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SUMMARY

Cephalometric radiography was used to investigate
cranio-facial relationships within young adult Central
Australian aborigines. The sample comprised 31 males
and 27 females who are all full-blood members of the
Walilbril tribe, and who live under settlement conditions
at Yuendumu, Central Australia, The purpose of the
study was to provide cephalometric standards for thie
particular population group, and to obtain other data
relevant to research being conducted by the University
of Adelaide into the nature of tooth occlusion within

Central Australian aborigines.

The radiographic technique and subsequent cephalo-
metric analysis followed accepted methods with certain
modifications necessitated by field conditions. This
is the first time such techniques have been used to
study a single tribal group of Australian natives, and
for this reason X-ray cephalometric data, which were

previously unavallable, have been obtained.

It has been shown that although the methods are
subjent to errors of estimation, in the present study
they were of low magnitude and did not seriously affect

the results.
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Throughout the study emphasis was placed on the
nature of prognathism within the subjects radiographed.
Basal and alveolar prognathism were differentiated by
selecting the angles between an anterior cranisl base
line Joining nasion and sella, and profile lines
Joining nasion with subspinale, prosthion, infradentale

and pogonion,

It was shown that in common with other ethnic
groups, Yuendumu aboriginal females tend to be more
prognathous than males particularly in the maxillary
alveolar region. The sex difference was statistically
significant when the gnathic index was used to measure
maxillary alveolar prognathism, There were no signifi-
cant differences in most angular measurements between
males and females, but linear variables were usually
greater in the male subjects, This indicates that male
and female prbfiles were similar in shape but different
in size, Mean prognathic angles and gnathic indices
of the subjects studied were compared with those obtain-
ed from different groups of Australian aborigines and

other ethnic groups.

Variations of facial prognathism within the male
group were investigated by calculating coefficients of

correlation between the angles of basal prognathism
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and other cranio-facial variables, and by the use cf a
regression analysisvwhich revealed discrepancies in the
sagittal jaw positions., A prognathic facial build was
found to be associated with jaw bases large in relation
to the cranial base length, and a protruded upper Jjaw
base. In addition, marked prognathism existed in com=-
bination with a short anterior face height and relative
parallelism between nasal, mandibular and nasion-sella
lines.. With the exception of the foramen magnum angle,
the cranial base size and shape were not strongly corre-

lated with the angles of prognathism.

Relative maxillary or mandibular prognathism existed
when either jaw base was long or short in relation to
the other, but various factors appeared to compensate
for disharmony in the sagittal jaw positions so that the
effect on incisor relationships was minimised. Five
subjects were selected to illustrate the main points of
interest in cranio~facial relationships within the male

group.

The investigation will be extended by a longitudinal
growth study of young members of the Wailbri tribe and
by research into the associations between general body

build, cranio-facial form and tooth relationships.
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PREFACE

in Jenuary, 1961 a researoh tesm from the University
of Adelside visited Yuendusmu, Cemiral iustralis, %o
continue dentsl observations of wesbers of the Wallbel
tribe. One object of the visit was te obiain stand-
erdised cephalowetric radiographs for as mawmy adult
subjects as possible. It was siso prastical to exam-
ine some juvemile subjests, sud the radiographs of
this group will be used in a future longitudinal growth
study.

The present thesis is limited to observations
resulting fros the exasination of profile redlographs
of the young adult subjects, but additional dats re-
1ating to this group and the juvenile subjects wiii be
pressuted ir future reports.



INTEODUCTION

Investigations into the nature of relationships
between the cramiai, fseisl and dental components of
the sikull sre of considerable importance in dentistry,
and have wide sppiieation in the field of physical
anthropology. Besides providing informaticn about
similarities sud differences in the dentel charaster-
1stica of populstisn groups, such studies throw 1light
on the problems of growth and development of the head
region. In this rvegerd a lougitudinal study of a
geographically isolated and relatively homogeneous
group of subjects could be expecied to provide use~
ful informsation.

In 1951 = study was commenced smong full-bleod
Australian aborigines living under settlexent oondit-~
iona at Yuerdumu, Cemtral iustralia. Siuse that
$ime My, Y.J. Barrett of the Depertment of Dental
Selence, University of idelside, has conducied regu-
lar repeat examinations of the group, and has mads
avsilable for study sowe 636 sets of dental casts,
representative of 294 individuals. This eollection,
whieh ip probably the most couplete set of casts of
pative populations awallable in the world, is belng

uged to deterzine the pattern of age changes in

k!, |



oceclusal relstionships of this zroup.

In Japuary 1961 the longitudinel study was extended
to include cousiderations of eranic-feolal variations,
and their relationship to oselusion of the teeth within
the group. For this purpose, radiographs wers obtained
of 58 adult and 35 juvemile subjects during the four
week period spemt in the field. Bepeat rediograpbic
exapination of the present and future juvenile subjects
will provide dats for s lougitudiue} gresth study.

In sddition, somatometric data were obtained from
all subjests redlographed sud these will be used iu
the future to inveatigate gemeral body build and i%s
relation to ersnio~fagial structures within the group.

The present thesis desls only with the profile
and dentsl casts were also obtaived., In analysing the
eranio-fegisl relatiouships within these subjects, the
authoy nas spprosched the problem by placing emphasis
on the nature of prognathiss of the jaws, and variations
in length and helight dimensious of the fagial complex.
The study of varistiouns iu prognathisa within the group
is only one aspect of the whole problem st nand, but
such a study has provided prelimimary informstion for use
in research programmes plauned for the future.
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The study of variations in the hesd fors of man hes
ocoupled & farvourite place in physical anthropology since
cenition a5 & modern sciswee in the early 13tk
century., GSince that time anthropologists have esployed
methods of clsssical cranmiometry and cephelometry %o iu-
craese the understanding of ersnic-fagial relutionships in

virious groups of mankind. In an endesvour to further
elucidate the cowplex nature of wuriations in tooth oeclus~
sor snd the relstionship between jaws and gsraniel base,
this field during recent years.

1t hus long been kmown that the Tsoiel profile of lower

primates is wore prowinent i relationship to the bralin-
cas: thenm it 18 iu wem. This characteristie very often
distinguishes fossil howinids frow woderw wamn, and is also
noticeable wheén the fssisl prafiles of sertain iiving
ethnic groups are compared. The proaimence of the facial
skeleoton, and iu psrticuiar ine upper jew, is universally
iss, which means literally a forward jaw
(Oreek - pro, forsard; gnathos, & iew)., The ters was

sntroduced by PRITCHARD (1843}, who deseribed three types
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of skulls: oval, pyrasidal and progwathous. The latter
type he associsted with negroid skuiis which showsd & foi~
ward projeetion of the cheek bores accompanied by s lateral
compression of m skall.

infortunstely over m years the concept of progusthism
has beec burdened by so meny diversse meanings that today
there sxists &« great deul of confusion and lsck of under-
stending of what is implied by the term. Nearly seventy-
five years sgoe TOFINAED {18590}, the Prench dissiple of
Sroca, reviewsd iVth cenbury concepls of progmathlsa and
wrote:

"@’M&&nﬁ; wmﬁwh and yet we seet with the

ssong suthors in vsrious soosptations.  Gome
:!’”i‘uﬁﬁ.". SheTs g5 56 far oo o sativds al) Vhad
portion of the face beiow the DAref.cec.”

Later OPPENHEIN (_wzm sidvised sgainst the use of the
ters prognatiiss by "dentists in genersl apd srthodontists
in partieniar® iu aay but the true anthropologicsl sense,
PISHER (1945) expressed concern at the curreut usage of the
ters prognatiism to deseribe both normal and pathological
conditions bearing iittle if any relstion fo the original
morphological cougept of {acial prominence. In sddition
he urged writers to dafine clesrly their mesning of the
tare.

DELATTEE and PENART (1960), sware of persistent



ambigulty wrote:
*ie degre &'avawosent des macholves par

a2 graue ousz les Fammiferes donwve la: motion

generale de Frognathisse,” snd they added
*rals 81 oe fait est universellement reconny,

11 sst beaucoup plus Aifficile = definir aveo

presision.” - a2 statesent which recalls the

worda of Topinard sowe three-quarters eof a

oentury previously.

Thus the concept of prognathism, slthough spparently
well understesd, has defied the precisien of defimition
demanded by mofiers selemce for over @ century. The tern
proguathise is used to express a highly varisble BOrPRG-
logicsal characteristic, the prominemce of the facial skele-
ton iz relation to the brain case, ior which there is no
single definitive measure. The whoie enigms of variations
i this relationship betuween syeclies, between groups of
sankind s6d within & singie group, canuot be snswered with-
out serious consideration of the evoiution of the fors of
the humsn head, evolution of the sense organs and other
viscura of the head and meok, and sdditionz] research into

growth patterns of the entire cranjo-facial comples.

Such conslderstions are beyond the scope of this
thesis, but a brief revisw of the changing methods of
apaiysing the relationship of facisl profile to brain case
thiows light on various ¢oncepts of proguathise whieh have
existed over the yesurs.



wlje

BUCHNER (1912), WILDSR (1920), BIORK (1947),
FISEER (1349), BOYRE (1253), MOORREES and KBAN (1958)
end DELATTRE end FINANT (1960) have roviewsd the instru-
. ments and esrliar methods whieh have been used in the

study of cranjic-faclal relstionuships.

had besi recognised and investigated for many years before
Fritonard’s contributions, Of historissl interest is the
sethod sdopted by CAMFER (1791), wio measured the inolinat-
ion of the facial prufile by the sngle betwsen a raferonce
lipes paselng through the czilerpel acoustis meatus and ihe
‘anterior nasal spine, swd » profile line m to the
forehesd snd face (Fig. 1.). Becsuse of limitationms in
the applicstion of Camper's sngle and with the successive
introductics of new planes M‘IMW in eranijometrios,
1% was ivevitable that many methods would be offered in an
endeavour to standsrdise the mﬂs of the faelal pro-
file by proo ubich ooult huve wissr applieatios.

TOFINARL (1850) reviewed the numerocus ijth ceutury
- methods of messuring prognathisw an’ listed some 15 planss
of reference whish emjoyed popularity during that period.
Besldes Camper's method, faeisl «nzles had been suggested
by Cioquet, Ssintelilaire, Cuvier, Spix, Welcker, Vogt,



Virchow, Srocs and Topinard, most of which are now only of
historisal interest.

imtll lste in the 19th century, prosthion (m" alveclare)
‘whieh is the moat auterior point on the maxillsry siveolar
margiu, was the usual asunterior reference point used for
measuring facial promivence. The snterior nassl spine: was
sometimes employed as a profile lsndwark, sc 1t would asppear

ary region was of prime importance in the analysis of the
feelal profile. However BS0CA (1872) recognised prognath-
igz of the body of the lower Juw as being indiceted by the
angle between the chin profile line at the sywphysis and
the plane of the inferier border of the mandible.

TOPINARD (1890) appears to have been first to Aifferent-
iate the following types of prognathism:

Superior fasiasl Inferior facial

@) in its emtirety a) jufericr dental
b} superior maxillary b} inferior mex-
¢j aiveoclo-subnasal illary

d) superior dental
Of these Topinard considered only alveolo-submasal progunath-
ism to be important. This he regurded to concern both the
portion of the wexilla subjescent to the nassl spine, end
that next to it iu which the alveoll ars situated, and he



suggested that:
"It 1s %o 1t that the Sers proguathiss should be
atriokly reesrved. It is to this subnagal
region that we sust lLook when emdeavouring to
fmummmm.mmmmam.
wt is sigunificant that Topinard aifferentiated types of
prognathiss, but even so the saxillary subnsssl sud alveol-

ar reglons were not clearly separated.

Ome important plans of reference suggested was that

of VON THERING (1872) and MERKEL (1882): - & plane psssing
Mm centie of the external secoustic meatl and the
lowernost point of the infra-orbital margin. The use of
this plane was discussed st Wumich in 1877, and offfeially
adopted, with a minor change, at the Frankfurt Crsuniowstric
igreement in 138L. Folnt poriom, the most lateral point
on the roof of the sxternsl scoustic mestus vertiocaliy over
the widdle of the mestus, was considered more sultable than
the ceuntre point of the meatus.

#ith the sdoption of the Frankfort horizontal es a
standard plane of reference snd orientation, the primeipal
method of meaguring the faclal profile was by the total
profile sngle (MARTIN-SALLER No 72), sometimes known as the
facial sngle. The total profile amgle (Pig. Z.) may be
defined as the angle madé when & straijght line joining
nasion and prosthion weets the ear-eye pians, and in effect
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total profile angle.
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it indicates the prominence of the upper slveolar margin
iu relation to nasior, the arbitrary snterior éranial base
point. The general soceptance of the total profile angle
was endorsed by the work of LUTHY (1912) who used 1% in his
comparative studies to show that the Framkfort horizontal
was subject to only smsll veriations within population
groups. Today the total profile angle has survived as
the pringipal messure of profile shape, and therefore in-
directly prognsthism, in classioal anthropometry. The
fellowing classification ia used:

Hyperprognathous below -6@.9‘
Frognathous 70.0° - 79.9°
Hesognathous 80.0° - ob.9°
‘rthognathous 85.0° - 92.9°
Hyperorthognathous sbove 33.0°

snother weasure of progasthism which has survived %o
be used today is the gnathic index of FLOWER (1897}, almo
known as the jaw index or alveolar index (HARTIN-SALLER Ne.
160). It is ea ed a8 follows:

basion - prosthion lengih

Onathio Sndex = : x 100
- basion - nasion lenmgth

snd the following classification is used:



Both the il profile sngle and the gmetule index
employ prosthion as the most suterior polnt of the facial
skeleton. Therefore they indicate im Jifferent ways ihe
degree of promivence of prosthion, but if unsccompanied by
other dsts, give nc information sbout the mature of prog=-
nathiss, 4 fairly hige correlsticn betusen the total
profile angle and the gnathic index could be expected, snd
in fast ABGIE (1947) fourd s significaut correlation of
p = 0,62 between the two varisbies siter analysiug a group
of justraiisz skulls. They can thus be regarded ss useful
alternaiive noasurss et saxillary alveolor prognathism.

in attempi o differentiate basal and alveolar prog-
pathisz iw the upper jev was sade by CAMERON (1930), who
divided the fuolal trisngie ( a Strismgle originslly used h:v
Virchow witleh joins points basios, prosthion and nesion)
into superior and inferior gnathie triengles oy the use of
& constructed point subnssion, benind the anterior vasal
spive (Fig. 3). 5y measuring certain sugles of the tri-
sngles so formed, Cameron indicated variations in the whole



g ¥+ 2

faclsl structure rether than in the anterior profile only.
PARS0NHS (1930} was slsc aware of lisitationa in the peagure=
ment of the facial profile and se
basal and alveolar prognathism.

differentiating

Thus iu classleszl suthroposetyry, progesthism is usu-
ally messured by the promivence of the upper slveclar war-
gin in yelation te the brain base, but iittle attention is
given to the lower law. Usuelly bassl and alvecler prog-
pathiss sre Dot separsted, snd the inolinations of the wax-
illary and ssodibulisr insisors to sach other and to their
Jaw bages are somewhat neglesher The siveoler profile
angle (RARPIN-SALLES He. 74) whieh 15 the smgle = line joiu-
ipg nesospinsle mnd prosthion sakea with the Framkfort hori-
zontal, may be used as an isdicetion of alveolar prominence
slome. In additiom EARTIN (1928) used the term “prodentie’
to deseribe inelsor incliinstions.

The sbove methods of indicating prognathiss may be
adequate for geperal studies of differences within and be-
tween popuiation groups, but for investigstions of dental
arches and the mode of tooth ocolusion, mumy other verisbles
assuge importance and zust be considered. It was uot until
i=rays were used to investigabe omxwuml form, that
structures inascessible to conventioual ’mmc eould be ex~-

amined snd their influence or fecial forn assessed.
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is long ago aa 1896 WELCKER suggested the use of pro-
in physical sothropology, but it was nob
uptil 1931 that this wethod was sdopted for routive use.

In thal year BROADBENT (1931) snd BOPRATE (1931) inlepan-
dertly introduced jmpreved teghwmiques whica permitted the
practical use of Xerays for investigations of eranic-fagisl
ﬁmtim” in livirg subjects. ’

Several reviexs of cephalometric radiography inelud-~
ing those of LOWES (1§52), BiGRR (1954), onameh (195W),
SYED (1954} and ROOEREE: (1953) are svailable, snd recently
ive manuais coveriag Sais fleld have been
published by EROGMAN znd SOUSSINI (1957) and SALZNANR {1961).

| sipoe 1ts introduetion, cephalometric M‘Mbﬁmw has
renslied aisost exclusively in the domaln of the orthodont-
18t where it has most direct applisation in growth studles
and the diagnosis of wmelocclusions. The difficuities in=~
volved ir transporting the equipment required irds remote
areas, as well as the specisl problems which arise dwring
the use of @ precise redlograephic technique in the fleld,
have presented serious obstacles to the spplicetion of this
gethod to suthropological research. As & result only &
few radiographbic studies sre available whieh deal with
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Fig. 3.  The superior and inferior gnathic
triangles of Cameron (|93q.
Nasion\ S NS L <L Sella

Angles of __\-

Prognathism . ‘

N

"‘ ,—.../

Spinal &«
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)

Prosthion
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Fig. 4. The Bjork angles of prognathism (I947).
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veriations iu craclo-facisl structures within geographic-
ally isolated populiation groups.

BI06F (1947, 1950) spproached the study of eranio-
feelial variations Ly iuvestigsting proguathism in Swedish
conscripts sud in South ifrican Jauty

uales. Iv this work
he esployed a reference line Joiniung nssion and the centre
of the ssila~tureica to indicate the snterior cranial base,
and measured mexillary snd msndibular basal prognathism by
the angles between the nasion~se¢lls live and profile liuas
Joining nasion to spinmel point and pogonion respectively.

In & siuiler way points prosthior and infradentsle were used
in the seasurement of alveoclur prognathism in both jaws
{Fig. &).

The various influences m(l*'gm degree of prognathise
isparted by recial wvariatioms , 21ndividual variotions,
ontogenetic changes, domesticalien and raclal mnm.m
were discussed by ijork.

(*} _
The use of the teras "reeial variations” and "rscial
adnlixture® by Bjork may be eriticised. Thare is as
yet lusufficient evidence to corclude that varistions

between population groups are greater than varistions
withiv s single group, even though wmean values of &

(URESCO FUBLICATION, 1952}
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In a later study (3JOBK sed PALLING, 1954), the pro-
file point subspivale was substituted for spinal point iv
the weasurement of maxillary bassl progunsthiss, and the
zeasurenents of profile asgie (m-ss~pg) and sagittal jaw
relation (ss-n-pg) were losluded as an additionsl indicet-
ion of faeisl profile.

DOWNS (1948) lutroduced an analysis now kuown ss the
Downs smalysis, which is used primerily is orthodontic
dlagnosis for the mssessment of fseiul relatiomships. In
this method, the feelsl profile is measured by = fmelal
angle, and an angie of convexity (Pig. $)3 other messures
are also ineluded in the Downg ansiysis.

LINDRGARD (1953) introduced s slightly 4ifferent con~
sept of progmathism ia nis somatometric and rediogrephie
investigation of Swedish adults. The protrusion of the
wazxillary body was measured as the distance fros pterygo-
mexillure (the most posterior point on the msxillaey bass)
%0 a line perpendioular to the nasion-sella iine and psssing
through sells. Lindegard also found that the profile mess-
ure of maxillary bassl prognathism (s-n-ss) was hignly
correlated { r = +0.68) with mandibulsr basal prognathiss
{s=n-pg), and from the linesr regression function ke cal~-
culated s series of residuals Fe-n-pgl{s-un-ss) which then

becaze new weasures of relative basal mandibular prognathism.
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Nasion

Facial __
angle

Point A

Angle of
convexity

Pogonion

Fig. 5. The Downs analysis (I948).

‘ A
VESTIBULAR | AXE

Internal nasion

Central orbital
point

> Pterygo- alveolare

Prosthion

Fig. 6. The exo-face and endo-face of
Delattre and Fenart (960) .
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fandibular alveolsar proguathisa was messured by Lindegard
a8 the angle betweon the ohiv iire and & line tangenmtisl
to the lower border of the mendible, = method sdvooated by
BBOc: (1872). It 15 signifiosnt that in the comprehemsive
report of Lindegerd, the cranio-facial structures were
studled in association with geveral body build, a relation-
ship whioh hed been largely overlooked previously.

COPTON, TAKANO and WONG (1951) studied Aserican Negroes,
Fisel and Americnt Chiness by sappiying the Downs atalysis
te data derived from latersl head radiographs. This study
emphasised that although mesn values deviated from those
obtaived from imericsn whites, there was gonsiderable over-
lap of ranges between different ethnic groups. HARALABAKIS
{1254} aiso used the Downs amalysis in his investigation
of eranio~facial structures in Greek families. In a study
of antero-posterior ineisor relationships, KAYUK&wA (1957
used both the methods of Bjork amd Downs to assess the pro-
file of & group of adolescent Japsmese. LYSELL snd
PILIPSSON (19958) applied the method of Bjork to the study
of medieval Swedish skulls.

#s far as the present suthor can asoertaln, CRAVEN
{1958) has provided the only avsilsble informaiion, (ob-
tained by radliographic cephaiometry) on cramio-fasial re-
latiomships in a group of iustralisn aborigines. Craven
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applied The Bjork and Downs smaliyses to nls semple, but 1t
is unfortunste that the rediographs mede svallable to
Craven were limited in number, and that subjects of differe
ent tribes, and with wide age variation were represented.

DELATTRE sond FENART (1960) discussed a new ooncept of

prognusthiss, based on the division of the facial skeleton
into exo-face and endo-fase (Fig. ). The endo-fuce is
determined by the sagitial projection of a triasmgle forssd
with its apex st an intra-creninl point, intervel masion.
The bese of the trisngle 1s the saxiiiary slveolar live,
whose anterior point is prosthion and whose posterior point
{pterygo-alvealare) is formed by the intersection of the
siveolar line with the anterior border of the pterygold
plates. The exo-face 18 limited posteriorly by the sagitt-
- al projection of a live joining the centres of the superior
and inferior orbital mergins with the lowsrmost point of the
sandibulsr sysphysis. In most primates the three latter
points sre situsted on 2 common orbito~mendibulsr line.
The saterior 1imit of the exo-face is prosthion, which ssm~
pleies a triangle. Delattre and Pensrt seasured exo-facial
proguathiss by a faclsl angle, which iz the angle formwed by
the exo-fscial trisngle, measured at prosthion.
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SHlinoe proguethisa 1s essentially a relsticuship betwsen
neurco-oraniux and viscero-graniuz, the prominence or re-
trusion of the facial skeleton cau only be sssessed by ref-
erence to some selected plame or line, prefersbly one whish
is relatively constant in different groups, and at differ-
ent stages of growth of the same individual. There is yet
to be found a lime or plane whish fulfils all reguirements.

it is apparent that confusion has srisen over the
years not 20 wuch in the selection of craniometric polnts
a8 in the choloe of plaves of orientation sed lives of ref-
ferred the Frankfort horizontul, sinca it has the obvious
sdvantage of closely approximating the natural posturel
position of the hoad inm living subjects. With the adoption
of cephalosetric radiogrephy, iatracranlsl structures were
uwore readily acoessible for analysis in both skull material
and living subjects, and several lines of reference besides
popuiar of these are:

KORKHAUS {1236}~ Masion-tragion lime.

: {1937)~ Nasion-Bolton point line.
(1980) - Nasion-sphencoccipital synchondrosis.
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BRODIE {1981) - Nasion-sells turcice line.
LINDSGEED  (1953)~ Nasion-sella perpendicular.
MOORREES amd (1958)~ Vertical to matural head position,
KEAN

The reference iines wost componly used in X-ray
studies are the Frankfort horizontal, the nasion-sells line
end the nssion-Bolton point lime. The use of the Frauk-
fort horizoutel in radiographic studies has been eriticised
by BIORK {1950, 1954) and KOSKI (1956). In determining
this reference line, two highly verisble points, orbitale
and porion, must be located from the sagittal projection of
bileteral structures, this location ﬁm diffieult even
when skin merkers are used. Furthersore Bjork considered
that since the Prankfort horisomtal is relsted to the fasial
skeleton, 1t could mot justifisbly be used im the smalysis
of relationships between face and cranial base.

\nother objsction to the use of the Frankfort horizout-
al in radiographlc atudies 'u the wide variation im redlo-
graphlc porion even within m seme individual from tise to
time. One defimition of rediographic porion widely used
mmmmznwermmmummms-
loning device within the external umtio zestl, and
KOSKI (1956) considered 1t lmpossible to replacs ear rods
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in identical positious in the seme subject. The present
cuthor has noticed the same d4ifficulty, which would sppesy
to be greater in a group of native subjsots (see Chapter in. -

However the use of Frankfort horizsrtsl in rediograph-
ic studles may be necessary if comparstive resesrch is sn-
ticipated, bLecause of its extensive use in ¢lassiesl eraui~
ometry.

KOORBEES wnd KEAM (1958), sware of diffiouities in the
losation of porion, substituted the superior point of the
nandibular condyls when investigating variatious in the
Prankfort horizontal, but the mandibular condyle is often
difficult to locate precisely on redlographs eapecially iAf
bilateral images are not sywmetric.

The Bolton point which marks the helght of the curva-
ture posterior to the coeipital coundyles, between thes and
the basal surfazoe of the occiplital bone iz sometimes sub-
stituted for point basion in radiographbic studles., Howe
ever Bolton point suffers fros similer diffioulties in its
logaiion teo other bilaterasl strustures.

