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PREFACE

-A long-ferm growth study of CentroI Austrolion Aboriginols, living under

settlement conditions ot Yuendumu, 185 míles norih-west of Alice Springs, wos

begun in l95l by the Deportment of óentol Science, Universïty of Adeloicle.

The first stoge of the investigotion exomined the orol heolth stotus of the

Woilbri Tribe ond seriof dentql cosfs were obtoined with qttentÍon being directed

towords the onolysis of tooth morphologyr occlusol relotions ond the potterns

of mosticqtion (CAMPBELL ond BARRETT 1953).

ln l9ó1 the obiectives of the sfudywere re-evoluoted ond its scope wos

extended with emphosís being ploced on dentol development qnd Ìts relotion to

the potferns of croniofociql onC generol skeletol growth. On the onnuol field

trips to Yuendumu, the subiects enrolled were exomined ond vorious records

obtoined. The seriol moteriol now ovoiloble for onolysis comprises dentql

cosfs, stondordized roentgenogroms of the heod in both loterol ond P-A positions,

roentgenogroms of the hond ond wrisf , observotions of selected onthropometric

meosurements, geneologies ond stqndq rdized phof ogrophic records. BARRETT,

BROWN qnd FANNING (.l9ó5) hove outlirred the obiectives of the siudy,

the methodology developed ond the progress to dote.

BROWN (19ó5) published on extensìve report on prognothism in the odult

subiects enrolled in thìs study, supplementing on eorlíer cepholomeirîc study

on lîving Aborigînols by CRAVEN (1958). ln cross-sectionol studies, CRAVEN

(195S) qnd GRESHAM, BROWN ond BARRETT (19ó5) hove provided the only
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compor¡sons between two Aboriginol oge groups.

Moturofion of the University of Adeloide cepholometric roentgenogrqm

collêction hos provided sufficient doto for o semi-longitudinol investigotion

of the Woilbri to be undertqken. The present study hos been designed to

invesfigofe growth chonges occurring in the croniofociol complex of this

group of Cenfrql Ausfrolion Aborigínol children during the period of

development from mid-childhood to young qdulthood.
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SUMMARY

A semi-l on gÍtudi nol roenf genogroph i c ceph ol omeiric i nves ti gotion wos

undertoken to provide informotíon on chonges occurring ín the croniofociol

sfrucfures of o group of Cenfrol Austrolion Aboriginol children duríng their

period of growth ond development. The moteriol consisted of 390 stondordized

loterol heqd roenfgenogroms obtoined from moles ond femoles whose moturity

stotus ronged from childhood to young odulthood.

For most subiects, born ot the settlernent in recent yeors, birfh dotes

were ovoilqble. However, for mony older subiects oges were ossessed on

generol dentol ond developmentol criterio. To ovoid inconsistencies oll

subiects included for study were grouped qccording to physiologic moturity

levels bosed on eruption stotus of the teeth. The method of clqssificotíon

ond ossessment of dentql oges wos described.

The roenfgenogrophic meihods followed those esfobf ished by BRowN

(19ó5) who, working under símilor conditions experienced in rhis investìgotion,

showed fhof experimentol errors were smqll ond unlikely to influence fhe

results to ony opprecioble extent.

A coordinote onolysis bosed on the mesh diogrom method of onolysis of

MOORREES (1953) wos odbpted. However, due io limitqtions imposed during

the collection of dofq in the field, nosion-sello líne wos chosen os the line

of orientotion insteod of the verticol extrocroniol reference line recommended

by MOORREES ond KEAN (.I958). Double determÌnotions of oll observotions
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were undertoken to minímize systemotic errors. The roentgenogroms were

troced ond londmorks were locoted with the use of o simple record reoder.

Compufer focilities were employed to insure thot the dofo hod been correctly

fronscribed to punched cords. The stotisticol onolysis ond grophicol presentotion

of results were olso performed wìth the oid of the computing focilities of the

University of Adeloide "

The results of the investigotion were presented in tobulor form ond

grophicolly illustrofed to show the chonges ín croniofqciol morphology which

occurred during growth. Roentgenogrophic cepholometric siondords for moles

qnd femoles, ploced within seven groups determined by dentol moturity, were

presented. Six of these sfondords were previously unreported. The seventh

compqres fovourobly with the findings derived by BROWN (19ó5) who used

o different onolysis to investigofe most of the present young odults.

Voriobilify of fhe coordinotes of the reference poinfs wos indicoted in

the illustrotions by covorionce ellipses surroundíng the lqndmorks. These ellípses

were constructed os descrîbed by McNULry, BROWN ond BARRETT (19ó8)

to show the relotive mogniiudes of ordinote ond obscisso vorionces ond the

covorionce between them.

Voriobility of the reference points increqsed with odvoncing oge suggesting

biologic voriotion between îndividuols in the study. However, it wcrs noted

thot voriobility of the coordinqtes olso tended to increose with the distonce

between o londmork ond the line of oríenfotion. This foct, coupled

with the observotion of o uniformly negotive inclinotion of the moior oxes of
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the covorionces for points sifuoted on the fociol profile, indicoted thot o syslemotic

error hod been introduced by the orientotion method tending to mosk the biolcAícol

voriotìon in the locotion of londmorks.

Growth in both moles ond femoles proceeded dorvnword ond forword in o

wove-like pottern. The revelolÎon of this pottern of growth wqs otfrîbuted to

the use of dentol eruption criterio for grouping the subiects in this sfudy insteod

of grouping them occording to their chronologic cges. lt wos suggested thot

employment of physiologic moturity levels provided o truer picfure of the

wove-like voriotîons in the growth pottern.

Growth increments of the lower foce were observed to be lorger thon fhose

of the upper foce; the lower fociol londmqrks tending to hove o strong verticol

vector of growth, while the upper fociol points grew in o more horizontql

direction. The greotest increment of growth wcrs between the odolescent

qnd qdulf stondords.

It wos observed thot o horizonfol tronslotion of lcndmorks occurred during

the growth period thot coincìded with the exFoliotion of the deciduous buccol

dentition ond replocement by theîr permonenf successors. While the more

mesiol teeth of the buccol segment were being replocecl there wos on observed

decreose in orch lengthr porticulqrly in lhe mondible. lt was hypothesized

thot on occlusql reodiustment occurred os ihe mondible shifted bodily

downwords ond forwords.

Specific differences in the growth pottern of moles ond femoles were

discernïble. These divergent potterns resulted in the sexuol dimorphism of
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size evident ín the odult croniofocicrl complex. The mole exhibited o greoter

increqse in overoll dimensions thon reveoled in the opposite sex. The femqle

wos found to hqve o proportionofely greoter increose in posterior fociol

heíght thon in onterior focial height, while in the mole, onterior ond

posterior fociol height proporfions remoined olmost the some. This is reflected

in o greofer flqttening of the mondibulor ond occlusol lines in the femole.

Concomitont with these trends, interincisol relationshipsolso chonged; in moles

the incisor procumbency decreosed with oge, whereos în femoles the reverse

wos found. During the growth period under observotion, fociol prognothism

in the femoles increosed ot o greoter rote thon it did in mqles.
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CHAPTER I - CRANIOFACIAL STUDIES OF THE ABORIGINAL

IN TROD UCTI ON

Anthropologîsts hove employed clossicol croniometric methods

since the eorly lSth century to study vciriotions in humon heod form.

Much of this reseqrch wos corrÌed oul on museum moteriol, buf with

the introc.luction of roenfgenogrophic Techniques ond the pursuonf

development of cepholomeÌric onolysis in the 1930's croniofociol

voriqtions could be more reodÌly studied in living subiecfs. Dentol

reseqrchers, reolizing direcf opplicotion lo understonding the complex

foctors concerned with molocclusions of the teeth, hove cqrried out

exfensive cepholometric reseorch in recent yeors, invesligoting the

normol q;rd obnormol morphology ond growth of the denfofocìql regìon.

The croniofociol chorocterislics of the Auslrolion Aboriginol

hove been copiously reporfed over the lost centurY, Providing voluoble

moteriol for comporison wifh findings from similor studies of other ethnic

groups. However, little otïention hos been given fo the growth chonges

in the dentofociol complex of these people. The presenf investigofion

reports on fociol chonges thqt occur in o group of AborÌginol children

from Cenlrol Austrolio during fheir period of growth ond development.

HISTORICAL BACKGROUND

The Austrolion Aboriginol hos inlerested Ìhe qnfhropologist

ever since DAMPIER (1729) recorded his originol observalions on the
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inhobitonts of North-west Austrqlio. Reports hove ronged from incidentol

observotions of eorly settlers ond explorers to the orgonized systemof ic

reseorch progroms of todoy. Excellent publicotions on the generol

onfhropology of the Aboriginol provide o more generol description of the

Aboriginol thon the scope of this invésiigotion ollows (SPENCER ond

GILLEN 1899, ELKIN 1938, ond SHEILS l9ó3).

ANTHROPOMETRY

Croniology, fhe study of heod form ond ils voriqfion, hos long

held o prominent position in fhe field of physicol onthropology. For

decodes, skulls hove been described, croniometric dotq hos been onolysed,

ond comporisons hove been mode between vorious ethnic groups. With

the introduction of roentgenogrophic techniques living subiects could be

included in these Ìnvestigofions ond longitudinol growth reseurch could

be orgonized more systemoticolly. Mony pr-blicofions hove reviewed

the hisfory ond technîques of crqniomefry ond cepholometry in physicol

onthropolosy (PRITCHARD 1843, TOPINARD 1878, DUCKWORTH 1904,

WILDER 1920, KROGMAN l95lo, MARTIN-SALLER1957, ASHLEY MONTAGU

1960, COMAS 1960, COON 1963, ond BROWN l9ó5). A brief review

of croniometric studies concerned with fhe Ausirolìon Aborìginol follows.

Eorly sfudies were usuolly of o descriptive nofure ond, in the

moin, deqlt wifh museum mqferiol or privofe collections. DUCKWORTH

(1904) described the 38 skulls in the Combridge University Museum

collecfion, ond by providing o summory of previous investigotions, with
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collation of me,f,n volues of crqrriol copocity ond croniofociol indices

for the totol group, he increqsed his somple size to 214 skulls. lncluded

in the tobulqtions were the findings of TURNER (lBB4). His sfudy

deserves speciol mention with our presenldoy emphosis on cepholomefry

becouse he published meosuremenis obtoined from rubbings of three

skulls which hqd been sectioned sogittolly. Turner olso presenfed

o review of the existing literoture ond credited Blumenboch's

description of two Ausfroliqn skulls, given to him in 1795 by Sir Joseph

Bonks, for hoving creoted inferest in this ethnìc group.

MORANT (1927) working with q pooled somple of 300 Austrolion

ond Tosmonion specimens, which hos been corefully sexed, concluded

thot fhe skulls from vorious regions were sufficiently olike to be

clossified into two types; on Austrolion Type A ond those from the

Northern Coost. He gotherêd his moteriol from lB reports, doting

from Pruner-Bey in l8ó5 to Schultz în 1918. ln o comprehensive survey

of olmosf 1r000 sexed skulls from museums in Adeloide, Melbourne,

Sydney ond London, HRDLIðKA (1928) founcl regionrrl voriotions in

his somple but he preferred nof to subdivide the skulls info specific

morphof ogic groups.

WAGNER (1937) onolysed doto from I 14 Austrqlion skulls

locoted in museums in Oslo ond London os port of q crqniologic survey

of Oceonio. Drowing ottentìon fo the foct thàf this series wos

disfinct from fhqt of HrdliXko, Wogner supported Morqnt's specific

grouping of Norfhern Austrqlion skulls. However, being unoble to



4

confirm fhot qll ofher regions were sufficiently olike Ìo be clossified

together, he proposed o groduoted sequence of morphogenic fypes from

the Northern Coosts to South Ausfrqlio.

Significonf doÌo collected on field studies during this period

include CAMPBE[-L ond HACKETT'S (1927) recording of heqd dimensions

from 57 Arunto fribesmen, with meon volues being compored wifh

previously published moterìol. A decode loler CAMPBELL, GRAY ond

HACKETT (.I93óo, 193ób) reported findings from q sfudy of 48 Centrol

Austrolion nqtives grouped occording to sex ond dentol oge. The

outhors concluded fhof there wos no evidence to support the concept

of dìstinct morphologic types qmong Centrol Austrolion Aboriginols'

Contour trocings prepored in three normoe from 90 unsexed

cronio were presented by JONES (1929). However, of much greofer

significonce to fhe science of onthropology wqs the scheme of

stondordizotion for non-metric chqrocters of the Austrolion skull

put forword by him two yeors loter (JONES l93l). Since then

severql.lorge sfudies hove been published, including those of KROGMAN

(1932) who exomined I l3 mole ond 70 femole croniq from the Royol

College of Surgeons Museum, London, ond FENNER (1939) presentÎng

observolions on over l,OO0 sexed specimens clossified occording fo

their stole of origin.

ln o recenl series of popers from ihe Anofomy Deporfment,

universiry of sydney, LARNACH qnd FREEDMAN 09e) ond LARNACH

qnd MACINTOCH (19óó) reporlecl on the non-metric chorocters in a
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group of llB skulls frorn coostol New South Woles, while FREEDMAN

(1964) descríbed metríc observotions on the some moferiol. MlLlcERoW

(1955), following troditionol methods, meosured and onolysedg4 voriobles

on 80 skulls from the Wroc/qw collecf ion in Polond. These specimens

were soid to be o port of o lorger series presented by KLAATSCH (.l90S).

Although series numbers published by Klootsch ogreed with the Polísh

collection, some of the meosurements ond sexing did not, thus the

exoct ref qtionship belween fhe two sfudies is uncertoín.

A moior stimulus to Aboriginol reseorcl¡ over the lost forty

yeors hos been provided by the Boord for Anfhropologicol Reseorch,

on institution founded by the University of Adeloide in 1926. Acting

in coniuncfion with the South Austrqlion Museum, the Boord hqs

sponsored mony investigotions on the Aboriginol, of which only those

deoling with croniology will be discussed. Contributions previously

meniioned ore the works of CAMPBELL ond HACKETT (1927), JONES

(1929, l93l) ond CAMPBELL, GRAY ond HACKETT (l 936o, 193ób).

Most reseorch come to o stondstill duríng World WqrTf , but the Adeloide

School hos been octive ever since. A short summory of iheir writings

fol I ow.

Abbíe (1947) meosured 50 mole ond 50 femole crqnio in o study

of heqd morphology reloted to evolution, rociol chorocterístics, heredity

ond environment. He since hos discussed the closure of the croniol

sutures in the Aboriginol skull (ABBIE 1950). More recent publicotions
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deqlt with the selection of reference points qnd lines for use in comporotive

cronìometry (ABBIE 193ód, 193ób).

Over the lqst decode, Murphy hos investigofed severol ospecfs

of the Austrolion skull (MURPHY 1955, 1956, 1957o, ond 1957b) ond hos

described the pofferns of Aboriginol tooth ottrition ond femporomondibulqr

ioint function (MURPHY l9ó5). BROWN (1967), studying 100 mqle

specimens from fhe South Austrolion Museum hqs used both croniometry

ond cepholometry in o multivoriote onolysis of the Aboriginol skull.

ln oddition, Abbie hos published mony reports on the Aboriginol

using doto derived from o series of field expeditions to vorious ports of

the Ausfrolion confinent (ABBIE l9ó3c, 1966). Croniofqciol doto wos

presenfed os port of reports descrìbing the metric ond non-metric

chorocfers of the Woilbri (ABBIE ond ADEY 1955, ond ABBIE 1957).

Physicol chonges in Aboriginols following conïoct with Europeon

environments (ABBIE l9ó0) ond the potterns of physicol growfh in three

tribql groups (ABBIE l9ólo) hove been sfudied. Croniometrîc observotions

were reporfed in these publicotions. ABBIE (19ólb) hos olso listed

meon vqlues for croniometric vqriobles meosured on Aboriginols in the

southern coostql regions, the centrol desert, ond the northern coosfol

oreo.

