliding there w a s  alwnys a group o f  anterior teeth in 
contact. This “group function” w a s  :I characteristic feature of 
the A u s t r;i 1 i :I 11 :i hor i gin a1 111 ate r i a1 . Arlo t her s t ri I< i ng f e :I t u r e w a s  
the absence of occlusal contact on the non-working side, :I con- 
tact that should be present in the “ideal” occlusion, according 
to the concept of “halnnced occlusion”. 

. 7  1 he opposing preniolurs and the inolars of the working side 
participated in the contact glide from a lateral to the intercus- 
p i 1  position. The average number of teeth rnaking contact on the 
working side increased with age - probably owing to attrition. 
However, the :hove type o f  contact existed :ilso in the youngest 
group, where attrition was negligible. The shape and position of 
the canines a n d  incisors were such tliat they did not prevent 
contact of the preinolars and iiiolars in gliding iiioveinents froin 
lateral positions. This is contradictory to the concept of “cuspid 
protected occlusion”, which postulates as  norinal or ideal the ah- 
seiice of contact hetween opposing premolars and molars during 
gliding from a lateral position until the intercusp:il position is 
approached. 

Xrtsficutorg niouenzrnts. ~- Fresh roost beef, :I inoderntely re- 
si s t an t food, w:i s used th ro ugh ou t the study of in a s  tics t io n in 
order that the test food would 1i:ive :is uniform :I consistency 
as possible and he faiiiiliar to the aborigines, whose natur:#I 
food consists chiefly of  ineat. The uiethod used in the study 
of the actual inastication w a s  c i i i e ina to~r~~phy .  As the aborigines 
mostly keep their lips apart when chewing i t  w:is possible to fol-  
low directly the ~i~o\~ei i ients  of :in iiicisal angle of a lower in- 
cisor. Restraint of function that might result froin the use of in- 
dicators - for instance one attached to the teeth and protrud- 
ing between the lips was thus avoided and the inovenients 
were unh:impered. This is :in important requirement. However, 
the method permits recording only in the frontal plane. The  sub- 
ject was asked to eat, and no further instructions were giueii. 
Chewing was entirely spontaneous and uninfluenced by know- 
ledge of the aim of the procedure, such Imowledge being a dis- 
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:idvantagc in any wrieq consisting of \ tudents or pnlicnt\. A f i l i i i  

record of lateral c o n t x t  gliding movement with the mouth eiiip- 
ty WYIS obt:iined nftcr in;istic:itioii. 

Analytical tracings o f  the iiiastic:itory cycles an t i  tlie path o f  
lateral contact glide i n  eiiipty iiiovciiieiits were ohtaincd froii i  

the filni hy plolting the ch:iiigc in location o f  the  incisnl corner 
of :I lower incisor, fraiiie hy trame. On repented projection o f  thc 
film t h e  plotted points closely coincided. J3y iiieans of :rnnlytic:il 
tracings it is  possihlc to study the 1ii:istic:itory Inoveiiients with 
great nccurncy. The evelu:ition of f i l i i i  :ind other recordings hy 
direct observation is hy no 1iie:iiis :IS reliehie :ind iiiay easily re- 
sult in :I false iiiipression o f  great irregu1:irity in  shapc and size 
of the in:istic:itory cycle. However, the described iiiethod of cine- 
in:itogr:iphic recording :ind producing an:ilyticnl tracings hiis 
liinit:itio~is, :ind the use of x-ray ~.iIieii i~it~)~r:i i) l iy would  he a 
va1u:ihle couipleiiient. 

I t  is intcresting to  note th:it hg :iII the suk)jccts the chewing 
\+as perforriled on o m  side :it a time, :inti that  it :ilternnted be- 
tween thc right and left sidcas 11 ith iiiarlterl regul:irity. ‘I’he pat- 
tern is consistent with the earlicr o1)serv:ition that chewing oc- 
curs on tlie side with the  gre:itc\t nuiiihcr of teelh in contact 
during 1:rter:rl gliding (Hilt lchrrrntl ,  llc!yron) ; for in t h e  :ihorigi- 
nnl group the ocrlus:il co1it:icts on tlie two sides were eqtiiv:ileiit. 
1 he progressive attrition, which w:is inwriuhly syiiiiiietric:il on 
the right aiid left sides, is consistent wi th  this. Unilateral chew- 
ing is often reportcd in investigations on suhjects o f  European 
origin and is probably :I coiiiiiion feiiture. However, the ahwnce 

makes i t  iinpossiil>le to  judge wlicthcr there is any relationship 
hetween this condition :inti the pattern of iiiowiiiei~t. 