The nasiom-sella tureiea line (N3L) is used by the
sajority of Scandinsvian investigstors snd by wany American
workers siunee it has certain advantages. The N3L depends
on the location of poluts mesion and sellz, both of which



are msedisn sagitial points not involving double images.
In additics nasion and selle can be loosbed with low
experizental error o both museus and living materiasl.

The Wil represents more closely the line of division be-
twesn faelal structures snd the snterior craniasl base and
is therefore more sultable in smslysing oremial and faolal
relationships.

Becently a variation of the NSL was suggested by
STRAMRUD (1959) who used point sthmoidsle, the lowersost
point of the eribrifors piaie, in prefarence to nasion,
on the grounds that nasion is Su reslity a Tmeial profile
point, subject to the variaiion caused by appositional
growth of the frountal bone. The sthwmoldsle-sells lite =ay
indeed be preferable to otaers in the luvestigation of
growth patterns of the head, |

Objections to the use of the NSL have been raised by
HOOBREES and KEAN (1958) who correctly point out that the
line 13 subject to veriation between individuals in relation
to the iims of natural bead balance. Thus variations in
progoetaise when measured as the sngies between profile lioes
and NSL will fnclude variations 1o the magulation of the
oranial base line ss well., This objeotior may be wvaild

renge line.




HOOBREES apd KEAN (1958) devised a wmodificstion of
Zroadbent s cephalometer which allowed orientation of the
head in & position of naturel belamce. The method allow-
ammsnmwmmotammu
the hesd balence line, but besides being inappliesble for
the study of nuseum material, the method would be diffievit
to apply during field work with native subjects. Prom
the experience imvolved in the present jiuvestigation, it 1s
felt that & natural bead (smd jew) posture requires cospiete
relaxation on the psrt of the subject. This may be Aiffi-
cult to obbtain in native children and some adults because
of lesnguage probless smd a natural suspicion of scientific
apparatus.

DELATTHE snd FENART (1560), after somwe thirty years of
investigation, used & "“vestibular method® of skull orientat-
ion snd reference, which depends on the gemeral plsne of
the semicircular csmsls. The two workers used this wethod
to analyse phylogenetic and ontogenetic changes im head
fors of selected primates. The technique itself is complex
but merits further considerstion. One significant finding
of this study was that the occiusai surfsces of the teetn
were inclined at a fairly constent sngle of 30° to the
head balance line in all prisstes st varicus stages of

growth.
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It iz spparent that no simgle intrs-cranial reference
live is totally satisfectory for uss in radiographic
cephalometry. This presents = serious handieay in the
study of craxie~Taclial strustures of aniwmals sod man.
Ceosetric iires constructed froe intrs-oranlal points
neturally show wide varistion betwsen population groups
and oven within the same group. The solution mey well be
iz the use of @ physiclogiesl line which represents the
sxis of natural head belance as defined first by BROCA {1862).

around the nature of progmathism wishin adult subjestsz,

the nagion-selis line was chosen ss the most sultable.
Sesides being subject to less eiperisental error than other
reference lines, it has the advantsge of zore closely
dividing the faclal structures from those of the brain case.
In addition most other studies whioh were $o be used for
comperative purposes also suployed the nasion-zslla iina,
whieh although noS idsal for all inveatigationa offers the
least vumber of 4Aissdvantsges when compared with other
possible intrs-crapial lines.



CHAPTER 11

1. HATERIAL

Iinesr and angulsr measurements were obtained from
the tracings of lateral head radiographs of 58 young
adult Central Australisn aborigines - 31 wales snd 27
fomales. |

The sborigines studied cail themselves Walibri, al-
though they are sometimes referred to as belonging to the
Ngalis tribe. TINDALE (19%0) has also listed several
other sltermative names for this particular tribs.
5ince 1946 they have been congregsted at the Commonwealth
Goverument Settlement situsted at Yuendumu, 185 wiles
vorth-west of Alice Sprimgs (Fig. 7). Frior te this
time they lived under prisitive tribal conditions and came
in contast with white oivilization only on rare occasions.

The establishasnt of & Uovernment settlement has pro-
vided an unique opportunity for the anthropological inves~
tigation of a geogresphically isolated tribe, espesially iv
regard = to its changing enviromment. TINDALE {1953)
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investigated sarriage customs within the tribe and re-
ported that of a total of 166 marrisges, only eight per
seut were inter-tribai, so that the group can be regarded
as relatively homogeneocus, at lesst in recent tises.
Other sspects of the gemersal physisal anthropology of the
Wailbri have been pubiished by CAFELL (1952); ARSIE and
ADEY (1953a, 1953b, 1955); SINMONS et al (iP5k); CLELAND
and TINDALE (1954); POIDEVIN (1957); SCRULYZ (i958) and
ADBYE (1957, i96ia, 1961b).

natives, their food sources, eating hablits and dentsl con-
ditions have besn published by wmesmbers of the Department of
Dental Sciencs, niversity of adsieide (CAHPBELL and
BARBETT 1953; BARREYT 19353as, 1953b, 19356, 1957a, 19570,
1958, 1960; CHAR 1955, 1957, 1957, 1960; BARRETT, BAOWN
and MACDONALD 1962a, 19620} .

Normsily the native population at Yuendumu varies in
number from 400 - 450 or s0, and ocossionally the nusber may
rise to 600 with the influx of visitors from neighboring
areat. Of this varying nusber of natives there were only
31 young adult msles availsble for exasination at the time
of the visit. ABBIE (1961) has also noted that within &
sizgle tribe, about 30 - 40 is the maxivum number of young

sdult sales available for exsmination during s limited
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period of field invesbigation.

5045 (19%0) suggested that the most speelalised locel
forss of a population are found within sdult msles, and for
this vresson the mair iuvestigstion centred sround this
group. In order to study the sexusl differsunces iv ¢ranio-
fecial Luild; s comparsble nusber of young sdult femnle
Walibrli patives were also examined. To preserve homo-
gonelty in the sauple, only known measbers of the Wailbyd
tribe were sccepted for examinstion, although st the time
there were several Fintubl tridbeswmen living st the settle-
ment.

Jelection of the subjects was based on willingness
to participate and on conforsmity with the sriseria chosen
for young adulthood. There were no records of the actusl
dirtn dates of the subjects, so that age estimations were
recorded ouly aiter comsidsration of the general physieal
development, and the demtal state of each individuel. Iu
the majority of cases, the subjects had been examined by
Fedo Zarrett on previcus expeditions to the settlement,
and the records so obtsined were consulied befores the final
age estisates were made. The recorded sges can be consid~
ered as olose approximations only of the sctual shronologi~
oal ages. .



The limits for young adult status were brosdily in-
terpreted to include subjects aged approzimetely from i8
to 30 years, and who in the majority of csses had four
erupted third molar teeth. However four adolescert
wales, with frow two to three third molars unerupted,
were included in the 16 - 20 years age group, and two
nales and two femsles were included in the 31 ~ 36 sge
group. The sex and age distribution of the subjects
ineluded in the present study is shown in TABLE i. The
wean age of both males and females sug spproximstely 22
years. |

The dentsl state of the subjects was nssessed after
the examination of the mouth, dental casts and radiographs.
The characteristics noted were: teeth missing, teeth con-
genitslly sbsent, teeth unerupted, testh missing because
of ceremonial evulsion and teeth lost becsuse of scoident
or dental caries. These charseteristios sre sumsarised iv
TABLE 2.

It ie of iuterest that over 25 per cent of the male
group had loat either a right or isft upper central incisor
through ceremonial evulsiom. CANFBELL {1925) reported
Ehat ceremonial evulsion affected about 11.H par gcent of
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TABLE 1

Sex and age distribution of the subjects studied.,

Number of
Approximate subjects
age in years
- Males Females Total
16 - 20 14 13 27
21 - 25 10 8 18
26 - 30 5 b v 9
31 ~ 36 2 2 4
Total 31 27 | 58




TABLE 2

Dental state of the subjects studied.

Dental state

Number of subjects

* E One subl}ect is included twice in

paired categories.

Males |Females | Total
Thirty-two teeth present 14 23 37
Two>th1rd molars unerupted 2 - 2
Three third molars unerupted 2 * - 2
One third molar congenitally
absent 2 % - 2%
- One tooth missing (ceremonial
tooth evulsion) 8 % - 8%
One tooth missing 3% 3 6%
Two teeth missing 1 1 2
Four teeth missing 1 - 1
Total 31 27 58
each of the
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the adult aboriginal population of the coutiment, so it
appsars that the ceremony of tooth svulsion as part of the
initiation wmwmmumxum;
years, st least smong the Wallbri pecple.

In addition au assessment of the degree of tootn
attrition waz mede for esch subjeot secording to the wsthod
of DAVIES snd PRUEESON (1955}, whioh provides o more oom-
piete estimation of attrities than the method of Broca.
The degres of ceclusel attrition of first molar teeth of
2ll subjects was recorded iu the following oategories:

0 - no abtrition; 1 - attrition of emamel; 2 - dentine ex-
posed; 3 ~ secondary dentine exposed. An sttrition indax
was derived for sach subject by dividing the total scores
by the nusber of teeth examined. Fean values for the
indices of occlusal attrition were then calculated for
maxillary and sandibular first solars of esoh sex snd age
group. The results sre sussarissd im TABLE 3. The
fezales tendod to have higher sttrition isdises than males
in the twe Ligher age groups.

The dental papers listed ir this chapter have re-
ported the iuncidence of demtal disesse in the Yuendumu
group &8 & whole. In the pressent study 1t was noted with-
out detailed orsl examination that the inmcidence of dental

caries and periodontal disorders was low; iu fact tooth
loss from dental caries as spart frow ageidents occurred



TABLE 3

Mean values for the degree of attrition of maxillary

and mandibular first molar teeth of 31 male and 27

female Australian aborigines - after the method

of Davies and Pedersen (1955).

Age Number Number Number Attrition
in of of of
Years Subjects Max. teeth | Mand. teeth index
MALES

16~20 13 26 1.50
26 1,69

21~25 11 22 1.55
21 1.95

26-30 5 10 1.80
8 1.75

31-36 2 by 2.00
4 2,00

Total 31 62 1.60
59 1.81

EMALES

16-20 12 24 1.38
24 1.46

21-25 9 17 1,71
18 1,72
8 2.00
4 3.00

Total 27 53 1.62
54 1.74




iz ooly six of the 38 subjects, five male and one female.
In contrast to this is the finding that eight teeth bad been
lost by cerewonial esvulston in the msls group alome. It
ceresorial ovulsion and accidents thau from denial caries.

Interssting demtal evidemoe of the oontact of these
people with white sivilizetion mas the nunber of subjects
who had beer Irestad Uy visiting Jovermment dentiats.

Ten vale snd fouwr fesale subjeots had » total of 16 amd 13
amslgen restorations respectively. Fany of these res-
torations were smell fillings iu the buconl grooves of molar
teeth, which again illustrates the low incidence of dental
decay in this group.

511 the cbservations concerning the dental state of
the subjects were recorded Jjoinily by ¥.J. Barrett and the
author. In the guse of cociusal stirition indices, beth
workers indspendently recorded observations before the
final assessuents were made.
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2. BADIOQRAPHIC H&ETHODS

The radiographie methods employed followed closely
agcepted techniques for cephalometric atudies, but certain
wodifications were made necessary by the nature of the
investigation. Very few luvestigations have employed
radiography for anthropological work in the field, se it
is counsidered worthwhile to desoribe the proce dure in
sone detail.

The head bolding device was construsted scsording to
a design of X.J. Barrett similar to that suggested by
BJORK (i950). The cephalostat (Fig. 8) weighed sbout
30 pounds when packed for transportation. Right snd
nummmummww;umc
lever, so that the median sagittal plane remsined in the
seme position for all subjects regardless of age or heed-
mmmmwmnmmntmmu
say rod supports of wood.

A nasion support wes providéed with verticsl and hori~
zontal adjustwent, and au orbiteale indicator, whieh con-
sisted of & tapered plastic rod containing a lead sarker



Fig. 8.
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at its apex, was fitted to the frasework of the head holder.
The orbitale indicstor was used in checking head orientate
ion after rotation of the subject for postero-anterior fiius.

The entire hesd holder could be rotated on its support
through sither 45° or 50%, tihe required sngle being looated
by & locking pin. In the field the cepbslostat was sec~
urely bolted through its base to a prefabricsted Dexiocn
stand. A bullt-in spirit level ou the horizontsl arm of
the head holder facilitated the aligmment proce lure.

A ¥atson Vietor Hodel ») Xeray unit wes modified for
use in the fisld. To sispiilfy transportstion to Yuendusw,
the X-ray head snd control unit were dismantled and subse-
guently reassesbled on a prefabricated Dexion stand. The
unit was fitSed with a leed cone to minimise scatter redi-
ation.

The power supply avaliable at the settiement was 240
volts i.C. gemerated by s 20Kvi alternsting current gener-
ator which was powered by a diessl motor. lLine voltage
wes constantly chesked during operatiocn of the umit and
found to reamain reasonably stable.



Housting Units

tesl staends were prefabricated from Dexion in
Aum«fummxwmmmwmt;
these were aligned by the method to be desoribed. Onece
alignment was considered sstisfactory, the stands were
marked for identificatidn of parts and dissantled. This
procedure greatly simplified the installation of the
equipment in the field.

Precise testing of the aligument of the anode of the
xmtymu-um'mm@rmmmmmmm
by exposing dental films taped to the cassette holder.
¥heun right and left ear rod centres snd the anode were
perfectly sligned, the images of right and left ear rods
appeared as concentric circles without distorticn in any
direction. Once this test was considered satisfastory,
mmﬁﬁm“uzmmmnmamm
area and maintsined in these positions for the duration of
the investigation.

Throughout the period in the fleld, test exposures
were sade on dental films two or three times daily %o

check the alignwent and stabllity of the apparstus.



To atd in the positioning of subjects, sr sdjustable
stool Titted with csstors was used In the following
procedure:

The subject was first seated om the stool and the
back support sade comfortable. The helgnt of the steold
was then adjusted sc that the externsl agoustic meatl were
level with a gauge rod which indicated the height of the
sar rods of the cephalostst from the fioor. The stool
snd the subject were then moved into position, and by
asking the subject to focus his eyes on a spot on the far
will at eye level, natural head position was obtained.

The ear rods were then tightened into position snd .
the nasion support fized fv pisce =0 that the subjesot cculd
not move without exerting foree. The use of a position
of petural heed balanse in preference %o the Prackford
horizontal provided radiogrsphs with the tongue and
pheryogeal wall in 8 vresting position, snd also silowad
the mendibular rest positicn and wide open position to
be achieved without undue stralmn.

The orbitsle was loosted Ly pelpation and marked with
e skin pencil, and the orbitale indicator positionad.
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After three lateral exposures nad beem made, the orbitale
indicator was rotated out of position, and the cephalostat
moved through 90° to the P-i position. At the same time
the subject was rotated on the stool through the seme mngie
80 that the P-A position was aghleved without any movement
of the head relative to the trunk. As e final check on
positioning the orbitale indicator was replaced on the skin
park and the P-A exposure wade.

The anode to mediac sagitial plane distance was kept
coustant for all subjects at 180 em. The wedian sagitial
plane to file distence was set for all subjects et 15 ouw.
For P-A films the poriemic plene to film distence was also
a constant 15 om.

The wedisn sagittal plane - film distance of 15 om.
was greater than the distance used by BIGER (195¢). In
trizis with BEuropean subjects it was found that a NSP-film
distancs of 10 ocuw. could be seencdated feirly rsudily, but
very few adult male sborigines could sdjust to the shorter
distance without ssvere distortiom of the shouldera.

This spperent snomaly wes due o the relatively shore
cervical spins, which is a characteristic of the Austrel~
isn aborigine. (WOOD-JONES, 1938).
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The above distewces produced z caloulated enlarge-
ment of 8.3 per cent for iimesr structures situsted in the
MSPF or projscted onto that plane. This figure represents
the sinisum enlargement factor possibie in the present
study without inereasing the anode - N3P distance to an ex=
tent not compatible with field radiography.

To avoid repetitive correction of linesr %SP sessure-
sents, 2 lesded millimebter rule was suspended iv the N3P
to produce an imuge on the radiograph from which direct
recordings could be made (/04¥%, 1980). The radiographic
iwages of the rule was :mw checked on the latersl plates
and was found to provide a stuble weasure on all filss of
8.3 per cent enlargessent.

mxmcmmnnﬁm”masuxm
{16* x 12*) Slue Bremd Ssfety Fils, and alignuent tests
were mede on norsal demtal films., Unexposed filus were
kept iu & lead~lined box and exposed films were places in
the same box and moved each night to the living quarters
where they were stored in light-proof containers iu a sool
losation.

4% Watson Victor Kontak casseties were used, eaoh

fitted with two Du~Font Stainliess Fast Speed intensifyivg
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seresans. 7The cussettes wers loaded and unlosded in s
*dark room" constructed for the purpose within the frase-
work of the cephalostat support. It was considered
necessary to use six casseties so that four exposures
could be made in repid succession without fatiguing the
subject. Two loaded casseites were then availabie should
movement of & subleet necessitated a repeat exposure.

The requirements of X-ray ocephalosetry sre such thst
the radiographs should be of the best quality end have
sufficient contrast for easy identification of landwarks.
in addition the exposure tise should be as low ss possible
to avold excessive dose of lomising rediation as well as
ﬁu sinizlise the chanve of subjeat movement.

¥ith these oriteria irx xind, trial exposures wers
made on several Suropean subjects in Adelaide before
leaving for the fleld. ifter exsmination of the fiims
8¢ obtained the following exposure dats were accepted ss
most suitable for field use with the availlable sgquipment:

Laterali plates 78 Kvp iS5 ¥Ma @.5 3ec.
F~A plates 78 Kvp 15 Ma  0.5-0755ec.

fuitablie rediographs were obtained iu the field by
using these settings for both sdulis asd juveniles.
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in slumiviue wedge 250mm x 65mm x 20sm Tapsring to
luw vwas placed between the Pacisl proiile and the file
#t the tlme of exposure of the iatersl filws. The weadge
produced a very sultable soft tissue profils shadow, with=
out ia sny way detrscting from the clerity of the under-
lying bony structures. It wss mot necessary to use
tantalum powder or other radio-cpague materials to show
the intra-oral and pharyngesl soft structures.

Although this thesis deais only with the results ob-
talved from latersl filme taken iu the Zooth position,
other sxposures were uade at the time for future research.
Four exposures were made for sach subject in &hes follewing
order:

1. Lateral head fils - with mandible in the rest position;

Z. Lateral bead fils - with mandible iz the tooth position;

3. Lateral head film - with mandible wide open;

b, PeA £ilm - with mandible in the tooth position.

The rest position and tooth position of the mandible
were considered in the sense defined by BHEILL et al (1959).
Hest position - *That wertical postural position of the man-

4ible goverred by muscle tonus."
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Tooth position -« *"That vertical and horizontel position of
the mandible in which the cusps of the mandibular and
waxillary teeth intercuspidate maximally.® The tooth
position corrssponds with the position of centric
oeolusion of other writers. 411 the latersl head filss
were exposed with the left profile towards the snode.

Auy recording of the msndibular rest posiSicn reguires

. gomplete relaxation om the part of the subject, so thet

fros cortical bLrain levels i mini-
mnl. PBecause of language probless 1t was diffisult to
convey to the native subjeets the ides of a rest position,

but it was found that they sesumed = natural posturai position
of the mandible guite readily if no verbal imstrustions

were given. For this resson the rest position filus were
exposed first, snd Af possible without the subject's
awareness that a fils was being taken.

gonscious iuterter

The tooth position rediogrephs offered scme Aifficulty
singe a significant muber of Australisn aborigines hsve
ocelusal relationships whioh vary from the classical
concept of centrisc oonlusion. This results fros a dis~
parity in the widithes of upper and lower dental arches,
which prevents msxisus interdigitation om right snd left
sides sisultemeously. BAHRETT (1958) first desoribed this
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type of segmental occlusion which has also been noted in
HEITHZRSAY (1961). Tooth position exposures were made

411 rediographs with the exoeption of a fen teat
filue were packed for development on return to Adelailde,
80 that a ayetem of film identiflicution was needed.

Lesd wumbers corresponding to the subject's expedition
nusber were positioned on the cassettes prior to exposure;
rest position films were merked with s lead shot and double
detersivation filus were identified by the lstter R.

After exposurs, the cassettes were unlosded and the
films placed in msnille folders bearing the nawe and
expedition mumber of each subjest. At the time of devel-
opuent in Adelaide, details of name, age group and buwber
were contact printed on each film in a position predeter-
mined at the time of exposure by = lead masking sheet.

This wethod of fils idemtifiostion, together with
detalled field records, emabled dental casts, rediographs,
photographs and somstometric dats to be 1imked for esch
subjest with little chanoe of errvor.
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411 filss were developad in Hodak liguid X-ray devel-
oper Type 2, sud fixed in Kodak liguid I-ray fixer accord-
ing %o the recomsended time-teuperature method of the
sspufecturer. 4 final wash of sabout one hour was given
in glsar running water after which the films were allowed
to dry st rocu teupsrature.

The X-ray unit was monitored in Adelaide and found
to deliver = skin dose of one vosuntgen (ir) per ten sec-
onds, st s distance from the anode equivalent to the
faolsi profile., Seatter rediation amounted to sixz milli-
roentgens per 250 seoonds, and memwbers of the team work-
ing in the visinity of the m were given monitor
badges which were also placed in strategic positions around
the work area. The monitor files were later developed
at the sane time ag 3 set of standards which had received
koown doges of froz 0 to 100 myr. The highest exposure
registared for the entire three wesk fileld period was oue
of 11.5 ur, froz a filn placed imewediately adjecent ko
the ie-ray unit.

The majority of subjects received four exposures

each of 0.5 seconds which delivered s total skin dose of
0.2r to the head region. Thirteen of the maie subjects
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sadh received a further two exposures one to three wosks
later duriug & series of double determivations, whiek
resulted in an additiocnal dose of O.1r to She head.

The exposure figures detersined in the present study
compare favoursbly with those published reecently by
PADEN (1960) who measured sn exposure of 0.1hér per fils,
which he found could be redused to 0.04ér per film when
proper fliitretion and esxposure settings were used,

It sen be concluded that sdequate safety precsutions
were teken in the present project and that since the
recorded doses are well within accepted safety levels,
no subject or demtal worker suffered overexposure to
ionising radistion.



ition were traced onto 0.05 s thickness Permatrace fils
with the ald of a speocislly constructed viewlng tadle
which was fitted with controlled illuminstion and &
Stufeks drafting mechine. The reference points and
lives 1isted below were tramsferred from the radiogrsphs
to the trscings.

The reference poiuts defined, except where otherwise
indiested, sre from « list of reference points for lat-
eral head roentgenogras interpretation, used at the (rtho-
dontic Lepartment of the Royal Deutal College, Copeuhagen,
and quoted by LIBDEGARD (1953). 411 referemce points
are situated in the wedian sagittal plane or are projec~
ted onto that plane. In coses of double projestion mide
points were used.

(Pigs. 9a and 13)

ABTICULARE (ar): point 2t the jJunction of the comtour
the condylar processes, projested im MIP,

BASION (baj: the perpendiculsr projestion of the sn-
terior border of the foramwen magnum (endobssion} on a

tangent through the lower contour of the foramen in HSF,.
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GNATHION (gnj: the lowest point on the sysphysis of
the sandible in MSP,

GONIAL TANGENT POINT (Sge): the jJunstion of the bussl
tangent and the ressl taugent of the mandible, prolectasd
in RIP.

IEPRADENTALE {1d): the highest and most forwerd pro-
Jecting point on the ssndibular alveolsr proesss in ¥SF.

INCISION INFERIUS (13): the midpoint of the conmtour
of the ineisal edge of the more promiment lower central
incisor projested in WEP,

ITRCISIOR 3UPERIUS (is): the midpoint of the contour
of the incisal edge of the wore prominent upper central
incisor projected in N3P,

- : ~ {10}: wuormal projaction of incision
juferius on the coclusai plave. | |

NASION (m): She most auterior point of the maso-frontal
suture in #SP,

POGONION (pg): the most anterior projecting point on
the chin in HIP.

YROSTHION (pr): the lowesi snd forezost projesting
point of the maxillary alveolsr pregeas in M3P,

PIERYGOMARILLARE (pmj: a point representing the dopgal
contour of the maxilla at the nasal floor level, projected
in NSP. The point is located on the dorsal contour of the

maxille, upwards, forsing the suterior border of the



pterygopalatine fossa, shere it intersects the countour
of the hard and soft palateas.

SELLA (8): the centre of the domy oerypt forming the
pells turcica. The surface of the sella turelca 1s de-
tersined independsrctly of the coutours of the cliimeld
processes, ond 1s limited upwards by s line from tubsr-
eulum sellse to dorsum sellse. The centre is defined
as the midpeint of the greatest diameter from tuberculus
sslles.

SPINAL POINT (ep): (Zocsmbhion) She apex of the anteri-
or uasal spive.

Ai3SPINALE (ss): the wost posterior poiut on the outer
contour of the maxillsry alveoliasr prosess iuv MN3F,

In addition the following two points which ave not
11lustrated were looated for the section on errors of the
sethods:

ORBITALE (or): the lowest point on the comtour of
the infreorbital sargin, projected in M3P.