CEPHALOMETRICS

Prior to the 20th centuryr croniology wos olmost exclusively

in the domoin of the onlhropologisfs. ln fhe eorly 1900's, however,
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orthodontists begon relofing molocclusions to the foce os o whole.

Since the work of VAN LOONI (19.l5) ond SIMON (1922), orthodontic

reseorch hos been bound closely to the sfudy of the foce.

Following the discovery of X-rodiqtion ond the developmenf

of techniques for ìts use, inlrqcroniol relotionships could be studied

in living subiects. Two independenf investigotors, BROADBENT (.l931)

ond HOFRATH (1931), simultoneously published improved techniques

which permitted the procticol use of X-roys for such invesfigotions.

Si nce i ts i ntorduction, roentgenogrophi c cephol onretry hos remoi ned

olmost entirely in the reolm of the orthodontist where it hos q most

direct opplicotion in the diognosis of molocclusions onC in fociol

growth reseorch .

Severol excellent publicotions ond reviews of cepholometric

roentgenogrophy hove odequotely documented the history ond techniques

of this fielcl, includins those by DOWNS (1952), g¡ånf 0954),

GRABER (1954), SVED (1954), KROGMAN ond SASSOUN I (1957),

SALZMANN (19ól), SCOTT (19ó3o) ond ALLEN (19ó3). Remorks

in this pqper shqll be restricted to cepholometric reseqrch performed

on the Austrolion Aborigincl .

The first opplicotion of roentgenogrophic cepholometry in

Aboriginol studies wos by CRAVEN (1958). Anolysing loferol heod

roentgenograms obtqïned from o group of 5ó notives from Hoost Bluff,

Norfhern Territory, by HEATH (1947), he defermined meon volues,

sex differences qnd oge chonges for mony croniofociol voriobles. The
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investigofiorl wos limited by the mixed tribol origin of the subiecfs ond

the wide distribufion of oges included in eoch group. However, some

interesting comporísons were mode with fhe Swedes qnd Bontus using

Bibrk's ond Down's Anolyses. lt was quite obvious thot the Aboriginol

possessed o greoter olveoÍor prognothism thon either of the ofher groups.

Furthermore, in controst to.the other ethnic groups, the olveolor prognofhism

of the Aboriginol oppeored to increose with oge.

A long-term field study of o group of Austrolïon Aboriginols

belonging to the Woilbri fribe hqs provided cepholometric doto from

stqndordized loterol heod roentgenogroms since l9ól (BARRETT, BROWN

ond FANNING 1965). Croniofociol voriations in young odult members

of the tribe were reported in severol investigotÍons. Utilizíng Bibrk's

onolysis, BARRETT, BROWN ond MACDONALD (19ó3o) restricted their

observotions to the onolysís of focíol prognothism ond outlined ihe

experimentol errors involved in the use of roentgenogroms to derive

índirecf skull meosurements. Comporisons were mode wiih ofher ethnic

groups. The most striking chorocteristic of the Wqilbri moteriol wos

the morked of veolor prominence, o finding similor to thot reported

by CRAVEN (1e58).

More generol ospects of croniofociol morphology were investigoted

by BROWN ond BARRETT (.l9ó4) who reported sex differences in meon

volues ond vorionces. Correlotion coefficients showed o low to moderofe

relotionshíp between some fociol voriobles. Howevett very few of the

coefficients were hígh. BROWN (.l9ó5) employing correlqtion ond
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regression onolysis gove o more detoiled occor.rnf of voriotions in fociol

prognothism in relotion to crqniol bose morphology qnd the size ond

shope of other dentofociql sfrucfures -

Cepholometric investigotions of the Woilbri were initiolly

concerned wifh croniofociol morphology in oclulfs, buf with mofurqtion

of this field sfudy sufficient numbers of records hove occumulqted to

permit preliminory study of younger oge groups. GRESI1AM, BROWN

ond BARRETT ('l9ó5) hove compqred the fqcìql choi'octers in Ausfrolion

Aboriginol children wilh those of children from Melbourne, New

Zeolond ond Norih Americo.

The odvent of modern computer technology hos permifted more

sophisÌicoted onolyses fo be underfoken. Multivqriote technìques hove

been opplied to cepholometric doto to illustrote lhe use of foctor

onolysis (BROWN, BARRETT ond DARROCH l9ó5a) ond to moke

foctoriol comporisons between ethnic groups (BROWN, BARRETT ond

DARROCH l9ó5b). Bofh croniometry ond roentgenogrophic cepholometry

were employed in q multivqriofe onolysis of fhe cronÌofociol morphology

of Aboriginol skulls doting from fhe period prior to Europeon setÌlement

of Austrolio (BROWN 1967). As o port of the present invesligotion,

techniques were developed to utilize q method of coordinofe onolysis

(BARRETT, BROWN ond MCNULTY 19ófo, qnd MCNULTY, BROWN qnd

BARRETT l9ó8).
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GENER,AL GROWTI.I STUDIES OF THE FACE

Croniologic reseorch on the Ausfrolion AborigÌnol hos been

quite extensive os evidenced by the preceding references. However,

longitudinol dolo concernïng the growth ond developmenr of the foce

in this ethníc group hos yet to be reported. ln their cross-secfionql

studies, cRAVEN (.l958) ond GRESHAM, BRowN ond BARRETT (t9ó5)

hove provided the only comporisons qvoilqble between two Aboriginol

oge groups.

Crqven seporoted his moferiol into young ond odolescent oge

groups ond drew comporisons belween them. The younger group hod

q meon oge of 7.5, with o ronge from 4 to ll yeors, whileihe

odolescents meon age wqs opproxÌmofely l5 yeors ronging from l2

yeors to young odults (obout 20 yeors). He showed thof growth chonges

in the Austrolion Aboriginol fociol profile were, in fhe moin, similqr

to those of oiher ethnic groups. ln porticulor, bofh olveolor.qnd bosal

prognothism increqsed with oge, more so in the mondible thon in the

moxillq. Greshom ond co-workers compored mec¡n vqlues obtoined

from o group or 7 b 9 yeor old Aboriginol children with fhose reported

for odult members of the some fribe (BRoWN I9ó5). The results were

similor to those of Croven's but there wc¡s no oÌfempt fo correlofe the

two studies becouse the subiects were from different fribql origìns ond

fhe oge ond sex distributions dïd not correspond.

while tl"rere hos been q poucity of investigofions on growth of

the Austrqlion Aboriginol foce, the literoture obounds with studies



ll.

on the growth of the croniofociol region in other ethnic groups.

Excellent reviews on this subiecl ore reodily ovo!loble (KRoGMAN

l95lo, TANNER 1955, BAUME l9ó1, SCOTT l9ó3o, HAATAJA l9ó3,

MOSS 1964, and HAUTVAST 1967).

An qciive field of moderndoy reseorch hos been the sfudy of

mechonisms of growth of the skull. Concepts in fhis oreo qre still

in flux ond the literqture contoins mony conlrodictions. However,

o brief ouflìne of the subiecr would seem qPproprioie.

The growth of the cronium hos long been considered to represenf

o neurql growfh pottern while fhe foce exhibits o viserol poftern of

srowth (WATERY 1933, NANDA 1955, snd TANNER 1955). BRODIE

(lg4l), however, regorded both growth of the fqce qnd cronium os neurql

in pottern.

The crqnium cqn increose in size by three methods: growth by

superficiol bone deposition; growth ot the sutures; ond trqnsformofion

of cqrriloge into bone. HUNTER (1771) qnd BRASH (1924) believed

thqt the crqnium undergoes opposilionol growfh on the oufer bony surfoces

ond resorpfîon on Ìhe inner surfoce of the cronium. The moiorify of

growth provicling enlorgemenf of the cronium qs o whole hqs been held,

however, to be cqused by suturql growth(SCOTT 1948, SICHER 1949,

MASSLf R qnd SCHOUR I95l ond BAER 1954). The croniql bose increoses

in size inoinly by cortilogenous growth (SICHER 1947, lr949 ond SCOTT

1953o, 1958a) ond ceoses with closur,e of the spheno-occipitol syncondrosis
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Upper fqciql growth is o combinotion of suturol ond opposiiionol elements

(SCOTT 1953b, 195ó) while the mondible begins with cortilogenous growth,

with loter incremenfs being shored by oppositionol ond resorptive vectors

olong with specific growth centers of cortilogenous ocfivity (SICHER 1947,

te4e).

lnsighf info the complex processes reguloting the growth of the

skull did not penetrote very for beyond whqt HUNTER (1771) hod pointed

out until KEITH ond CAMPION (1922) ond BRASH (1934) ottempted to

determine whol they colled "mechqnisms of growth". WEINMANN

ond SICHER (1955, 1964) believed the proliferoting inlersuturql connective

tissue wos of essenfiol importonce for growth of the skull ollowing fhof

cortilogenous growth in the syncondroses ond condylor cortiloge of the

mondible hqd o similor imporfonce. SCOTT (1948, 1953o, 1953b, 1954,

1955, 1956, 1957, l95Bb, 1962 ond l9ó3b) ploced q much greorer emphosis

on cortilogenous growth wifh suturol growth relegoted to o secondory,

more odoptive significonce. Moss ond co-workers, developing fhe

fheory of functionol crqniol componenfs origÌnolly puf forth by VAN DER

KLAAUW (1946), hold to the concept fhqt if is the growth of the soft

tissues, or "funcf ionol moÌrìces", which mqkes the croniol bones spreod

with both sufurol qnd cortilogenous growth being odoptive in nqfure

(MOSS l9ó0, 1962, l9ó4, MOSS ond YOUNG 1960).

While there moy be debqtes concernîng the impetus fo, ond

mechqnisms of, growth in locqlized oreos of the skull, it is generolly
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hef d thot over the entire period of growth the crqniol bones undergo

locol modificotions os o resulf of differentiol deposition ond resorptive

processes. Recently, Enlow ond co-workers hove mode o detoíled study

of the potferns by which this hoppens in the fociol skelefon (ENLow

1962, 1963, 1966, ENLOW ond HARRI S 1964, ENLOW ond BANG

1965, ENLOW ond HUNTER l9óó).

It would be ímprocticol to completely review the extensive

lïteroture on dimensionol growth of the croniofocîol complex, ond

therefore, comment is restricted to cepholometric investigotions.

BROADBENT's (1937) clossic work "The Fqce of the Normor

ch¡ld" followed his introductory investigotion ínto the development of

cepholometric techniques by six yeors (BROADBENT r93r). His

moteriol consisted of 50 9írls between the oges of 3 ond lB ond 50

boys between the oges of 3 ond 12yeors. He concluded thot the foce

continues to grow downwqrd ond forwqrd untíl odulthood is reoched

except for poJion qnd the condyle of the mqndible which grow downword

ond distolly.

BRODIE (1941) corried out the first longitudinol roetenogrophic

study on 2l boys between-3 months ond 8 years, observing thof the

growth of the cronium ís extremely steody. He expressed the view thot

the morphogenetíc potfern of the skull wos determined ín the third month

of lïfe, or even before this fime. ln o loter publícotion (BRoDlE .l953)

he presented dqto covering the period between I ond 17 yeors; ogoin

confirming thot the individuol pottern wos foirly consfont.
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ln 1947 gJöRK published his celebroted work "The Foce in

Profile" in which he invesfigofed prognothism in l2 yeor old boys

ond 20 to 2l year old militory conscripts. Comporing doÌo from fhe

fwo groups he observed o stroightening of the fociol profile with

increosed oge which he ottributed to o proportionolly greofer increose

of mqndìbulor prognothism over fhqt of moxillory prognqfhism .

GANS qnd SARNAT (1951) investigofed fociol growih in monkeys

by meons of insertirrg omolgom implonts on eoch side of five croniofociol

sutures. LEVINE (1940) hod previously used this technique, on fhree

crqniql sufures, combined with vifol stoining in on efforf to study

crqniol growth of the rqbbit. lnfroducing o voriotion of the method to

humon fociol growth reseorch by implonting vitollium pellels qs fixed

reference points in ihe fociol bones of subiects, g.Jönf (1955) observed

chonges in position of the bony outline of the mondible ond fhe erupting

dentifion in relqtion to fhese fixed reference poìnts over o fwo yeor

period. He presented trqcings of loterol cephologroms r."uuol¡ng the

poth of eruplïon of the dentition ond the direcfion qnd omount of bony

growth. Using the some method, odditionql dofo hos been published

(glönf l9ó3) on c prelimÌnory investigotion of rhe growth of the

mondible in 45 Dqnish boys.

ln o semi-longifudinol study on boys befween 3 ond l8 yeors

of oge, LANDE (1952) concurred with Biårk's 1947 findings, noting

thqt fhe convexity of the foce neorly olwoys decreosed qnd thqt ofter

oge 7 mondibulqr prognothism tended to increose.



15.

NANDA (1955, 195é) published the results of o longitudinql

investigotion on o group of l0 boys ond 5 girls ronging between 4 ond

20 yeors of oge, ond observed fhot growth of the fqciql dimensions tended

to porollel thqt of the skelefol sys tem in generol except for the sellq-nosion

dimension which followed q neurol growlh pottern. He qlso nofed lhof

fociol growth tended to reoch its mqximum slightly loter thon the

circumpuberol spurt in stof ure .

Meredith, in coniunction wilh q number of co-workers, hos

been very prolific in this field. POTTER ond MEREDITH (1948)

investigoted the reliobility of onlhropometric ond roentgenogrophic studies,

observing thot bofh gove similor results wilh the source of error vorying

from foulfy proiection in obtoining roentgenogrqms to mobility ond

thickness of soft tissues when tolcing onthropomefric meosuremerlfs.

MEREDITH, KNOX, ond HIXON (1958) corried out q longitudinol

investigolion on 27 boys ond 28 girls between 4 ond 12yeors of oge,

ond concluded thot the index befween nosol height and subnosol height

increosed with cge in both sexes. MEREDITH (19ó0) investigoted chonges

in the fociql proportions with differenf indices ond the correlotion between

growth increments of the different fqciol dÌmensions (MEREDIIH 1962).

MEREDITH ond CHADHA (1962) studies chonges in hecC height during

childhood ond odolescence .

Koski hos odded to knowledge in the field, corrying out studies

of the growth of the upper foce ond the bose of the skull (KOSKI l9ó0),
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ond growfh changes in the relotion befween the bqse of the skull ond the

polote (KOSKI l9ól).

BAMBHA (19ól), during q semì-longitudinol reseorch proiect,

investigofed 25 moles ond 25 femoles from I monfh to 30 yeqrs. His

findings confirmed those of Nondo (1955, 11956), but in oddition to the

circumpuberol growl'h spurt, Bombho olso observed in most individuals

o distinct childhood growth spurt between ó ond 7 yeqrs. ln l9ó3

BAMBHA qnd VAN NATTA published o longitudinol study on22boys

ond 28 girls between 9 yeors 9 months ond l7 yeors 9 monfhs. Correloling

skeletol moturol'ion wìth fociol g rowth in the sellc-gnothion dimension

during oclolescence, they showed thot eorly skeletol moturers tended to

hove on eorly odolescent fociql growth spurt while lqte mqturers hc¡d

q lqte fociol growlh spurt. The lorge middle grouP however showed q

greot omount of vqriotion.

HUNTER (1966) studied the correlotion between body height

qnd fociol growÌh in 25 moles ond 34 femoles fromT yuo" th'u

odotescence. He observed o relotively high correlotion between

increose in body height ond mqndibulor lengthening during the

circumpuberol growth periòd. Hovyever, controry to previous invesfigotions,

Hunfer's findings showed only 29 per cent of his subiects with moxìmql

fociol growth ofter reoching their mqximol increose in body height.

Moximql fqciol growth coincided with the circumpuberol spurt in body

height in 57 per cent of his subiects whereos os in 14 per cent of the
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group siudied it occurred before.

BERGERSEN (19óó), using the intersecÌion point method of

onolysis described by him five yeors eqrlier (BERGERSEN l9ól),

sfudied fhe growth movements of seven fqciol londmqrl<s in o semi-

longitudinol study on 30 mole subiects, oged I to 30 yeors, qnd 30

femole subiecfs, oged I to 23 yeors. While upper fociol londmorks

mÌgroted generolly in o slroighf line poltern, the mqndible proceeded

Ín o wove-like monner. This deviotion from ihe stroight line poftern

occurred during exfoliqtion of deciduous ond eruption of permonent

incisors when the direcfion of growth qt menfon beccme more horizonfol .'