Thc sh;il)c o f  the inasticatory cyclc w i s  more regular than has 
heeri found t o  he the case for subjects o f  Europe:iii origin. The 
p:ith of‘ iiiovcniciik w:is f;iir-ly s m o o t h  and t h ~  opening :ind clos- 
ing 1iioveiiiciit\ seldoiii crossed. The vcrtical diiiiension of the 
masticatory cycle was :ipproxiin:itely the same :IS that  rel)ortetl 
by other invcstigators (Hiltlrhrrrnrl J .  On t h e  other h:inti, the l a l -  
era1 “swing” - the greatest lateral t1ispl:iceiiienl from the iue- 
dian line - ~ of the closing movement was considerably larger. 

r ,  

of  d:ita on  the  occlus:il status i n  iti:iiig i.el)orts of investigs <I t’ 1011s 
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'I'hc extreinc 1:iteral point of thc closing iiiovenieiit was iisunlly 
situated midway :ilong the vertical ditncnsion of the cycle; and  
at :I vertical opening of 3 111111 the mandible was slill displaced 
: i n  appreciable tlist:ince 1nter:illy. The niaslicatory cycle in the 
Au str :i I i an a tjo r ig i 11 :i 1 t h u s appears to h aye :I fa i r I y 11 11 if o 1-111 I y 
wide, ouul for1n. 'I'hc cycle does not conform to the usu:il rle- 
scription, "te:ir-drop" form, in which the greatest I:iter:il swing 
is si1u:itetl hclow the iiiitldle. 

The relntionship lwtwecn the crai1i:il p:ir1 of the masticntory 
cycle and  the path of contact glide in empty iiiovenients is of 
p:irticular interest. In  thc ahorigiiics i t  was found that  in  most 
of the cycles the cr:inial part  coinridetl for sonic dislance with 
thc path of cont:ict glide. Froti) this ohscrvation it is inferred 
that occ1us:il coi1t:ic.t usually ohtaincd during mastication. Those 
cycles in  which no contact was inade still resembled closely the 
path o f  contact glide. 'I'his strongly suggests that  the cranial p i r t  
of the n1:istic:itory cycle is guided by the inclines of the teeth. 
The findings :ire in agreement with those of other investigations 
for which analytical tracings are available for coniparisoii. 

When occlusal contact was niade during iiiastication, it w:is 
:ilrnost invariahly in the intercuspnl position; this is in agree- 
men1 with the findings of inost investigators. I n  most cycles, 
however, occlusal contact was iu:ide also over part  o f  the  clos- 
ing niovement and occasionally even in the opening iiiovement ; 
it is coiiinioiily niaintained that  there is no :ipparent contact 
gliding in the chewing stroke. 

During 11iastic:ition the iiiean range of cont:tct gliding for the 
group was 2.8 111111 a t  the incisors and differed little with age. 
The range of contact gliding w:ts greater than that  reported by 
Hildehrnnd in one of the few earlier studies of  this condition. 
According to a n  earlier investigation (Re!yron) the range of con- 
tact gliding and the preference o f  side :ire influenced by the cx- 
tent of the occlusal contact in lateral positions. The occlusnl 
contact of n i m y  teeth in the lateral positions, in sonic instances 
:ill the teeth on the working side, ohserved in the aborigines niay 
presutiiably explain the wide r:inge of contact gliding during 
mastication : likewise the shorter restricted contact movenients 
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reported by Hilrlebrrrnrl could be :ittributablc to Ihe iiiuch less 
“satisfactory articulation” in his iiiateri:il. 

The range of contact gliding iii:iy depend on the consistency 
of the food; thus ;I soft test food may have gireii a sni:iller range. 
On the other hand, the Australian :iborigines are accustomed to 
chewing tough nieat, which is their main source o f  nourishment. 
A wide range of contact gliding during inastication is quite con- 
sistent with the fact that intimate contact h e h e e n  the greatest 
nuiiiber of teeth in lateral positions o f  the iii:indihlc w a s  usually 
made 2 to 3 nini froiii the intercuspal 1)ositioii. 

Although thc relatively wide range of contact gliding found  in 
this group of Australian :tborigines may not hc cxpected to oc- 
cur  in domesticated imn ,  it indicates that sonic contact gliding 
during chewing is :I noriiinl feature in iiiaii. 