PORIGHE {po}: ihe highest point on the shadow of the
ear rods (WERNEE, 1555). |

(Pig. o)

EASTON-SELLA LINE (H3L): the borizontal line passing
through points nasion and sells.
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NASION-SELLA PERPENDICULAK (NSP): the vertical linme
passing through sella and perpendicular to NSL,.

RASAL LINE (NL): the straight lLine passing through the

spinal point and plerygomaxillare.
| GOCLUSAL LINE (OL}: the stralght line pessing through
ineision superius and the distal cusp sumsit of the
first upper molar, or, when this tooth is sissing, the
zesial cusp summit of the sesond upper molar.

WANDIBULAR LINE (ML): the 1ine drewn through the lowest
point at the symphysis, touching the mandibulsr border
at the amgle reglom. (BJORK et a:i.'. 1956; SaENL:, 1999).

The mandibular 1ine uas constructed aceording to the

sbove definigion in preference to the sethods desorib-
s 5 LINDEGARD {(1953), BJORK and PALLING (195k) and

(1960) which utilise lines either al
to the lower border of the mandible, or thr the
radiographic gonlon. In the group studled was

often «m of marked appositional bone growth

along the lower mandibular border, which then assumed

s wmarked counvexity along ites eiddls third, thus ren~-

dering 4ifficult the construstior of an scocurete

tungens to this border, | |

CHIN LINE {CL): = line from iufradentsle through
pogonion.  (BJOBK and PALLING, 1954}

UPPER INCISOR AxI5 (ILg): = live from inoision sup~
srius (1s) through the apex. (BJOBK and PALLING, 195k)
LOWER INCISOR AXIS (Ibﬂs & Iine fro: ineision in-
ferius (11) through the apex. (BJCRK and PALLING, 195k)

FRANKPOBRT HORYEZONTAL (PH): (cephslometrici & line

drawn through poinis orbitale and poriom. (WERNSR, 195%)



Fig. 9.

Reference points and lines .
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b, VARIABLES STUDIED (Pigs. 10 to 1&)

%WuW.Mhthmﬂ-sm.
were regorded direcotly from the trecings, whereas zll
livear H5F resdings, recorded Lo the nesrest 0.% mm,
graved to correspond with the projectsd image of the milli-
meter rule. In this way all liuear readings wers correst-
ed for the saleulatsd .3 per cent enlargesent, which wes
verified on esch filw by exsminetion of the projected
millimeter image. |

411 liunear and augulsr variabies used refer to radio-
graphic shedows of corresponding bony structures, and
elthough thelir valuea would closely approximate those
obtaived by classical oraniometry, they should not be
regarded as exsotly idenmtical. \Vhere indicsted, ome
Livear seasuresent has been expressed as a paercentage of
another to provide ¢ertain indices.

BAXILLARY BASAL PROGNATHISH (s-n-ss): the angle formed
by the cranial base and a profile line through nasion
and subspinale.



BAZILLABRY ALVECLAR PROONATRISH (s-n-pr): the angle
foreed by the oranisl base and a profile line through
pasicn smd prosthion.

HANDIBULAR BASAL PROGNATHISH m-rzﬁ-nh the angle
:Mwmumamm‘mmxmw

'MANDIBULAR ALVEOLAR PROGNATHISN (s-n-1d): the angie
forsed by the crenisl base and a profile line through
negion and infradentale.

00 P S it e o e

e is Mmu for the spinsl point in
the seasureasnt of sexillary basal prognathise.

SAGITTAL JAW RELATION (es-n-pg): caloulated ss the
degree by which the smgle of mexilisry basal prognathism
exceeded that of memdibular basal mmm. The
angle ss-u-pg indicates the antero-posterior relation-
ship of the jew bases.

HAXILLABY ALVEOLAR PEOOGNATHY (pr-u-ss): caleulsated as
the degree by which the angle of maxillsry alveolar pro-
goathise exceeded that of mexillary besal prognathism.
The angle pr-n-ss indicates the protrusion of the upper
slveolar mergin in relation to its base (BJORK and
PALLING, 1958).
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FANDIBULAR ALVEOLAR PROGNATHY (id-n-pg): calouiated
ss the degree by which the angle of mandibular slveolar
prognathliss exceeded that of msndibuler basal proguath-
iss. The angle id-n-pg indicatss the protrusion of the
lower alveolar mergin im relation to i%s base (BJORK and
PALLING, 1954). |
PROPILE ANOLE (n-co-pg): measured as the angle between
profiie lines joining nasion-subspivale snd subspinalas~
pogonion, registered at subspinale. The angls n-ss-pg
indicates the degres of facial couvexity (BIOHE, 1955).
RADTOQRAPHIC GNATHIC INDEX: osloulated as s percentage
sccording to the expressicni~
Gnathic index "

Rl ;

" baston - nasien live x 100
ba-n .

mmwmmmasmwma
isx were aloo mesasurod from the Frankfors horizoutsl and
expressed as the angles n-ss/Fil and nu-pr/Fil respectively.

The sngulation of the Prankfort horizoutsl to the
nasion-sells line wes measured mnd designated FPH-NSL,

£11 angular seasurexents involving the use of the
rediographic Prankfort horisontel were ineluded solely
for She section on errors of the methods, where errors

iz the use of PH and N3L are coupared.
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pr
id

Pg

Fig. 10. The angles of prognathism.

\ NSL

s-pm vert.
P

Fig. Il. Method of measuring the posterior upper
face height and the projected distances, s-pm hor,

s-ar hor. and s-ar vert.



HEXILLARY LENGTH (sa-pm): the distance between sub-
apinsie amud plerygomaxiilaire.

For the seotion on errors of the sethods, the nax-

illary length was also wesgured as the distance

between nal point snd pterygosaxillisre.

HANMUS HEIONT (ar-tgo): the distance between gouial
tangent point and articulsre.

CONPUS LENOTH (pg-tgo): the Sistance betwsen gonin)
tangent point and pogonion.

TOTAL MANDISULAR LENOTH (pg-er): the distance detwesu

Livesr measuresents which express the size of the

sandible utilise sagittal projections of bilateral

points articulare snd goulal tangent, snd are there-
fore not necesssrily identical to nnm BEESUL-
ed between the same poluts directly on a skull.

Obwiously the inclination of the corpus and reamus

to the medisu sagittal plare will determine the

radiographic projection of these pointa. ,

GONIAL ANGLY (er-igo-gmj: the angle formed by = iive
tangent to the mandibular rssus snd the mandibular 1ive.

CHIE ANGLE (Ci~¥L): the angle formed by the chin
iine and the sandivbuisr line. The chin angle provided
a Turther indicatior of mandibulur alvecisr proguathiss
independsnt of the maniibular bese.

JOINT SBOLE (s-sr-tgoj: the angle forwed by s line
tangent to the mandibular remus (er-tgo) and the lateral
eranial base lins joining sellz and srticulare. The
sugle s-ar-tgo provided an ivdication of the augulsr re-
lationship of the sendibie to the lateral orenicl buse.



HAXILLANY PROTRUSION (e-pm horizemtal): the projected
Algtance of poiut pterygosaxillare to the miet*-wiin
porpendioular. The distance s-pm hor. indicated the
m&zm position of the upper face in reiatlon to the
anterior eranial base.

POSTERICH UPPER PACE HEIGHT {s-pe vertical): the
perpendiouler distanse from pterygomaxilliare to the
¥3L. The distance s-pm vert. indicsted the vertical
position of the upper faee in reiation to the anterior
eranial base.

“he position of the lower Jaw iu relation %o the snteri-~
wmmmmmwmmxmmz-
cal distances fros srticulare to KSP and Nii, which were
ezpressed sg the projsoted distances s-ar bor. and

g-ar vort. respectively.

The ieagth of the upper jew in relation to the lateral
oraniai base length was csicuiated as the ss~pn length
Wnduamotmwm, and express-
o6 28 S8~Pu/u~ar.

The length of the lower jaw in relation to the lzteral
oranial base length was caloulated ss the pg-sr length
Wuamﬁhhwhmm, s=nd desig~
nated pg-ar/r-ar. 48 an sdditiomali index of sandibular

length in relation to lateral erenial base length, the
corpus length (pg-tgo) was calculsted as a psroentage of
the ne-ar ijength and designated pg-tgo/n-ar.
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The projscted lsages of structures situated I.umaln
vary mm;ﬁo thelir inclination o m median sagittal
ess calsulated fros ometric m o=
grnpln may not be identical %o m:. eraniometric
indices, since on X-rays the linear measuressuts used may
vary independsutly. However in the oase of the Jaw
pases in relation to the lateral eranisl base, the inde~
t variation is probably slight, wm; sinee
’llil! articulare is commen to both sandible and laveral
eranizl base.
INCLINATION OF UPFER JiW BA3K TO NiL (NL-NZL): the
angle between the nasali iime and the anterior cranial base.
INCLINATION OP LOWEE JiWw BASE TO N3L (#L-ES8L): the
angle between the mandibuler line snd the snterior cranial
base.
INCLINATION OF UPPER JAW BASE TO OL (BL-OL): the angle
between the tasal line and the oceclusal lline.
INCLINATION OF LOWER JAW BASE 70 oL (ML-0L}: the angle
betwesn the sandibular iine and the esolusal line.
INCLINATION OF UPPEE TO LGWIR Jéw BASE (NL-ML): the

angle betweer the nasal and mandibulur lines.

The total face height wes subdivided by the nsasl
iine inte the upper fsce, between USL and ¥i, snd the
lower face between L snd ¥L. The lower fuce was further
subdivided by the ooelussl 1ine into waxillary lower face
between NL snd UL, and sendibular lower face between OL
and ML,
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Method of constructing points sp’ and is for
the measurement of facial heights.
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The subdivisions of the facial height were detereiued
by the sethod of LIKDEQAED (1953} as follows (Fig. 12):
Polnte uaslon and gnathion were joined by & straight line,
the z-gn lise, along whiech the distances n-sp =nd n-is
were warked in order to coustruet news reference points
designated sp' and 13° respectively. This method per-
pitted five separate fsce halghts to be messured.

HORPHOLOGICAL FACE HEIGHT (ne-gn): the distance between
rasion amd guathioun, |

UPPER P00 REIONT (n-sp): the distrioe between nasion
spd gpinal polnd.

POTAL LOWER PACE HEIGHT (sp'egn): the distance between
conastructed point sp' and gu.

MAXILLAWY LOWER FACE HEIGHT (ap®~18*): the distance
between constructed polints sp' and is’,

EANDISULAR LOWER PACE HEIGHT (is'-gn): the dlstancs
between constructed point is' and ga.

mﬂammwr-« neignt was expressed ag
a percentages of the morphologicsl face helght and desig-
nated ne-sp/n-gu.

INQLIKATION OF THE UPPER CENTRAL INCISORS (Ilg=UL): the
angle betweer the wpper in¢isor axis snd the occiussl lipe
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INCLIRATION OF THE LOWER CERTRAL INCISORS (IL;-*&LL‘&: the
engle betweer the lower inciser axis and the osolusal liue.
(STERIBCISAL ANGLE (Il,-Y14): the sngle betweenm upper

apd lower inelser sies.

OVEBEEITE (li-ic): the dictance betwsen incislen inferius
and the norssl projection of inclsion inferius om the
ocooluaal lius.

IVIRJEY (lis=icl: the distasnce bDetwesn lueision superius
sn4 the normal projection of ineision inferius on the
ceclusal line.

iz the present study the eramial base uas comnsidered
to consist of two couponsnts: a median eranial base
situsted im the wedian sagittal plsne and lisited anterior-
1y nmsion anl posterioriy by basion; a lateral craniul
bage, to whigh the mandible is articulated, lisited an-
tapriorly by uasion and posteriorly by articulare.
srticuiare 1s sivusted on the lsteral cramiali bage and
is & reasonsble indieztion of the lstersl limita of the
vase (3J0&E, 1947).

POTAL KEDIAN CRANIAL BASE

i {(p=ba): the distsnce
between nession znd baslion.

TOTAL LATHRAL CRANIAL BASE LEN ¢TH(p-spr): the distance

between resion and articulsre.
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Fig. 13. Reference points and lines within the bite.

n SL N N S P
R
Foramen
angle

Fig. 14. Construction of the cranial base angles.
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ANTERIOR CBANIAL BASE LENOTH (n-s): the dlstance
between nasion and sells.

FOSTERIOR MEIDIAN CRANIAL BASE LENOTH (s-ba): the
distusos belween selia end besion.

MEDIAN CRANIAL BASE ANGLE (nes-bs)! the sngie between
Bl and & line joining sella and basion. The angle
n-g~ba indloates the shepe of the medisn craniel bags.

FOSTERIOR LATERAL CRARIAL BASE LSNOTH (s~ar)}: the
distunce between selis and articuisre.

LATERAL CRANIZL BASE ANOLE (n-g-sr): the angle between
H%L and & live joining selle snd artisulare. The sngle
a-g=-5r indiostes the shape of the lateral eranial bese.

UYPPEBENCE IN CRANIAL BASE ANOLES (arws«~bu): oaleulsted
a8 the degree by which the vedien cramial base sngle ex-
ceeds the lateral cramial base sngle. The angle ar-s-ba
provides an additioual iudiecstion of the position of the
mandible (a8 wessured on the mandibulsr veek) in relage
ion to the median ocranial bage.

PORAMEN ANGLE: the angle Detween the head baisnce axis
(a perpendicular to the line tanmgent to the lower contour
of the forswen magrum In HSP) and the ESL. The foramen
angle indiecates the isclination of the forsmen magnum to
the oranial base, and indireetly the balence of the head
upon the eervical spine (BJURK, 1955).
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5. GENERAL STATISTICAL METHODS

Male and female mean values were compared using
Student's "t-test" with 56 degrees of freedom. A differ-

ence between such mean values was declared sigmnificant

(denoted =*x) 4if the probability that it would be exceeded
by chance was less than one per cent (p <0.01). A diff-

erence between mean values was declared almost significant

(denoted *) if the probability that it would be exceeded
by chance was greater than one per cent but less than

five per cent (0.01 <p< 0.05).

Associations between pairs of variables were investi-
gated by calculating total correlation coefficients. A

total correlation coefficient was declared significant ( **)

if the probability that it would be exceeded by chance was

less than one per cent, and almost significant (*) if the

probability lay between one and five per cent., Fisher's
table of r values, with 29 degrees of freedom for males
and 25 degrees of freedom for females, was used to de-

termine the probability.

Partial correlation coefficients were calculated to
test the association between two variables (1 and 2)
independent of a third variable (3), according to the

formula:
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rig - ri3,r2
rl2.3 ) =

1l

(1 - r132) (1 - P232)

where ri, 3 1s the partial correlation coefficient,

Ty5, r13 and r23 are total correlation coefficients

between the variables concerned.

Flsher's table of r values, with 28 degrees of freedom
for males and 24 degrees of freedom for fem~les, was used
to determine the significance of partial correlation coeff-

icients, which were denoted significant (*#*) or almost

significant (*), as for the total coefficlents.

-

The terms significant and almost significant are
used in the text to mean the same as the common expressions
"significant at the one per cent level" and. "significant

at the five per cent level" respectively.

Data relating to errors of estimation (CHAP. III) and
the regression analysis (CHAP. VI) were treated by specific
statistical methods which are described in the appropriate
sections.

The following terms and symbols are used in the text
and tables:

Mean - arithmetic mean of a series of measurements;
e(M) =~ standard error of the mean;

S - sample standard deviation;
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Range - Minimum and maximum values of a series of obser-
vations, or the size of the interval between these
values,

t - value of "t" computed from Student's "t-test";

r - coefficient of correlation;

3 - male subjects;

Q - female subjects

Except where otherwise indicated the sample number

was 31 males and 27 females.

Statistical texts used for reference were those of
FISHER (1946), MORONEY (1951), FISHER and YATES (1957),
GARN (1958) and BAILEY (1959).



“henever measuresents are used iv scientific ressarch
limitations in technigues give rise to ervors of estimate
ion. The various sources of systematic and acgidental
errore involved in cephalowetric radiography have been
investigated by BJORK (1947), PRANKLIN (1942), THORNE
{1553}, VEMNER (1255}, BAVAKARY (1956), TALLGREN (1957)
and HALLETT (i959).

only method of examiming the cranio-fssliai structures of
living subjects with sny degree of thoroughness and scour-
acy , and must therefore be recognised ss an importsnt
research method in physicsl anthropology, orthodontics
aBd yrelated flelds, However the use of any technigue
can only be justified if the errors of estimstion do

not seriously affect trus values.

1t would be anticipated that errors involved in
the radiography of & group of subjects living under nesr-
tribui conditions, where resesrch conditions sre at a
sinisum, wouid be larger than those associated with
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vorzal olimical use of the technique under more favour-
‘able comditions. ciuce it appears that the exteant of
errors it Tisld investigations of this nature has mnot
previcusly been appraised, thue methods of amalysing the
arrore of estiuatlicr in the present study are deseribed
in some detall.

in the present study errors arose from two main
sources: the field methods and the messuresment methods.
Figld method errors included those csused by difficulties
in positioning aﬂl fizing the subjesis ia the cephaiostat,
difficulties in persuading the subjests to hold thelr
pandibies in the tooth mﬁiw, sovenent of tne subjeocts
during exposure of the fiims and errc:s in radiogrsphic
projectior. feasurement method errors included those
csused by @ifficulties iz Sdemtifylng snd loosting
measuring points end reference liues on the radlogrephs
snd transferrivg them to traciugs, and those caused Ly
innccuracies iu measuring instrusents sand the sunmer in
whici: they were used by the iuvestigstor.

To arrive at an estimete oi the magnitude of the
and the extent by which they affect
the rasults, two series of double deterwimations werse

expsrizenial erro
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safe. The statistical ansliysis of the data Tollowed the
method of DAELBER0 (1940).

388IES 1

Twelve azle subjects (3.7 per cent of the ssuple)
were selected at rendom for repest tooth position radic-
grapias which were taken by the sase worker spproxiwately
twe weeks after the first seriss were obtained. Angulsr
and linear messuresenis were recorded from the repest
rediogrephs and compered with those obtained from the
initial series for sach subject.

The revealed errors were axpressed as the mesn of
the difference (M 4iff.1), the standard error of the
mean difference (<3 4iff.1) and the standard devistion
of & single detersiuaticm (u;) according to the follow-
ing formulae:

N asff.l = 24

"
n A

where d = difference it readivgs between initisl snd re-
peat filws of the same subjeot.
n = nusber of double detersinations.
2n = punber of single determinations.

£
3

2 iw . 442
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Series 1 estimates include field weihod errors ma
well 28 seasursment method errors, and the standard
deviation s, has besn designated the fotal @
errgr. v Series i estimates, The probabllity that a
single determinutior will mot deviate more than & 1 8y
from its resl value is approximately 67 per cent.

. SERIES 2

Twelve tooth position radiographs were sslected ot
rapdon (38.7 per cent of the masle sample) some three
wmonths after initlal measurements had been obtained from
thelir tracings. FHepeat tracings and seasuremernts were
made by the same ohserver, and the repeat seasurements
were compared with the iuitial ones for each subject.

The reveanled errors were expressed ss the mean of
the differences (N A11f.2), the stendard error of the
pean difference (€M AALf.2) amd the standard deviatioun
of & single determibation (s,] in the sume wey a8 for
errors only and the standard deviation %, bas been desig~
nated the peasurepent error. Iv Series Z estimates,
the probability that 2 singie detersimation will mat
deviate mors theanm 4 1 3y from its real value is approxi-
nately 67 per cent,
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Student's "t-test® xas employed to test the hypoth~-
esis that s mean differemce 414 wot differ um*rmw
from zero. The five zud one per csnt levels of probebll-
i1ty were chossu for this test and the differences desig-

& sigpificant mean difference indicated au experi~
wmentel error (or bies) in ths techuique. MW
an error csused by slight differences in the manver of
positioning subjects during the repsut series of radio~
graphs, or sm error &us to veristions in the selection
of radiograpbic refersuce points or iines during the
repeat tracings m reasurenents of radiographs.

Lince Seriass I estimabtes irneiude errors caused by
subject positisning and those srising fros trecings and
zeasurenents, while Seriss 2 estimates refer to measure~
ment errors only, it is possible to obtaln an sstimate
of the sublect positiouing error from the formula:
o ouF - o
where s, =« subject positioming error,

8, = total experimental error,
8, =« mneasuressnt error.

SR

in & sisilear way an estimate of the frue standerd
devisgion between individuals say be obtained from the
forwula:




_ 8 = \/,2: - @2
where 83 = estisete of true standard devistion between
individuals,
8 = gbserved standard deviation between individ-
uals (ssmple standard deviation),
81 = total experimeuntal error.
Lesules
The general nlmum of the estisates in Series
1 and Series 2 are shown graphieally im Fig. 15. In
Series 1 the mean difference of the 523 doubls detersin-
ations when considered together wes -0.03 i 0.61 degress
or ms, sod the standard deviation of & singie detersinat-
ion was 21,42 degrees or ss. In Series 2 the mean
difference of 528 double determinations considered togeth-
er was 0,00 & 0.03 degrees or sm, and the standsrd deviat-
ion of & auu;lo detarsination was * 6.80 am or um.

The mean differences and their iw errera for
mnmlmrm:%dlusoﬂulmm" . are
shown in TABLE &. Siullar data for linesr variables are
shown in TABLE S.

The total experimental errors (s}, the measuremeunt
errors (9] snd the derived positioning srrors (s;) for
anguler variables are summarised in TAZLE 6, while



corresponding date for linear varisbles are shown in
TABLE 7. The observed standard devistions between
individuais (s}, which were obtained frow TABLES 8,7 and
16 o 21, and the estimated trus standard deviations be-
tween individuals (8y) are included in TABLES 6 and 7
for comparison with the "within individuals® variatious
84, 8, and Spe
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No. of differences
-+ 160

Series |

[ S A I

-6 -5 -4 -3 -2 -1 O +| +2 +3 +4 +5 +6
Magnitude of differences

Fig. 15. Distribution of differences in 528 double determinations
in Series | and 528 double determinations in Series 2.
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TABLE 4

Means of the differences in angular measurements

obtainéd from cephalometric radiographs of 12

rnales in Series 1, and 12 males in Series 2.

Series 1

Megsurement Series 2
M diff.l * eM diff.l|{M diff.2 * eM diff.2
S—n—SS + 0004 i 0050 +‘ 0.04 i 0n17
S=Nn-pg + 0.08 =+ 0.3%4 + 0.04 * 0.19
S=N-pr + 0.63 = 0.31 + 0.13 ¢ 0.19
s-n-id - 0.08 * 0.37 + 0.21 * 0,16
| FH/NSL - 0.75 * 0.56 - 0.13 * 0.14
n-ss/PH - 0.71 * 0.76 - 0.21 * 0.27
n-pr/FH - 0.13 * 0.53 0.00 * 0.32
Nn-ss-pg + 0.04 * 0.65 + 0.29 = 0.35
s-ar-tgo - 1.29 =+ 1.22 - 0.21 * 0.33
ar-tgo-gn + 1.00 + 0.73 - 0,08 =+ 0.21
Chin angle 0.00 * 0.23 - 0.17 ¢ 0.14
ILg/OL - 0.79 = 0.84 - 0.42 * 0.65
ILi/0L + 0.38 + 0.81 + 0.54 * 0.73
ILs/ILi - 0.42 = 1.45 + 0.17 = 0.71
n-s-ba 0.00 =+ 0.37 + 0.21 % 0.23
Foramen angle - 0.42 =+ 1.05 - 0.38 = 0.40
NL/NSL - 0.67 + 0.54 + 0.17 * 0.46
ML/NSL + 0.13 + 0.22 + 0.08 + 0.15
NL/OL + 0.71 + 0.46 - 0.33 + 0.60
1ML/0L + 0.04 =+ 0.33 + 0.33 =+ 0.45
NL/ML + 0.79 =+ 0.42 - 0.08 =+ 0.54
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TABLE 5
Means of the differences in linear measurements

obtained from cephalometric radiographs of

12 males in Series 1, and 12 males in

Series 2.
Series 1 Series 2
Measurement
Mdiff.1l *eM diff.1|M diff.2 * eM diff.2

n-ba - 0,29 & Q.22 - 0.08 = 0.24
pr-ba + 0.3%3 £ 0.30 + 0.21 % 0.25
Ss-pm - 0.88 = 0050 - 004-6 * 0032
ar-tgo - 0.42 = 0.66 + 0.50 = 0.16 *
pg~-tgo - 0.33 = 0.30 + 0.21 *£ 0.10
pg-ar - 0.50 * 0.38 + 0.25 ¢ 0.19
s-pm vert, 0.00 = 0.28 - 0.33 ¢ 0.26
s-pm hor. + 0.83 = 0.42 + 0.33 ¢ 0.28
s-ar vert. + 0,25 = 0.47 - 0.38 *£ 0.19
s-ar hor. + 0.42 * 0.54 0.00 = 0.17
Overbite + 0.08 + 0.24 + Q.17 = 0.13
Overjet + 0.79 + 0.32 * + 0.04 = 0.14
n—S - 0038 i 0021 - 0004 i O¢16
S-aI‘ + 0038 t 0062 el 0013 i 0031
sp'-gn + 0.50 * 0.63% - 0.08 * 0.40
sp'-is! + 0.58 * 0.47 - 0.25 = 0.46

* Almost significant.
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TABLE 6
Errors in angular measurements obtained from cephalometric
radiographs of 12 males in Series 1, and 12 males in
Series 2. The observed standard deviation between
individuals s, the estimated true standard deviation
8i, the total experimental error si, measurement

error sz and positioning error sp are shown,

Measurement 8 Si 81 So Sp

S~-Nn-pg 4.02 3.94 0.80 0.45 0.66
S-n-pr 3.67 3.57T | 0486 | 0.45 0.74
s-n-id 3.85 3.75 | 0.88 | 0.40 0.78
FH/NSL 2.36 2.00 | 1.23 | 0.44 1.15
n-ss/FH 4 .46 4,05 | 1.86 | 0.65 1.74
n-pr/FH 4.38 4.20 | 1.24 | 0.75 0.99
n-ss-pg 5.05 4.82 ] 1.52 | 0.84 1.27
s-ar-tgo 9.10 8.57 | 3.06 | 0.78 2.96
ar-tgo-gn 5.89 5.59 | 1.86 | 0.50 1.79
Chin angle 4 .81 4.78 | 0.54 | 0.35 0.40
ILs/0L 5.65 5.26 | 2.05 | 1.55 1.34
1Li/0L 6.00 5.68 { 1.92 | 1.75 0.79
ILg/ILi 9.19 854 | 3.41 | 1.67 2.98
n-s-ba 4.2% 4.,1% 0.88 0.55 0.69
Foramen angle Bete 4.60 | 2.48 0.97 2.28
NL/NSL 3,48 3,21 | 1.36 | 1.09 0.81
ML/NSL 4.81 4.78 | 0.53 | 0.35 0.39
NL/OL 4,17 4.00 | 1.19 | 1.43 -

ML/0L 5.16 .10 | 0.77 | 1.08 -

5
NL/ML 3493 3,76 | 1.13 | 1.28 =
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TABLE 7
Errors in linear measurements obtained from cephalometric
radlographs of 12 males in Series 1, and 12 males in
Series 2. The observed standard deviation between
individuals s, the estimated true standard deviation
8i, the total experimental error si, measurement

error s2 and positioning error sp are shown.