Once the permonent incisors hod erupted the growth trend ogoin reverled

to its originol direcfion, moïntoining il until odulthood.

Over the lqsf decode severol invesf igotions were underfqken

to study the relqtionship between the soft tissue contour ond the underlying

skeletql profile (BURSTONE 1958, NEGER I959, SUBTELNY 1959, 196'',

ond SUBTELNY ond SAKUDA 1966). Observotions were mode thot some

porfs of the soft tissue profile do not necessorily follow the underlying

fociql skeleton closely ond thot there is consideroble vqriofion befween

individuols.

ln 1967 POSEN presented o longitudinol sfudy of growth of

the nose using o somple of 15 boys ond 15 girls for whom records were

qvoilobf e from 3 months to l8 yeors of oge. He found thot boys showed

lorger nosol component dimensions fhql did girls, whereqs girls oppeored
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to moture more ropidly thon did boys. A stroightening or humping of

the nosol dorsum usuolly occurred qfter l4 yeors since the nose tip did

not grow forword to the some extenf os did Ìhe nqsol bones offer this

oge.

LEVIHN (19ó7) hos provided doto in o heretofore unovoilqble

oreq in his cross-sectionol sfudy of the crqniofociol complex in fetuses

from l2 weeks to bìrfh. He found thql the rotes ond proportions of

growth in utero ore different from postnotol growth. Also, thot the

moximum rqte of growth during feiol life, ond for fhof mqfter of ony

time during life, wqs in the fourfh ond fifth lunor months.

SUMMARY

The literqture review troced the developmenf of cepholometric

fechniques qnd outlined selecled studies mode on skulls ond living

subiects of different efhnic groups. Greot impefus for fhis type of

investigotion wos provided by the development of improved techniques

in roenlgenogrophic cepholomelry. Mefric qnd non-mefric chorocters

of the Ausfrqlion Aboriginol skull hove been reporled extensively.

However, only in recent yeqrs hos it become feosible to study fhe

living Aboriginol in the field with cepholometric equipment. ln

cross-sectionql studies, CRAVEN (1958) ond GRESHAM, BROWN qnd

BARRETT (19ó5) hove published the only comporisons betv¿een two

Aboriginol oge groups. Moturqtion of o long-term cepholometric

investigotion of the Woilbri tribe in Centrol Ausfrolio (BARRETT,
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BROWN qnd FANNING l9ó5) provided sufficient doto for o longitidinol

investigotion of this group of Aboriginols to be underÌoken. The presenf

investigofion hos been designed to present on extensive report on growth

chonges occurring in the dentofociol complex of o group of Centrol Austroliqn

Aboriginol children during their period of growth ond development.
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CHAPTER 2 - MATERIAL AND METHODS

MATERIAL

Recordings were obtoined from trocings of 390 sfondordized

loterol heod roentgenogrophs of Centrol Austrolion Aborigino[s ronging

in oge from childhood to young odulthood. Both femoles qnd mof es

were of pure AborigÍnol oncestry so for os could be oicertoîned.

The Aboriginols studied, though sometimes referred to qs the

Ngolio, belong to the Woîlbri tribe. Severol other olternotive nornes

for this porticulor group hove been listed by TINDALE (.l940). Prior

ro 1946 they lived under primitTve fribol condítions hoving only rore

contoct with Europeon-orientoied society. Since thot time however,

the tribe ho, 
"ongr"goted 

ot Yuendumu Settlement sifuofed 185 miles

north-west of Alice Springs in the Northern Territory of Ausfrolio.

Culturolly the Woilbri ore troditionolly orienoled, ond

economicolly ot on eorly stoge of trqnsifion from o simple food

gothering qnd huntîng l-lpe of socîety fo the odoption of o Europeon

woy of life. ln their methods of food preporotîon ond eoting hobits,

the group is ot o stoge intermediole between bush notives ond the

completely detribqlized nqtives of the ciiÍes ond fowns. The

populotíon of the settlement, beíng geogrophicolly isoloted,

provides o unique opportunity of studying o group of z\,boriginols

which hos not yet been influenced to ony greot extent by Europeon culture
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TINDALE (T953) ottested to the i'elotívely homogeneous mokeup

of this group when compored wíth other populofions, reporting thot of

o totol of lóó morrioges, only l3 (8 per cent) of them were with members

of other tribes. Although severol Pintubi tribesmen live ot the settlement

only records from known members of the Woilbri tribe were occepted for

thís investígotion ín order fo preserve the homogeneÏty of the somple.

PREVIOUS STUDIES ON THE WAILBRI

Aspects of the generol onthropology of the Wqilbrí hove been

published by CAPELL (1952), ABBIE ond ADEY (1953o, 1953b, 1955),

SIMMONS. GRAYDON qnd SEMPLE (1954), CLELAND ond TINDALE

(1953), POtDEVIN (1957), SCHULTZ (1958), ABBIE (1957, 1961o,

1961b, 1963c ond 1966), qnd À4EGGITT (1962). Investigotions by

members of the Deportment of Dentol Science, Universify of Adeloide

deoling more specif Ícolly with the dentol ond crsniofqciql chcrocteristics

of the tribe hove beer, underfoken since l95l ond hove recently been

comprehensively reviewed (BARRETT, BROWN cnd FANNING l9ó5).

The environmentol conditions of the Woilbri, porticulorly

their food ond wqler supplies, tooth customs ond beliefs hove been

reported by CAMPBELL ond BARRETT (1953), CAMPBELL, SIMPSON,

CORNELL ond BARRETT (1954), CRAN (.I955) ond BARRETT (195óo,

1964). The mosticotory function of the notives of Yuendumu hos been

described in o film (BARRETT 
.l959b) 

ond discussed in relotion to dentol

occlusion (BEYRON 1967). Orol conditions in the'fribe hove been



22.

investigoted, porticulor ottenfion being gÎven to the gingivo (CRAN

1955, 1957), dief ond dentol cories (CRAN 1959, l9ó0o), histology

of the teeth (CRAN l9ó0b), orol microbiology (CRAN 1964), orol

pigmentotion ond orol diseose (READE 1962, 1964).

In oo'dition, tooth morphology ond dentol occlusion hove been

studied, with emphosis on the metric chorocfers of the pertnonent ond

deciduous dentítions (BARRETT, BROWN ond MACDONALD 1963b,

BARRETT, BROWN ond LUKE l9ó3 ond BARRETT, BROWN, ARATO ond

OZOLS 1964), non-metríc chorocters of the permonent dentition

(CUUSK, BARRETT ond BROWI'{ l9óB), the size ond shope of the

dentol orches (BARRETT, BROWN ond MACDONALD 1965), the potterns

of tooth oftrition (BARRETT 1953o, l9ó0), functionol tooth occlusion

(BARRETT 1953b, 1957b, 1958) ond sequence of tooth erupfion (BARRETT

1957o, BARRETT, BROWN ond CELLIER 1964, ond BARRETT, BROWN

ond MCNULTY l9ó8b). Also, the genetìc bosis of deciduous crown

voríotion is now under investígotion (KUUSK l9óB).

The introduction of cepholometric roentgenogrophy of the Woilbri

in l9ól hos permitied investÌgolïon of their croniofociol morphology

ond growth ond developÅent. lnitiol investigotÎons hove been

cross-sectionol in notuie, being limited to the young odult populotion.

Porticulor oftention hos been devoted to prognothism (BARRETT, BROWN

ond MACDONALD 1963a, BROWN ond BARRETT 1964, ond BROWN

1965), the use of foctor onolysis (BROWN, BARRETT qnd DARROCH
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1965ø, I9ó5b), ond the utilizotion of coordinote qrìqlysis (BARRETT,

BROWN ond MCNULTY 1968o, qnd MCNULTY, BARRËTT qnd BROWN

l9óB). Accumulotion of moferiql in the younger oge groups hos

permitted croniofociol comporisons witlr whìte Austrolions qnd North

Americqn children (GRESItAM, BROWN qnd BARRETT l9ó5).

ASSESSMENT OF DENTAL AGE

Neorly oll physicol growth sl'ondqrds hove been derived from

overoges token from lorge numbers of children exomined of differenf

chronologic oges. During recent yeors however, it hqs been suggesfed

thot growth stondqrds derived from children of similor physìcol moturiTy

would provide more exocfing norms thon lhose bosed on chronologic

ose. (KROGMAN l95lb, TANNER 1955, 1961, BAYLEY 1956,

GRANT ond WADSWORTH 1959, HORDIJK l9ó1, MOORREES l9óó,

ond HAUTVAST 1967).

Developmentol oge or physiologicol mofurify is nof o new concept.

CHAMPTON (1908) first introduced the ideo under the nqme of

physiologicol oge. Toking the oppeorqnce of pubic hoir on the onsel

of mole pubescence, he colculoted physiologicol oge os fhe number of

yeors post or before this everrt. At presenf, there ore four different

systems whîch cqn be employed in ossessìng o developmentol rather

thqn o chronologic oge for o growing child. They ore skelelol cAe,

secondory sex chorocfer oge, morphologîcql or shope oge (size, height,

weighf, etc.), ond denïol oge. The lotter systetn wos the methd of
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choice in this invesfigotion.

Dentol oge, bosed on ihe eruption time of the teeth, requires

only o brief visuol exqminoiion to ossess the subiect's dentol moturity.

Growih of the dentifion is întimoÌely ossocioted with the overoll growth

ond development of the croniofociof complex. Assessment of denfol

moturity is probobly o more useful meosure of the progress of growth in

the croníofocîol oreo fhon ony of the other merhods of meosuring

physiologícol oge. The use of stoges of eruption in the permonent

dentítion offers o further odvontoge in fhot these londmorks of

mqlurotion oppeor during fhe criticol growth periods of pre-odolescence

ond eorly odolescence. Skeletol developmenf becomes rother quiescent

in the I to 9 yeor ronge in girls ond the I O to I 2 yeor rqnge in boys

(TANNER 1964) ond thus is less sensitive os o mecrsure of moturity ot

this criticol stoge of fociol development. ln coniuncfion wirh the

long-term obiectives of the overoll investígotion (BARRETT, BROWN

ond FANNING l9ó5), yeorly meosurements of height ond weight hqve

been obtoined olong with roentgenogroms. Futr,rre reports will ossess

the correlqtíon between morphologicol, skeletol ond denfol oge.

HELLMAN (1923) commented thot, "the process of dentilion

is o physiologic monifestotion of growfh ond is subservient to its

voriotions în rote, occelerotion ond retordotion.'r Dentol mofurify

stqndords serve to clossify individuols occording to their developmentol

moturíty, ond consequently elimÍnote some of the voriotion in results

observed when eorly ond lote mqturers ore grouped together occording
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to chronologic oge criferio.

Dental cge hos been esfimoted by vsrious methods, generolly

bqsed on the eruplion fime of fhe teefh. MAT'IEGKA (1921) estoblished

overoge times of eruption on the bosis of fhe oppeoronce in the mouth

of one Ìo four teeth of ony type of tooth. He then colculoied fhe dentql

oge of o child by counting oll the permonenf teeÌL¡ of eoch type thot

hqd not yet reoched the full number of four ond determined from his

tqbles the oge ot which eoch of these condifions should be reoched.

He did the some for the tooth closs thot hqd most recently ochieved

its full complement of four. The denfsl oge of the individuol wos

determined by colculoting the overoge of these oges.

CATTELL (1928) noted fhot on obnormql erupfion sequence could

result in o lowering of o child's previous dentol oge if Motiegko's

method wos employed. Thus she counted the number of erupted teeth

ond delermined from tobles of meqn vqlues the meon oge corresponding

to this number. STEGGARDA (l 945) colculoted the orifhm"r," r.n"on

from the qveroge times of eruption of those teeih thof emerged between

onnuol exominotions. According to him, the denfol oge, eslimoted

solely on the number of erupfed teeih, provides qn qssessment of the

stoge of dentol developmenï os occurote qs more lqborious methods.

Meqns ond stondord deviotions of the time of eruption of eoch

tooth hove been derived from dqto by inspecfionol methods (HURME

1948, 1949); by fitting o normol curye to fhe cumulolive ìncidence
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curve (KLElN, PALMER ond KRAMER 1937); ond by probit tronsformofion

(CLEMENTS, DAVIES-THOMAS qnd PICKETT 
.l953 

ond DAHLBERG ond

MENEGAZ-BOCK 1958). KIHLBERG ond KOSKI (1954) found o norrnol

distrïbution present when using the logorithms of the oges of eruption,

wifh conceplion os the zero point of oge. HAYES ond MANTEL (1958)

employing CORNFIELD ond MANTEL'S (1950) cdopfotion of Korber's

method found thot this simpler teclrnique yielded similor results to the

moximum likelihood methods (i.e.: probit onolysis) ond recommended

ifs use whenever eruption doto odequotely covered the ronge from

zero Io 100 per cent erupted. They olso exomined lcgorithmic ond

qrifhmetic normolìty in distribution of the oges of eruption finding

both ossumptions opporenfly reosonoble ond thqf neither method wos

more qppropriote.

One should note thqt the qforementioned works hove used

eruption of the footh into the orol covify os their criferio for dentol

oge. ln recent yeqrs, observotion of the colcificotion of the developing

tooth hos provided q new ond exciting opprooch in estimotion of dentol

qge. Fonning, Moorrees, Gorn ond ofhers hqve token loterol iow

roenfgenogrqms ond oscerfoìned the stoge of development of bofh

unerupfed feefh qnd fhose whích hove erupted buf hqve not fully

completed their root structure, GLEISER ond HUNT (1955) showed

o hîgh correlotion between body heighf qnd the colcification of the

third mofqrs. GARN, LEWIS ond POLACHECK (.l958, 1959) sludied
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the vqriobility of tooth formoÌion ond LEWIS ond GARN (19ó0) reporfed

on the relotionshìp between tooth formofion ond other moluroiionol foctors.

FANNING (.l9ól) published o longitudinol sfudy of footh forrnolion qnd

root resorpfion ond MOORREES (1959) onolysed the denfition of the

grow¡ng child from 3 to 18 yeqrs of oge

One of the chorocïerìstics of using erupfion sfoÌus os o criterion

of physiologic moturity is fhot il permits the investigotor to divide his

mqteriol into severol phoses of levels of developmenl. MOORREES

(19óó) reloted the chonge in dimension of dentol orches lo the eruption

of the permonent teeth. He nofed thot lhe increqse in orch dimension

hod o definite spuri-quiescent rhyfhm which coìncided with the eruption

of the incisors in the first incidence of ropid increose in dimension ond

the conines ond premolors in the lqtter ropid dimensionol increose.

Bìrth records hqve only been [<ept ot fhe settlement since 1951,

thus chronologic oge could not be used os o crilerion for grouping the

subiects'of fhis study. The older Aboriginols,lhot is lhose over l5 yeqrs

of oge, ond ony newcomers who were born in the bush could only hove

their oge estimoted " HELLMAN (1922), fqced with o similor lock of

chronologìc oge doto while studying o collection of North Americsn

lndion skulls, derived q clossificotion formuloted on the moior stoges

of dentol development. These cotegories, slightly modified ond used

by BARRETT (1953o) ore seen in Toble l.

subsequenf invesfigorions by BARRETT (1957o) ond BARRETT,
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TABLE I

Criterio odopted for oge-gr:ouping subiects

Age Group Dentol Criterio

Deciduous dentition lnfont

Mixed Dentition Juvenile

Permonent second molors Adolescent
erupted

Third Molors erupled Adult

Approximote
Description Age in Yeors

0-5

6-12

l3-18

l9-29

Mqture Adult 30-49

Aged 50 ond over

A

B

c

D

E

F
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BROWN qnd CELLIER (19ó4) on the timing ond sequence of tooth eruption

in Aboriginol deciduous qnd permonent denfitions provided informof ion

permitting further subdivision of the denfol oge group cotegories. As

o point of deporlure, Borretl's odoptotion of Hellmon's criterio of dentol

oge wos ossessed ond enlorged upon in order to provide os comprehensive

o division of eruption sequence os possible, especiolly during the period

of mixed deniilion with ìts ossocïofed ropid growth of the dentol orches.