The pattern of  mastication seemed in turn  to iiiodifg the grad- 
ual changes of the dental arches. The harmonious dcvelopincnt 
during the adult period of life - inaintenance of regular align- 
ment and functioning occlusion even among the older subjects 
- is due priinarily to the original syniiiietric:rl growth; hut the 
alternating, vigorous chewing also contributes. This pattern o f  
mastication may :iccount to so111c extent for the excellcnt ornl 
status - good periodontal conditions arid little calculus - even 
at advanced age. 

Sl‘MAlAIIY 

The purpose of the present investig:ition WIS to obtain infor- 
mation on certain in:inifest:itions o f  occlusion and niantlibular 
function in a group of Central Austriiliaii aborigines living under 
near primitive conditions. Forty-six :rdults were studied. Caries 
was rare, the periodontal status was good and therc w a s  little 
calculus. 

The anatomic examination disclosed that most o f  the subjects 
had coniplete dental arches, which were consistently reguI:ir in 
form. The continuous niodific:ttion of the arches in the adul t  
period of life due to occlusal and 1)roxiiii:il attrition was striking- 
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ly syniiiietrical, and proxinial tooth contact was maintained even 
iii older suhjects. l'he material was thus highly suitable for a n  
i n ves t i gat ion of 111 a 11 d i b 11 1 :i r 1 nove me n t s and occlu s a  1 re1 at  ion s . 

The relation of the intercuspal position to the retruded contact 
position of the mandible was studied. Maxiilium interdigitation 
of opposing teeth occurred in the retruded position in only 10 per 
cent o f  the subjects. 'l'he average distance hetween the two p s i -  
tions wits slightly inore than 1 1iii1i .  

0cclus:il c o n h c t s  in specified positions of the inandible were 
recortled. I n  the intercuspal position there was a minute space 
1)ctween the upper and lower incisors of iiiost of the subjects, 
:ind in t h e  younger subjects :tlso between the canines. In  speci- 
fied InLer:il positions every suhject displayed occlusal contacl he- 
tween seyeral teeth on the working side, but no contact on the 
non-working side. The opposing premolars and niolars of the 
\\-orking side pnrt ic iptcd in the contact glide from a lateral to  
the intercuspol position; even in young subjects, where attrition 
WIS negligible, the cnnines did not prevent contact o f  the  prc- 
niolars :tnd molars. 

Masticatory iiioveiiients were studied on analytical tracings 
produced from ci1ieiiiatog:ral)liic recordings. The test food was 
iiioderately resistant iiient, the iiiain n:tturul food of the aborigi- 
nes. Chewing :tlternated regularly hetween the right arid left 
sides. The masticatory cycle had :I fairly uniforinly wide, oval 
form;  it w a s  wider and more regular than that found in suhjects 
of European origin. 

?'he cr:tnial (superior) p r t  o f  most of the niastic:itory cycles 
coincided for soim distniicc with the path of contact glide oh- 
tained froin recordings o f  einpty niot'einents; frotii this is in- 
ferred that  occlus:iI c o n t x t  usu:illy obt:tined during inastic R t '  1011. 

'l'hose cycles in which no conlact x i s  made still resembled the 
p:tlh of contact glide; this too indicates that  the cr:tnial par t  of 
the in:tsticatory cycle is performed under c u s p 1  guidance. 

The occ1us:il contact during iiiastication occurred principally in 
the intercuspal position arid usu:illy over par t  of the closing 
niovement, hut only occasion:tlly in the opening inovement. The 
niean range of contact gliding froiii a lateral to the intercuspal 
position during mastication was 2.8 inni a t  the incisors. Although 
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this range may not be expected in domesticated ni:in, it indicates 
that  soiiie contact gliding during chewing is :I normal fc:iture in 
111:rn. 

~ ~ : ~ ~ ~ o ~ ~ l . I ~ I ~ ~ ; l ~ : ~ ~  EN‘I’S 

Without the benefit of  the esl’erience of  Professor 1’. I). Caiiip- 

bell and I h .  M. .J. Uarrett f r o i u  previous expeditions, their gen- 
erous :issistance in the field work, ant1 the equipiiieiit they p l ~ c e d  
at i i iy  disposal, it would have heen impossible to get into contact 
with the aborigines and conduct ; in  effective examination in the 
short  tiiiie :rv:iilable. I should like to record iiiy :rppreci:ition of 
their collaboration. To I h .  I3:rrret t I an1 especi:illy indehted for 
his :issist:ince in collecting the 1ii:iteri:il- observ:ttions, casts, ar-  
ticulator records, photogr:rphs : ind cind fillus, :rnd for his :rid i n  
ed i t  i n g the man u scrip t . 