Measurement s Sqi s1 82 Sp

n=ba 4.22 4,19 0.55]| 0.61 -

pr—ba 4-46 4039 0075 0-60 004‘5
Ss=pm 2.85 2.53 1.32| 0.81 1.04
Sp—pm 2093 2‘22 1.91 0072 1.77
ar-tgo 4 .32 4.02 1.57} 0.52 1.49
pg-tgo | 3.87 3.80 0.74| 0.27 0.69
pg-ar 5-54 504-6 0095 0048 0.82
s-pm vert. 2.52 2.44 0.65| 0.66 -

s-pm hor., 2.55 2.28 1.14} 0.69 0.91
s-ar verdt. 2.95 2.74 1.11} 0.51 0.99
s—ar hor. 3.34 3 .09 1.27] 0.41 1.20
Overbite 2.15 2.08 0.56] 0.32 0.46
Overjet 2.04 1.81 0.93| 0.34 0.87
n-s 3.16 3011 0055 0037 0-40
s=ba 3.28 34,17 0.87| 0473 0.47
S=-ar 3034 3000 1048 0073 1.29
n-ar 3,78 3457 1,22| 0.37 | 1,16
n-gn T.13 7.07 0.92] 0.38 0,83
n-sp 3.95 3.79 1.13} 0.85 0.74
Sp'-—gn 5.11 4.87 1053 0094- 1;20
sp'-is! 2.78 2.52 1.17| 1.10 | 0.41
is'=-gn 3470 5«59 0.87] 0.46° | 0.74
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Diseussion

The dispersion of the differences in Series 1
estisates locluded a smaller percentage of zero and low
magnitude differences than that of Series 2. This indi-
cates that positioniug a subjest for cephaliometric radioc-
graphy involved errors in addition to those resulting from
traging i-rays, locating landsmerks snd seasuring variables.

fairly evenly each side of zero, the mean differences
were of iow order; in faot only one linear measurenent
and two angular weasurements had mean differevees whieh
excesded one degree or mm., Employment of the *"t-test”®
revealed that in Series 1 the mean difference of the
limesar variable overjet{+0.79 & 0.32 mw) differed from
zero mt the almost significant level. Ims Series 2,

the sean difference of the linear varisble ramus height
(40.50 £ 0.i6 mm) differed from zerc at the same probebil-
ity level.

The twe almost significant mean differences could
ressonably regarded as spurious, sinee it is not unusuel
to obtain by chance one or two significant velues during
a series of ,An thie csse 44, double detersinations.
Therefore the results indicate that sample means were not
seriously affected by experimental srrors.
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it is intaresting to obaserve that when positioning
errors were ¢aiculated, they exseeded the measurenent
error for wost iinsar and anguisr varisbles. Thus the
menoer in which s subject is positiouned for radiography
may be a source of error which is usually greater than
the error involved in tracing and messuring redicgraphs.
This potential source of error has been largsiy overlooked
in previous studies based on i~ray cephalometry.

Ir the present luvestigstion, the total experimental
errors were of low msguitude when compared with the
observed variunces betwaen individuals, so thet the ob-
servad standard deviations ciosely approzisated the es-
timated true standard deviaiioms. It can be ressonably
concluded that experisental errors were unlikely to affect
true dispersions between 1&1&&&&1&

Closer examination of thse resulss revesled that the
WWMW&M@MWW&E
certain refersnce points or lines. The more varieble
of these merit further discussiou.

PRANEPORT HORIZONTAL

In the present study the total experimentzl errors
ifonvoived when measuriung the angulstion of the profile
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and 1.26 rsspeetivily) wers greater tham the errors
found when the saue profile lines were seasured fros

ths rasioun-seila reference lime (1.17 and 0.86 respsotive-
iyle. These errors may be expressed ss perceniages of
the saspie means for the sngles concernsd to indloate the
following: Ghe probability that single detersinations
¢f the angles n-ss/Fi and s-z-ss will not vary from thelr
true values by wore than 2.0%8 end 1,37 veapectively is
67 per cemt. The sswe probebility exists that single
determinations of the angles n-pr/PR and s-n-pr will sot
vary from their trus velues by sore than 1.3% and 0,32
respectively. | T

It may be concluded that the Pramkfort horizontal
was less sultable than the NSL for s reference line,
due tc its greater variebility within the individuai.
IT the usuel definitions of poinmts orbitale and porion
(sae CHAP. 2) sre sccepted for rediogrephic studies, it
1s 41fflouit to locate the Prankfort horizontal with sny
angy or precision on radiogrsphs of the ssme individ-
ual takem st different times. KOSKI and VINCLATHEN (1956)
showed thst the sotusl bomy orbitsle did mot correspond
with the rsdiographic shadow of the lowerwmost point on
the irfreorbital sargin. The ssme workers found that

the position of the ear rods within the external asoustio
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seatl varied from time to time, however carefully the
investigetor worked. Froa the writer's owe observations
1t would sppesr that the variations iu ear rod positions
are increased when working with children, especially when
lapgusge problems are supsrimposed. Altermative definit~
ions of rediographic points orbitale and porion are not
without oriticism, and 1t would appear that if the
Frankfort horizontal i1s necesssry in analyses, then sore
accurate radicgrepbic landmerk indicators should be used.

The present study confirms criticisms of the
Frankfort horizontal when use? in oephalowmetric radicgrsphy
of living subjects, on the grounds of &ifficulty in oome~
sistent location of the esr rods within the external
scoutic meatl.

SUBSPINALE and SPINAL POINT

(Downs point i) is Aifficult to locate precisely on radio-
graphs. This problem was incressed in the subjects
exssined by the thick soft tissue profile, and the desp
furrows between upper iilp ani chesks which were super~
isposed upon subspinale. Similsr difficulties arose
when ijocatipg spinel point. VWhen upper jaw length was
seasured as sp~pm the total experimental error of 1.91
exoeeded that of the u essuremsnt ss-pe (1.32), s¢ that
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subspivale waz preferred as the aunterior profile point
of the upper jsw buse.

Quite apert from difficulties in the location of
spinel poimt, it 18 ususily regarded as an unsultsble
maxillary basal point becsuse of veristion in the length
of the azterior nasal spive between different population
groups. In the Australian aborigine, the snterier
nasal spive iz well knowe to be disinutive and in sone
cases slmost non-existent (PEMNER, 1939). The substi-
tution of subspivale for spinsl point iu thée measurement
of maxillury basal prognathisw was also suggested by
BIGRE (1950). |

POSITION of the MANDIBLE

Variations in the antero-posterior position of the
mandible were reflected in the experimental errors in
weasuresents iuvolving the use of reference poiut
artlcuisre, whiech is situsted cn the dorsal contour of
the coudylar process, and thus depends on cousistent
loostion of the memdible in the tooth position.

in Suropean subjects marked variatiosn in artisulsr e
within msvtm would not be sxpected bescause of
fairly precise location of the tooth position due o
cuspal interdigitstiom. In fact TALLGNEN (1957) found
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articoulsre ressonably ¢onstant from Sime to time in &
grouy of Piunlsh women. |

However, in many of the subjects exsmined a dispari-
ty between upper snd lower arch widths prevented total
cuspal interdigitation on esch side of the jaws at the
one time (BARRETT, 1938; HEITHERSAY, 1960). This typs
of segmental ocelusion prevented the loeation of a
precise tooth position in some subjects. The diffisulty
was loereased if warked sttrition had taken plece, or if
language probless were involved. It was not surprising
therefore that variatioms im the tooth position of the
sendible caused errors in messuresents employing articulare.

it 38 interesting to review the conclusions of the
Research Workshop ou Cephalometries, reported by
SALZMANN (1960). The Workshop concluded that the more
variable poiuts in radiographic interpretation were:
i} Bolton point, 2} basion, J) porics, &) pterygomaxillary
fissure, 5} orbitale, 6) sphemo-cecipital synchondrosis,
7) gomion, B) snterior masal spine, 9) posterior nasal
spive snd 10) points A end B (subspiuale and suprementale).
The fsctors contributing to variability were reported by
the Workshop to include variation in the intervals between
observations in lougitudinal growth studies, snlargement
and distortion due to lack of standardisstion of the
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distances between target, subject snd filx, varistion in
the positioning of the subject and iack of consistent
occlusal relstionships and postural relationships of the
head. -

wmmmmwmmuusﬂ
varisble, Bolton point, spheno-coeipital synchondrosis
and point B bave unot been used in the present study.
zﬁanmmmsmmmmmuhmw
varlable; anterior nassl spine has been used to construct
mmmmummrwomuufmu
MWWWMMMmmmMr-
ence to the posterior masal spine although the two elosely
correspond; a coustructed point, gomlal tangent point,
was used instead of gonion. Polnts basion and A (subspinale)
mwumnmnmummnm
landmarks were considered wore suitable or less M‘hla..

pology 1s Justified provided thai errors of estimstion

40 not sericusiy affect true velues. Systematic and
accldental errors have been investiguted in the present
study, and 1t has been shown that such errors do not
seriously affect the results. The linsar and sngulsyr
usasurenents recorded in the following secctions are there-
fore reasonebly ciese to their true values,
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Growth patterns of verious parts of the crsnlo-
facial complex determine the shape of the faeial profile.
The genetic background of the individusl and enviromment-
al faotors influence growth of the hesd regilon, and
KROGHAY (1958) deseribed the *“bio-gemetic polentiali®
which 15 concerned with time and sequence, form and
proportion in the orgsnisation of growth.

The facial skeleton 13 closely sssociated anatomio-
slly and during growth with ths oranial base, which sep-
arates 1t from the brain case, but while the face as &
wholie conforms to the gemeral growth patters of the body,
the more accelerated neural growth associated with the
braiv and its protecting bomes nust have & decided influ~
ence on the cranisi bese. These considerstions make for
complexity in the understanding of relationships between
these parts both in the growing and the adult skull.

Prognathiss is but one characteristic determined by
intersction of the faotors mentioned, and although 1t may
be measured in s variety of ways, little understanding of
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1ts nature i3 gained without simuliameous aunalysis of
other oranio-Taclsl assoclations.

The tera bassl progsathism is used to couvey the
concept of protrusion of the whole facial structure,
wheress alveolsr prognathism relates to prominsnce of
the alveolar bome. The two types of progusthiss are
pot necessarily covcurrent in any one individual and %o
further subdivide thew, profile points as deserided in
' CRAP.1] were chosen to represent maxillary smd msndibuler
points on basal sud alveolar bome. In the present invest-
jgation the ters faslal prognathiss, as used by BJGRK (1951),
refers to basal proguathism. |

Values for bsssl and siveolsr prograthiss within the
group under observation have been determined, and the
in prognathism between ethnic groups, and variations in
proguathiss within Yuendusu aborigicves.

The variabies studied which are dsfined in CHAF. I
snd listed in the Appendix Clossary of Terms wers:
S-n~38 S~EL=-pr S=n=pg s-n-id Pron=-8g id-n=pg

S8~ni=pg D~88=pg ba-pr ba-n ¥H/NSL u~s8/Fi
n-pr/PE  Radlographiec gnathie index



The mean values of the proguathic anglies wers
compared with the results obtained by siwilar methods
for s different group of Central Australism sborigines
(CRAVEE, 1958); = caucasold group (BJORK, 1947; BIORE
and PALLING, 1954); = uongoloid group (XAYUXAWA, 1987)
and = vegroid group (IJORK, 1962).

The mean values for guathic indices were compared
with those obtained from direct measurements of skull
waberial of Australisn sborigines by DUCKWORTH (1908),

BiicHNER (1912), CANPBELL (1925), ABBIE (1947) soed

| MILICZROWA (1955). The gnathic indices were also
muam«m-mowww
BUCHNER (1912) and JPROENSEN (1953).

Bepults

Angular seasuresments of prognathisz snd aiveoiar
progunathy are summarised in TABLE 8. Distributions of
the prognathlic angles and gnathie indiees are shown
disgrasaatically by way of histograms iu Pigs. 16 and 17.
Heasuresents of sagittal Jew relation, profile angle,
bagi-prosthionic length, basi-nasion length and the
derived gnathic imdices are susmerised in TABLE 9, and the
angles involving the use of the Frankfort horizontal are
giver in TABLE 10.
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Correlations within the prognathic sugles and
bstween these angles and other variables are shown in
TABLE 11, Correlations between maxillary aiveolar
prognathise and the oranisl base length and upper fasial
length are shown in TASLE 12,

subjects sre compared with those of other groupe iv

TABLE iJ. Onathic indices obtained in the present

study snd Shose from other groups of Australian skulls
are compared in TABLE 16, and a cosparison is made between
guatbic indices of several other ethnic groups in TABLE 1iS§.



TABLE 8

Angular measurements of prognathism and alveolar
prognathy are recorded in degrees, for 31 males
and 27 females. Values of t for the

difference of means are included.

Variable M o+ e(M) s Range %
Max. prognathism .
S~-N=-S8 3 |87.1 £ 0.68 | 3.8 |79.5-97,0 0.95
Q |88.0 + 0.64 3.3 ]81,5-93.0
. s-n-pr 3 191.8 * 0.66 | 3.7 |84.0-99,0 1,72
Q@ 193.5 & 0.73 | 3.8 |87.0-102.5
Mand. prognathism
§-n-pg & |81l.,3 + 0,72 | 4.0 74.0-92.5 1.12
@ 82,5 £ 0.79 | 4.1} 74.0-91.0
s-n-id 3 |86.5 * 0.70 | 3.9 | 79.0-96.0 0.73
Q@ |87.3 £ 0.78. | 4.0 80.0-95.5
Alveolar prognathy
pr-n~ss & | 4.6 * 0.33 | 1.8 | 2.0- 8.5 | ; o5
@ | “5.4 £ 0.33 1.7 2.5-10.0
id-n-pg- & | 5.2 £ 0.28 | 1.5| 3.0- 8.0 1.14
Q 4.7 £ 0.31 { 1.6 1l.5= 9.0
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Fig. 10, iistoegram showing the mean values o angular messurements off prognathism and the
veriations expressed as * 1, 2 and 3 standard deviations for 31 males and 2/ females.
Recorded maxims and minime are also shown,

-‘[6-




ORTHOGNATHOUS

1 MESO

IGNATHOUS

' PROGNATHOUS
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Histogram showing mean wvalues of gnathic indices and the variation

expressed as = 1, 2 and 3 stendard deviaticns for »1 meles and 27 f'emales,
wecorded maxima and minima are shown and the frequency distribution of

subjects intc orthognathous,

tabulated,

mesognathous znd prognsthous categories is
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TABLE 9

Measurements of sagittal jaw relation and profile angle
aré recorded in degrees, and measurements of basi-
prbsthion and basi-nasion lengths are recorded
in mm for 31 males and 27 females. Values

of t for the difference of means are included.

Variable Mean 2 €M) s Range i
SS=-n-pg 8 5.8 * 0.48 2.6 ~1:0 - 13:0
o 56 5 0.63 | 3.3 | -0.5 — 14.0 |0-34
Nn—-ss— 3 169.1 +* 0.91 5.1 1156:.0 -181.5
=e Q 169.4 + 1.28 6:7 {150.0 -181.0 0.08
bampr 5 | 1064 % 0.80 | 4:5 | 980 <1140 |5 oqws
Q 102.4 = 0.94 449 9%.,0 =115.5 | °°
tba;n 3 105.4 £ 0.76 442 95.5 =112.5 7'03**
1% 98,2 * 0.66 345 92+,5 =106.5 ¢
Radiographic & | 101.0 * 0.6l 344 93,3 -108.7 3, 4%




TABLE 10

Measurements of the angulation of NSL and FH and the

angles n-ss/FH and n-pr/FH are recorded in degrees

for 31 males and 27 females.

difference of

means are included.

Values of t for the

Variable M o+ (M) Range t
NSL/FH 4.7 + 0.42 | 2.4 0.0 - 10.5
4.9 + 0.76 | 3.9 | -3.0 = 12.0 |0°32
n-ss/FH 3 91.8 * 0.80 | 4.5 | 84.5 =106.0
0 92.9 + 0.70 | 3.7 | 85.0 - 98.5 |++07
n-pr/FPH 3 96.4 % 0,79 | 4.4 | 89.0 =108.0




Correlations within prognathic angles and between these

TABLE 11

angles and cranial base length, upper facial length

and gnathic index, for 31 males and 27 females.

Variable S-n-ss S-n-pr S-n-pg s-n-id
s-n-ss & - +0.88 #% | +0.77 #*% | +0.79 *=*
Q - +0089 R +O¢64 i +Oo7l %%
s=-n-pr 3 +0.88 ** - +0.84 ** | +0,92 **
+0.89 ** - +0.73 ** | +0.84 **
s-n-pg & +0.77 ** | 40,84 ** - +0.93 **
+0.64 ** | +0,73 ** - +0.92 **
s-n-id 3 +0.79 ** | 40,92 ** | +0,93% ** -
+0.71 ** | +0.84 ** | +0,92 ** -
b&-—n 8 "'0030 "0036 * "'004-4 * "'00.41 *
+O .02 "O 002 -'O 002 "’0 -03
ba—pl’ 8 +0033 +0030 +O 009 +O ol6
+0.52 ** { +0.,59 ** | 10,24 +0.40 *
Gnathic g 40,78 #* | +0.82 #% | +0.,64 #* | +0Q,70 #**
index ¢ +0.64 ** | +0.75 ** | +0.32 +0.53 #*

#% Significant

* Almost significant
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TABLE 12

Correlations between maxillary alveolar prognathism,

cranial base length and upper facial length, for

31 males and 27 females.

Variable S-n-pr ba-n ba-pr
ba~-n 3 "0036 * - +0058 i
Q -0002 = +Oo6l W
ba-pr s | +0.30 +0,58 ** -
Q@ | +0.59 =% +0.61 =% -
ba-n independent g | ~0.69 #*x - -
of
ba-pr Q | =059 *x - =
ba~-pr independent & | +0.67 *x* = =
of
ba-n Q@ | +0.76 *= - -
*% Significant

Almost significant




prognathism, alveolar prognathy and profile angle in subject
' groups.

TABIE 13
Mean values (Mean) and standard deviationms (8) of angular measurements of

s of different population

Material and
Author

S=¥l=8D
Mean S

S-Nn-ss
Mean S

sn-pr
Mean .S

s-n-id
Mean S

Pr-n-ss
Mean S

id-n-pg
Mean S

n=-SS=Pg
Mean S

AUSTRAL. ABOR.

Brown 1962
31 M Young Adults

8847 4.0

87,1 3.8

91.8 3.7

81.3 4.0

86.5 3.9

4.6 1.8

5.2 1.5] 169.1 5.1

AUSTRAL. ABOR,

Craven 1958
9 M 20 ¥ Adoles.

8648 4.4

94.2 3.9

83.0 3.7

88,7 3.6

507 = -

ST

Baﬂ i94-'7 : 88.2 4.2)

SWEDE

Bjork & Palling
1954
243 M Young Adults

84.8 4.1

81l.7 4.4

8243 4e4

- 177.0 7.0

.
871 3.7

82.0 3.7

£
84,3. 3.7

80.7 3.9

*
81.6. 3.7

0.9 1.7| 177.7 6.1

JAPANESE

Kayukawa 1957
%9 M and F Adoles.

87,7 3.8

83,0 343

1
:

85.5 3.1

79.6 3.1

82.4 2.8

! 2.8 = -

BANTU

Bjark 1962 *
212 M Young Adults

i
A

E 3
88,8 4,0

®
86.8 4.9

*
9046 3.7

*
82.0 4,0

%

86.1 3.8

i

4.0 Lot Lol

e

* Data éupplied by personal camunication (By courtesy M.J. Barrett.)
¥ Calculated from data supplied. '
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TABLE 14

Gnathic indices of Australian aborigines.

Males Females Unsexed
Material Author M s M s M a
Aust. abor. | BROWN 1962 101.0 3.4 [104.4 3.9
(Yuendumu)
21M 27F
Aust. abor. Various )
Cranis authors to 100.4 - 103,11 —
T3M 33F 1904
DUCKWORTH
Aust. abor. DUCKWORTH
Crania 1904 102.2 - 102.7 -
19M 3R
Aust. abor. | BUCHNER
Crania 88 1912 102.4 4.1
Aust. abor. CAMPBELL
Crania 110 1925 104 .3 -
Aust. abor. ABBIE 102.3 3.7 4103.8 3.8
Crania 1947
50M S50F
Aust. abor. | MILICTROWA | 101.4 5.6 {101.6 4.0
Crania 1955 *
37M  21F

* TIndices calculated from data
provided ,by present author.




TABLE
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15

Gnathic indices of various population groups.

Material Author M_Male: ﬁemale: ﬁnsexeg
EE
African negroes| BUCHNER
36 1912 104.4 -
-
Melanesians BUCHNER 103 .4 -
58 1912
Tasmanians BUCHNER |102.3 - | 101.6 -
21M 11F 1912
Tasmanians Various
cit. 102.1 4.8
66 BUCHNER
AndAmese BUCHNER 101.3 3.6
19 1912
Hindus BUCHNER
29 1912 98.7 -~
Chinese BUCHNER 97.9 4.0
32 1912
N.E. Greenland |JZRGENSEN! 97.8 5.2| 96.5 3.3
Eskimo 1953
18 22F
Inugsuk Eskimo |JORGENSEN| 97.4 3.9 98.0 3.4
80M 7OF 1953
Europeans BﬁCHNER
184 1912 96.2 -
Veddahs BUCHNER 96.0 2.8
6 1912
Modern Italian |BUCHNER 95.9 3.5
50 1912
Kap York JPRGENSEN| 95.0 - 96.4 -~
Eskimo 1953

5M 3R
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The mean values of angular seasurements of basal
and siveolsr proguathiss for Yusndumu male subjects were
lower then those for fessle mesbers of the tribe. A1~
though the sex differeuces were not ststistically sigmifi-
ssnt , they indicabe Shut within the tribe studlieq,
femsles tend to be more proguathous than males, especislly
in the msxillary alveclor reglon. This observation was
confireed by the finding of a higher wesn angle of max-
illary slveolar prognathy in the feasales. Although
mandibular alveolar proguathise was slightly higher in
the female subjects, ssndibuler alveolsr proguathy was
lower than in the male group, belng associated with the
more protrusive ohin of the feuales.

ipart from an iundicstion that maxililary basal prog-
nathise was more variable within the male group, there
were b0 marked sex differences io veriability of other
proguathic sugles. Ho statistically significant 41f7-
srences were found betwsen sale snd female wmesn vaiues
for ssgittal jew relstion or profile amgle, but these
characteristices showed greater variability within the
fensle group.

When the radiogrsphic gnathic index was used zs a
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seasure of saxillary aiveclar prognathisas, & statistio~
ally significant sex difference was revealed, with the
female sean index greater than that of the sales. The
upper fseial lemgth be-pr, and the cranial base length
ba-n were grester in males than in females, the differ-
ence in mesn values being statistically significant.

The fact that sex differences were more obvious
when the gnathic index was employed can be explainad
wmmxm&mmumsmﬁ
are expressions of faclal shape, which varies little
between sexes in cosperison with feeisl size, which is
expressed by linear varisbles and indices.

Although the sean value for gnathic indices of male
Yuendunu subjects feil within mesognathous limits, approx-
imately ove-fifth {19 per cemt) of the mumber examined
were orthognathous, snd sbout one-guarter (26 per cent)
prognathous (Pig. 17). In contrast no female subject
exaxined was in the orthogunathous range, approximstely
two-fifths (37 per cent) were mesognathous and wore than
three-fifths (63 per sent) progunathous. An eismination
of the individusi gusthic indices reported by ABBIE (1947)
mmimﬁfWWMetsogmum,m
orenia fell within orthognathous iimits while 62 per cent
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were prognatbous. Ths observation that Abble's highest
individual goathie index wes one of 113.7 recorded from
a female crenius is of interest since in the present study
the highest individual index wes 112.2 end also female.