Cqre wos olso token to prevent ony possibility of qn indïviduol being

clossified in more thon one of the groups deliniqted; o situotion which

could occur if using previously reported deloiled clqssificotions (HELLMAN

1935 ond BJbRK, KREBS ond SOLOW 1964).

During developmenf qnd festing of the clossificqtion, observotions

were mqde on fhe entire collection of 1206 cqsts obtoined from 4ll

subiects who hove been exomined during the sixteen yeors thqt these

field surveys hove been underfoken. Actuol oges were unknown except

for children born ct the seftlemenl in recent yeors.

The estimofion of oge in children wos occomplished chiefly by

exominotion of the teeth erupfed into lhe mouth. Observotion of

the differentiol otfrition of the molqrs of young odults ond odults

provided qn esfimolion of their physiologÌc molurity. Hospifol records,

fqmiliql history ond generol physicol developmenf were olso employed

os o guîde in determining the cge of fhese subiects.

Gingivol emergence wos used os fhe criterion of "eruption" .
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Therefore, q footh wos considered "erupÌed" when ony portion of the

crown, however smoll, hod penetroted the gingivoe. ln order to

prevenf qny errors in clossificotion, o simple yes/no criterion wos

evolved to provide os complete coverqge of the developmenfol phoses

of the dentition os possÌble without ony overlopping of the grouPs

delinioted. Costs of oll the subiects were exqmined independently

by fwo investigotors on seporote occosions. Any observotions which dicl

not coincide were re-exomined by both invesfigofors before finol

clossificotion.

Clossificotion

Denfol development moy be divided into fourteen sfoges* os

defined by toofh eruption sfotus.

Decîduous Dentition

This period of dentol development commences prior to the

gingivol emergence of the deciduous denfition ond is completed with

the oftoinmenf of the full complemenf of 20 deciduous teefh. A

quiescent period then follows ofter qltoinmenf of occlusol contocl

by the deciduous dentition.

* The clqssificoÌion originolly evolved contoined severql stoges

which were dependenf on alfoinmenf of occlusol contocl by differenf
sets of teeth. However, during exominotion of the costs it wqs often
found most difficult to moke o positive iudgement os to whether or
nol occlusol contocf wos present in o percenfoge of the cqses. The
problem wos most nofoble on moking q decision on ihe orrivql of occlusol
contqcf by the permonent moxîllory incîsors ond/or cqnines. Therefore,
cotegorïes demonding qttoinment of occlusol contoct were deleted
from the clossificotion .
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lnfqnt Stoge I The period prior to the emergence of the

first deciduous tooth.

Sloge 2 - Commences with the emergence of the

first deciduous toofh

Stoge 3 - Commences with the emergence of the

deciduous second molars

Stoge 4 - Commences wÌth the emergence of the

lqst deciduous toofh .

Mixed Dentifion

This period of dentol developmenf commences with the emergence

of the first permonent foofh ond is complefed with the first loss by

exfoliotion of o deciduous conine or molor.

During the first phose of the mixed clentition, fhe permonent

first molqrs ore emerging or hqve reoched occlusol confoct qnd the

decÌduous incisors ore being reploced or hove been reploced by their

permonenf successors. Two sfoges con be dÌstinguished within this

first phose of the mixed dentifìon; on eorly ocfive sloge when teefh

ore emerging, ond o quiescent stoge ofter the ottoinment of occlusol

contqct by the permonent first molqrs ond fhe incisors.

Eorly Juvenile Stoge I - Commences with the emergence of

the firsf permonent tooth.

Stoge 2 - Commences wilh fhe emergence of

the permonent mqxillory centrol

incisors.
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Stqge 3 - Commences with the ernergence of

the permonent moxillcrry loterol

incisors .

The second phose of the mixed dentition commences with the firsf

loss by exfoliotion of o deciduous conine or molor ond is completed when

the lost deciduous tooth hos been exfoliqted. During this period of dentol

developmenf , the deciduous conines ond deciduous first ond second molors

ore being reploced by their permonenl successors qnd the permonenl second

molors ore emergïng. Olring to ihe wise voriofion in eruption sequence

only fwo stoges con be dîstinguished within this second phose of the mixed

dentifion.

Lote Juvenìle Stoge I - Commences with the exfoliotion

of o deciduous conine or molor.

Stoge 2 - Commences wifh fhe emergence of

the moxillory second premolors.

Adolescent Dentïtion

This period of dentql developmenf commences wifh the loss by

exfoliolion of the Iqst deciduous tooth ond is completed with the

emergence of the fhird molors. There is o brief period of quiescence

during this sÌoge when oll the teeth of the odolescenf denlìtion hove

ottoined occlusol contoct.

Adolescent Sfoge - Commences with the exfoliotion of the

losf deciduous tooth.
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Adult Dentition

This period of dentql development commences with the emergence

of the third molors ond is completed with the qttoinmenf of occlusol contoct

of the complefe permonenf dentition.

Adult Stqqe I - Commences wifh the emergence of the third

molors.

Stoge 2 - Commences wiÌh the oftoinment of occlusol

contoct by oll fhe teeth of the permonent

denf ition.

SELECTION OF SUBJECTS

At the commencement of this invesligotion there wos ovoiloble

for study o tofql of 502 sets of cepholomefric records on224' subiects.

ln order to moke full use of the moteriol ot hond, o semì-longitudinol

technique of se!ection of the subiects wos employed. ln this cqse ony

individuol with multiple cepholometric records could be represented in

successive dentol qge groups but not repeofed within the some oge

group. There were l03 individuols with multiple records copoble of

being represented in two or more dentol oge groups. As o result, the

finol somple size to be qnolysed wos increosed from 224 to 390

cephologroms. The sex disfribution of the subiects included in the

invesfigotion ore shown in Toble 2.

The distribufion of oges of the subiects within åoch group is

presented in Toble 3. As most previous growth studies hove been bosed
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TABLE 2

Sex dístribution of subiecls studied

Dentol Age Group Mole Femole

Eorly Juvenile Stoge I

Eorly Juvenile Stoge 2

Eorly Juvenile Stoge 3

Lote Juvenile Stoge I

Lofe Juvenile Stoge 2

Adolescent Stoge

Adult Stoge

TOTAL

il
25

33

49

19

49

34

220

9

t4

22

40

ll
43

3t

170

Tofol

20

39

55

89

30

92

65

390



ro
CÐ

TABLE 3

Age distribution of subiects sfudied (Age in yeors)

MÍnimum MeqnDentol Age G rouP

Eorly Juvenile Stoge I

Eorly Juvenile Stoge 2

Eorly Juvenile Stoge 3

Lote Juvenile Stoge I

Lote Juvenile Stoge 2

Adolescenf Stoge

Adult Stoge

n Moximum

7.08
7.08

g.g3

7.92

.l1 
.50

9.58

13.25
12.33

13.33
I I .83

16.25
15.17

30.00
30.00

Medion

6.2s
ó.08

7.92
7.17

8.83
8.38

10 "75
9.67

I2.00
10.75

r 3.33
12.17

20.50
20.00

33
22

ð
?

dil
99

J25
?14

449
940

ð49
?¿s

ð34
93t

5.42

ó.00

7.00

8.92

5.50

6.17

7.33

7.42

9.83

6"27

7.79

8.88

6.22

7.10

8.40

7.92 10.5ó

I I .ó8

13.02

9.79

.¡ 

0.87

12,45
9.75

'l4.59

I

I
I
I

ó

?

r 0.33

14.42
21.77

20.91
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on chronologic oge with doto generolly presented in yeorly !ncrements,

Toble 4 is given to show the incrementol increqse befween dentol oge

groups for moles ond femcles ond the oge difference befween fhe mole

ond femole meon oges for eoch group. Wh¡le fhe oge difference wos

negligible in Eorly Juvenile Stoge l, the mole wos slightly older ond

this difference in chronologicol oge increosed in the ensuing dentol

oge groups, thus supporfing the conÌention thqt femoles develop ol

on eorlier crge thon mqles.

ln qddition to these individuols with longitudinol records which

could be represenfed in severol oge groups, the occosion oflen orose

where subiects hod from fwo to four longitudinol roentgencgroms congregofed

in the some oge group. ln order to moke on unbiosed selection for

inclusion in the investigotiohr 
_o 

melhod of rondom somplìng wos

devised os follows qnd numbers were reod from "Rqndom Sompling

Numbers" orronged by TIPPETT (.l932).

Rondom Sompling

lf Two Sels of Cephologroms - Assig ned odd numbers | ,3 ,5,7 ,9 to lhe

eorly cephologroms ond even numb ers 2,4,6,8,0 to the loter cephclogroms.

Reod numbers from rondom toble to select the cephologrom to be used in

the investigofion.

lf Three sels of Cephologroms - Ass igned odd numbers fo Set No. ì qdd

even numbers fo Set No. 2. Reod rondom tobles. Repeoted from Set

No. I vs. Set No. 3. Repeoted for Sef No. 2 vs Sef No. 3. lf one
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Dentol Age Group

Eorly Juvenile Stoge I d

Eorly Juvenile Stoge 2 ê

Eorly Juvenile Stoge 3 d

Lote Juvenile Stoge ì d

Lqte Juvenile Stoge 2 ê

Adolescent Stoge

TABLE 4

Age comporisons of the dentql grouPs studied

lncrement in Meon Meon Ages
Ages Between

Dentol Age Groups

6,27

6.22

1.52 7.79

0.88 7 "10

I .09 9.88

I .30 8.40

1 .ó8 r 0.5ó

I .39 9.79

l.t2 I I .ó8

I .08 10.87

I .34 13.02

I .58 12.4s

o+

I

Y

+

Sex Differences

-(-ó"-)T-
Meon Ages

0.05

0.69

0.48

0.77

0.81

0.57

Y

ð
o+

ð
o+

Adult Stoge 8.75

8.46

21.77

20.91

0.8ó
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set wos picked more thon once, selecfed this set of cephologroms to be

used in the invesfigotíon; if not then repeoted the whole procedure.

)?.1 932
odd vs even odcl vs odd odd vs even

Only possible combinotions - lll12222
I l333l3l
23233223

Thus I , 2, ond 3 dominote twice ond the combinotion

l, 2, 3 oppeors twice.

lf Four sets of Cephologrqms - Assigned odd numbers l, 3, 5,7,9 to the

eorliesf two sets of cephologrotns ond even numbers 2, 4, 6, 8, 0 to the

loter two sets of cephologroms. Reod numbers from rondom toble. After

hoving reduced the somple in holf, proceeded to select finql set of

cephologroms by ossîgning odd numbers fo eorlier cephologroms ond

even numbers to the loter cephologroms. Once ogoin reod numbers

from the rondom toble to select the cephologroms to be used ín the

ínvestigotion.

DENTAL STATE

During the yeorly expeditions throughout fhe course of this

long-term investigotÍon eoch subiect hqs hod his dentol stote ossessed

ond recorded. The mouth hos been exomined ond dentol costs were

obtoined for eoch subiect. ln oddition, deniol roentgenogrophs hove

been token on selecfed expeditions. Publicotions with observotions

deoling specificolly wifh the dentol stote of the Woilbri of Yuendumu
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hove'been published by BARRETT (1953o), CRAN (.l955, t95Z) ond

BARRETT, BROWN ond MACDONALD (19ó3o).

These studies oll reveol qn incidence of denfol diseose lower

thon would be seen in Europeon communities, but possibly higher thon

with typicol nomqdic nofive groups.'lr is believed fhot the introductÌon

ofcivilized food hobits moy be o focfor in the deteriorotion of notive

denfof heq I fh .

BRowN (19ó5) reporting on the dentql stoie of 58 young qdurr

Woilbri noted fhqt tooth loss from denfol cories, os oporf from occidents,

occurred in only ó of the subiects. This, in controst fo the finding thot

I teeth, oll omong moles, hod been Iosf by ceremoniol evulsion qlone.

He olso stqted thqt the group hod o tofql of 29 omclgom restorqtions

ploced in l4 subiecfs by visiting Governrnenf dentisfs, which once ogoîn

illusfrotes fhe low incidence of dentol decoy in this group.

CEPHALOMETRY - FIELD METHODS

The roenlgenogrophic mefhods employed were essenfiolly fhe

some os those described by BROWN (19ó5). These followed closely

occepted methods prevîously published (KRoGMAN ond sASSouNl

1957, sAl-zMANN l9ól) 
"*""pt for certoin modificotions required by

the noture of the ïnvesfigolions.

X Unif ond Power S

A wqtson Victor Model Konrod 3T X-roy mochine wos modified

for use in the field. ln order to simplify tronsportofion, fhe X-roy

head ond control unÌt were dismontled and shipped to yuendumu.
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Upon orrivol, the X-roy heqd wos reqssembled on o prefobrícoted

steel sfond ond connected up lvith the power supply through fhe

control unit. The heod wos fitted with o leod cone to reduce scofier

rodiolion to o minimum.

The power suppf y ot the settlement wos generoted by o

20 Kv A olternqting current generotor powered by o diesel motor.

ft provided o current of 240 voltsA.C. which wos found to remoin

reosonobly stoble during operof ion of the X-roy muchine.

Cepholostot

The heod-holder, designed by M.J. Borrett, wcs similor to

thof suggested by g.Jönf (1950). The moïn structure wos cost in

oluminium qnd contoined o simple lever mechonisrn which moved

the right ond left eor-rods simultoneously so thot the medion sogittol

plone remoined constqnt for oll subiects regordless of oge or heqd

breqdth. The eor-rods were mode of two hollow steel tubes ernbedded

in perspex to focilitote checking of superirnposition of the right ond

left sides. These rods in turn were fitted into wooden supports

whïch fostened to the lever system obove.

When used in coniunction with the eqr-rods, o medion

nosíon rest, which could be odiusted verticolly ond horizontolly,

permitted fixstion of the subiect's heod. An orbitole indicotor

wos provided to focilitote checking of heod orientotion ofter

rotofion of the subiect for A-P films. The hecrd-holder wos copoble
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of being rototed t'en mosse" on its support Ìhrough 90 degrees with locking

pins locoted ot both 45 degrees ond 90 degrees. Figure I illustrotes fhe

cepholostot os it wos used on locolion.

As wîth the X-roy heod, the cepholostqt wos shipped to the settlement

then reossembled to o prefobricoted Dexion stond ond securely bolted to

the floor. A built-in spirit level on the heod holder focilitoted lhe

olignment procedure.

Method of Alignment of Apporotus

Once the X-roy heod ond cepholostof were preliminorily bolfed fo

the floor, finol olignment of the onode of the X-roy unit with the eor-

rods were underloken. The eor-rods were first sighted olong the poth of

the centrol X-roy beom with o string. When consídered oligned, o

dentol film wos ioped to the cossette hofder ond exposed. lf the center

of the right ond left eor-rods ond tire onode were perfectly oligned, the

îmoges of the right ond left eor-rods oppeored qs concentric'circles withouf

distortion in ony direction. Once fhis test wos sotisfied, the stonds

were fixed ond mointoined ïn their positions for the remoinder of the

expediiïon. Two or three. doily test exposures insured correcl olignment

of the opporotus throughout the period in the field.

Specificotions of X-roy- t"orn

The onode to film distonce wos set ot 195 cm. wifh the onode to

medion sogittol plone distonce beîng o constont 180 cm. Due to o reloTively
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Fig. 1 - Three-quarter view of cephalostat used.
during field expeditions at yuendumu
Settlement.
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short cervicol spine which is q chorocteristic of the Austrolion Aboriginol

(JONESì938) ít wos dîfficult for mony of the older oboriginols to odiust to

the medion sogittol plone - film distqnce of l0 cm. qs used by O.lönf

(.l950) wíthout severe distortion of the shoulders. As q resuf t, the mediqn

sogittol plone to film distonce wos set for oll subiects ot l5 cm. The porionic

plone to film distonce wos olso o constont l5 cm. when P-A f¡lms were

token.