My sincere t1i:inlts go to Professor A.  I3jiirlt, Copenhagen, for 
his kind help :ind criticisiii. To Dr. U.  Posselt, M:tlmii, grntcl‘ul 
:rcknowledgeiiient is due for wtlii:ihle discussions. 

I am indebted to the Director of \lTelf:irc, Northern Territory 
Administration, Australin, and his officers, for f:rcilities m:rtle 
:wailable t o  the expedition, :rnd to hir. : i n d  Mrs. 1‘. . J .  Fleining :it 
t’uendu 111 u . 

The expenses o f  this study have been (1efr:iyed in  part by :I 

grant from Svenslta Tandl~ltare-S:‘illsI<nl,et, Stoclcholni. 

HfiSL h l r i  

RAPPORTS OCCLUSO ARTlCULES ET MASTICATION CHEZ DES 
ABORIGBNES DE L’AUSTRALIE 

Le but tle cette Ctude :I dtP d’obtenir des informations sur cer- 
taines inanifestations tle l’occlusion et de 1:1 fonction de la miin- 
dibule dans un g r o u p  d’:tborigi.nes du centre de I’rlustralie yi- 
vant dans des conditions presque primitives. L’dtude :I port6 sur 
46 ndultes. Les caries Ptaient rares, Ie parodoiite dtait en hon btwt 
et il y av:iit peu de tartre.  

L’exuinen amttoniique a r6vt.16 que la plupart des sujets avai- 
ent des arcades (lentilires coiuplPtes ct  tie fori i ie  rkguliere. La 
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iiiodific:ition continue tles nrcades par suite de l’abrnsion occlu- 
sale ct de 1’abr:ision proxiinale pendant I’iige adulte Ptait reinnr- 
cpoblenient symbtrique, et le contact proximil des dents persis- 
tnit iiii.ine chez les sujets {igks. Ce groupe se pretait donc :iu plus 
haut point h une Ctude des iiiouwnicnts de 1:i m:indihule et des 
rapports occluso-nrtirules. 

I,e rapport cntre I:i position t1’inrercusI)id:itioii el la position 
de 1:1 iuandibule en rbtraction :I C t C  6tudib. Le iiiaxiniuni d’inter- 
cuspidation ne se poduisa i t  &ins la position de retraction clue 
chcz 10 1). cent des sujetu. 1.a distance moyenne entre les deux 
positions Phi l  ICgitreiiient sup6rieur.e h 1 nini. 

Lcs con t :i c 1 s occl u s:i u s dn n s ce r t :I i ne s 110 sit i on s d C  t er ni in Ces 
tie In iii;itidil~ule ont Ptk en rcg i s t rk  Ihns la position d’intercus- 
piclation, il y ovait un cspace niiniiiie enlre les incisives supbri- 
cures e l  infkrieures chez la plup:irt des sujets, et, chcz les sujets 
jcuncs, cntre les canines aussi. I h n s  certaines positions de latC- 
rnlili. dCterminPes, tous lcs sujets prCsentaient dcs contacts oc- 
clusaux enire plusieurs dents du  cOt6 trnvaillant, mnis ne prP- 
senlnient pas de contact tle c0tP iion-trnv:iill:iiit. Les prPnio1:iires 
ct les iiiol:iircs :mtagonistes du c8tP Ir:iv:iillant pr t ic ipa ien t  nu 
iiiouveiiient t k  glisseiiient oecluso-articuli. :ill:int d’une position 
tle IatPralitC h I n  position d’intercus1)idntion; IiiGine chez les su- 
j e t s  jeunes, chez qui 1’:ihrnsion h i t  negligeable, Ics canines n’en- 
travaient 1x1s Ic cont:ict tles prPmol:iires et des molaires. 

Les iiiouveiiients tle 1n:istic:ition ont PtP PtudiPs sur des trnccs 
nnalytiques obtenus h p r t i r  d’enregistreiiients cinPniatogra- 
phiques. L’aliment tl’essai h i t  c k  In viande niodtrCinent dure, 
11 r i n ci 1) :I 1 a1 i 111 en t 11 at u re 1 de s :i bor ig i. ne s . IA ni a s t ica t io 11 :i 1 t er- 
nait ri.guli6reiiient entre le cBlC droit et le cGtk gauche. 1,c cycle 
des niouvenients de mastication :ivait 1:i fornie nssez rCguli6re 
tl’un large ovale; cette fornie Ptnit plus large et plus r6guliGre 
que re1 le trouvPe chez des s u j e t s  d’origine europbenne. 