Hesn values for gnathic indices do bot indicate
the nature of varistions in prognsthiss since a high
index may arise by an inoresse in upper faslal lemgth,

s decrease 1v oranisl base lemgth or both. im addition
upper facial length includes three components; the max-
illary bese, maxillary slveolus and the protrusion of the
maxillary body auterior to point basion, sll of which msy
vary independently. Similarly the eranisl base length
base lengths and partly on the angle of deflection of
the posterior segment, all of which sgein way very in-
dependently.

The absolute difference between wmale and female
mean values for cranial base length sxceeded the sex
difference in mesn values of upper facial length, This
indicstes that the lower grathic index of males is associ~
ated largely with the relativeiy long oranial base length
in this sex.

vhen the Frankfort horizontal was employed as a
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anm.mMiamMmﬁwM
mivwwummmmmaﬂm
in meen velues were not significant. The variability

of the prognathis sngles did mot differ grestly whether
they were measured fros the PH or frow MiL. Therefore
BI0RE'S (1950) finding that the proguathic angles were
zore variable when messured from NSL then when neasured
from PH is not confirsed by the results of the present
study.

411 of the proguathic angles were significastly inter-
correlated within the male and female groups. The
finding of & high ccefficient of correlation (r = +0.77)
between maxillary and usndiduisr bessl proguathiss iu

the male subjects confirmed BJORK'S (i950) postulate

that the coefficlient value of r = +0.62 which he found

in Swedish males between the same verisbles’, would be
mmnammumm:'mmﬂ.

*536rk measured maxillary basal as the
ﬁ s~p-gp. Withiu the male s investi-
, the correlation coefficient the

Belstionships between prognathic amgles and the
ersnial base and upper faclal lengths were revealed by
correlations between these verisbles. When used as an
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indication of maxiilary siveclar proguathism, the angle
s-u-pr was almost signifiesntly correlated in a megative
direction with ersnial base length in the male group,
and signifiesatly correlated with upper faclal lengih in
the female subjeeta. Prognatbism is sssoclated with
both ersnial base and upper faclal lengths, but sinee
the two latter varisbles themsslves were signiflcantly
correlated in & positive dirsction, the relationskips
become difficult to anslyse.

The associstions between maxillary ﬁmr prog-
nathics and orenial base length were ivoreased in both
sexes when the variastion osused by upper facial length
was eliminsted by partial sorrelation. In a similar
way, the partial correiation between upper fasial length
and mexillary slveclar progmathiss indepsndent of cranial
base length was significant in both mexes.

The revealsd correlations between maxiliary alveolar
Wm,mmwmmmsum
indicated that while sn inorease in upper fasial length
sould tend to increase slveclar progosthlss, the assosi~
ation wes less marked if orauiai base lepgth was simul-
tspeously ivoressed. Furthermore an inerease in the
sngle of maxiiiary alveolar prognathiss would follow
a reduction iz oranisl base length, but would be less
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if sccompanied by & reduction in upper faclal ieugth.
The correleiions also suggest thal the larger mean angle
of maxillary slveolar proguathiss ju females was ussoei~
ated with au upper facial length larger in relaticn to
the cranial base length than it was in males.

Afferences between ethnie groups were shown LY
s comparison of the meanm values for the sugles of prog-
pethise and alvsoler prognathy, obtaized by the ijork
method (TABLE 18.). A striking characteristic of both
iustyalian sborigival groups and the South Africsen Hantus
was the marked slveolar prognathiss of bLoth jJaws, in com-
parison with Swedes and Japenesse. Alveclsr prominence
was shown by the angles g~n-pr, s-i~id and by the measures
of slveolar prognathy pr-n-ss snd id-n-pg. MHean values
indiceted that the Australism sborigines had greater al-
veolsy development independent of the jaw bages than the
Bantus. It is interesting that mean values of alveolsr
progoathy in the szandible exceeded those of maxillary
alveoler proguathy in Australisns, Jspabese and Bantus,
but the reverse condition existed withls Swedes.

The assessuent of ethnic group differences ino maxili-
ary basal progunathiss is made difficult if dissimiler
reference points are used. The mesn angles s~i~sp Wore
resarkably constant in value and vardablility in all groups
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but the use of the angie s-u-ss Lo measures saxiliary
basal proguathisz revealed that iustrellen sborigines
and Bsntus were more proguathie in this region than
Swedes Or Jupensse. The svidence suggesis that winlle
spinsl point is fairly coustant in its relstism to the
eranial base, othnic g roup differsnces in maxillery
siveolar developmant osuse inter-group variations in
the sagittel position of subspinale. Since the length
of the nesal spine also varies considerebly in different
groups, subspinale is considered to be & more suitable
refersnes point to sssess inter-group differences in
bagal prognathisx of the upper Jaw. '

The mean angles of sandiduler basal prognathlse
showed no marked differences in values or veriability
between the fowr ethuie groups compared, but the proiile
angle was sowe elght degrees more meute in Australien
sborigines than 1t was in Swedes.

The mean values of gnathie indices of the Iuendumu
group oowpare cloeely with those ealoulsted ifvou direet
zeasurensnts of Australisn Srania by various suthors
(TABLE 1&). where suthors have ssxed their crasiel
saorial, the female specimens show the larger sean guath-
ie infex.



«187-

A gosmparisos with findings for other ethmie groups
(PABLE 15) shows that the mean vaiuves for gnathic indices
of Australian aborigines fall within the upper lizits

of those reported.

Sex differences iu prognsthiss are revealed by the
dsta publisked by several autbors end it is generally
scocepted that females tend to be more prognathous than
males of the same ethnic group. The sex differences are
more appareunt when such meesures ss the gnathic index are
used.

HABTIE (1928) comsidered that proguethise in the
female was s secondary sexual characteristic, = view
teken by ABBIE (1947) who showed male and female 8iffer-
ences iv gnathlie ivdices snd in facisl sngles of Australi-
an orania.

Some euthors have eaplcoyed the crsniomstric methods
of Hartin to investigate facin) dimensions and shape,
and their findings also indigate that fevales of other
groups are more prognathous them males.  SCHREINER (1935)
peasured male and femsle Lapp cranius from seves regions
and veported that in 127 male and 112 female orania, the
mean total profile angles were 85.2 degrees and §4.2
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degrees respectively. The mean alveolar profile angle
of 73.5 degrees for females (108 cranis) was also more
prognatihcus thau the male meau angle of 75.0 degrees
(123 orenta).

WAUNER (1937} weasured the total profile sngles of
41 groups of oceanle peoples. Of the 26 groups whioh
inecluded male and female specimens, 18 groups showed a
wore prognathous angle in the female, although in some
cases the sex differences were slight. The seme suthor
cited a sisiler finding of SARASIN (1916) who investigated
cranial specimens from New Caledonia and the Loyalty
Islands.

Norwegisn orsnia from 14 districts were studied by
SCHEEINER (1939) who found in the female skulls from ii
districts s more prognathous mean total profile angle,
and iu 12 districts the meen alveolsar profile angle was
8180 more prognathous in the femele specimens. When the
districts were grouped togethsr, the mean total profile
sngles of 608 male and S87 fewale cranie were 34.9 degrees
and 83.6 degrees respectively. The mesn alveolsr profile
sngles for 525 male and 480 female cranis were 80.0 de~-
grees and 78.0 degrees respectively. Agsin the sex
differences in prognathiss were more marked in the alveol-

ar region.
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vestigated more reoently by SCHRSINER (1951) whose results
confirsed bis previcus findisgs. The totsl mroflie
sngle was sessured on 76 male and 68 female orania and
wean values of 85.0 degrees and 83.9 degress respective-
1y were reported. The sex difference was more marked

in the alveolar region with msan alveolar profile sugles
of 78.1 degrees and 74.0 degress for 69 maie snd 359 fe-
zale cranis. |

The Eskivo sheletorn was ziudied by JPBGENSEN (1353),
who showed that fezale skulls from the Inugswuk ares
were nore progunathous than mais specimens of that district.
The mean alveolar profile sngles for 73 male and 58 female
orania were 78.2 degrees and 75.2 degrees respectively.

In relation to sex differeuces in the faclal profils
1t is interesting that DELATTRE and FENARY {i960) noticed
simiisr characteristics in maie sud femsle anthropoid
skulls., They reported that in the feaanle skull the oli~
veolar point was bigher and wore suterior than in the
male, and that the female Taclal profile line fro= orbital
entrancs to slveolar point was more oblique.

Thus the observetion of 2 sex differemce in prognath-
ise within the ‘uatralian aborigines is well supported by
similar reports cocmverning seversl other ethnic groups.
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counelusions
Facial and alveolar progoathiss have been investi~
gated in a group of Cemtral Australiam aborigines compris-
ivg 31 young adult male and 27 young sdult femsle members
of the Wallbri tribe. The sverage age of hoth groups
wasp about 22 years.

The most strikinmg characteristic observed in the
subjects was the prominence of the alveolsr regions of
the Jjaws. The alveolasr prominence wag demonstrated by
comparing the prognathic sngles obtaimed by Bicrk's
raediogrephic method with values found by the seme method
for other population groups. No warked differences
between groups were found im the mandibular basal region,
but saxillary basal prognathiss when measured by the angle
S~n-58 was provounced in the Yuendumu subjects and in
South African Bantus.

In sddition the mean values foF guathic indices
reported by the present and previous suthors show that
the sustralisn aborigine has a high index in comparison
with most other groups which were coupared.

Full eousidevatior of the nature of progoethism is
not possible at this stage, but the findings so far in-
dicate that while both cranisl base length and upper
fasial length are nescoisted with veriatious in proguathiss,
there are differences in theoe associationaz Detween mslies
and females of the tribe under investigation,
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The gecond cbservation reported was that adult
females of the Iuendumu tribe tend to be more prognatinous
thaxz adult males, and that this characteristic is most
apparert in the zazillary slveoclar regilon. The finding
of a sex differengs iu aiveolar prognsthisx is support-
8d by other authors whe have used oreniocuetric methods
to study other populastion groups, and 4ifferent tribes
of Australisn aborigivnes. The results of the present
and previocus studies indlioate that ths greater prognathisa
of the female is a secondary sexual charseteristic which
resides in the besal and alveolar regious of the jaws,
'btuﬁ soat apparent in the maxillary siveolar reglon.
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in the preceding chapier, fusial aud alveolar prog-
nathise in young adult sale and female mesbers of the
Pifferences in proguathiss Letween seversl ethnie groups,
65 well a8 sex differences within the tribe under cbser-
vation were reported. In order to clarify male and fe-
msle differences in orsamio~facisi fors, and tc obtain
irformation necessary to investigate the mature of vari-
stious in prognathiss within the male subjects, other
variables were measured snd subjected to statisticsl
apalysis.
lethod

The varisbles studied which are defined in CHAP, 1T
and ilsted in the Appendix Glossary of Terms were:
JAW BASES: sa-pum, ar-tgo, pg-tgo, pg-er.

HANDIBULAE ANOLES: ar-tgo-gn, CL-NL, s-ar-tgo.
JAW POSITIONS: s~-pm hor., s-pm vert., s-ar hor., s-ar vert.



JAW PROFORTIONS: se-pu/v-ar, pger/u-sr, pg-tgo/u-ar,
ss-pu/ pg-tge.

INCLINATIONS OF JAW BABES: ML-N35, HL-H3L, Ri-(L,
HhBl, HL~HL.

FACIAL HEIQHTS: mw-gm, b-gsp, sp'-gn, #p'=-ia?, is’-gn,
Lesp/t=ghe

INCISOM RELATIONSHIFS: 1LgnOL, ILy~0L, Iig=lL,, ii-ic,
inein.

CRAWIAL BASE: n~ba, n-s, s-ba, nes-ba, u-ar, s-ar, n-s-ar,
ar-s-ba, Forssen sngle.

Besults

The results are susmarised in TABLEZ 16 to 2.
fale and female differsnces in eranio-faeial form are
iilustrated in Figa. 18 and 19 which are drewn from
nean values i"r“w? both sexes, sud by way of gephalometris
polygons shown An Figs. 20 sod 21 whieh 1ilustrate
wele sud female mesk values and & two standard deviations
for both sexes.
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TABLE 16

Maxillary and mandibular dimensions, and angular meas-

urements related to the mandibular profile are re-
corded 1ﬁ degrees and mm for 31 males and 27
fewales. Values of t for the difference

of means are included,

Variable Mean # e (1) s Range t
Jaw bases 4
Q 5001 + 0051 207 4‘405 - 5600 ' .
ar—‘tgo 3 48 .7 % 0.78 403 3905 - 59.5 2 98**
Q 4-501 + 0091 407 36-0 = 54.5 °
pg-tgo 3 80.7 *0.70 |3.9} 71.0 - 89.0 "k
o | 76.1 £ 0.71 |3.7| 69.5 - 84.5 |4+69
pg-ar 3 | 111.1 % 1.00 5.5(101.1 =123.0 4 .88%*
Q | 104.1 *1.02 |5.3| 93.0 -114.5 }"°

Mand. angles

ar-tgo-gn & 120.7 * 1.06 5,91106.5 -132.0 0‘79
o | 121.8 +0.92 |4.8]114.0 -136.0 | °°
Q 8630 i 1008 506 72.0 - 99;0 .
S-.ar—'tgo 8 14—9.5 * 1063 901 130.0 -17805 1 88
Q | 145+.6 * 1.22 6.3(130,0 -159.0 ’
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TABLE 17

Jaw positions and Jaw proportions are recorded in
mm and percentages for 31 males and 27 females.

Values of t for the difference of means are

included.
Variable Mean + (1) s Range .
Jaw Positions
Q 15.7 £ 0.46 | 2.4 12.0- 20.0 AN
s-pm vert. 3 42,9 0445 12,5 | 36.5- 4840 |, caux
Q 40,3 * 0,31 |1.6 37 «5= 4345 . |
s-ar horiz. & | 17.6:0.60 [3.3 | 9.0~ 25.5 |4 (o
Q l6o7 i 0056 2.9 11.0"' 23 05 °
S-aI' VeI“t. 6 28.1:’: 0-53 300 2300" 3400 4 44**
Q 24,9+ 0.49 | 245 19.0- 29.0 : '
Jaw proportions
ss-pm/n-ar 3 56,6 0,49 | 2.7 | Sla4= 64.1 || oo
Q 57.9% 0.51 | 2.6 50.8- 62.2 ¢
pg-ar/n-ar & | 120.6% 1,04 |5.8 |112.0-134.1 |, ¢
Q 120.2t 1020 6.2 106 07"130.8 &
pg-tgo/n-ar & 87.7% 0.86 | 4.8 | T7.6= 97.3 |4 14
9 87 08t 0080 4—.1 81.4-" 97.1 °
ss-pm/pg-tgo & 64.7% 068 |3.8 | 58.7- T1l.l
o o | 66.0% 0.79 |4.1 | 56.8- 73.4 172
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TABLE 18

Inclinations of the nasal and mandibular lines to
each other, to the occlusal line and to the NSL
are recorded in degrees for 31 males and 27
females, Values of t for the difference of

means are included.

Variable Mean *e(M) | -s Range | t

NL-NSL 8| 6.9 %¥0.63|3.5[-2.0 - 1340 1.04
Q 7.8 £0.50 | 2.6 | 4.0 - 14.0| *+*°

ML-NSL 8| 32.0%0.86|4.8124.5 - 44.0] 65
Q 31-1 11012 508 1705 - 4310 ¢

NL-O0L 3 8.6 0,75 | 4.2 | 1.5 - 17.0 0.76
Q 709i0073 3-8 005 b 1505 °

ML,-0L 3| 16.5 £0.93 5.2 7.5 = 26:0 s
Q 15a5 30.723.7 800 - 21.0 ° .

NL-ML 8| 25.1 £0.71 |39 | 16.0 - 37.0 .
Q| 23.4 £0.87 |45 |13.5 - 32:5]| L-
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TABLE

19

Facial height dimensions and the percentage of upper face

height to morphological face height are recorded in mm

and percentages for 31 males and 27 females,

Values

of t for the difference of means are included.

Mean

Variable + g(M) S Range .t

n-gn ¢ | 119.2 +1.28 | 7.1 | 100.0 - 132.5 e
Q 108-3 i 0095 4'9 99 "5 - 125 oO ¢

n—sp 8 . 49 04 = 0047_1 400 5500 - 55 05 2 60*
9 47 -l i 004'3 2.2 42 95 - 5\1¢O °

Sp' - gn 8 69 08 + 0092 501 59 'O - 7700 7 03 e
Q 6102 i Oe79 4ul 56.0 - 75 oO *

Sp' - iS' 6 3205 iz 0050 298 26.0 - 37003 42**
‘ Q 29;9 t 0059 301 2600 - 3700 ¢

iS' - gn 8 | 3703 2t 0066 3-7 ) 3015 - 44.0 7 06 EXx
! Q 31-03 t 0050 2«6 26.5 - 38-0 ’

n-sp/n-gn F3 4led + 0.44 | 2.5 35,0 = 46.6 3 66*#
Q t 0036 108 - 4’7 02 *
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Incisor relationships are recorded in degrees for

31 males and 27 females.

difference of means are included.

Values of t for the

Variable Mean =+ & (M) Range t
| ILg = 0L 8 | 5944 *1.01{5.6 | 45.0 = 71.5|5 g 4
| o | 55.7 +0.83(4.3 | 48.5 - 6§.5(2°78 **
1Ly - OL 3 6501 + 1.08 6.0 54‘5 - 82'5
* Q 58 08 i 1030 608 4’7’00 - 70-05 3.79 **‘
ILs - ILj 3 124-06 * 1.65 902 10700 "'145-00 "
° o | 11405 * 1.59(8.3 |101.5 -133.0(%*35 **
Overbite 8 107 t 0039 2.2 "2-0 - 900 O 29
Q 1.5 £ 0.,2711.4 ~05 = 5.0 ‘
Overjet 3 2.5 + 0.3712.0 | =240 = 6.5} 49
9 3.2 i 0039 2.0 0.0 - 9.5 °
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TABLE 21

Cranial base measurements are recorded in mm and
degrees for 31 males and 27 females. Values

of t for the difference of means are included.

Med. Cranial Basel Mean + (M) | s Range t
l’l-—ba 8 105 04- i'. 0076 402 95 g5"‘11205 7 03**
Q 982 = 0.66 | 3.5| 92,5-106.5 °
Il--S 8 7095 i 0057 302 6100"' 7605 5 75**
Q 66\‘3 i 0944 203 6200" 7loO ¢
s-ba 3d 45 .5 = 0059 3.3 3900— 53.5 5,80%"
Q 4100 :'.' 0047 205 3605— 4-6-0 ¢
n-s-ba 81 129.6 £ 0,76 | 4.2]121.5-138,0 1.47
Q 13103 i 0393 409 12605"']-4‘800 ¢
Lat. Cranial Base
n-—-ar a 92.2 * 0.68 | 3.8 8%,5-101.0 6.07%
Q| 86.7*% 0.58|3.0| 82.5- 93,0 °°
S—&I’ 6 33 04‘ t 0060 3.3 2605_ 39 OO 4 e
Q| 30.1% 0.52]|2.7| 26,0~ 35,0 T*+°
N--S=ar d 1122.0% 0.94 | 5.2{110.0-134.0 1.%5
@ 11239 % 1.04 |5.4{116.0~140.0 | ~*°~
al"-S-ba 6 7o6 i 0047 296 3@5"‘ 1605 O 21
9 70‘1 i 0044- 203 400"" 12.05 e
Foramen angle & | 91.7% 0,94 |5.2| 83.0-104.0 | 5 o
9 8859 i 0075 309 8200" 9700 ¢ 7
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NSL

Male

-==----==Female

fgn

I18. Comparison of the mean facial outlines of young adult
male and female members of the Wailbri tribe of Central
Australia .

Fig.
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MALE FEMALE

| Fig. 19. Comparison of mean interincisal angles and inclinations

of the incisors to OL in young ad ult male and female .
aborigines. '
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s-pm vert.
s-ar hor.
s-ar vert.

ss-pm /n-ar
s» Pg-ar/n-ar
Pg-tgo /n-ar
/. ss-pm / pg-tqo
— NL - NSL
e ML - NSL
{ NL-OL
ML - OL
NL - ML

Overbite
Overjet

Fig 20.  Standards of cranio-facial dimensions for young
adult males and females.  Female means (——) and the

limits of +2 standard deviations (----- ), are superimposed
on polygons enclosing +2 standard deviations of the male

measurements G ). Male means are represented by
the vertical line. One unit =1° Imm, or 1%,