Enlorgement Foctor

The obove distqnces produced q colculoted enlorgement of 8.3

per cent for lineor strucfures sïtuoted in the medion sogittol plone.

A leoded millimeter rule wos suspended in the medion sogittol plone to

produce on imoge of known lengih on the roentgenogrophs (ADAMS 1940)

ond meosurement of this imoge confirmed thof qll films were subiect to

o constont 8.3 per cent mognificotion.

Soft Tissue Controst

ln order to obtoín o good soft tissue profile the cepholostot wos

equipped with on olumimium wedge 250mm X ó5 mm X 20 mrn iopering

to I mm which wos ploced between the fqciol profile ond the cossette

ot ihe time of exposure of the loterol films. This technique prcivided

o well defined soft tissue profíle shodow wiihout detrocting from the

cloriiy of the underlyíng bony structures.
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Posi ti on ing of Subiecfs

Subjects were positioned in the cepholostot in the following monner.

Asked to sit ín on odiustoble choir fitted with costors, the subiect's sitting

heîght wos odiusted so thot the exfernol ouditory meoti were level wïth the

eor-rods of the heod-holder. The choír wos then rolled Ïnto ploce ond

noturql heod position wos obtoined by osking the subiect to focus his eyes

on o spot ot eye level on fhe for woll. The eor-rods ond then the nosion

support were moved into position; the orbitole indicotor wos odiusted.

After three loterol exPosures hod been mode, the cepholostot ond subiect

were rototed 90 degrees ond o film wos obtoïned in the P-A position.

Although this investigotion deols only with results obtoîned from loterql

films token in the tooth position, other exposures were mqde during fhe

expeditions for future reseorch.

Some difficulfy wos encountered in toking the tooth position

roenlgenogroms becouse o significont number of the subiects, especiolly

in the older groups, possessed occlusol relotionships thot voried from the

clossic concept of centric occlusion. These Aboriginols possessed o

denfition whîch wos incopoble of moximum inferdÎgitotion of the left

ond right sides simultoneously due fo o dìspority in the wÎdths of the

upper ond tower deniol orches. BARRETT ('l958) first described this

condition in fhe woilbri; it hos subsequently been found present in o

different group of Aboriginols (HElTt-IERSAY 19ól). ln order to minimize

ony discreponc/r lhe tooth position wos visuolly checked in most instonces

before the roentgetlogrom wos exposed.
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Precoutic¡ns Agoinsf Excessive Rodiqtion Exposure

Monitoring the X-roy uniÌ in Adeloide showed thot the onode

delivered o skin dose of 0.1 roentgen per second ot o distonce of lB0 cm.

from the onode. Scofter rodiotion qmounted to ó milliroentgens per 250

seconds. Since most subiects received four exposures, eoch of 0.5

seconds, their totol skin dose to the heod region omounted to 0.2 roentgen.

All subiecls were required to weor o leqd opron during exposure to rodiolìon

to decreose body obosrption of scotter rodiotion. During field work,

members of the expedìtîon were gìven monitor bodges which were olso

strotegicolly ploced oround fhe work oreo. These films were loÌer developed

ond otfested to be wifhin occepfed sofe limits by South Austrolion Heqlth

officiols.

Film lnformotion

All cepholometric exposures were mode on Kodox 25 cm x 30 cm.

(10" x 12") Blue Brond Sofety Film with olignment tests beìng tqkel with

stondords denfql films. Eoch heod film wos looded into o Wotson Victor

Kotok cossette fitted with two Dupont Stoinless Fost Speed infensifying

screens.

Six cqssettes were used which permìtted the cephclostof operotor

fo toke the multiple exposures required in ropid succession ond yet hove

extro cossettes ovoiloble should movement of o subiect hove necessitqfed

o repeof exposure. The cossettes were loqded ond unlooded in o portoble "dork

room" tent which wos designed especiolly for field work. All film,excepf for
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eoch doy's supply, wos kept in the living quorters where it wos stored in

light-proof contoiners in o cool locotion. A Ieqd-lined box wos used to

store the doy's supply of film wifh unexposed film being token os needed

ond then being reploced ímmediotely ofter exposure.

AII f¡lms exposed were lobelled for eose in identíficotion. This wos

occomplished by clipping leod numbers, which corresponded to the subiect's

expedition number, onto the lower left corner of the cossettes prior to exposure.

After exposure, the cosseftes were unfooded, ond with the exception of test

films, the roentgenogroms were ploced bsck in their origìnol poper folders

to be pocked ond shipped to Adelqide for processing. After developing,

the fílms were identified by the subiect's expedition number ond detoils

of nome, oge group, expedition number, ond mosfer code or deltq number

were printed on the film.

Exp_osure P"tq

During preporotion for the field expeditions, triol exposures were

tqken of severol Europeon subiects in Adeloide in order to defermine the most

suitoble length of exposure for field use of the equipment ovoÌloble.

Roentgenogroms of sotisfoctory quolity with sufficìenf controst for eose in

londmork îdentifícotion were obtoined on bolh children ond odults when

the following settings were used:

Film Power Current Time

Loterol Heod Roentgenogroms

P-A Roentgenogrom

78 Kvp l5mA 0.5 sec.

78 Kvp l5mA 0.5 - 0.75 sec.
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FILM PROCESSING

The roentgenogroms were developed in Kodox liquid X-roy developer

Type2, ond fixed in Kodqx liquid X-roy fixer occordíng to ihe recommended

time - temperoture specificcrtions of lhe monufocturer. A finol wosh of obout

one hour wos given în cleqr running woter, qffer whích the films were ollowed

to dry of room temperoture. The corners of the roentgenogroms were then

trimmed ond eoch film wos ploced in o poper folder to prevent scrotching.

Eoch subiect's films were ploced in o monillq folder ond filed in delto

number order for future reference. When filed in fhis monner fhe longitudinql

record of eoch subiect wos ovoilqble for immediote perusol.

TRACING METHOD

Loterol heod cephologroms for this investigotion,selected os previously

described, were troced with o óH pencil on to permotroce films of 0.05 mm.

fhickness. All irocing wos performed on o stondord odiustoble drowing boqrd

modìfied by inclusion of o bock-illuminoted fronslucent viewìng screen.

Seporote switches for three fluorescent bulbs permitted controlled illuminotion.

The drowing boord wos odiustoble to provide the investigotor wÏth the moximum

of support for the foreqrms ol o comforioble posítion to retord the onset of

fotigue.

REFERENCE POINTS

The reference points locoted on eoch roentgenogrom ond tronsferred

to film trocings ore illustroted ín Figure 2 ønd defined below. All reference
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poinis were situoted in the medion sogittol plone or were proiected on

to thot plone. When double proiection occurred mîd-poïnts of the two

imoges were used.

Aport from the reference poinfs eor-rod, porîon ond EVER line poínt,

qll londmorks were locoted occording to the definítions of MOORREES

lr

(1953) or BJORK (19ó0) os indicofed.

Anteríor Croniol Bose Region

Nosion (n)*:lvlost onterior point of the fronto-nosol suture.

Sellq þ *:Center of the bony crypt known os the sello turcico. The

upper limit of the sello turcîco is defined os the line ioining fhe

tuberculum selloe ond the dorsum sellqe.

Loterol orbit (lo)o:Most posterìor point on the curved lqferol border of the

orbit.

Orbitole (or)*:The deepesf point of the infroorbitol morgin.

Zygomolic process (zp)o:Lowest point of the proiection of the zygomotic

Processes.

Moxillo

Spinol point (sp_)*:Apex of the onterior nosol spine. This point is olso

referred to os oconthion.

PterygomoxÌllore (p[f*rPoint representing the dorsol surfoce of the

il* Lqndmork def ined occording to BJCRK (.l9ó0)
o Londmork defined occording to MOORREES (1953)
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mox¡llo qt the level of the nosol floor. The point ìs locoted on the

dorsol contour of the moxillo, which, obove, forms the onterior limit

of the pterygo-polotine fosso, where this contour intersects thot of

the hord ond soft polotes.

Subspinole (ss )*:Deepesf point on the onterior contour of the upper

olveolor orch. This point is olso referred fo os poÍnt A.

Prosthion(pr)*:Lowest ond mosf prominent poínt on ihe upper olveolor

orch.

Apex superius (os)o:Apex of the root of the mosf promînent moxillory

centrol incisc¡r.

lncision superius (1t )*ttvti+point of the incîsol edge of the most prorninent

upper centrol incisor.

Molore superius (ms)*:Mesiol contoct point of the upper firsf molor proiectecl

normol fo the superior occlusol line.

Mondible

Molor inferius (mD*:Mesiol contoct point of the lower first molqr

proiected normol to the superior occlusol Iine.

lncision inferius (ii)*tttnia-poînt of the incisol edge of the most prominent

lower cenfrol ¡n"îror.

Apex inferius (oi)":Apex of the root of the most prominent centrol incisor.

lnfrodentol" (_J*:Highest ond most prominent point on the lower olveolqr

orch .

Pogonion (pg)*:Most prominent point of the chin.
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Chin point (do:Lowest ond nrost qnferior poínt on f he curvqture of the

body of the bony chin between pogonion ond gnothion. This point

is similor in locqtion to prognothion.

Gnothion (gn)*,Lowust point of the mondibulqr symphsis.

Goniql tongent point (lg1)*:lntersection between ihe mqndibulor line

(ML) ond The rqmus line (or-tgo).

Posferior Croniol Bose Region

Bosion (bo)INormol proiection of the onterior border of the occipitol

foromen (endobosìon ) on the occipitol foromen line.

Articulore (or )*:lntersection between the contour of the externel croniol

bose qnd the dorsol contour of the condylor heod.

Porion (gf tHighest point of the usuolly ovoíd shodow of the externol

ouditory conol .

Eor-rod (er):Mid-poinl on the upper border of the eor-rod shodows.

This point is the some os thof defined os porîon Uy U¡ort<.

Extrqcroniol Reference Point

EVER line point (uyp.)t Point where fhe extimote of the true verticol

extrqcroniol reference line possing through nosion intersects q

horizontof line possing through gnoihion"

True verficol extrocroniol reference line hos been defined os q line

perpendiculor to the horizontql when the subject's heod is in nofurof

position. BROCA (1862) defined this position of the heod os follows:
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"when o mqn is stonding ond when his visuol oxis is horizontol, he (his heod)

is in the nqturol position".

In this study the verticol extrocronîol reference line wos estimoted-

on the roenf genogrom trocings ofter inspecrion of orthogonol profile

photogrophs obtoined with the subiects seqied comfortobly with their heqds

in on unstroined position.

Reference lines used for the determinotion of sonre of the reference

points ore defined qs follows:

Mondibulqr line (ML)*:Tongent to the lower border of the body of the

mqndible through gnqthion.

Occlusql line, superior (OLr)*: Line through the incision superius ond

the distobuccol cusp of the upper first molor. (lf this footh is

qbsent the mesiobuccol cusp of the upper second molor).

Romus line (or-fgo)*:Tongent to t[re posterior border of the mondibulor

romus ond through orticulore.

STATISTICAL METHODS

Estimofes of the descripfive porometers were colculoted for eqch

mole ond femole dentol qge group. Meon, stqndord devioÌion, stondord

error of the meon, qnd moximum ond minimum were computed for both

obscisso ond ordinote of eoch of the reference poínts recorded occording

fo the following formuloe:
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X

x

Meqn Ex
N

Stondord deviofion f
N-

Stondord error of the meon

Besides the obsolute vqlues listed, proportionote volues were colculofed

ond recorded for eoch denfql oge group. Proportionote volues of both obscisso

ond ordinote for eoch of the reference poinfs were based on q coordinofe's

posÎtion in relotion to fhe tofol mesh oreo ond expressed in per cent of

the totol grid size.

Due lo the emphosis in the present investigotion on fhe use of

coordinqfe onolysis, the requirements of this technique demonded

porficulor qttention. Accordingly, they were deolt with in the following

chopter devoted solely to coordinote onolysis. Speciol stetisticol proceclures

'required for deferminotion of the covorionce between obscisso qnd ordinofe

of eoch voriqble were olso computed ond likewise qre discussed in

subsequent seclions

ln oddition, esfimotes of severol other poromefers were computed

bul ore not listed in fhe tobles. Thuy include the ronge, fhe

coefficient of voriotìon ond meosures of skewness ond kurtosis.

The lotfer fwo poromefers were colculoted using the method

s

s

lrfÑ-
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of PEARSCN (.l931) ond RAO (1952) os described by SOLOW (19óó).

Normolly they require somple sizes in excess of ì00 for significonce

limits to be considered reliqble. Due to the smoll somple sizes of eoch

seporofe group in this investigotîon, the poromefers, while colculoted

for generol interest by the ínvestigotor/ ore not presented in this report.

RELIABI LI ry OF ROENTGENOGRAPHIC DATA

Cepholometric roentgenogrophy hqs been odopted qs o tool by physicol

onthropologists ond orthodonf ists becouse it ís the only method for exomîning

the crqniofociol structures of living subiects with ony degree of thoroughness

ond occurocy. However, when usíng this technique cerfoin errors of

observqtion invoríobly orise through biologic ond technicol límitotions.

Nevertheless, the use of ony method is iustified if it con be shown thot

the vqrÎous sources of error ìn the technique do not seriously offecf true

volues.

The sources of systemotic ond occìdentol errors thot occur in cephof ometric

roentgenogrophy hove been investigoled exfensively by mony workers
ll

includins BJORK (1947), POTTER ond MEREDITH (1948), FRANKLYN

(1952), WERNER (1955), HIXON (195ó), HATTON ond GRAINGER

(1958), HALLETT (r959), GRøN (reó0), s.JbnK ond SOLOW (1e62),

BROWN (19ó5), RICHARDSON (19óó), SAVARA, TRACY ond MTLLER

(1966) ond HOLLENDER, KAASTLA ond SARNÅS fl9óB). Atthoueh the

shorf comings of the technique were recognîsed, thelr conclusions

emphosised the usefuf ness of cepholometric roentgenogrophy os o
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clinicol ond reseorch tool os long os tlrese deficiences were token info

considerotion.

ln l9ó5, BROWN exomined the extent of errors in field investigotions

using roentgenogrophic cepholomefry. During sfotisticql onolysis of the

dqto he followed the method of DAHLBERG (1940). Brown showed thot

the systemotic qnd occidentol errors inherent in the sfudy did nof seriously

offect the results. The lineor ond ongulor meosurements recorded were

therefore reosonobly close to their true volues. Roentgenogroms of the

subiects onolysed during his study form q port of the cepholometric

materiql under investigolion ot the present time. As the method for

toking loterol heod cephologroms on field frips to Yuendumu hos undergone

few chonges, it would be qssumed thof experimentol errors would remoin

similor in mognitude ond it would be superfluous to perform new

estimotions of the errors involved .

POTTER ond MEREDITH (ì948), while comporing cepholometric

qnd qnthropometric methods of meosurement, found thot the ioentgenogrophic

technÌque wos superior fo, or of leost os good os, the lqtfer method dependìng

on fhe meqsurement being tqken. SAVARA, TRACY crnd MILLER (19óó)

remorked thot londmqrk locqtion voriobilify wos obout five times thot

due to meosurement. RICHARDSON (1966) nofed thot cerloin poinls were

more reproducible verticqlly thon horizontqlly, while the reverse moy hold

true for other londmorks. Attempts to reduce reoding ond meosurement errors

to o minimum were corried out in this invesfigotion. They ore discussed seporotely

in o subsequent secf ion.
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CHAPTER 3 - COORDINATE ANALYSIS

INTRODUCTIO N

Most investigotíons of craniofociol morphology hove utilized vorious

lineor, ongulor or proportionote meosurement to express the size, shope

ond relotîons of components of the skull. These voriobles ore def ined

by croniometrìc relcerence poinfs ond once meosured on q somple of skulls

con be subiected to sfqf isticol onolysis. The present study, however,

deports from conventionql methods by usÎng coordinotes of selected

reference poÌnts in ploce of lineor ond ongulor meosurements. The

coordinotes of o reference poÌnt define precisely the locoiion of thot

point withïn the skull ond ore treoled like conventionol voriobles in

stqtistÌcol onolysis. Thus f he morphologicol chorqcters under exominotion

qre described in terms of Corfesion coordinotes of selected reference

points. The presenf chopter f irst presents on historicol occount of

coordînote syslems in meosurement qnd onolysis, ond goes on to describe

the system used for the presenf investigoTion.