1.a partie criinienne (sup6ricure) tle I:I plup:u-t tles cycles co- 
incidnit sur line certaine t1ist:incc avec le 1r:ijet des niouvelnents 
de glisseiiient occIuso-articul6 ohtenu par  I’enregistrenient de 
niouvciiients i~ vide; 011 peut done supposer clue des contacts oc- 
clus:iux se ~ ~ r o d u i s e n t  pendant In inastication. h s  cycles dans 
Icsqucls i l  iic se l)roduisait pas dc contact resuembl:iient cepcln- 
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dant  au trajet  des niouveiiients de glissement occluso-articulC; 
ceri indique clue la partie crhnieniie du cycle des niouvenients de 
inastication se fnit s o u s  In d6pend:ince du  guidage des cuspides. 

Les contacts occlusaux pendant la mastication se faisaient 
principalenient dans I n  position tl’intercusl)idatioii, gPnbralement 
pendant Line pnrtie du  niouvenient de fernieture, innis seuleiiient 
&ins certains cas pendniit le niouwiiieiit d’ouverture. IA:i valeur 
moyenne du  niouvenient latPrnl cle glisscnieiit occluso-articulb 
pend:int la  inastication Ptnit de 2,s inn1 nu niveau des incisives. 
I3ien q~i’on ne puisse s’altentlrc h une telle valeur chez I’homme 
civilisc, cel:i indique cpi’un certain glissenient occluso-:irticuli 
pcnd:int In ni:istirntion cst  1111 1r:iit noriii:il cliez I’honi~nc. 

%I’SAAIbl~NI;ASSI’N(; 

OKKLUSION U N D  KAUFUNKTION BE1 UHEINWOHNERN AUSTHAIJENS 

Die Untersuchung hntte zur Aufg:ibe gewisse \’erhiiltnisse tler 
Okklusion untl der Unter1tieferl)ewe~iiilgeii h i  einer unter nahe- 
zu  priniitiven 13edingungen lebenden Gruppe Ureinwohner Au- 
s t ra I ien s I< 1 a rzu I eg en. E s I< on n t en 46 Er w :i c h sene d :izu her :i ngezo- 
gcn werden. Karies war bei ihnen selten, die parodontalen Vcr- 
h iil t n i s se gii t , Z:i h n s t ein :i hl :i geru ngc n ge ri n s. 

Eiiie anatoiiiische Untersuchung ergab, dafi die Mehrz:thl von 
ihnen vollstiindige Gehisse und  durchgehend nornialgeforinte 
Zahnbiigen hesafi. Die infolge Ahnutzuilg der Ziihne stlntlig vor 
sich gehenden Veriinderungen i n  den Z:ihnhiigen waren auffal- 
1 end syin met r i sch , proxi 111 a I er Z :i h iilt on t :i 1t t h :it t e si ch se 1 bs t 1)ei 
den dlteren noch erh:ilten. Soiiiit war diese Menschengruppe 
aufierordentlich gut fiir Untersuchungcn der ~Jiiterltieferbe\e- 
gungen und der OItItlusioiisverliiiltnisse geeignet. 

Untersucht wurde sodnnn die 13ezichung der Interkuspida- 
tionslage zur retrudierlen I<ontnktlnge des Vnterltiefers. Maxi- 
m a l ~  \’erzahiiung von Antugonisten hei retrutlierter Lage be- 
stand niir  bei 10 v. H. der Untersuchten. I)er durchschnittlichc 
Ahstant1 zwischrn den heidcn 1,:lgen hetriig ein wcnig nielir :iIs 

1 111111. 
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I)ie Olili l~~sic~t~sltont:il it~ h i  gewisscn IJnlerltieferlngen wur- 
den untersucht. I n  der Ititerltus~~itiatioiisl:ige hestnnd bei den 
iiieisleii tler LJntcrsuchten cin ganz Itleincr Zwischenriiuiii zwi- 
schen t i e n  ot)ercn und tien untcren Scliticitlez~litieti, k i  tien jiinge- 
re t i  :I ii c li zw i sc: ti e n tl e n Ec It zii h n c ti.  I k  s t i ti1 ni t e 1, at PI' :I I I age n 1 iefie 11 