n-ba
n-s
s-ba
n-ar
s-ar
~~~~~~~ . nes-ba

> > s-ar

ar-s-ba

Foramen Angle

Fig. 21. Standards of cranio -facial dimensions for young
adult males and females. Female means ¢— and the
limits of +2 standard deviations (--=--) are superimposed
on polygons enclosing + 2 standard deviations of the male
measurements ¢ ). Male means are represented by
the vertical line. One unit = 1° Imm, or 1%.
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inalysis of the data revealed thet as & general rule
linesr dimemsions were sigunificantly greater in males
than they were in femcsles. Un the cther hond there
wors vo statistically mignificant 4ifferences betwsen
sexes ir wost sngular and proportionsite messuremants.
Thus within the group under observation, male snd femsle
facial profiles are simiier in shape and proportion, but
different in size as wouid be expested by relajive genstic
homogeneity and by sex differences in the duration of
faclal growth.

Oaly three linesr varisbles, overbite, overjet and
s-ar bor. falled to ashow significant sex differencszs in
their mean valuss. The angular varisbles IL -0L, IL,~0L,
IL’-»IL,. and foramen angle, three of waich show inoisal
relations, had wean velues which were signifieantly
ssaller in the female group than in the males. In
addition the proportion between upper and total facial
helghts was significantly greater iu feuzles.

¥hen the stundard deviations or sosffisisuts of
variation (the latter were saltulated but are not inolud-
ed in the Tables) were used ss indiocations of variability,
)0 seasuremsnts showsd greater variability within sales,
but only i0 messurements were more variable in fesales.



This firding is in socord with the expectation of less
variability in females du¢ %o cessation of skeletal

growth at as eariler chromologlesl age. Of the iinear,
anguler snd proportionate seasurements showing greater
variability in femeless, seven {ar-tge, CL-¥L, pg-ar/m-sr,
sa-pun/pg-tge, VL-NiIL, ¥L-HL and IL;~0L) involve mandibu-

lar variables; twe (n-s-ba and n-s-ar) relate to the

shape of ths sedisn and lestersl cranial bases; one {sp'-is')
is the maxillary component of lower faos height.

The differences in variability between sexes ere
shown dlagrassatically by means of polygons in Pige.
70 and $1, und the siallarity ir shepe but difference in
size of the faclial complex of males and femajes is illue~-
trated i Fig. 156 where male snd fessie feelal profiles
aiong the H3L and registered at nasion.

Certain sex differences merit furtier consideration.
JAEW BASES

Linear dimensions relating to the mendible (ar-tgo,
PE~tEg0, pg-sr and s-ar vert) showed greater absoiute sex
differences than those relating toc the upper jaw (sa-pu,
s~pm hor., and s-pm vert.}). Thus the lower face showed
more obvious sex 4ifferences than the upper face.
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Similar sex differences were illustrated by SARNAS (1957)
who used X-ray cephalometry to study a group of Indian
Knoll skulls.

The observation that sex differences in size are
wore apparent in the lower face than in the upper face
may be partly explained by the finding of KROGMAN (1938)
who reported that during adolescence, the anterior growth
of the lower face 18 more marked in males than it is in
fexales, 8o that females retain a more Juvenile facieal
appearance. Differences in the growth rates of alveolar
and bagael portions of the mandible way also play a part
in this regard. Despite diffarences in growth, the jJaw
bages retgin a similar proportion to each other and to
the eranial base 1n both sexes.

Within the female group, the mean angle s-ar-tgo was
pearly four degrees more acute than the corresponding male
mean angle. This difference which lies betwusen the ten
and five per cent probability 1evels,laubsbant1ates the
conclusion of BJOBK (1950) that a prognathic build may
arise from changes in the shape of the facial skeleton
which cauge the angle formed by the mandibular ramus
and crapial base to diminish.

With the exception of the angle NL~NSL, the mean

angles which express the inclinations of the Jaw bases



to esack other, the ocolusal line and the nssion-sells
line, were =zore agute in the femeise, indicating that
these lines tend Lo greater mutusi parallelisk in fe-
wales than they do im msles.

PACIAL HEIGHTS

#1} pomponents of fasial height were greater in males
than in femsles, the wost marked sex differences sxisting
in wean valuss for morphological face height, lower Tuse
speclal interest was the (inding of a significant sex
differenge in the proportion nesp/n-gu.

Previous investigetions have revealed that the upper
faslal height bears a very constant relstionship to the
total face helight regardless of age, sex or degree of
tooth aktrition in all populstion groups. In this re-
gard HRASE (192%) reported a figure of 42.9 per ceut for
this reiationahlyp, awd BBODIE (1940) showed Shat the
upper fmee/total faoce proportiou becase stabilised afier
ig ~ 2 years at 0 per sent, and quoted that two of his
students, Thompson and Stapf obtalned mean values of
432 6.8 per cent for the propertien in 40 csses of Class
X371 malooeiusion.

Subsequently HERZBERG and HOLIC (1943} measured 326
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adult skulls from wany localities and reported s mean
vaiue of 43.5 per cent, with a range of 37.5 - Si.bk per
cent for the n-sp/u-gn ratle. SARNAS (1957) measured
nmmmmmum%nmmm
imerica and showed & signifiosnt correlagion of r = 0,57
between the two varisbles in 24 wmale skulls within the
20 ~ 29 years sge group, whereass ir 3% femalie skulls of
similar age the correlstion was r = +0.§5. In addition,
within the sase age group Sarvas oslcuiated a wean
t-sp/n-gn ratio of 4.2 per sent for -1“. and 43,5 per
cent for femalss.

BIGRE (1547) end LINDEGAZD {1953) investigated
Swedish aduit males snd from their deta can be caloulated
mean values of 42.9 and 835.5 per M respectively for
the proportion u-sp/u-gn. CRAVEN (1958) provided mean
values Tor the upper faos/total fece proportion of 42,9
per cont and 43.8 per osut for male and female Australian
aborigines respsctlsiy.

mﬁmmwmwamwmwmm
figurex previcusly reported, and the low variabiiity of
the n~sp/u-gs ratio withiu the Yuscdumu group is indicated
by an empirical range of il.6 per sent for malez snd 7.5
por sent for tm-.‘ ‘The verisbies n-gp and negr were



-129=

significantly correlated in the present subjects with

coefficients of r = +0.71 in sales amd ¥ = +0.56 in fe-
sales. The varietions in faclal heights sre olurified
by eons ration of several individual subjects of woth

Filg. 22 1llustrates variastions witiln the maie grouwp
of foslal helght measurements. Subjects bEi, 581, sk2,
355 end 166 alithough differing in both upper fscisl end
totul fesial helights, retaln proportionate values wvery
close to the male swan for n-sp/o-gn. Subjeet 536 shows
the anxisuve upper face/total face ratic of 45.6 per cent
whieh iz associsted with a slightly grester than aversge
negp height, and o redused se-gn height. Subjeet 54)
ahouws a reduction in both w-sp and m-§n boighis, together
with the sinisum u-sp/o-gn recio of 35.0 per cent. In
this subject there is ssrked under-development of the
entire upper faclisl couplex whaioh has resulied in the
bridge. The maiToresaiion may be congenital singe it wea
noticed in other aborigines at Yuendumu not ineluded in
$kis study. Sxolusion of subjest 583 from the series
would reduce the espiricsl range for n-sp/ne-gn in meles
to 2.3 per cent, but would hardly affect its sean value.
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MALES

421 541 542 355 lbb 533 543 534

% X

Group mean] 421 | 541 | 542 | 355 | 1661533 | 543534
n-sp mm. 49.4  [52.5/50-5[55.5] 51.0(48.5[47-0]35.0/51-0
n-gn mm. 9.2 27.0/20.5[132.5 1225 [121.5 [111.OIC0O " 095
D=5 o/, 41.4 |41.3/419(41.541.6]39.9|42.3|35.0/46 .6
Overbite mm. 1.7 ]0.5/0.00.5/0.0/ 1.0/ 9.0, 00| 3.0

Fig.22. Variations in anterior facial heights within young adult
' Wailbri males.



FEMALES

8l 88 404 472 134

I

Qmu%_mgm [ 8 1404 1472 1134 [ 54 [2
n-sp mm. 47.1| 48-5142-5 -Q|44-5 42;5 45.5| 50-O
n-gn mm. 108-3 |[I11-0[99-51060|03-0[I06-5|115-0{1060
n:sn o/, 43-6 |43-7|42.7/43-4/43-2|1 427/ 39-6| 47.2
Qverbite mm. 1-5 I-S |O-5]3.0[0-015-0]1-5

Fig. 23. Variations in anterior facial heights within young
adult Wailbri females.
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Subjeet 533 shows the interesting combinstion of a

short n-sp height and a n-gn height whioch is considerably
resultant s-sp/n-gu proportior is clowe to the msle mn
and mueh nigher than 1t would be bad the overbite been
olossy to the wals wess of 1.7um. |

Fige 22 1llustrates various cosbinations of upper
fage height, total face height and overbite withinz the
fewale group. In subjects 91, 88, 40k snd 472 the pro-
portions p-sp/n-gn are close to the female wean although
the subjects differ in individual values for ne-sp, n-gv
and overbite. In subject 58 the profile also shows
marked aiveolar prognsthiss snd the femsle maximum angle
of basal sendibulsr preguathise. Subject 134 has an
overbite of L.omm (sazimus for females) which appasrs
to have redused the morpbolegical fece height to a dim-
ension competible wilh upper face height, since iu this
subject the n~sp/n-gn proportion is ¢lose to the femais
nean. The isation of & short upper fece height and
s long total face height is shown in subject 54, wherve
the minimus n-sp/u-gn ratio for females is recorded.

The maximum proportion for fexaless is present in subjset
265 who shows the combination of iarge u-sp snd small
n-gn heights.
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it would appear that since the varliation in the
proporticn of upper face height to total face helight was
lox in botn ssxes, fsotors coperste to preserve the facial
proportions within relatively rarrow limits. The degree
of overbive of the incisors msy be one such factor.
Furthersors the data obtained from Yuendumu indleated =
sex difference in the proporticn n~sp/n-gn. The sualler
o ion in males &8 well as the grester wvariabllity
in the ratio snd iz overbite within this sex may be ex-
ploired by the adolescent spurt in growth of the lower
face, whish is more serked iv males (KROQWAN, 1938;
HANDA, 1955; DOWKS, 1956; BANBHA, 196i).

Yot omly is She variability of the upper fase/total
face ravio iow within = singie population group, but
aevidence obtained fron seversl other investigators suggests
that the retic is relabively constant in other ethnis
groups as well.

IHCISOR RELATIONSHIFPS

under investigstion were more prognathous in the alveclar
region than males of the same group, wes tie observation
that the mean sugular inclimstions of the upper snd lower
central luveisors to sach other and to the ocelussl plane
differed significently between sexes. The more seute
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102.0° 104.5°

FEMALES

101.5°

111.5° 112.0°
Female min.

107.0°
Male min.

L HALES

angles within

showing the smallest interincisal

in the female subjects .

of males and females

Tracings
Note that the angles are more acute

their groups.

Fig. 24.



inoisal inclinations iu femsles are illustrated in Pig.
wu%wam“lnmtiﬁahm&m.m in the
treoings of three male and turee femsle subjects who

show the suslilest interinsisal sugies within thsir respect-~
ine groups (Fig. 2&).

k1Y linsar couponents of the median and lateral
eraniai bases showed significantly larger mean values in
wales then in females. Furthermore the varisbility of
the lengths v-be, n-s, s~ba, n-ar and s-ar was greater
in the male group. mmthMMum
denoted by the angles n-s-ba and n-s-ar 4id not differ
significantly between males and females although the
lstier group showed slightly msore obtuse wesn oranial
base sngles. |

Similer sex differences in mesn valuss and varisbility
of cranial bese dimensions were reported by CAMEROW (1926a,
39260} in his orsniometric studles. SiRNAS (1957) and
CAAVEN (1958) reported more obtuse angles of crscisl base
deflection in females than in malea, within their respect~
ive groups.

An interesting finding was 2 pex difference in mean
values of the forsmen angls. The differencs, which was
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almost sigoificent, resulted frow a fesale wean angle
which wii 2.0 degrees wore acute than the male nmean.
This indicated that within the female group, the foramen
wagus was directed wore anteriorly in relation to the
HSL thawn 1t wss in males. Further loveatigation 1is
required So show if this sex difference 1s assog¢isted
with earlier cessation of growth st the sphencocciplital
synchondrosis in femaies.

The results of the present study supplement those
published by Cravem, who used cephalometrie X-ray filus
{obtained by Heath of Felbourne) to investigate a group
of Central Austrslien aborigines from Herzannsburg and
Haagt's Blulf (see Wap~ Pig. 7). The age and sex dis~
tributions of Craven's ssmpis were as followsi

=21 12 is 27
i2-20 —d 22 &2
21 s 56

Although the saterisl made avallsble to Craves in-
cluded fewer subjeots who could e classed as young adult,
& comparizon of his mean vaives with those cbtalned frow
readiographs of young sdult Wailibrd natives of Yuendumu is
of imberest. Such a comparison is summariged in TABLE 22.
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TABLE 22

Comparison of data obtained from two cephalometric
radiographic studies of Gentral Australian

aborigines,

Author ' Present (1962) CRAVEN (1958)
Sample 31M 27F 21M 35F
Age Young adult 4 -~ 20 years
Tribe v Wailbri Pintubi and
Pitjandjara
Variable Mean o Mean S
Nes—-ar 3 122 .0 5.2 116.7 5.8
Q 123.9 5.4 119.9 5.1
s-ar-tgo ) 149.5 9,1 150.4 9.6
Q 145.6 6.3 148 .4 9.9
ar-tgo-gn & | 120.7 5.9 124 .4 7.1
. o] 121.8 4.8 122.8 6.6
CL~-ML 3 85,0 4.8 86 .6 4.4
Q 86,0 5.6 87 .9 568
NL-NST, 3 6,9 ) 6.2 2.6
Q 7.8 2.6 7.6 34
ML~ ST, 3 32 .0 4.8 32 .5 5¢7
o) 21,1 5.8 31,1 5.7
OL--NSL 3 15,5 = - 15.8 4.5
Q 15.7 * - 16.5 3.9
IIIS“IIJj ) 124—e6 952 117 -O 799
Q 114.5 8.3 114 .3 8.6
n-sp/n-gn 3 41 .4 2.5 42 .9 1.8
Q 43..6 1 1.8 43,8 1.9

% Obtained from mean values of NL-NSI, and
NL-OL.




in general the mean values and standsrd deviations
sorrespond fairly clossly in both groups, and furthermore
with the exception of two varisbles, femaie mear values
of the two studies sgree more ciosely than male means.
This way be explained by the age distribution of Cravea's
sample and by his higher percentage of asdolescent females.

- The difference between male and female mean values
for the gomlal angle (ar-tgo-gn) between the two studies
mey be due partly to slightly different interpretations
ummnmzm,mmu«ﬂmmm
ing of the subjects. The higher mean value of the
&onial angle reported by Craven uas obtained frowm a sale
sample of younger wean sgé than the subjects ineluded in
the author's materisl, and current thought indicstes
that the goniul sngle decresses with age within Australe-
ien sborigives (RURPHY, 1957).

Somelusioug

Hesn values of linear dimensions relating to the
face and oranial hase were greabter in mele than i female
members of the Iuerdumu tribe, but there appeared to be
i1ttle evidence of differences in facial shape as expresi-
ed by smgular varisbles. Host diwensio ns were nore
variable withiz the mele group Sue to the longer period
of sctive faoial growth in this sex.
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It is interesting that despite sex differences in
the size of She eramio-facisl compouents, the proportions
mm.awmmmmmmwu
remaived similar in both sexes. The sex difference
in the upper faos/totsl face proportion has been ax-
plained by the subertal growth spurt in the lower face
mnmmmiammumum.

The sex differences in mesn values and variability
reported in this chapter, are supported by these
caleulated for s different group of Cemtral Australiso
aborigines by CRAVENR (1958).



nostic end research tool in the investigation of cremic-
facial relatiouships, mumerous studies have throws light
on problems of disereponcies in the size and position of
msumwmmmmunmm
occlusion, espesislly as thess problems spply to the
praciice of orthodontia. Eelatively few workers have
hmwmommmmmm ampects of prog-
usthism, or iz the relationship between progunathise and
mmﬁammwmmmmam.

BIGEK (1547) applied X-ray cephalometry to study the
m%mxmumm-num.nwm
lation group. This originel stuly of Swedish boys and
young adult malies, and the follow-up studies by the ssme
author (BJOBK, 1950; 1951; 1953; 1955s; 1955b; 19550;
1960; RBIORK wnd PALLING, 1954) have grestly ismcreased
ths understanding of morphology amd growth of the crenio-
facial couplex in Buropeans.

The main conelusions of BJORK im relation to



~1ki-

individual varistions in prognathiss are guoted from one
of his sariier papers (Nihx, 1950} since they have a
dirent bearing on the present study.

¥i proguathic faslal Dulid may srise in differsnt ways:

a) due to a shortening of the cranial base.

m)étuhm ng of the craniai baaw.

@) due to changes in the shape of the fselal skeleton
which esuse the sugle formed between the ramus and
the oramial base to disminish.

d) due to inereased jow length.

These different causes of proguathiss may combine in
various ways, and the effect of ons or more causes
m&muﬁnmm be cowpensated
by one or more of the other fuctors having & countar-
soting effect, i.s. they tend to caucel each other

QUbevocsvone ssveese

A wvaryivg degree thiss within a population
ummmu in sige and shape of the
oranial base. Gven vamn the same ethmie group
the progmatihisn is found to serve as = moasure of the
characteristic faclial forsation.*

*The varying degrees of progiathiss observed in s given
mmmwmmmmmwm th
W:”M mnd’:’mwm
3 seen ma

degree of prominence of the facial skeleton as = whole
:uummw«gnmammum
mse, foramen magous being diaplaced forwards on
Mm Qf the skullecsrosvsconcses®

*On an aversge prognathism affects both Jjaws egually,
total | ﬂnm. In gertain cases saxillary
m- is grester than the mandibular g

umn is the converse, wwh’

corresponding changes 1u the 00CluBlilecccccvcccssnc”

"The difference between maxillery and msndibulsr prog-
foums od Poresy o she eriaticie - Soneth oF
/WS in 0 @
mid base which joina the two JBWBeevecesevesses”

*The correlation between waxillary epd mandibuisr prog-
:ﬁun appasrs te diminish as & result of rasial

TR PORODOERAICENS
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Bjork alse showed thst the lenmgth and height of
the so¢ vary inversely 0 that marked progusthism is
asoociated with a smell sntericr face beight. In addit-
ion the progmathic face tended to be squarish, with nasai,
occlusal and maudicular lines more parallel thaz in the
trissguisr face showing a lesser degree of proguathism.

LIMDE

AED (1953) who also studled Swedish males,
confirmed wanj of 3jork’s observations amd aithough the
neture of prognatnisa does not receive special coneliere
ation in his study, the suthor was sble to demonstrate
significant ocorrelations between saxillary bassl progoath-
iss (g-n-gs) and the upper jaw length {positive}, anterior
upper face height (regative), maxillary protrusion
{positive), median eranial base angle (pegative) and ather
develops partly tc coupensate for variations in the re-
iletionship between eranial and jaw bases.

SARNAS (1957) who. rediographed a group of lorth
Amaricen skulls councluded that increaged progoathise was
sssoelated with increased craninzl base deflection and




The association between prognathiss and the size
and shape of the crenmial base has evoked comsidersble
interest and coutroversy over the years. VIBCHOW (1857)
and others at that time comsidered that the degree of
proguathism was dependent upon the extent of cranial bane
deflection at the pituitary fossa, through the agency of
a relative shortening of the eranial bese length. fHow-
ever WELCKER (1862) observed that progressive redustion
in proguathise was concurrent with inorumsing deflection
of the oranial base in sn sscending series of primetes
inelnding Negroes snd Buropesns, and conciuded thet the
degree of prognathism was determined by the extent of
eranial base flattening. HUXIEY (1366) examined two
skuils which ghowed similar oraniasl base angles, but whioh
differed in proguathism and decided that the oranial base
angle was not necessarily related to prognathism.

In more recent times WAGNER (1937) iuvestigated
Ogeanic skulls but could fiué nc sssociation between
the degree of proguathism and the oranial base inelinate
ion, lHe thevefore concluded that it is more Iikely that
proguathisu is deteruined by the intrinsic growth of the
facial skeleton.

_ The noted suthropologist WEIDENREICHE (1941) studied
this probles and although he ascimowledged that correlations
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mummmiﬁmw, stated
that "the correlation between Drein, crenial savity und
face, particularly the jsws, is quite independent of
the form of the Dase snd mereiy conditioned by the
relative size of the two constituents of the skull.®

SCOTT (1.9:?3), a dental snstomist from Belfast, studied
zeasuresents from 700 eranie but could reveal no relation=
ships between the eravial spd faseial skelstons, although
only & limited nusber of variables were inciuded mn
this study. Mwﬁaaﬂdﬂwm:mm
base longth was cliosely reluted to the anterior project-
lon of the upper face, expeeialiy during growth.

Bjork, Lindegard and Saruis (see above) all agree
that withiv subjects of & single ethnic group, en ine
oreased eranial base deflsotion 1.0. a sesller angle
between anterior and posterior segments of the evenial
base, tends to inorease proguathiss, but they have
shown thut numerous cowpensating fsotors may be involved
80 that the relationship is not always straightforwerd.

It would sppear then that some of the differences
in thought about affinities between facial prominence
and cranial base form may hive arisen through lack of
knowledge of growth patteras it these reglons, and cone
fusior between evolutionary changes and wariations within
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gpeoific groups. In addition slveolar prognathism was
seldon cousidered separatsly from basal bome {or fselal)
progasthisw, and the relationships between alveolar
prominence, ineisal isolinations, tooth size and tooth
occliusion in general were largely unknown.

It seens resscotable to assume that prognathiss is
net necessarily & primitive feature although of courss
prizitive hominids wsually show promiment jaws. Rather
1t may be considersd & specialised charsecteristic sush
a8 iz seen in the prognatinle Jjaws of gertain snthropold
spes. It may well be that certaln nou~prognathic
husan groups (s.g. Beropeans) because of phylogenetic
changes now show less specialisation of the jaws than
proguathic groups (e.g. Segroes).

The date caollected for the present study afforded an
opporturity to investigate the nature of vsriations in
faclal progestnise within the young adult ssies of a
representative group of Australian shorigines. It wus
of intersst to apply Bjork's conciusions to an ethnic
group which besides showing aiveolar and upper facial
progusthiss as s physical characteristio, is less modiw
fied by genetic and modern envirommental influence than
Sweded.



Hethod

In order to investigate the nature of variations
in prognathiss within young sdult maise of the group
under iavestigation, total correiation coefficients
were caloulated between the angles se-n-ss, s-n-pg
(representing mexillary and msndibular besai progasthism)
&nd other cranisl and ffscial veriables. Partisl
sorrelations were caleulasted in certain cases whers 1t
was thought additionsl information could be obtained.

To s14 in the investigsiion of veristions in the
sagittal Jaw positions, & method of regression analysis
was appliei. This stetistical teehnique was employed
in X-ray cephalometry by LINDEGAKD (1953) and 1s deseribed
in detail by SARNAS (1955). ¥he methods and Seraimelogy
of thess suthors has been retained to caleuiste two
quantitiesn:

i} the residual of mexilliary bassl proguathise on
wandibuler besal proguathism, denoted Fe-n-ss{s-n-pg),

2) the residusl of mendibuiar basal prognathiss su
maxillary basal prognsthise, denoted Fg-n-pg(s-t-ss).

#ithiv the present group, mexillary sud mandibular
basal prognathism were significantly correlated with s
cosffisiont of » « +0.77 (see Chap. &), This sssocietion



is satisfied by the regression equations:

i = 10.06 + 0.82X and

K= 37.73 + 0.73Y
where 7 = imuiar basal prognathiss and X = mexldllary
basal proguathism. The regressions of s-n-gs on S=-n=pg,
and s-n-pg on s-u-ss are show: in Fizs. 2§ and 26 where
the weasurements have been plotted areund the regression
1ipe snd lines encliosinug one snhd two stsndard deviatiouns
of the dependent variable around the regression line. |

When s-n-pg le deucted the independent variable,
expected valuss of s-n-se csn be caleculsted for sach
subject sceording to the regression equatisu. The
difference vetween this expected value of s-ness and
ths true s-n-ss value iz termed the resildusl velue of
saxillary bassl prognathiss on esndibuier bag:l prog-
vathisy (Ps-n-ss(s-n-pg)). 1In & eiziler way residusl
values of Ve-n-pgis-n-ss) ean bs osloulasted frowm the
difforence between true s-n-pg veluss wud Lhose somputed
fmmw'enafm&m. this tine

with s~n-88 as the indepspdsnt 'm.blﬁt

A positive residunl Fg-n-sa{s-n-pg) in & particular
subjest indloates that the upper ljaw base in prognathic
in relstion to the lowsr jaw. . positive residual

Ps-n-pgis-n~sa)} indicates that the mandibular base is
progusthic ir relation to the upper jaw. lFegative
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5-n-55 e
dependent variable J/ Ve

+2sp-

+s}-

_ls,-.

—2s

s-n-pg — independent variable

| l | 1 l
=25 =1 (@) +|s +25

Fig. 25. The regression of basal maxillary prognathism (s-n-ss;X)
on basal mandibular prognathism (s-n-pq;Y).

Regression line X =277+ O.7Y.
— — — One and twice the standard deviation (2.5 and 5.0 deqrees)
of basal maxillary prognathism around the regression line.
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s-n-pg /S

dependent variable °

s-n-ss — independent variable

1 [ I
=25 =1s @) +1s +25

Figq. 26. The regression of basal mandibular prognathism (s-n-pq;Y)

on basal maxillary prognathism (s—n-ss;X).
Regression line Y=10.14+ O8X .

— — — One and twice the standard deviation (2.6 and 52 deqrees)

of basal mandibular prognathism around the regression line.



residuals indlcate that the jaw base concernmed is retro-
gnathic in relation to the opposing jew. For thease
reasons the residuals Fe-n-ss(s-n-pg) and Fs-n-pgl{s-n-ss)
are terwed °relative saxiiliery progoathise® and *relative
sandibuine prognathisz® respectively.

The value of residusl amalysis lies in the possibility
of eliminating in Surn the variation prodused by s-n-ss
or s-u-pg by keeping them independent. In effect this
neans the examivation of s population with verying s-n-ss
angles but counstant s-n-pg sugles or vice versa. Uy
this method discrepenties in the sagittal relationship
of the Jaw bases could be examined.

In the present study, both series of residusis were
normally distributed as Judged graphically, and were
therefore subjected to further statistical smalysis
like any other charscteristie.

Although blologicsl interpretation of correlations
wust be approached with caution since no real kuowiedge
of csuse and effect can be obtained through them, the
Bssoclations revealed by the correlations computed wers
of interest and were compared by 1llustrating facial
polygons of several selected subjeets within the male
ETOupe
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In the compariscus the actusl valuss of the varisbies
concerned were couverted to "sigma units”® by expressing
the deviations from the zean as standerd deviation units
(GrRN, 1958). Thus a dimenmsion which was two standard
deviations higher than the mean was given the walue of