HISTORICAL BACKGROUND

Centuries before orthodontîcs become o recognised speciolíÌy of

dentistry qnd the orthodontist turned his qttention to fociol form ond

its inferrelotion with molocclusion, qrf îsts hod expressed qnd described

the tows of focíql proportion. ALBRECfIf Oünfn (.l532) hos offen been

credited with hoving ïnfroduced the proportionql or mesh technique

(DE COSTER 1939, MOORREES ond LEBRET 1962). Undeniobly, his
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grqph;c îllustrotions and versotTle odoptorion of the coordinotes to demonstrqte

vqriotions in fociol feotures (Figures 3 ond 4) served lo propogote qnd populorize

the technique.

However, GARDNER (.l959) stqted thot Dljrer goined this knowledge

of ort theory while in ltoly.

"On his trips to ltoly he wos much impressed by the pointers
ond by thersecrets'of iheir qrf which he endeovoured to leorn.
He studied perspective qnd the theory of proportions in order to
copture the logic ond order which chorocterized the High
Renoissonce în ltoly. t'

PANOFSKY (1955) conf irmed this, stoting thot Du;., mode two trips

to ltofy: one to Venice in1494, ond qnother from 1505 to Jonuory

1507 during which he wrote q letter stoting he wos looking forword to

his visit to rt....Bologno where he expected to receive instruction in

the rsecret ort of perspective'. "

The origìnotor of the theory of ort perspective in oll probobility

shqll remoin on enigmo. Nevertheless, O'MALLEY ond SAUNDERS

(1952) hove shed some lï9ht on the subiect. Referring to figures drqwn

by doVinci (Figure 5) in their publicotion "Leonordo dq Vinci on the

Humon Body", they. mode the followÌng stqtement:

tt.o...However, these diogrcrms ore ímportont for onother reoson
since they demonstrole the technique of ttrqnsformotionr or porollel
proiection whereby ony required diogrom con be developed from ony
two ofhers províded fhof the lotter occupy plones perpendiculqr to
one onother.... This method of conslruzione legittimo hod olreody
been employed by medioevof orchitects but wos restricted to
buildings qnd orchitecturol detoils. lts opplicotïon to the humon
figure developed into o speciol brqnch of renoissqnce ort-theory
ond occordîng to Giovonni Poolo Lomozzo (1584) ii become
olmost o specîolity of the Milonese such os Vincenzo Foppo ond
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Fig. 5 - Drawings by Leonardo da Vinci including diagrams on technique of,

cross-sectional representations of the head - Quad. Anat. Vrfol.6r"
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Brqmontino. Ponofsky (.l940) points ouf thot the first known porollel
proiection of qn inclined heod is found in o drowing by Leonordo
(Windsor, 12605r) belonging to his Milonese period qnd thot it is
proboble thqt Albrecht Dürer, olthough he greof ly odvonced ond
extended the fechnique, derîved if from his Norfh ltoliqn colleogues...."

Thot Leonqrdo wqs o moster in the ort of perspective is unquestionoble,

ond he musf be credited with hoving onficipoted Durer in the use of the

gricl or net merhod of onqlysis. ARGENTIERI (195ó) quote, o d"r"riprion

of the method in porogroph 94 of Leonqrdo's own "Treqtise on Pcinting"

(Cod. Ashb., l, fol . 24r)z

"Set o frome with o network of threod in ít between your eye
ond the nude model you ore drowing, ond drow these some squores
o.n tlre poper...Then ploce o pellei of wqx on o spot of the net
which will serve os o f ixed point...Afterword, remember when
drowing figures to use the rule of the corresponding proporf ions
of the limbs os you hove leorned it from the frome ond net".."

ln onother section olc the sorne publicofion, BIAGGI (195ó) remqrks thot

while moterìol on the subiect of rotios ond proportions is surely copious,

bofh in drowings ond onnototions, they connot be used os o bqsis for

setting up o Leonordiqn conon of proportions.

Leonordots use olc proportions wos not limited io study of the humqn

figure but corried over info his studies of comporotive onotomy. Figures

ó qnd 7 íllustrote fhis chorocteristic of do Vinci to ottempt to provide

the ort oF drowing with o scientific bosis. lt hos been orgued thot

Leonordo often used himself os o model in his studies of proportions.

NlcoDEMl (l95ó) presented the following two illustrotions (Figuies 8

ond 9) to support his confention thot fhis wos true in the cqse of fociol

proportions.
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Fig. 6 - Head of a bear by Leonardo da Vinci
Ivlg.Irfol.96r.
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Fig. 7 Proportions of the head of a horse by
Leonardo da Vinci - Ms.Frfol.62v.
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Fig. B - A: Drawing by Leonardo da vinci demonstrating

facial proportions. Venice, Academy.

B: Profile of Leonardo taken from Venice
drawing.
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Fig. 9 - Presumed portrait of Leonardo da Vinci.
Venice, 1509.
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Albrecht Durer's propogotíon of the mesh diagrqm wos so successful

thqt even todoy it constitutes ihe clossic opprooch for studying fociol

proporf îons in ort. The onthropologic study of fociol growth ond form,

however, developed olong severol different lines. PIETER CAMPER

(1791) determined the profile contour by meosuring the ongle formed

between fhe fociql line ond o horizonfol (Figure l0). This technique

of using two coordinqtes ond meosuring the ongle between lhem is f he

bosîs of mony contemporory cepholometric orrolyses, including those

of DOWNS (1948), STEINER (1953) ond SCHWARZ (leól).

The triongle being o convenient shope fhof is eosily defined

mqthemoticolly wqs introduced to croniomefric studies by KOSTER

(18ó0) qnd first opplied to orthodontic diognosis by MARGOLIS (1947).

The polygon wos odvocofed for onolyzing fociof form by WELCKER

(lSó2) qncl hqs sïnce been employed by HELLMAN (ì930), BJöRK

(1947) qnd KORKHAUS (.l9ó0).

A system of two perpendiculor coordinqtes wos used by LUCAE

(18ó4) fo study fociol configurotion ond is found ogoin in COBEN's

(1955) study of fociql growth. HOLL (.l898) employing o proportionote

method of onolysis, grophi'colly demonstroted the relotíve chonges in

croniofociol height ond width between birth ond qdulthood (Figur,es I I

ond I 2).



\

Fig. IO Pieter Camper's facial angle (1791).



Fig. II - DemonstraÈion of relative changes in cra¡riofacial height
between birth and adulthood. Nasion - pogonion distance
has been kept constant (after HOLL, 1898).



Fig. 12 - Demonstration of relative changes in
craniofacial widtt¡ between birttr a¡rd
adulthood. Bizygomatic width has been
kept constant (after HOLL, l8gg).
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ADAPTATION OF TIIE MESH TECHNIQUE FOR BIOLOGIC PURPOSES

D'ARCY THOMPSON (1917) wos the first to utilize o coordinote

system of anolysis for biologic purposes. His clqssic monogroph "On

Growth qnd Form" opplied ihe principles of coordinotes ond Cortesion

tronsformotions to qfford comporïsons of relqted forms ond sfudies of

growth. Under the sfimulus provîded by Thompson mony significont

investigof ions hqve been undertoken to yield some understonding of

biologic metcmorphosis qnd growth (HUXLEY 1932, MEDAWAR 1944,

1945, qnd RICHARDS ond KAVANAGH 1945).

DeCoster's publicotion, "The Network Method of Orthodontic

Diognosis ", introduced coord inqte onql ysis to orthodontics (DE COSTER

I 939) (Fisure l3).

"The method consists in the opplicotion of o normol network
upon o deformed foce ond then in deforming fhe lines of fhe net
in the some degree to coincide'¡¡ith lhe feofures of the foce, thus
displocîng the lines tíll they ore in normol concurrence wifh chosen
poinfs....When we deform the normql network by odopting it to the
position of the qnofomícol points, the deforrnqf ion of the meshes
of the net will be the graphicol expression of the divergence from
the normof overogett.

Moorrees ond co-lvorkers hove since conf inued to refine the iechnique

ond demonstrote vorious opplicotions of this mefhod of onolysis. MOORREËS

(1953) in his study of nornrol voriqf ion ond its beoring on the use of cepholometric

roentgenogroms in ortlrodonf ic diognosis, odvocoted the mesh diogrom technique

for its obility to furnish the mosf useful meqns for evaluotion of proportïonole

differences.(Figure l4)" MOORREES ond YEN (1955) demonstroted the obility
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Fig. 13 - The De Coster Network Analysis. Coordinat,e
lines on the malformed skull have the same
relationship to the anaÈomical points of
the normal skull (after DE COSTER 1939) "



Fig. L4 The Moorrees Mesh Ana1ysis. Standard drawn for North American young
adult females. Concentric ovals demonstrate the range of variation
for the location of landmarks at one and two standard deviation limits
(after MOORREES 1953).
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of the mesh technique to provide o grophic onolysis of chonges in the

dentofociol skeleton following orthodontìc treqtment . Using the mesh

technique os o bosis of onolysis, MOORREES ond KEAN (1958)

promulgoted the importonce of using the noturql heod position os o bosic

considerotion in the i nterpretofion of 
"uphol 

ometric roenfgenogroms .

MOORREES ond LEBRET (1962) published ihe most comprehensive

demonstrotion of lhe uses lo which the mesh diogrom could be odopted .

The method wos opplied in studying fociol pottern, growth chonges both

in the dentofociol region ond fhe cronium, resulfs of orfhodontic treolmenf

ond fomiliol resemblences. The mesh diogrom method hos since been

cited os qnother opprooch for genetic studies of fociol fornr (MOORREES

1962). The morked voriofions in focîql development omong young oduli

femqles with normol occlusion noted by Moorrees in 1953 hos been token

os on indicotion of portìol independence between fociol ond dentql

development (MOORREES I 966).

COORDINATE SYSTEM ADOPTED FOR PRESENT STUDY*

Meosuremenfs reloting the set of reference points to recfongulor

coordìnote qxes were obtoìned. The observqtions were checked, double

determinof ions overoged, ånd bosic descriptive stofistics colculoted by

computer.

*The remoining sections of Chopter 3 hove been token from the
popers deoling wifh coordinote onolysîs by McNULTY, BARRETT

ond BROWN (19óB) qnd BARRETT, BROWN ond MCNULTY (19óB).

Chonges hove been limited fo o slight modificoTion ond reorrongemenf
of the descriptive possqges of these publicctiorrs fo provide o more
logicol sequence of presenfotion in keeping wïth fhe previous ond

subsequent lext of the presenl thesis.
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The stotisf icol onolysis provided group findings for mole subiects

ond for femole subiects in terms of meon volues ond stondqrd deviotíons

of the coordinofes of eoch reference point. The resulfs were used to

construct diogroms illustroting the overoge fqcÌol potlerns qs indicqted

by the locolions of reference points in relotion to o rectilineor mesh

system by o method similqr to thot used by MOORREES (1953) ond

MOORREES ond LEBRET (1962).

MOOBREES ond KEAN (1958) recommended the use of o verticol

extrocrqniol reference line derived from registrof ion of noturol heod

position for cepholometric sfudies rofher thon the nasion-sello line or

other intrqcroniol reference f ines. However, this procedure hos nof

been followed becouse of the doubtful volidity of the extrocrqniol reference

point os it wos determined in the present study. The mesh diogroms were

orientoted on the nosion-sello line.

The mesh wos constructed by first drowing the obscisso oxis, o

line from the origin ot point nqsion fhrough sellq ond equol in length

to four-thirôof the nosion-sello distonce" The ordinote oxis wos then

drown from nosion ond equol in length to the ordinote volue of point

gnothion. These two lines determîned the overoll dimensions of the

mesh whîch wos then completed by drowing the two remoining sides

of the rectongle ond subdividing the oreo ínto sixteen rectongulor potches

with depths ond heights equol to one-quorter of the dimensions of the

obscisso ond ordinole oxes. As point nqsion wqs mode the origin of the

coordinate system ond point:gllg fo lîe on the obscisso oxÎs, olmost oll

of the poínts were Iocoted v¡ithÌn the fourth qucdront. Consequently,
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most of the obscissqe were postîve ond, oport from llrose of nqsion

ond sellg' oll of the ordinotes were negotive. The relotionship of the mesh

to points nosion, sello ond gnqthìon is shown in Figure 15.

MOORREES (1953) presenled his findings from o study of fifty

North Americon femoles in o toble'giving proportionote disfonces of the

onotomicol londmorks from the oxes olc the individuol mesh potches

within which tlrey were locoted. Locotions of reference points in the

present study were colculoted os obscisso ond ordinote volues in relotion

to the moin oxes of the syslem. The meosurementsrcorrected to compensote

for roentgenogrophíc enlorgement,ore expressed in millimetres.

PROPERTIES PECULIAR TO THE MESH SYSTEM

For mony londmorks there wos o signTficont correlotion between

obscisso ond ordinqte. Assuming the coordinoles of eoch point to follow

o bïvoriote normol distribution, the relotionship between qbscisso ond

ordinote wos íllustroted by constructing on ellipse determîned in shope

by the voriqnces of eqch coordinote ond the covoriqnce between them.

The lengths of the semi-moior ond semi-minor oxes of such qn ellipse

ore determined by:

I
,)=vr +v2

2
+I 2IQ1,'2

,

where ore the lengths of the semi-oxes,

is the voriqnce of the obscisso,



Fig. 15 - Mesh Dj-agram as used in this investigation.
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u2 is the vorionce of the ordinote,

,12 is ihe covorionce between <rbscisso ond ordïnote.

The obove equotion is the exponded nototion for determining the

eigenvolues of the vorionce/covarionce motrix for qbscisso ond ordinote.

The term (tl *vr) is the troce of the mqtrix qnd the term (vr rr- urr')

is ifs determinqnt. The ongle through which the moior qxis of the ellipse

is rototed in the cose of correloted coordinotes is given by:

2vton 2o t2
ur -'2

Covorionce ellipses constructed in this study ore nof reloted to the

concenfric ellipses bosed on stondqrd deviotion volues used by MOORREES

(1953). Sfondord deviotion volues opply to the voriotes singly ond, when

used to illustrote the ronge of londmqrk voriotion, only opproximote o

bivoriote disfribution, porf iculorly when the voriotes ore correloted.

The ellipses surroundïng the reference points were constructed qs described

to show the relotive mognitudes olt the coordinote vorionces ond the

covorionce between obscisso ond ordinote. With equol vorionces the

ellipses become circles, qnd with zero correlof ion between coordinotes,

the moior qxes of the ellipses would be porollel with the qbscisso oxis.

A covorionce ellipse does not indicote the ronge of voriqtion of o

poínt but illustrotes grophícolly the relotion between fhe vorionces of

the coordinqtes of o point ond the covorionce between obscîsso ond
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ordinqte. However, provided the number of poìred observotions is lorge,

frequency distributions for o bivqriofe populotion con be represented

by equiprobobility or tolerqnce ellipses (DIEM 1962 ond SEAL I 964) .

A toleronce ellipse constructed for, soy the p = 0.05 level, would

enclose 95 per cenl of the subiects ond would be concentric to the

covorionce ellipse described obove. Becquse of smoll somple size,

toleronce ellipses were not constructed in the present study. But to

illustrote the relqtions between o toleronce ellipse, o covorionce

ellipse ond the ellipse bosed on siondord deviqtion volues qs used

by MOORREES (.l953), the three representotions ore shown in Figure

ló for the po int prosthion using the doto collecled on mqles in the adult

dentition stoge. The comporison shows lhof subiects P, ond P, lie well

within the 95 per cenf foleronce ellipse but ore excluded from The

ellìpse bosed on stqndqrd deviotio¡rs. The true frequency disfrÎbution

of o bivoriote normol populotìon is only represented by o toleronce ellipse

bosed on o lorge number of poired observotions.