I)e i sii t 11 t I ic 11 en An ge hiir i g e t i  (i c r G r LI 1) 1)" 0 I i  lt I u sion slc on t a 1c t e 
zwischen iiiclireren Ziilincn aut tier ilt*l)eitsseite erkennen,  d:t- 
ge gc n I; e i nc n I< o n t :I t i  t :I 11 f de r Iki I :I n cese i t e. I ) ie 1' r ii 1110 I :ire 11 u nd 
hZo1:iren in1 Obrr- und I~nterlt iefcr tler Arheitsseite 1i:ihmen am 
I;olit:tIitglcitcn ; IUS tier 1,ater:iI- m r  Interltus~titl:tlionslage teil ; 
selhst hci den jiingercn Mi~nselicn, h i  tlcnen die Ahnutzung dei. 
Ziihne noch iiuficrst gering war, vet*liinderten (lie Eckziihne nicht 
t i c n  liont:1kt tltT 1'r;ilIlol:iren und M0l:lrcll. 

I)ic I~nul~c~\.egutigcii  wurtlen :in N:rclizeichtiungen nach Iiine- 
tii:itogral)liise:lieii Aufn:ihincn viedergcgebcn und  sorgfiiltig :iii:i- 

lysicrt. ills 'I'esttialiritng diente tiiiifiig 1i:irtes Fleisch, d:is H:iul)t- 
n a  ti r i t  n 2s I I 1 i  t t t a  1 tle r I I re i t i  w o  li n c> r A 11 s t ra I ie n s. l k  i t ii I< :i 11 e n  wee: h - 
sol ten rcclitc u n t l  linkc Seite regeltiiiifiig tiiit ein:intlctr :ill, die 
I<:iuzyltlen waren von o w l e r  Gest:ilt, in der I%reite ungefiihr 
gleich pofi ,  t m i t e r  und gleichiiiiifiiger :ils ttian sie h i  l'rrsonen 
curopiiischcr Hcrkunl't lindc~t. 

I)er krnni:ile 'l'cil tier tileisten I<aitzyklcn l'icl cine Strecke Inng 
niil der 1hhn  tles l i ~ ~ ~ t : \ l i t g l ~ ~ i l ~ ~ i ~  zusaiiiiiieii, die iii:in 1x3 der 
N:tchzeichnuiig yon 1,ecrl)ewvrgu ngcn crhielt.  1)nruus kunn inan 
schliefien, t1:ifi 0 l i k l ~ t ~ i ~ ~ t i ~ l i o t i t : ~ I i t ~  geviiihnlich wiihrentl ( l e y  
I< :I u1)cwcg ti n gc t i  :I ti 1' i re 1 en  . I )  iej c n i ge n I< :I i t  zy I i  I c t i ,  in  den e n I< e i n 
Kontalct zLtsl:itltleIi:illi, glichen noch tler k i h n  des Kontaktglei- 
tens, w i s  tinr:iul' hinwc~ist, t h f i  tler kr:ini:iIe Tcil des I<nuzgltlus 
doch untcr dem Einflufi dcr Hiickerfiihrung steht.  

OIi l i  I 11 sionskon t :I It t ~ i i h  I'C lit1 t l t ~  K;i ue t i  s t ~ ' a  t 11 ~ i ~ p  I s lchl ich in  
dcr Iiiterlius~iid:itiotisl:ige :iut u n t l  gewiihnlicli iiber cinein Tr i l  
t l e r Sc. li I iefi 11 11 g sbew e g u t i  g , nu r :i 11 s n  :I li in s w  e i s e in  tle I* 0 l' l' t i  u ii g s- 
l ~ e ~ ~ c g u n g .  I k r  t1urc.liscliiiittliel~c~ Utiif':ing des Kontakiglcitens 
:I 11 s tle r I,n t cr :I I - zu r In t e 13 It 11 sl) i ti  a 1 i o t i  s I :I ge w 5 lire n d tl e s K:i ii e 11 s 
hetrug 2,X mi11 bei den Schncideziihnen. Obglcich cin solcher 1 J t i t -  

L':ing fwit i i  Kulttiriiicnschc~ti Itnuin zu erwartcii ist, deutet  es doch 
tl:iraul' liin, t h f i  ctw:is liont:ilitgleitc.ti Iwiiii Kaucn ein noriii:iler 
\'organg 1)c~ i t i i  hlenschen ist. 
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