+2 sigme units; a diwension which was two standsrd
deviations lower than the mean was giveu the value of
~2 slgma units. In Chis way all variables whether linear,
angular, large or small were adjusted to = scale whioi
sllows differences between individusls to be studied
move essily.

Results

Standard deviations and ranges for the residuals
Pa-n-us(s~n-pg} and Fa-an-pg(s-n-ss) are sumsarised in
TABLE 23.

GSignificans and im siguificant oorrelations
batween s-n-sf, s-v-jg and other oranio-faciai varisblos
sre showy im TrELL 2%k, Hou-significent correlations
between the sbove varisbies are listed in Appendix TABLS
29. Sigvifigant snd almost sigunifisant correlatiouna
between the residuals and eranlo-fasial varisbles are
ehown in TAZLE 25, while non-significant correlaticns be-
tween these varisbles wre listed in Appendix TABLE 29.
Correiations within and bestween the oranial basse, jaw
bases and angles of prognathism are shown in TABLE 26.
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TABLE 23

Standard deviations and ranges of the residuals
Fs-n-ss(s-n-pg) and Fs-n-pg(s-n-ss) represent-
ing relative maxillary and mandibular basal

prognathism, Recorded in degrees for

31 males.
Residual S Range
Ps-n-ss(s-n-pg) 2.5 ~5.00 - +7..87
Ps-n-pg(s-n-ss) 2.6 -5.36 - +7.64

One property of residuals is that their mean
value 1s zero, so that means and standard

errors of the means are not included.
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TABLE 24

Correlations between the angles of basal prognathism

and cranio-faclal varlables for 31 males,

S=-1-S8 S=Nn~pg
Ss=-pm +0 .46 ** pg-ar +0e45
s-pm hor. +0,49 ** s-pm hor. +0 047 ex
ss-pm/n-ar +0e69 b ss-pm/n-ar +0.36 *
pg-ar/n-ar +0439 * pg-ar/n-ar +0,68
s—ar-tgo -0+38 * s—-ar-tgo =050
n-gn =0 447 *%* n-gn =0448 x
sp'-is! —0450 *%* sp'-is! ~064T
NL/NSL ~0,48 ** NL/NSL 074 #x
ML/NSL -0.58 #* ML/NSL ~0,72 %
sp'-gn -0.39 * n-sp -0,62 w#x*
SS~-N-pg ~0.41 *
n-ss=pg +0.42 =
n-ba -0.44 4
CL-IIL -0.39 =
overjet ~0.39 =
NL/0L ~0.40 *
pg~tgo/n-ar +0439 =
Foramen angle =048

*# Significant
* Almost significant
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TABLE 25

Gorrelations between the residuals Fs-n-ss(s-n-pg)
and Fs-n-pg(s-n-ss) and eranio-facial tariables

for 31 males.

F s-n-ss(s-n-pg) P s-n-pg(s-n-ss)
pr-n-ss <058 ** id-n-pg -0,41 =
Sg-pm +0 .53 % ar-tgo +0.43 «
CL-ML +0.41 * pg-ar +0.46
sp'-gn -0e42 = CL-ML ~0.54 s
is'-gn ~0¢41 * overbite - ~0.42 =
ss-pn/n-ar +0..64  #x over jet —0 .46
ss-pm/pg-tga  +0.49 ¥ n-sp ~0.59 sx

| ist-gn +0.42
NL/NSL -0.58 =
ML/NSL ~0.42 =
NL-0L -0.37 «
ss-pm/pg-tgo ~0.45 s
pg-ar/n-ar +0 61w
Foramen angle =0.49

% Significant
* Almost significant
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TABLE 26

Total and partial correlations between: the angles of

prognathism, jaw dlmensions and the median cranial

base for 31 males,

Variable : n-s n-ba n-s-ba

85—pi | ¥0.50 | +0.53 +0.20

ar-pg | +0.23 +0.22 +0.07

S—n—SS - M“_N:_ON.QO "O 030} -O .10

S=n-pg -0.23 ~0.44 = -0.18

S-n-ss

indep. of ~0456 ** -0.73 #*=* -0.28

SS-pm

S=-n-ss

indep. of ~0 .52 ** -0.,31 +0.31

s-pm hor.

S-n-pg = - | |

indep. of -0.54 #* -0.62 *=* ~-0.24
| ar-pg |

n-s - +0,70 == ~0.21

n-s~ba -0.21 +0.16 -

** Gignificant
* Almost significant
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Discussion

The total correlations csloulated between the angles
of facial prognathism (s-n-ss and s-n-pg) end other
gsrisbles indicate that within the males of the pressut
group, certain charscteristics were assocliated with
ssch of these angles.

Totel facial proguathiss (i.e. mexillary and mandib-
ular bessl progunethiss eombined in the one individusl}
wes usually seenm in econjunction with @ szall angle
between the mendibular ramus end the latersl crenial
base, s large maxillary protrusion, a ssall total Taece
height, = small =axillary lower fage height, greater
paralleliss between the uasal, szndibuler snd nasion-
sella lives asnd jaw bases which were long in relation
to the isteral cronisl base length.

Verisbles in addition to thoss listed above were
found to be sssociated with either of the angles
geu-3s or s-u-pg individusily. Thus a lurye s-n-es
mmn:mlwm%mmkmwgnm
and a short lower face height. A large s-n-pg angle
wag found in conjunetion with = loug %otal sandibulor
length, a corpus length which was long in relation ©o
the lsteral cranial base, a short msdian eranisi vase,

& small forsuen sugie, poralleiiss between nasal ond
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ocolusal 1ines, s small chin angls, & small angle of
sagittsl jaw relation and a flattening of the fasiasl
profile.

If the significant correlatious are taken as &
guide, then the most striking characteristics associated
mmmmmmmnmw.maw
protruaion of the maxillary bese and its length im re~
lation &0 &he lstersl craniai base, the total anterior
face height and the imclinations of the nasal, sandibular

anf rasion-sell: lines to eash other. in the case of

sendibular basal progusthism, strong affinities were seen
#ith the totel mendibuler length, both absoiute and in
relstion to the latersl orsaisl bese, proirusion of the
maxillzry base, the angulation of The resus to the cranial
rese, fucinl helght eomponents, inclinations of the
pagsl, sendibular and nasion-geila iines to sach other
the nagion=-selle line.

From these observations it mey be suggested that
four morphologicel charsoteristics are ususlly associated
the group under investigation:

ng both sbsolutely and in re-
lation to the iatersl cranial bese length;
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2) A mexillsry base which is notigeably protruded
anterior to the N3P line;

3) Short anterior faee height components especially
the total face heighi and mexillary lower face
helght;

4) Small sngies between the nessl, mandibular and
nasioti~sella lines, i.e. a more sgquarish face.

¥ore variasies were associsted with the sagittal
position of the lower Jsw than with the upper jaw position.
Thie could be explained by the disperity in growth rates
developwent of the mandible.

One surprising finding im the light of other invesil-
gations was the almost complete lasck of correlstion
between the angles of waxillary and mandibular basal
progoathism and the oranial bease charscteristies n-s,
#~ba, m-ba, S-ar, n-sr, n-s-be and n-s-ar {(see Appendix
TABLE J6). A significani correlstion between s-n-pg
and the forssen angle end au almost significant correlst-
ion Letween s-n-pg and n-ba were the only sssociaticns
revealsd between the prognathiec angles end the eranial
base. Thus maodibuiar but not maxillsry bessl prognath-
iem appears $0 be assocluted with Two oreuial base wvape
isbles only, the sramial base length and the anguiation of
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the forsmen magnum to the N3L. The closer anatomical
relationship betwsen the mandible snd the creniasi base
W%thmnmeﬂ-ran-
planstion for this.

In an endeavour So further clarify the relatiounship
petween prognathisz and the crenial base within tne
Yusndumu males, total and partiesl correlations
computed between the varisbles concerned [TAILE 26}.
smmmznmfmummm
n~g-ba and s-pw hor. Thus a smail oranial base asngie
{i.0, greater cranisl base deflection) was associated
with increased maxilleary protrusion whieh in turn was
highly correlated im a positive direstion #ish maxiiliary
n-g-ba was only slightly correlsted with the angles
g=ni=-88 and s-n-pg, although the correlations were in-
ecreased whes the varistions csused by the jaw base lsugths
were sliminated by partial correlation.

The upper but uot the lower Jew base length wes
positively and siguificantly ssscolated with both u-s
and r-ba lemgths. With the exception of sn almcst sig-
nificant correlation between n-be and s-n-pg, veither
maxillary nor ssodibulsr bassl prognsthism showed any
strong association with n-s or n-ba, although by



elimination of varistiousz casused by Jjaw lengths and
maxillary protrusion, significant negative correlations
were revealed between both prognathie siugiss and the
eranial base lengths. ¥ithin the cramial base, only

From the revealed associztions it may be suggested
that, in the Central Australisn tribe investigated, the
relationship between cranisi base and prognathisme is
similar to that found in the Swedes providing that the
variation produced by the jaw dimensions is eliminatad.
Thus @& short cranisl base (either n-s, n-bs or both)
tends to increass the reiative jaw lengths and in turn
faclial prognathism. The same shortening of the oranisl
base however 1s associasted with shortening of the upper
Jaw base which tends to counterset the progpnathism by
reducing it.

It is apparent that the interdependencs of ¢ranial
end facial ocomponents and the coamplex mature of their
intersetion prevents any precise statement on the re-
iationship between fasial progmathism awnd the eranisl
base. This relationship appears to be overshadowed oy
the Jjaw size and in the csse of the angls n-s~ba Ly the
maxillary protrusion, so that no strong total corrsismtions
were revesled betweenu the cramial base snd the sngies of



161~

faclal prognathise as they were within the Swedish groups.
However there were slmost significsnt negative correlat-
lons between total medisn cranial base length, mendibu-
lar basal proguathise and the tws angles of alveolsr
prognathise (see Chap. IV).

An explanation {or the differencs between Swedes
and iustralisn sborigives in the relationship betwsen
feolal progosthiss snd the oranlal base form is suggested
by considering that the face of the caucasold group
casses its Torwerd growth at a stage when it is under-
developed when compared with the more prognmathic face of
the Australism. The different genetic makeup of the
two groups must also be eonsidsred. In the Australisn
subjects, the assoolations betwsen cramial bese swd the
sngles of progoathism are somewhat obscured by the
anterior growth of the face awsy from the aranial base,
8¢ that jew size, relative jaw size and especlally wax-
i1lery protrusion become dominaut factors in determining
the final degres of prognsthism sttained by the jaws.

Data to be obtained from future growth studles =ay
reveal 2 higher correlation between oramial bese form
and {esisl progusthism within growing sboriginal subjestz,
and will deterzine if any suech correlation decreases with
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age, especially during the pubertal growth in lemgth
of the face.

Correlations between the residuals Fs-n-ss{e-n-pg)
and Fe-n-pgis-n~ss) and other veriables showed that three
characteristics were alwost significantly or significently
correlated with both residuais. High relative maxillary
prognathiss or iow sendibular reistive prognathiss wes
usually found in conjunetion with » lerge ohin angle,
dibular lower face height snd an upper jaw
bage which wes lsrge in comparison with the mandibular
corpus iength,

Sesides those listed above, relative maxiiiary pro-
gnathiss was also correlated with maxillary slveolar
proguathny, upper jow leagth, total lower fece beight
and the upper Jjaw iength relative to the lateral orsnial
btase. In additiom, other varisbles were sorrelated
elther almost significantly or significantly with
relative mandibuler proguathissm. They were total mendib-
ular length, remus beight, overjet, overbite, lower jaw
length relative to the cranisl hamese, upper face helight,
the angles WL-N3L, ¥L-NSL and Ki-0L, the foramen angle
and mandibular alveolsr prognstivy.

Using significant correletions as a guide, the
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variables most strongly associated with inpressed
relative maxililary prognathism were au upper Jaw base
which was leng both sbsolutely and in relation to the
lateral cranlal base , an upper jaw base large in
relstion to the mandibuler corpus iemgth and low upper
alveolar progrsthy.

Large relative mandibular prognathism {(i.s. protrus-
ion of the M Jaw anterior to 1ts expeoted pm ition
in relation to the upper Jaw) was most stromgly assoelated
with a wandidulsr base which was long absolutely amd in
relation to the lateral cranial bsse, a mendibular base
length/maxiiisry base length ratio larger than aversge,
a small chin angle, low overjet, small upper face heignt,
more paraliel nasal and nasion-sells lines and a forward-
ly inciined foremen magnum axis.

it wmay be postulated Shat within the Yusndumu males,
discrepaneiss in the sagittal jaw positions were assoei-
ated with disharsony in the size relaticnship of the
jau bases to each other and to the lateral cramlial base
length which led to one Jaw being 2ither progmathic or
retrognathis in respeet to vhe other. The data also
suggest that high maxiilary proguathism if socompanied
by & relatively low mandibular prognathism was compensated
to some extent by a deeresse in upper aiveolar prognathy
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and an iveresse in the chin angle, both of which would
tend to decrease the effect on iucisal relativastipe
of Jjew base dlscrepancies.

in & sizilsr way & disorepancy in the sagittal jaw
relationship produced by high relstive mandibuiar pra-
mth&mwuhww;nﬁe%mm
nandibular alveolar proguathy, & reduction in the chin
angle end & reductisn o both cverbite and overjet of
the ineiscore, sll of whieh sgain wake for more hLarsonious
tooth relatlonships. Heverse conditions exiasted in
mimafm”hﬁwmmm“*

It & reesut publication BICRK (1960) diseussed
similar modifications of a compensatory neture which
ocour in mormal development of the ocolusien. ie
suggested that discrepancies in the segitbzl law vrelation-
ship lead o sodification of the alveolar aveines by the
aotion of the 1ip snd tongue asusculature, and by forces
involved in ictercuapidation,



ARALYSIS OF INDIVIIDUAL SUSJECTS

In the following section, maies whose fasisl bullds
1llustrate some of the characteristics which have beer
the relationships which exist betwesn progmathism and
other features of cranio-fasisl morphology within youmg
adult male Ceuntral Australlian aborigines.

The facial diagrams were traced frem the radlographs
of the ¥ubjects songsrued, sn) lu the accompanylug
graphic representetions, the veariables illustrated
were transforsed to sigme units.




Subject 421 Age ¢. 27 years Fig. 27

Although suibject 421 is prognsthie by Hurcpesn
stendards, withic the native group studied he demonstrates
low totsl fesizl prognathism, 1.e. the angies é-oD-28
and s-n=pg orc both low.

The jaw bases are short end cosbined with s long
eraniasl base s0 that the juw sizes im reiation %o the
oranial base length are sorrespondingly issw. Faxille
ayy protiusion iz low sand other assosiabed charscteris-
tics are cbtude inciinations between nassl, mundibular
and naslon-gella lines, long morphologlesl face height
and rather large Jjoint and foramen angles.

n subjeot 421 the Jjaw bases which are small in
relation o the lateral ¢ranial bsse, are the low sanill-
ary protrusion appesr to be Jdeoiding factors sssociated
with low facizl prognathism.
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Subject 3532 Age . 18 years Pig. 28

The high total faclel progmathise 1s assoclated with
jew bases which sre slightly ierger than average and =
short cranisl itese, so that Jaw lengths in relation te
oranial bese lergth sre high., Haxillary protrusion,
to the extent of +0.h sigma units, 13 combined with
scute joint end foresen asigles, as well as relative
paralieiiss between the masal, mendibular and nasion-
sella lines. The anterior faee height iz low in this
subjeet. The morphologicsl characteristics show the
reverse trends to those of subject 421 aithowgh in both
uns\ the jaw boses sre iu harsony with esch oSher in
their saglittsl positions.

Harmouy in the lengths of the mexillapy and sandibu-
lar bases and thelir uniforuly large lengths in relation
to the latersl eranial huse length are sssoclated with
¢he high total faclal progoatbism of this sudject, whe
aiso demonstrates no discrepancy in the sagittal jew
relation.
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Subject 476 Age ¢. 25 years Fig. 29

¥axillery ond sandibular bases are lomg inm this
subjoot but since they are sssociated with a long eranial
bage (p=ba = +1.0 sigea units), the relztive jJaw lengihs
sre reduced somewhat but still sre high. Haxillary
protrusion is high and the joint angle small. In
sddition the insliuations of the jaw bases to the
nagion-gells line sie in accordsnce with the observat-
jon that the prognathic face tends to be aquarish in
profile.

4 slight diserepamey in the jaw bese lengths 1s
purtiy offset by the small chin angle, so that the
sagittel iucisor relationship remains reasonably
harsonious.

subject 476 illustrates the combination of liarge
jaw bases, long cranisi base, maxiilary protrusion
and » forwardiy inelined remus in sssoeistion with
high total faclal proguathiss.
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Subject 539 Age o. 20 years Fig. 30

A dlscrepancy in lemgtus of the upper and lower
Jaw bases has been instrusentsl in producing a large
relative mandlbular prognathism in subjeet 483, The
residual Fe-n-ss(s-n-pgl} is the group sinimsm of ~5.0
degrees, whereas the residunl Fa-n-pg(s-n-ss) is high
( +5.4 degrees).

Associasted with the swall mexillary base is a low
value for maxillary protrusion of ~i.0 sigma units.
The rather scute Ioramen sugle of -1.2 slgus units is
present it this subjeot with the relatively bizh sngle
of mandibular basal prognatuiss.

Naxillary aiveoier prognathy is marked while the
ohiv avgle 18 sszll. These churacteristics are in
keeping with the cbservation that compenssiions in the
forz of the ulveolar bone occur in cases of segittal Jaw
base disorepancy so that the imeisor relationship of
this suujeet san be considered vormal.

The w&im Teaturess azssociated with large
relative sendibular progmathism ir this sublect are a
dlsorepancy in jaw base lengths, an seute Toraszen sngle
and small inclinations between nasal, mendibular and
naglon-sélla lines.
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Subjegt J7 Age ¢. 18 years Pig. 31

Small jew bases iu conjunction with mear-average
cranisl base length are combined in subject 37. The
Jaw longihs relative to the c¢rsnial base are short and
the maxillary protrusion has the value of -0.8 sigas
units. The diserepancy in jaw base iengths appears to
have been partly compensated by a2 small jJoint angle
(=0,7 sigma units) so that dishsreony in the sagittal
Jaw relation has beenu reduced. Nevertheless overbite
and owerjet values are higher then the mesns for the
group. Assoclated festures are marked inolimations
between Jaw bases and the nasion-s2ella lime and a
short anterior face helight.

Jaw bases which are short both absolutely and iu
relaticn to the lateral cranisl base as weil as low
prognathism in subject 37. The joint smgle is more
agute then sversge for the group and would appesr to
partly ocompensate for the digorepseney in jaw base
ilengths.
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Within the adult males of the group investigated,
variations iu basal prognathise occur in many waye.
Both Jaw bases may be ir sagittal harmony, i.e. the
angles of maxillary and msndibular basal athism
are in acoord with each other in the one individual,
On the other haud discrepancies in the sagittal jaw
relationship result when either of t{he angles of basal
proguathise is zmall or large in reletion to tha other.
Suck diserepencies in the jaw bases say be refliected 4
in the relatiomship of the imeisor teith, but coapensation
ir the form of changes in slyeolar development often
cecurs %o varying degrees. (s yel, the mnsbure of
‘vartations within the bite haw mot buen fuily iovestie~
gated und will reguire more extensive study in the
future.

rap—

Of the many charseteristios assoclsted with the
angles of besal prognathissm, correlstion soefficients
and the examination of profile radiographs of all sub-
Jests suggest that the length relationships between the
}wMMM&hﬁimﬂ%ﬁmwmmm-
portanse in determiming the facial profile as indicates
by the angles of Lassl prognathism. Ir & similsy way
the length relutionship of upper and lower jaw bases to
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each other is s deciding factor relsted to harmony
or disharsony in the ssgisttal Jaw positions, with or
without changes ia tocth relationships.

Thus 1t can be s8id that the lengths of the jaw
bases and particularly the Jjaw lengths relative to the
eranial base length are laportant in esteblishing the
degree of prognathism. However in contrast t: the
finding in Swedes, no strong associatious were revealed
between crsamial L:wse length or shape snd the angles of
- progeathisw, unless the variations cauwsed by jew lengihs
svd mexillary protrusion were elimineted by pertisl
correlation. One exception was the marked sssoeliation
between the angle of mandibular bassl prognathiss znd
the nngle of insiinmation of the forawen sagnus axis.

An expisnation ia suggested om the grounds of close
anatomioal relationship betweer these parts of the skull
through the Sesporemsudibular joint, so that growth
trends in the clivus region of Ghe skull are reflected
in the direstlom of forward dispiacemsut of the msndible
during its growti. This polint merits further iuvesti-
gation.

morphological festures are associated with
either maxillary or saidibular bessl prognathism or in
some cases with both. But although tespbing 1t is



upwarrsnted to plaece any cause and effect relationship
on such asscelations without detailed knowledgs of
growth patterns of the cranio-faclal complex in the
Australian aborigine. Complete inforeation in this
field iz as yet unavailable.

A merked assoolistion exists betwsen the forward
protrusion of the msxillary complex (as revealed by the
livesr ssasurement s-pm hor.) and the angles of bassl
proguathism, so that a forwardly mm Wr Jow
base 1s usually sssociated with high totsl fascial
prognethise as in subject 532 (Pig. 28).  The reverse
reintionship may ocoour as in subjest 421 (Mg. 27).

The relationship between jaw besec, vaxillary pro-
trusion and proguathisz is Bot quite straightforward
however since many other varlables comblne in differeat
ways to alter the fucisl shape, and in many cases they
sppear to act as compensatory fastors which meiutain
the sagittal jaw relationship, and hence tooth relation-
ships, within & fairly close range of variation.

The iace showing highly developed prognathism
usuelly bas & low worphological face height, and from
this ean be inférred that the length and height of the
faciel sleleton tend to very inverssly, Certain
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componsuts of the snuterior face show this relationship
=ore precissly.

fgnie L the prognathic build the sngles between
nasal, sandibular snd nesion-selis 1ines are usually
small, so that the fece tends to ba more squarish then
one showing low facial prognathism. This may be taken
as su expression of the direction of faeial growth
away from the eranial base, during the formative period.
in addition the forward displacement of the mandibulas
ramus sway from the sranial base tends to ingrease totul
facial proguathiss.

A more complete understandivg of erenio-facial re-
lationships will only be obtained by careful and con-
trolled longitudinal growth studies by means of cephalo-
metrie radiography, dental cast measurement and somato-
wetry - s formidable project when applied to an isolated
group sush as a Central Australian tribe which is in
sddition undergoing 2 changing snvironment.
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“orphologlsal differences between the various
Qmammmmmm»
mmmawmmmw.
but A-ray cephslcmetry of iiving subjeots hes been
somewhat neglected to make such cowperisons.

BIORK (1950) eompared the facisl structures of
young adult males, representative of Swedish and
South Afriesn Sawmtu populations. Hadiogrephic methods
were swployed to elucidate the extent and naturs of
mmum»xummmm‘
mn&mm.mmm:um
mumxmumummm.-
rummm'mm-mmmm.
sugle was szaller i the Bantus then in the Swedes.

%z}évtmiﬂmﬂ&tnmmmnhnmr
defleation partly coupensated fur the reduction in jew
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8ize, 80 that thers was little difference i bassl
proguathiss betwesn the groups. Bjork's fioal
conclusion was that differemces in jew size were the
dominant faotors in deciding relztive progmathise in

CRAVEN (1758) compared Australisn sborigines with
Swedes and drew attention to the marked alveolsr
progunathism in the aborigive and the associated smaller
leteral craulsl Lease angle (ne-s-ar) and more obtuss
Joint sngle (s-ar-tgo). /A marked similsrity iun the
mmfm“bothmkdtmuwg
uniforaity in upper face which could be charscteristic
of &1l humsn populations.

With the data now availsble it is of interest o
feoclel strustures in Australisn sborigines und other
groups modified by greater gemetic sdmixture and «
more refined environssnt. Only one such group, the
Swedish msle, hes been studied by the methods used iu
the present investigstion in sufficient detail to enmble
comparisons to be made.

In the present ohapter, the date reisting to Swedish
mmmmm.mmmaan
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BJORK (1947), LINDEGARD (1953), BJGEK snd PALLING (195k)
and BJGRK (1955). Sinece the subjests and methods used
i these itudiss were similar it 1s reasonable to use
data from each source.

In order to couwpare linesr means obtained frowm
different groups of subjects, ali linesr messuresents
should be compensated to the same seale of radiographic
enlargement. On the radiogrsphs obtained at Yuenduma,
livear varisbles situated in the median sagittel plane
were emlargsd by 8.3 per cent, but this enlargement
was compensated when weasuremsnts were taken (see Chap. 1I).
fecording to the anode-median sagittal plane-fils distances
uud‘ im the Swedish lnvestigaticus, lLinear varisbles
mm-uumnmmmmmmwg.amm
MW#MBWGWMQ,MU-“M
corrected in the presentstion of their livear mesn vslues.

before compariscan were sade, linear mesns of
Swedish subjects wers compensated to thne same seale of
eniargement as those of the aborigines. Thus the values
u:iufermnmmmpmumm
¢lose to true un-enlarged values. The ststed wmeans snd
Mm%%&wmhmﬂsmmu}ammm
in the table of comparisous, but standard deviations for



the Swedish material bave not been corrested. Since
Wmummmm}n‘thmiﬁdxm

ion or enlargement with verying rediographis distances,
these do not reguire correcticn.

The 1deal method for compering different groups
u,xqmwxmuuummx
enlargsment faotors, but as yet no common standards
are employed. Sven so the method used in the present
secticn is sufficlently accurate to ensble linesy
dimensions to be compared. It should be bornme in mind
%hntdtum&ummhemﬁm.thmn
fitusted structures. For exsaple the wediasn sagittal
sxtent on the bigonial dlameter even if X-ray dAlstances
are constant, Ir'mwcwammn
necessarily identical with true measurements. For
this resson a2ll comparisons discussed are based on mean
values of segittsl plane projections of structures,
mmmnmamtmwumuy.

Lesults

Amsﬁmmwmmmm
fustralian and Swedish young sdult msles 1g shown in
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Fig. 32, Comparison of the mean facial

outlines of young

adult male Central Australian oboriqines(

and Swedes (-----)- Linear dimensions have been

drawn to the same scale.
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TABLE 27

Comparison of angular measurements obtained from 31
young adult Australian males and young adult
Swedish males., Means and standard deviationms

are glven,

Australian Swede
Variable

Mean 8 Mean s Author * No.
S=n-ss 871 3.8 82.4 346 2 243
8=-N-pg 81l.3 4.0 80.7 369 2 243
S«N-pXr 91.8 3 ) 84 .8 4.1 1 281
s=n-id 860‘5 308 82 03 404‘ 1 281
pr-n-ss 4.6 1.8 2.3 | 1.0 3 243
id-n-pg 5.2 1.5 0.9 1.7 p) 243
n-ss=pg 169.1 562 | 1777 6.1 3 243