Another chqrocteristic noted duríng onolysîs of the finol results

wos fhe tendency of the vorionces of point coordinqtes to increose os

the dÍstonce of the point from the registroÌion line increosed. This

observotîon wos olso noted by MOORREES (1953). V/hile this tendency

of increosed vqrionce is not o property peculior lo the mesh system, it

is mentioned ot this point becouse of its effect on the size ond shope of

the covurionce ellipses. This chorocteristic will be discussed more fully

under Discussîon ond Results.
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The points roised ore of more thon ocqdemíc inferest porticulorly

if mesh systems qre used in the cnolysis ond opproisol of fociol fypes in

reseorch or clinicol dícgnosis. The common procedure of orîentoting heod

films olong selected lines of reference introduces syslemotic errors thqt

increose the vorionces of point coordinotes lying of o distonce from the

line of reference ond probobly bios the covoriance between coordinotes,

thus mosking fhe true biologicol ossociotíons. The rnothemoticol properties

of mesh systems ond the consequences of sfondord orientotion require

further considerotion poriiculorly in relotion to the meosurement ond

onolysis of croniofociol structures.

COMPUTER ANALYSI S ADOPTED

ln the coordinote system of meqsuremenf the observotÎons were

confined fo determinotions of coordinote vqlues for eqch of the londmqrks

in relotion to rectongulor qxes. Constructìon of the mesh, locotion of

the reference poÌnts within the meslr, ond definition of the covorionce

ellipses were corried out by use of the computer ond its plotling focilites.

Deriving meosuremenfs indirectly from observqtions of coordinoles of

the defining lcndmorks wifh the oid of o reoding mochine ond computer

focilities hod mony oduonìogus over the usuql methods of direct meosuremenf

with slide colipers ond protroctor. Coordinote vof ues were determined

occurotely ond speedily. Computer entry ond storoge of the dotq in coordinofe

form simplif ied subsequent processing ond onolysis. Meosurement values

for o wide range of '¿oriobles were colculoted. Computer plotting ond

visuol disploy focilities were used more reoclily"
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USE OF RECORD READËR

Severol types of record reoders, used in science ond technology to

reduce grophicol doto to digìtol form for compuTer processing ond onolysìs,

would be suitoble for use ín the coordinofe sysfem of meosurement' These

semi -outomqti c reoder di gitizers occept cephol ometri c roentgenogroms,

trocings from roentgenogroms, f ilm records ond poper records. One type

reods out the doto on punched cqrds reody for computer entry. Anotlrer

type outputs the doto directly on mognetic tope. With the use of these

record reoders there would be no need for the intermediote stoges of

recording the observotions by hondwriling ond subsequent tronscription

of the doto io punched cords.

lf o semi-qutomqtic reoder digitizer were not ovoiloble, the

coordinote system of meosurement could be used with the oid of groph

pqper overloys. This procedure would be tedious, however. ln the

present study o simple record reoder wos used, o device copoble of

consfruction in ony well-equipped workshop. Bosiccllly the reoder wos

o stondqrd drowing toble modified by the inclusion of o bqck-iiiuminoteci

viewing screen (Figure l7)" A porollelogrom drofting mochine, with o

speciolly constructed cursor ond scole corrÎoge fitted to the protroctor

heod, wqs otlochecl to the tqble. A mif limetre scole sef flush into

the surfoce of the vÌewing screen constituted the ordinote qxis ond o

similqr scole on the movoble corrioge constìtuted the qbscisso oxis of

o rectongulor coorclinote system (Figure ì 8). ln use, the obscissu scole



Fig. L7 Record reader used in investigation
consisting of a standard drawing
table with illuminated viewing
screen and drafting machine
attachment.



Fig. l8 Closer view of parallelogram drafting machine
showing specially constructed cursor attached
to movable abscissa scale, which rides over
tracing of roentgenogram and ordinate scale
embedded into viewing screen. Cross-hairs
\¡vere located over landmark and coordinates
read from ordinate and abscissa scales.



Bl.

wos first oligned by meons of the protrocfor heod's coqrse ond fine odiustmenfs,

to coincide with o line scribed on the viewing screen ot right ongles to

the ordinole scqle. The cursor cross-hoìrs were then 
""ntur"d 

over fhe

londmorks in turn ond the coordinote volues were reod from the two

scoles where they intersected.

RELIABILIry OF RECORD RËADER

With the use of o sïmple record reoder there wos the possibÌlity

of misfokes due fo mis-reoding of ihe scoles, incorrect recordìng of volues

colled by the observer, ond incorrect tronscription of dotq from record

sheets to punched cords. To control the reliobility of meosurements wifh

fhe mqchine o sfrict reoding procedure wos followed ond computer

focilities were used to deteci gross mistokes ond fo evoluole errors of

observotion orïsing f rom observer ond f he insf rurnent .

The following procedure wos cqrried out when reoding the cepholometric

roentgenograms. A trocíng from the film wos fixed to the viewing screen

with mosking tope, but no ottempf wos mqde to position the record in cny

porf iculor orientqtion relotÎve to the coordinote oxes becquse the computer

subsequently trcnsformed the set of coordinotes by mofhemoticol frqnslotion

ond rotqtion to gÌve q stondord orìentolion. After olignment of the obscisso

scole hqd been checked visuolly, the cursor wqs centered over the

londmorks in turn ond coordinote vof ues colled by the observer in o

sequence corresponding to the formot of the dotq record sheet. Appendix

I Íllustraies o doto sheet for the porticulor onolysis used in the present
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investigotion. An ossistonf entered fhe volues on the dqtq sheet os they

were colled qnd qf the some time o tope recording wos mode.

Subsequent ploy-bock of the tope enobled the observer to check

the entries. An office odding machine wos used to obtoïn o totql of oll

the volues on the dofo sheet irrespeciive of the voriobles to which they

referred. Thïs fÍgure wos entered on c seporofe punched cord ond ploced

oheod of the set of punched cords recording the totol observotions for

the subiect. ln the exomple cited obove ihere were five doto cords per

subieci, eoch cqrd recording coordînote volues for five points. The

computer reod o deck of cqrds for o group of subiects qnd sumnred the volues

on fhe set of dotq cords for eoch subieci in turn. An error messoge wos

printed out if o discreponcy between the odding mochine toiol ond the

computer fotol wos found, thus checking the punched cord tronscrîptions.

At the sqme time the computer checked thqt the punched cords in eoch

set referred to the some subiect ond thot the cords were in Proper sequence.

lf q monuolly or electricolly operoled punch mochine wos ovoilqble

the time tqken to prepore dqto cords could be reduced ond one source of

error eliminqted. As the observer colled the vqlues on ossistont could

immediqtely code the cords without recording the observqtions on o doto

sheet. Subsequen+ly, o computer listing of the dqto cqrds could be checked

ogoinst the tope recording of the observerts colls.

The relotive eose of the reoding procedure sÎmplífied repeot

determinotions of coordinote volues. ln the present sfudy double
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determinotions were mode routinely, thot is, q second set of reodings were

obfoined independently of the firsi. The compuler tronsformed both sets

of coordinote vqlues to the stqndord orientotion ond then colculoted the

differences between the two sefs of volues ond olso the lineor discreponcies

represented by the differences. Mistqkes due fo mis-reqding of the scoles

were reveoled by this meons. ln these instonces the originol record hod

to be re-meosured.

Coordinote volues were reqd to the neorest 0.5 mm. Due to

limitotions in definition of bony structures inherent in cepholometric

roentgenogror, (BJöRK 1947 ond POTTER qnd MEREDITH 1948) ond

errors infroduced in the locoïìon of londmorks ond trqnsfer to trocings

(RICHARDSON I966 c,nd SAVARA, TRACY ond MILLER l9óó), no

ottempf wqs mode to obtqin greoter precisíon in the meosurements.

A sfudy ole the errors of observotion orising from the reoding mochine

indicqtes thot on occeptoble order of occurocy wos ochieved. ln o series

of 192 meosurements computed from coordinoie volues reqd from o

groph poper grid, 48 per cent showed zero discreponc/r 72 per cent were

wíthin !0.2 mm., 84 per cent withín 10.4 mnì., qnd qll within +0.ó mm.

of the octuql volueo '



84

CHAPTER 4 - RESULTS

BASIC DESCRIP TIVE STATISTICS

A summory of the findings for coordinqtes of croniofqciol reference

points in moles ond femoles grouped <rccording to dentol oge is presented

in Tobles 5 to J8. The bosic descriptive stolistics ore tobuloted occording

to onotomicol regions of the skull.

Differences beÌween meon volues of moles ond femoles were ossessed

by Student's "f - test". ln instonces of significont sex differences in

vorionces o modified "t-test", suggested by BAILEY (1959), wqs used.

Meqn vqlues fhot differed belween sexes of fhe five or one per cent

probobility level ore indicoted in the tobles reloting to the femole

subiects (Tobles l2 to l8).
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Coordinotes of crqniometric reference poïnts in moles
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Meon

45.92 0.84
-33.84 0.52

-l .0ó 0.ó3
-40.n 0.ó3

2.48 0.ó3
-44.65 0. ól

1.79 0.72
-57.23 0.08

No Observotions Recorded

-54.65
0.87
0,69

TABLE 5 (conf ínued)

1t(;) I Moximum

---7v1oxíllo

Minimum N

PMX
v

spx
v

ssx
v

PTX
Y

osx
v

is x

v

msx
v

No Observqtions Recorded

3.04 0.87 2.88
-64.62 0.82 2.74

30.2t

2.79
1.71

2.10
2.09

2.11
2.03

2.40
2.66

2.90
2.29

50.ó5
-31 .07

1.42
-38.08

5.t8
-40.76

5.26
-52.08

6.65
-60.26

34.46
-5t .59

41.23
-37.48

-5.03
-44.46

-t.ló
-47.45

-2"93
-ól .t5

il
lt
ll
lt
II
II
il
ll

lt
lt
lt
II

l0
t0

t0
l0

4
4

l0
t0

t0
l0

l0
l0

l0
t0

l0
l0

mt

il

oí

¡d

ps

oP

gn

t

X

v

X

Y

X

v

X

v

x

Y

x

v

X

v

X

v

28.41

4.06

2t "48

7.47

t7 "04

I 9.91

23"51

-54.n

-64.00

-Bt.t3

-70.35

-8ó. I 0

-88.44

-88.62

Mqndíble

1 .02 3.24
0.54 I .71

1 "02 3.21
0.93 2.94

1 .99 3.98
2.37 4.75

1.3ó 4.30
I.30 4.ll
1.45 4"58
0.93 2.93

1.33 4.21
0.79 2.49

1.58 5.00
0.8t 2"58

1.52 4.81
0.76 2.41

32.74
-51.59

7.90
-60.21

27.31
-77 "60

| 5.21
-65.52

24 "'78
-8t.80

26.71
-85.17

31.5t
-85. I ó

77.71
-52.73

-2.49
-69.32

26.61
-59.71

23.66
-57.16

-2.04
-ó9. I 5

18.42
-87.85

2.50
-78.90

10.51
-91 .47

14"28
-92.71

17 "07
-93.08

61.25
-59.66

go ó8.óB
-5ó. I 0
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TABLE ó

n

s

X

v

x

Y

X

Y

x
v

X

v

Coordinotes of crqniometric reference points in moles

Age Group: Eorly Juvenile Stoge 2

Meon 1x(;) s Moximum

Anfdîõ?Troniol Bose Regîon

0 "00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

62.23 0.45 2.24 66.02
-.00 0.00 0.00 0"00

22"40 0.39 I "97 27.56
-10.72 0.34 1 .69 -7 .16

13 "7s 0.44 2.22 17 .18
-24.65 0.27 1.37 -22.20

26.24 0.44 2.19 30.óó
-38.81 0.41 2.05 -35.22

Posterior Croniol Bose Region

84.04 0.óg 3.39 92.69
-27.67 0.62 3.12 -19.43

73.96 0.76 3. I 5 78.85
-21 .44 0.3ó | "49 -18.54

83.39 0.62 3.10 90.71
- 12. 88 0 .48 2.40 -7 .29

77.28 l.l5 5.00 97.33
-17.78 I .19 5.20 -7.47

Extrocroniol Reference Point

0" 9ó 3.94 lg"g8
3 "49 -88.22-94.62 0.95

Minimum

0.00
0.00

57.72
-.00

I 8.90
-14 "29

8.74
-27.22

I 9.90
-43.82

78.76
-32.75

67.63
-23.79

78"03
-16.73

67 "95
-25.39

N

25
25

25
25

25
25

25
25

25
25

7
7

25
25

I
9

or

lo

zP

evp x
Y

x

v

X

Y

X

Y

X

v

bq

qr'

Po

er

25
25

17
t7

I I .85 5.98
-100"07
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TABLE ó conlinued

+ ¡(x)

Moxillq

.48 2.42

"32 t.óì
46.02

sp 0.34

3.22

1.34

7.63

¡s 1 ,56

ms 29,96

27.92

2.91

18.78

8.20

17.07

24.14

Moximum Minimums N

25
25

25
25

25
25

25
25

I.BB
2.37

7
-ó0

32

77
52

19.65

mix
v

ilx
v

oix
v

¡dx
v

Pgx
Y

cPx
v

gnx
v

tgo x
v

Meon

pmx
v -34.26

-40.90

-44 "62

-53.99

-43 "23

-67.30

-56.87

-57.26

-ó5.90

-83.25

-74.92

-90.43

-92.82

-93. I 0

0.38
0.47

0.38
0.54

I .89
2.68

2.02
2.80

2.01
2.59

2.72
2.gB

2.37
2"44

52.19
-30.38

4.79
-35.9ó

7.15
-37.27

s.17
-48.67

il.50
-38.78

6.27
-61"26

33.58
-52.77

3l .93
-54.00

24"2s
-77.47

13.t0
-ó9.85

24.20
-84.8 r

26.59
-8ó.8ó

-8ó.

4t.05
-37.93

-2.28
-46"07

0.38
-50.41

-1.49
-59.50

4.35
-47 "55

-3.19
-72.69

25.20
-ót .ó0

0

0

X

v

ssx
v

Prx
v

osx
v

0.40
0.5ó

0.50
0.ó5

0.M
0.ó0

0.47
0.49

16

t6
X

v

X

v

25
25

25
25

Mqndible

0.66 2.71
0.52 2.14

0.70 2.gg
0.66 2.74

0.92 3.57
0.8r 3.12

0.79 3.24
0"67 2.77

0.92 3.81
0.76 3. t 5

22,91
-ó0. I 3

-2.34
-70.88

t 3.45
-89.27

2.32
-79.65

10.99
-96.07

14.57
:98.88

18.24
-98.48

65.54
-ó3.85

u
45

l7
17

t7
17

l5
t5

17
t7

7
7

72.12 0.79
-58.09 0.70

0.95
0.81

1.00
0.84

3.90
3.34

4.12
3.4s

3.26
2.89

I
I

34
79

94

42

t7
t7

t7
l7

7
7
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n

s

TABLE 7

Coordinqtes of croniomefric reference poínts in moles

Age Group: Eorly Juvenile Stoge 3

Meon I x(;) : Moximum lt",rrt

Anterior Crqniol Bose Region

0.00
0.00

62.92

0

0
0
0

00
00

0ó
00

0
0

2

0

0
0

00
00

N

33
33

33
33

33

33

33

33

33
33

33

33

x
Y

X

Y

x
v

x

v

X

v

00
00

2s.34
-5.96-9 "98

0.
0.

0.
0.

00
00

3ó
00

27
37

68.27
0.00

58. 
.l0

-.00

19.47
-14.64

8.r0
-30. I 2

t9.ll
-43.05

78.39
-33.52

69.68
-26.62

80.09
-l 9.95

69.72
-34.94

2"gg
-r 03 .49

lo

or

zP

bo

or

Po

er

22.61

14.13

26.34

00

-25.00

-39.54

I .5ó
2.11

X

Y

X

v

x
v

x

v

85.44

75.13

84. ó8

78"11

-28.93

-22.64

-l 3. ó3

-l8.54

0.40 2.27 17.69
0.30 1.75 -21 .39

0.49 2.84 3t.95
0.3ó 2.05 -34.14

Posterìor Croniol Bose Regíon

0.58 3.32 92.60
0.49 2.84 -19.42

0.57 3.17 82.85
0.38 2.12 -16.42

0.50 2.89 91 .62
0.45 2.60 -8.84

0.90 4.94 92.94
1.00 5.45 -10.08

Extrocronìol Reference Point 
.