SS=N=pg 5.8 | 2.6 1.3 | 3.0 3 243
s-ar-tgo 149.6 | 9.0 | 143.3 6.9 1 281
ar-tgo-gn 120.7 | 548 |130.9 | 7.3 1 281
ILs-0L 59.4 566 | 60.3 4.7 3 243
ILi-0L 65 .2 5.9 69.8 6.6 3 243
ILs-1ILj 124.6 9.0 { 130.1 9.0 3 243
NSL~-NL 6.9 344 7.6 3.1 2 243
NSL-ML 320 4.7 1 35.4 6.2 2 243
ML-0L 16.2 5.3 19.6 5e3 2 243
NL-MIL 25.1 | 3.9 | 28.0 5.8 2 243
n-s-ba 129 06 4.2 131 8 4-06 : 2 243
n—-s-=ar 122,0 5-1 123 ol 543 213 281
Foramen angle | 91.7 | 5.1 ] 91,8 | 5.1 4 224

» (1) BJORK, 1947. (3) BJgﬁK AND PALLING,
s 1954,
(2)' LINDEGARD, 1953.(4) BJORK, 1955.
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TABLE 28

Comparison of linear measurements obtained from 31 young

adult Australian males and young adult Swedish males.
Means and standard deViatione are shown, ~ The means
but not the: standard deviations for ‘the Swedish

subjects have been corrected for- radiographic

enlargement.

Australian Swede
Variable otated [Corrected

Mean S Mean Mean s Author*iNoo-
ar-—tgo 48 -7 4 03. 53 2 50 o2 5 2 gl 2871
pe-tgo 80.7 3.8 80.7 76.3 5e2 | 281
Ss-pm 5242 2.8 52.8 49,9 2.9 2 243
s-pm hor. 17.1 | 2.5 14.0 13,2 Jad: 2; 2473
p=-pm vert. 42.9 | 2.5| 48.3 45.6 2.5 2 243
n-gn 119.2 | 7.0|128.9 | 121.8 [6.3| (2) |243 |
n-sp 49.4 39 5643 532 3.0 2 2473
sp'-gn 69.8 5.0 T72.8 68 .8 546 2 243
sp'~is! 3245 2.7 30.8 29.1 2.9 2 2475
iS'-gn 3703 306 42 .3 40.0 % vib 2 2473 %
Overbite 1.7 | 2.1 2.0 1.9 l2.0] (1) |2e1!
Overjet 2.5 2.0 3.0 2.8 2.9 1 281
n-gs 70.5 341 T73.9 ©69.8 S 2 243
s-ba 45,5 3.2 48,9, 46,2 2,8 (2; 243
n-ba 105.4. | 4.2|112.0 | 105.9 4.4) (4 234
s-ar 33,4 | 3.3] -37.0 35,0 | 3.3 élg 281
n-ar . 92.2 37 98.1 92,7 4.4 1, 281 |

|

+ (1) BJORK, 1947.  (2) LINDEGARD 1953,
(4) BJORK, 1955.
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Fige. 32 in which cospeusstion has been made for 4iffer-
ent snlargement fectors. Hean veluss and standard
deviatlons of messurements relating to both groups
are listed in TABLES 27 and 28.

Ziseussion

When the wean values for the two groups were
compared, the most striking feature noticed was the
relative protrusion of the mid-fasial structures in the
points of both jews (prosthion smd infredentale). The
zean angles of basal msndibuler prognathiss were slmost
identical for Swedes an! Australians, hut sssoclated
with the mid-facial proguathiss in the aborigines were
& smore acute profile sngle (n-ss-pg), s greater angle of
msmwmﬁmiuw)mwwmmw
aiveolar prognathy.

base was more obtuse in the sborigines so thet the mandi-
ble had a rearwerds incliination coupared with Shat of
the Swedes. The gouial angle was smaller and the chin
angle larger iu the Australisn subjects.

mmmcnmmu«mmm-
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was reflected im the sealler interiucisal angle in this
group., Although the groups hardly differed in the mean
angle of upper inoisor angulation, the lower iveisors
were more procusbent in the sborigines. The impression
was gained that the greater angle of sagittal jow
reluation in the aborigives (5.8 degrees as agsinst 1.3
Gegrees im Swedes) was compensated lergely by the 4.6
degrees increased procusbency of the lower ineisors
coaspared with the white subjects.

¥ith the exception of the wean angle NL-OL which
was sisilar in both groups, the other angles expressing
irclinetions of the nasal, mandibuler smd occlusal lines
RMWM‘MMCMMm«wMM& line were wore
scute in the sborigimes. This indicates that the jew
in the Austraiian subjects, resulting in a squarer

fase than that of the Swedes.

s far as could be jJudged by the mean values of
livear variables, the maxillary base and the mandidbular
length were slightly larger iz the aboriginal subjects,
whereas the mandibulsr remus was shorter in this group.
Frotrusion of the maxillary complex, as denoted by the



and whon combiped with the slightly longer upper Jaw
base of this group, resuited in point subsplusle
saxillary protrusion sappears o be an isportant fsotor
related to the mid~Usolsl prognathism of the Austrsilen
subjects when compsred with the caucaslss group.

The total morphological face belght was slightly
less in the aborigines as Judged Ly mean wvalues, but
greater differences reside in the varicus couponants

of the suberior fsce. Upper fsce helight sud mendibular
lower {ace helght were smaller in the aborigines, whereas
maxillary lowsr face helight was somewhat grester in this
group, and the mean values for total lower faoe height
were similar in both groups. The heigit of the
postarior face, as msssured by s-pm vert., was slso
ghorter in the sborigines.

No great differences were revealed in crenial base
dimensions between the two groups. iﬁ’ﬁnmﬁlm
angles n-s~ba and n-s-ar were slightly wore asute in the
sborigines, but there was remarkabie usiforaity in mean
values of linesr mecsuresents expressing the size of the
oranial base, and in the foramen angle which expresses
the inclination of the forswen magnus to the orenial bese.
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This finding differed from thut expected from BJORK'S
(1950) observation that cranial base and foramen angle
differed between swedes and the mors proguathic Sentus.

The shape of the cranial base iun men as well as the
inelination of the foramen meguum are phylogenetically
associated with the attainment of bipedal upright
stature, which preceded cerebral enlargement in
hupan evolutionary history. Jubsequent changes in
jaw sige may have bsen associated with changes in cranial
base shape although 1t sesms reasomsble to assume that
eranial base shape and the inclisstion of the forasen
sagous are primitive human charsoteristics which would
therefore be subjest to little variation betwsen present
living groups.

Alshough it was difficult to compare inter-group
aboriginel subjectsz available for cxaminstion was rels-
tively low, the Ji subjects couprised almost the entire
sale populstion within the specified age limits and
the renges given should be reascaably esccwrate at least
for living Wailbri tribesaeu.

s1though theoretical ruuges as indicated by the
standard deviations showed little difference between
sborigines and Swedes, the observed ranges in mnearly
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every ¢ase were much lowser iz the aboriginal subjects,
both for linesr and for sngulsr messurements. Lower
variability of physical charecteristics would be expeated
in a geographically isolsted group such as the Yuendumu
aatives who ualtii recently lived under tribal econditions.

Variations in the morphological features between
Australian aborigines and Swedes were mo greater than
varintions within eitker group considered separabely.
Because of this overlsp in the ranges of variation of
the two groups, there was no single physical meagurenent
which could be taken as characteristic of either group.

However mesn values indieated certain differences
between /iustraliass and Swedse. The wmost striking
feature was the marked mid-facial prognathism of the
aboriginmal subjects. This prominence which involves
was sesociated with jaw bases which were slighily lerger
ir the aboriginal males. One feature which appeared to
be signifieant in the production of mid-facial prograth-
ism was the greater maxillary protrusion of the aborigines.

The marked slveolar prominence of the Austrsalian
native was almost certsinly sssociated with the iarge
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teeth and capacious dental arches of this ethnie group
(CAMPBELL, 1925). In the aborigines marked pro-

y of the lower incisors and the large chin angle
pertly compensated for the relstively large angle of
sagittal jaw reiation in this group compared with the
Swedes.

The nesn fecisl profile of the sborigines was
Wmm&wmm,mqmumnn
s resus more obtusely inclined to the crenial bass,
s slightly lower antericr face height and greaier parall-
elism between nasal, wendibuisr and nesion-sella lines.

Similarities of the mesn velues snd standard
devistions of cranial base measurements in the two
groups cousidered was contrary to the differences in
thene messursments between Negroes and Buropeans noted
by CAMERON, (1924 snd BJORK, (1950,

It would appesr that the greater saxillsry pro-
trusion, large testh snd more capaclous demtal mrohes
were dominant charsoteristics associated with mid-facial
prognathiss 18 Wallbri males compared with Swedes.

There wers no great differences between Swedes and
sberigines in crenial base morphology, but the jsw base
Mahi&uhmmmmmm
slightly greater within the native subjects.
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CHAPTERE VIIX

Thirty years sge radiograpiic céphaicuetry was
introduced as a scientific method of orthodontic diognosis
and morphologisal research, Since that time mony in-
vestigators have employed iho rethod to supplement kndw-
ledge of cramlo-fscial relationships ir population
groups snd to investigate growth tremds in various peris
of the skull. The majority of such investigsiions
have been concerned with variations inm eramio-fselal struoe-
tures within modern caucasold groups of mﬁlarm at
various ages, but several longitudinsl studles nave pro-
vided knowledge of growth patterns of the jaws and assoe~
iated parts.

Cosparative aspects of cranio-faciai wmorphology
as revealed by i-ray studies of different population
groups have been largely neglected., HUNT (1959, 1961)
has ably shown the value of couperative data in the
study of changes in the jawa and teeth of modern man
living is a civilised enviroument, and the effect of suoh
changes on the developsent of scelusion snd the mtiology
of malocclusions.
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 The first stage of the rediographic investigation
of a geographically isolated group of Central Australiisn
aborigines, ilving under nesr tribal conditions, was
commenced in January 1961, Besides providing supplemeint-
ary inforsation for use in curreut research imtc the
node of tooth ocelusion within this trite, sush a study
afforded an opportunity to obtain standards relating

to Central Australian sborigives, whish could be com~
pared wita other groups investigated by similar methods.
One advantage of the present study is thet the sublects
were less modified by genetic adaixiture and modern
enviroumental influences than most c¢aucasold groups.

The main disadvantages were the relstively smsll number
of subjeets availobie for investigstior and the technical
and other d4ifficuities involved in cephslometric radio-
graphy im the field.

The report deals with the data so far ocbialned

from the examination of profile rsdiogruphs of 31 young
sdult male and 27 young sdult female members of the
Wailbri tribe. It is convenient to discuss the resuits
under the geversi bheadings of:

Basal and slveolar prognathiss;

dex differensss in cranmio-fasial bulld;

Veriations in prognsthism within the male subjects;

Differences betwesrn fuatralisn sborigines and Buropesta.
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BASAL AKD ALVEOLAR PROGNATHISH

The woat striking characteristic observed in the
ssrked prowimence of the alveolar regions of the jaws
compared with other groups. This feature, whish was
spperent whether the Bjork's angles of progusthisa or
the gnathic index of Flower were used, wag slso noted
in the Aats obtained froc Hjork's study of South African
Bantus. |

in contrast to the marked alveolar promiuence of the
eboriginal and Bantu subjects was the sinilarity im ald
the groups compered (iustralians, Swedes, Japauese and
Sentus) of the sngle of mendibuisr basal prognathiss.
¥sxillary busal progusthise if measured Ly the angle
m»wmummlxmmnmm,m
the use of the sugie s-n-ss orought cut ethnic group
differences, corresponding to the differences observed in the
upper aiveclsr reglou.
SEX DIFFERENCES IN CRANIO-PACIAL BUILD

Kany obssryers have reported that within a single
population group, females tend to be more proguathous

then walea. This sex difference was first shown to
apply to Austrelian sborigimes by ABBIE (1947). 1Im
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the present study %he sex difference was most apparent
in the maxillary alveolar region. Sex differences

in wean values of maxillary alveclar prognathism were
significant only when the gnathic index was used to
measure this characteristic. The index is a measure of
the size relationship between the upper facial lemgth,
neasured from basior to prosthion, and the cranial

base length, weasured frou basion to nasion, In both
sexes upper facial length and eranial Lase length were
u}_gni.fim@:ly gorrelated, indlioating that high vaiues

of one were usually associated with high values of the
other. However identical changes in upper facisl

and oranial base lengths would csuse little variation in
the angle of maxillary prognathism S-n-pr. Lisproport-
ional changes in these lengthe sre reflscted as an in-
creéase or a decrease in the angle s-n-pr, but are more
apparent in the lemgth relationship expressed by the
gauthic index. | '

The grester maxillary alveolar prognathiss within
the femalie subjects was assoclzted with en upper facial
length which was larger in relation to the cranial base
than 1t wes in m&n. Accompsnying alveolsr prognathiom
in the femeles were more procumbent incisors, especially
in the mandible. Sinoe alveolar development is intimate~
1y assocliated with tooth size, the relationships batween



«l1G7=-

dental areh dimeusions and lengths of the Jjaw bases are
important and reguire investigation to provide addition-
al information of sex differsmees in progrnathisu.

A preliminary report dealing with tooth dimeusions within
the WailbFi people has been prepered (BARRETT, HSROWN and
HeDONALL, 1962a).

The data revealed that within the group studied
gex differences in the skeletal profile reside predomin-
antly in size rather than shape of the faolsl compounents.
In addition most seasurements whether linear or angular
were more variable in males than in the females. Thls
obseryation mey be explained by the longer duration of
skeisetal growth in the males.

The finding that sex differsences were more apparent
in the iower face is of luterest. There appears to be
& differsnce batween sexes in the growth rate of the
lowsy face, but for comfirmstion of this, data from iongi-
tudinal studies are reguired. Such a sex difference in
growth rates of the facial conponents would slso explain
the significent difference between males =ind females in
the proportion of upper face helght to total face height,
this ratio being smaller in wmales.
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VARIATIONS IN PROGHATHISH WITHIN THE MALE SUSJECTS

In gemeral the cbservetions winlch BJCRK (1547) made
after exasiniug male Swedes may be sppiled in @énaﬁﬁwmg
the natuwre of variations in prognathiss within usle
Central jiustrelian aborigines, However certain points
require commont.

The reiaticuship between crsnial bage shape and size
and faclal prognathiss was not as straightforward in the
sborigives as in the Swedes. A short eramisl base or
an increased araunisl bage deflection wers sitly slightly
assoelated with increased progmathise withiu the Austral-
jzn aaies, but actual Jaw lengths, Jow lengthe relative
to the cranial bese and the extent of maxillary wow-
ion sppeared to be dowinent factors deterwiming the
degree of fecial progasthism. Thus, within ths natives
studied, Zjork’s conclusion that the varying degrees
of progoathisz were wot very intimately associated with -
the size of the jaws did unot apply.

The sssociation betwesn mandibular besal proguathiss
and the angulation of the forasen magvum sxis was inter-
esting since 1t suggested that relationships bstween the
sagittal position of the lower Jaw may exist dwring onto-
genetic development. Jislilar relutionships were observed



in phylogenetic development by DulBBUL snd SICHER (1958).

¥ithin the males, total faclal prognethism existed
when both Jaw bases were barmonicus im their sagittal
position and hoth angles of basal prognathisa were high.
Usually associated with total facial prognathism were
jaw bases whioh were long both sbsolutely and in relation
to the lateral eranisl baze, and a protruded upper jaw
base. Subjects who exhibited high totsl faclsl prognati=-
ism generally had a redused morphological faece hajight
ané more parallel nasal, mendibular and nasion-sells
ilnes.

Heverse conditions existed in males showing low
total faclsl prognathism (i.e. Jaw bases harsomious in
their sagittsl position but relstively retruded). In

sasion-sella lines were more severely inciined to essch
@"WQr;: '

Differsnces in the extent and direstion of faelal
growth away from the oramial base may explzin the variat-
ions in progunathiss between difTerent subjecota. Thus
szofmwf’mma:Mmec
the maxillary bease tends to rotate sowewhat, snd st the
ssme time the anterior face height is reduced, posterior
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face height 1s lengthened and anterior protrusion of

the face is inmcreased. The mandiblie becomes more asute-
iy inslined to the lateral crsnial base 30 that faclal
worphology in the adult shows high total fasial progoath-
igs, short anterior fuse height and parallelism bstween
jaw bases and nasiorn-sella line.

Zino® more variables were sssociated with mandibular
besal prognathiss than with maxililary basal progustnism,
it was not surprising that discrepancies ocowrred in
the sagittel jew relstionships. An upper jew base waish
wes loug in reistiosn to the mandinclar corpus length was
ususlly combinsd with relative maxillary progrnathiss,
while the reverse reiationship existed in subjects showing
relative sandibulsr proguathiss.

ilthough the Jew bases varied in their ssgitial re-
lationship to each other, such diserepencles were not
always reflected in insisor positions. Dishermony in
the leugth relatiouship of the jaw Deses was compenssted
by incressed or reduced alveolar prognathy, which main-
tained adequate inoisor relstions. The luteriveisal
angle wes mot correlated very strongly with ralative
progusthisn whish further confirmed thit marked veriations
in ivcisal relations do not necessarily follow jaw base

-
o
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discrepancies. In thias regard, future investigatious
way elarify the general associations between tooth
aborigines.

Although no detalled study wes done on the nature
of varistions in prognathism within the female members
of the Wallbri tribe, examination of their head radio-
graphs indicates that such varistfons follow similar
patterns to those revesled within the males.

DIFFERENCES BETWEEN AUSTRALIAN ABORIQGINES AND RUROPEANS

with the standards for linesr and angular verisbles of
greater sid-facial proguathise of the adorigimes but
assogiated =ith similarity in sandibuler basai progosth-
ise. Cranial base dimensions were similar im both
groups and furthermore the mesu upper jaw lengths 4id
not vary as such as the differemecs in maxillery bassl
prognathiss would suggest. It follows that factors
apart from absolute jaw iength and oraniasl base form
wore associated with the pronounced sid-Tacial Ww
of the Australisn aborigines compared with Jwedes.

In the aboriginoal subjects 1t 18 likely that
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wesio-distal tooth dismeters, which are large compared
with sost population groups, are sain Tectors associated
with their marked alveolar prognathiss. This latter
concept finds support in the work of ABBIE (1952).

The sore pronounced maxillary protrusion of the native
subjecis provides an explanation for their greater

the observation that although the length of the amterior
nasal apine is subject to great variation between groups,
this varistion is not seen in the sagittal position of
spinal point (i.e. the angle s-n-gp was rosarkably
constant iu all mt coupared) .

The gemeral impression received was thet in Austral-
ian aborigines, faclal growth may be directed slong a
more anterior path than it is in Swedes. Juoh a direst~
ion would explsin many of the differensss in facisl fors
between the two groups comsidered. Data to be obtained
fros & lomgitudinal growth study of Yuendumu children
sre essentiasl to elarify cranio-faclial relationships
within this tribe and to provide sdditiomal evidence of
similarities and differemces between the Austrslian
sborigines snd cther population groups.



CONCLUSIORS

The investigation provided X-ray cephelomstrio
standards, wonich were previously unavallable, for young
adulté Cemtral Australian aborigines, and st the sasme
tise ailowed the following concliusions to be made:

1. REadiographic methods of crinial seusuration provide
a satisfaotory techuique for investigations of cranio-
faclal sorphology in iLiving populstion groups. The
mumuazmxmmmmmm
iow in magnitude compared witih weean values snd natursl
variation of weasuresmeuts between subjects.

2e The ummmamnfmmm.mm
in sborigines when compared with Swedes or Japanese.
This oharscteristic, which was slso apparent in Sousk
ifricsn Bantus, was revealed by the use of either the
3jork sngles of prognathism or the goathie index of
Flowsr. Thers was litiie difference between the groups
compared in the angles of mandibular basgal prognatinism,
@r iv the angles s-n-sp but differences were apperent
basal progrataism. m&im-mum
with differences between groups in the dsgree of upper
alveolar prognathise,
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3. The feclal skeletal profiles of mals and female
subjsets of the group studled were zimiler in shape,
but maie liaesr variables were usually significantly
lerger. Most measurewents obtained from males were
more variamvle than similar messurements of females.
Many of the sex differsnces reported could probabiy be
sxplained by differenses in growth rates of the {'asisl
cosponents between asles and females.

. The mexillsry slveolsr region was shown to be wore
proguathous in females than 1t was in msles. The
grester progosthiss in females was relsted to an upper
fmmzxmm-uwummumm
bage length than it was in males.

5. vorphological oharsoteristics combined inm various
ways to effect differing degrees of facial proguathism
within the male subjests. The sbsolute jew lemgths,
juw lengths 1o relation to the latersl cramial base
length nnd the protrusion of the maxillary bese appeared
to be domimant factors determining the degree and type
of facial proguathism. | -

6. It is suggested that differences in the direction
as well as the extent of faclael growth away from the
eranial base may give riss %o variations in prograthise,
since the progpathic face was usually associsted with
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a seall anterior face helght and small inclinations
between nassl, sandibulsr and nasion-sells livos.

7. Although discrepancies occurred in the sagittal

Jsw bese relationships these were not ususlly reflssted

in insisal positions. Coapensatory mechanises in the
fors of chenges in the amount of alveoclsr development
maintained incisor relationships withic aceeptable limits.
In BEuropean subjeets 1t is well known that sagittzl Jew
base discrepancies are among the causes of maloeslusions,
and 1t would sppesr that SompeusSstory mechanisss are 1ot
alwsys as adeguate in this group as they are in sborigines.

$o Hale members of the tribe 4iffered from Swedish malies
in the degree of mid-faclel prognathism., The more
prognathous aboriginal face was conbived with slightly
ionger jaw bases, greater mexilliary protrusion and larger
mesio~distal tooth dismeters. Anterior faciasl height
somponents tended to be shorier in the aborigines, but
there was resarkable similarity in erenial base size and
sheps of the two populeticua.

¢. Purther studies are planned to supplement the infor-
mation obtained so far. In this regard s longitudinal
study of crenlo-fatial growth in sboriginal ¢hildren
would be most vsluable. Osueh & study has been comnenged
and will continue for some Siwe.
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APPENDIX
TABLE 29

Non-significant correlations!between the angles of

basal prognathism, the residuals Fs-n-ss(s-n-pg)

and Fs-n-pg(s-n-ss) and cranio-facial varisbles.

Variable S-n-ss s=-n-pg |F s-n-ss F s-n-pg
(s-n-pg) (s-n-ss)

n-ba ""O 030 - +0005 —0031
Ss-pm - +0.16 - -0.32
ar-tgo +0.03 +0.29 -0.27 -
pg-tgo +0,21 +0.25 +0.02 +0.17
pg-ar +0.22 - -0.21 -
s—ar-tgo - - +0.02 -0.31
ar-tgo-tgn +0.14 +0.22 -0.04 +0.15
CL-ML -0.04 - - -
s-pm hor. - - +0.21 +0.15
S"'pm 'V'eI"t. +O -09 —O 002 +O .17 "O .14
s-ar hor. -0.01 -0.02 +0.02 -0.05
s-ar vert. +0.20 +0.13 +0.15 +0.10
overjet -0.14 - +0.24 -
ITLg-IL4 +0.09 +0.03 +0.10 -0.05
s-ba -0.18 -0.32 +0.11 -0.28
l’l—S-ba —O olo ""O 018 +O 906 -O '17
S—aI‘ +O 912 +O 006 +O oll _O 006
n-—-axr —O -18 -O .21 -O 002 ""O 012
n-gs-ar -0.08 -0.06 -0.06 -0.,01
n—ba —'O o:O - +O o05 _O '31
Poramen angle -0.253 - +0.23 -
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TZBLE 29 (contd.)

Non-significant correlations between the angles of

basal prognathism, the residuals Fs-n-gs(s-n-pg)

and Fs-n-pg(s-n-ss) and cranio-facial variables,

Variable S-n-ss S=-n-pg F(:_g_gg) F(:_E_gg)
Il—gn ad - “"O 016 "O 017
n-sp -0.32 - +0.24 -
sp'-gn - -0.17 - +0.24
sp'-is! : - - -0.21 -0.11
is'-gn -0.17 +0,12 - -
NL-NSL - - +0.10 -
ML-NSL - - -0.04 -
NL-OL -0.20 - +0.17 -
ML~OL -0.06 +0.15 -0.27 +0.31
NL-MIL ~-0,29 -0.23 -0.17 0.00
ss-pm/n-ar - - - -0.27
ss-pm/pg-tgo +0.25 -0.08 = -
pg-tgo/n-ar +0.33 - +0.04 +0.24
pg-ar/n-ar - - -0.21 -
ar-s-ba -0.01 -0.18 +0.21 -0.27
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GLOSSARY OF REFERENCE POINTS ~ND LINES

Reference points

ar - articulare or - orbitale

ba - basion Pg - pogonion

gn - gnathion PO - porion

tgo-gonial tangent point pr - prosthion

id - infradentale pm - pterygomaxillare

11 - incision inferius s = sella

io - projection of ii on OL Sp - spinal point

i1s - incision superius Ss =~ subspinale

n - nasion

Reference lines

NSL - nasion-sella line CL =~ chin line

NSP -~ nasion-sella perpendicular ILg = upper incisor axis
NL =~ nasal line IL; - lower incisor axis
OL =~ occlusal line FH™ - radiographic¢

ML =~ mandibular line Frankfort horizontal

GLOSSARY OF ANGULAR  AND LINEAR MEASUREMENTS

Facial and alveolar prognathism

S-n-ss -
S-n-pr
S-n-pg
s-n-id
ss-n-pg
pr-n-ss
id-n-pg
Nn-ss-pg
ba-pr

Upper and

maxillary basal prognathism
maxillary alveolar prognathism
mandibular basal prognathism
mandibular alveolar prognathism
saglittal jaw relation
maxillary alveolar prognathy
randibular alveolar prognathy
profile angle

upper facial length

lower jaws

Ss-pm
ar-tgo
pPg-tgo
pbg-ar
ar-tgo-gn
CL~-ML
srar-tgo
s=pm hor,
sS~-pm vert,
s=-ar hor,
s-ar vert,

= maxillary length

ramus height

corpus length

total mandibular length
gonlal angle

chin angle

Joint angle

maxillary protrusion
posterior upper face height

LI I I I
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GLOSSARY OF TERMS (contd.)

Inclinations of the jaw bases

NL-NSL - nasal line to nasion-sella line
ML-NSL - mandibular line to nasion=-gsella line
NL-OL =~ nasal line to occlusal line

ML-OL =~ mandibular line to occlusal line
NL-ML - nasal line to mandibular line

Facial heights

n-gn - morphological face height
n-sp - upper face helght

sp'=-gn - total lower face height
sp'=~1s' - maxillary lower face height
1s'-gn - mandibular lower face height

Incisor relationships

ILS-OL = upper 1incisor axis to occlusal line
IL;-0L - lower incisor axis to occlusal line
ILS-ILi- interincisal angle

11-i0 "= overbite

is~-io =~ overjet

Cranial base

n-ba - total median cranial base length

n-ar - total lateral cranial base length

n-s - anterior cranial base length ‘

s-ba - posterior cranial base length

s=-ar - posterior lateral cranial base length
n-s-ba - median cranial base angle

n-s-ar - lateral cranial base angle

Foramen angle =~ inclination of the foramen magnum axis

to the nasion-sella line
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