0.74 4.13 19.71
0.5ó 3. 13 -89.78

33
33

30
30

3l
3l

3l
3l

evp x
v -96.24

12.14
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Meorr

TABLE 7 (conf inued)

+x(x) : Uio¡11r"r Mjnimum N

33
33

PMX
v

spx
Y

ssx
v

PTX
v

osx
v

isx
v

msx
Y

64
64

mtx
Y

ll x

v

oix
v

idx
Y

Pgx
v

cpx
Y

gnx
v

fgo x
v

47,14

0.ó0

3.44

0. 95

9.23

0.05

29.73

27.33

2,01

18.78

7.71

16.84

19.47

23.79

-35.83

-42.61

-4s.84

-55.78

-44,64

-68.97

-58.71

-59.29

-66,99

-94.41

-75.85

-92"28

-94.52

-94"75

0"45
0.32

0.52
0.4r

0.48
0.4s

0.54
0.46

0.49
0.39

0.73
0.49

0"51
0.35

Moxillo

2.57
I .85

2.98
2.34

2.77
2.56

3.12
2,65

2,78
2.20

4 "18
2.79

2.91
2.02

5t .59
-3t .91

7.21
-37 "93

8.46
-39.89

5.28
-51 .72

12.71
-40.29

6.74
-ó5..l8

34.58
-54.71

40.98
-40.00

-7.12
-48. Ì I
-4.49

-50 "76

-7.49
-62.06

2.30
-50.31

-10.53
-75.72

2t.76
-62.62

2l .39
-64.21

-5" ó3
-75..69

11"37
-91.52

0.51
-84.09

9.56
-99.00

ll.5l
-l0l .29

15"5ó
-l0l .40

óó.3s
-66.69

33

33

33
33

33
33

32
32

33
33

33
33

0.53
0.38

0,ó0
0.51

0"67
0.53

0.ól
0" 53

0.ó8
0.57

0.74
0.58

0.77
0.5ó

Mondible

2.96
2110

3"34
2.86

3"v2
2.95

3.42
2.95

3. gl
3. l8

4.14
3,23

4.30
3. t4

3.55
3 "57

33,20
-55.41

8.26
-62.79

27.09
-78.49

14.56
-70 ¡ 80

25.55
-85.78

29,92
-87.50

32.36
-87 "77
78.68

-53. ó3

3l
3t

3l
'31

3t
3l

3l
3l

3l
3I

3t
3l

3t
3l

3t
3l

73.10
-59.94

0
0
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TABLE B

Coordinotes of croniometric reference poinis in moles

Age Group: Lote Juvenile Stoge I

Meon +X(;) : Moximum

Anterior Croniol Bose Region

0.00

Minimum N

00
00

0

0

n x

Y

X

v

x

v

x

v

X

v

X

v

x

Y

x

Y

X

v

64.23

22.93

14.12

-9.78

-24.99

0.28
0.32

0" 35
0.30

ó8. 98
0.00

27.88
-4.0e

20.76
-20"12

0.00
0.00

58.84
-.00

t8"80
-14.44

10.02
-28.75

20.53
-45.99

70.52
-29 "57

78.95
-18.ó0

72

0.00
0.00 0.00

0.29
-.00 0.00

0
0

2

0

I
2

2

2

00
00

04
00

97
26

42

49
49

s 49
49

49
49

49
49

49
49

49
49

49
49

lo

or

zP

or

er

.43

.0ó
78

5-3
bq

26.42 0.39 2.72 34.12
-41.07 0.3ì 2.16 -3ó.89

Posterior Croniql Bose Region
87.57 0.52 3.ót 93"75

-2g.gg 0"45 3.ló -21.16

77 .09 0 "47 3. I 8 84.96
-22.98 0.3ó 2.41 -t 8.18

8ó.ót 0,47 3.28 94.18
-13.59 0.40 2.78 -7.10

80.97 0.62 4.33 93"12
-t9.35 0"53 3.64 -l I.04

Extrocroniol Reference Poinf
12.44 0,77 5.21 25.60

-gg.7g 0.ó5 4.41 -gl.13

46
46

po

evP x

v
I .ó3

-lt0.t8

48
48

46
46

.34

.0328
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Meon

TABLE 8 (continued

+ x(;) s Moximum Minimum N

pmx
Y

sPx
Y

ssx
v

prx
v

qSX

Y

isx
v

msx
Y

mi x

v

It x

Y

oix
v

¡dx
v

Pgx
v

cpx
v

gnx
Y

tgo x
v

48.50

0.71

3.54

-0.t0

7.99

-1.28

28.38

-37.13

-43. Bg

-47.39

-58.50

-46.62

-71.74

-61 "43

43.55
-42.13

-4.40
-50.46

-2"33
-53.39

-10.49
-69.06

0.5ó
-55.97

-14"65
-82.61

19.95
-69.40

Moxillo

0.39 2.72
0.30 2.09

0"37 2.58
0.40 2"80

0.37 2.59
0.45 3.12

0.46 3.24
0.52 3.ó5

0.41 2.84
0.45 3. t 5

0.5ó 3.gl
0.54 3.75

0.47 3.29
0.43 3.02

Mondible
0.54 3.ós
0.47 3. l5

56 "21
-33.12

7.60
-38.40

10.54
-41.97

8.59
-50.2.l

I 5.94
-39.89

ó"ó5
-ó3.53

36 "40
-54.62

35. 73

-55.47

8.12
-62.53

29.32
-78.12

14.20
-69.76

26.44
-87.21

30,27
-88.97

34.t5
-89.3t

8ó.59
-54"12

49
49

49
49

49
49

49
49

49
49

49
49

49
49

26.60

0.32

18"22

ó.10

I ó.95

19.79

23"86

75.22

-ól .93

-6e.43

-86.77

-78.19

-9ó"03

-98.28

-98.38

-ól .ól

0.57
0.59

0.70
0 "62

0.79
0.ót

0. B0

0. ó3

0. ó3
0.49

3.94
3.98

4.71
4.r8

4.14
3.95

5"22
4.15

5.39
4.17

5.42
4.25

4.25
3.29

18"62
-ó9.83

-r I .54
-80.82

7.68
-95.33

-5.27
-88. ó5

4"30
- I 04.3ó

8.37
-107.78

10.22
-l0B.t9

67.02
-67 "82

46
46

46
46

46
46

46
46

46
46

46
46

46
46

0.ól
0.59

0"77
0.ól

46
46
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TABLE 9

Coordinotes of croniometric reference points in moles

Age Group: Lqte Juvenile Stoge 2

Meon 1t(;) : Moximum

Anterior Croniol Bose Regîon

0.00 0"00 0.00 0"00
0.00 0.00 0.00 0.00

65 "02 0.64 2.77 69.91
-.00 0.00 0.00 0.00

22.76 0.38 1.64 25.74
-r 0.08 0.48 2.10 -7.01

13 .25 0 .52 2.29 I 5. 9l
-24.96 0.38 1.64 -22.21

26.40 0.ó0 2"61 32 "22-40.56 0.52 2"27 -3ó.t0

Posterior Croniol Bcrse Region
87.54 1"12 4.96 95.43

-27.76 0.89 3.87 -21.29

78.21 0.94 4. I 0 84. I 0
-23.03 0.53 2"33 -18.54

87.77 0" g0 3"92 94"24
-13"73 0.51 2.23 -9.95

81.07 1.0ó 4.60 90.99
-19"76 1.23 5.3ó -10.72

Extrocroniof Reference Point
10.9ó 1.45 6.32 23.53

-98. l0 0.95 4.15 -91.94

Mínimum N

NX
Y

sx
v

lox
v

orx
v

zPx
v

box
v

orx
v

Po. x
v

erx
v

evp x
v

0.00
0.00

59 "02
-.00

18.92
-14"50

7.41
-27.64

21.47
-44"46

75.82
-35.21

ó8.50
-28.91

77 "46
-1 B.0l

70.71
-29.67

0.57
-106.62

I
I

9

9

9

9

I
9

t9
19

l9
l9

t9
l9

l9
l9

t9
19

l9
19

I
I
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TABLE 9 (continued)

+,(;) : Mqximum Minimum l!

X

v

x
v

X

v

X

v

X

Y

X

v

pm

sP

ss

Pr

os

rs

-0.26

mix
v

ilx
v

oix
v

¡dx
Y

Pgx
v

Meon

48.59

-0.39

2.30

:l 
"45

6.65

-2.62

54

30

17 "34

5;24

| 5.47

2t "75

74.94

-37 "26

-43.98

-47.55

-57 "97

-46.57

-70.94

-61 "42

-ól .gó

-67 "76

-84.97

-76.37

-94.44

-96.87

-96.99

-62"46

0.5ó
0.53

0.74
0.59

0.66
0" ó0

0.85
0.66

0.72
0.57

1.0ó
0.72

0.75
0" 58

0.82
0.62

I.0l
0.78

I . ïI
0.85

I,05
0.79

1.24
0.95

1.27
0.95

l.2g
0.95

I "01
0.8ó

Mqxillo
2.46
2.29

2.88
2.63

3.14
2"49

4.62
3. 

.ló

3.27
2.54

Mondible
3.59
2.70

4.40
3 "42

4.95
3.72

4.56
3.45

s.41
4.14

5.52
4.15

5. ó3
4.12

4.40
3.74

4"22
-37.35

6.24
-41.74

3.62
-54.37

I 0.34
-42"48

4.40
-67.05

30.26
-58.09

30.78
-58.21

ó.13
-63.47

24.66
-78"31

ll.4g
-72"05

24.60
-87.91

29"84
-90.32

32"55
-89.91

83.ó9
-56.47

45.0.|
-41 .09

-8.
-47 

"

-4.
-52.

-12.47
-64.62

tó.1ó
-77.99

17.31
-67.17

.96

.42
52

-33
t9
t9

I9
19

t9
l9

19

l9

l9
19

l9
t9

l9
t9

19
l9

19
19

l9
l9

19

19

9

9

9

9

19
t9

l9
19

08
59

39
3I

23
58

3

2

3.72
2.gg

62
665

26

25

msx
v

19"34

15.93
-68"07

-12.70
-75.84

4;62
-92.21

-7.16
-84. I 5

1.62
-102"85

4.62
-l 0s.00

8.08
- I 05.09

66.02
-69.60

I
I

I

I

cpx
v

gnx
v

tgo x
v
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TABLE I O

Coordinotes of crqniometric reference points in moles

MgolL

Age Group: Adolescent

1t(;) : Moximum

Anterior Crqniol Bose Region

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

óó.31 0.40 2"79 73.57
-.00 0.00 0.00 0.00

24.15 0.34 2.36 29.70
-10.48 0.37 2.56 -6,52

15.46 0.37 2.61 22.64
-26.13 0"26 1.92 -22"70

28"06 0"45 3.lg 36.56
-43 .47 0 .37 2.56 -37 .72

Posterior Croniql Bose Region
90.91 0"ól 4.29 105.ó9

-30 "77 0.49 3 "40 -23.25

8t.ll 0.ó3 4.35 93.1t
-24.75 0"32 2.22 -20.22

89.91 0.58 4.03 t00.23
-13.9ó 0 "37 2.60 -4.59

85.42 0.ó8 4.74 96.43
-20.37 0.74 5.20 -4"44

Extrocroniol Reference Point
I 3.83 I .05 6.36 30.03

-105.97 0.85 5. l5 -97 .81

Minimum lt

NX
v

SX
v

lox
Y

orx
v

ZPX
v

box
Y

orx
v

Pox
v

erx
v

0.00
0.00

59.62
-.00

1 5.42
-ló"88

9. l3
-31.50

2l .31
-52"34

82.54
-37.25

70,27
-29 "68

7e.94
-'18.5ó

73.48
-31.49

2.00
-122.19

49
49

49
49

49
49

49
49

49
49

49
49

47
47

49
49

49
4e

evP x

v
3

3

7
7
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Meon

50.0ó
-39.79

I .13
-46 "23

3.42
-49.77

-0" 90
-62.66

7 "18
-50 " 28

-1.67

26.64
-66.60

-67.4.1

0.58
-72"97

19.49
-90.75

5"96
-81 .80

17,47
-l0l.g3

20.66
*l 04.58

24.27
-l 04" 58

B0.ló
-66.19

33.80
-60 "17

11 .20
-óó.33

29.96
-81.71

17.29
-74.47

29.20
-89 "27
3l .20

-92.14

34.51
-92. I 0

96 "66
-59.53

TABLE I O continued

+r (;) s

Moxillo
0.44 3.05
0.34 2,37

Moximum Minimum N

92
97

5BPmx
v

spx
v

ssx
v

7.48
-56.62

22
ó3

3

3

4B

5B

46
52

0
0

0
0

0.42
0.39

0.43
0"38

0.59
0.ól

0.5'|
0.5ó

0.52
0.59

0.59
0.64

0. óó
0.64

0.59
0.64

0.77
0.84

0.78
0.80

0.77
0"8.|

2.97
2,71

3.02
2"67

3.39
4.03

4"14
4.26

3.59
3. 95

3.94
4.37

4.52
4.36

4.01
4.38

5.29
5.73

5.37
5.51

5.0'|
4.19

-33

8.53
-3g. gl

11 .26
-44.75

14.58
-43.41

10..l2
-69.27

35"52
-59.5s

43. ór
-45. I 0

-5.20
-54.53

-2.70
-59.23

-7.60
-74.88

0.82
-ól .05

-l 0.32
-87.06

lg "41
-79.11

I ó.59
-79 "72

-8. 13

"86 "49

7"02
-102.46

-3.08
-94.82

7.01
-l19.41

9.95
-120.50

I 3.08
-r20.1r

69.65
-74.86

49
49

49
49

49
49

49
49

49
49

4e
49

49
49

47
47

47
47

47
47

47
47

47
47

47
47

47
47

47
47

-75"66

7224

Prx
v

osx
v

isx
v

msx
v

mi x

v

Itx
Y

qix
v

idx
v

Pgx
v

cpx
Y

gnx
Y

fgox
Y

Mondible
3.54
4.03

5
5

28
53

0.73
0. ól
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TABLE I I

Coordinotes of cronÌometric reference points in moles

Meon

0.00

70.40
00

24,75
-t 0.53

I ó.35
-25.65

29.31

97.27
-33.35

87.34
-26.89

96.27
-r4.30

9l "74
-18.49

13.46
-117.94

Age Group: Adult

+x(;) : Mqximum Minimum

0.00
0.00

Anterior Croniql Bose Region

0.00 0.00 0.00
0.00 0.00 0.00 0"00

N

34
34

34
34

34
34

34
34

34
u

u
34

34
34

34
34

34
34

34
34

94
00

0.53
0.64-45"24

nx
v

sx
v

lox
v

orx
v

zpx
v

box
Y

orx
v

POX
Y

erx
v

evp x
Y

0"50
0.00

0.47
0.49

0.48
0.41

2
0

2"72
2.95

75.76
0.00

3l .09
-4.00

21.53
-19.66

62.34
-.00

20.32
-17.00

10.80
-30.0t

21.54
-54.s9

89.88
-4t .l I

79.91
-32.98

87.56
-20.68

76.21
-33"62

-1 "97
-t 3t .90

2.81
2.38

3.07 34.61
3.71 -35.62

Posterior Croniol Bose Region
0.72 4.t8 104.tó
0.64. 3.71 -26.52

0.ó3 3.69 96.28
0.49 2.84 -20.81

0.88 5. t5 113.39
0.57 3.30 -4.94

0"93 5.41 100.79
0.77 4"50 -10.45

Extrocroniql Reference Poinf
I 

" 
gl g.0g 26 "32

1 .74 7.40 -gg.g4



9B

Pm

sP

ss

Pr

os

X

v

x
v

X

v

x
v

X

v

x
v

X

Y

Meon

5l .89

0.46

2,55

-l .l I

5.90
-55" 33

-0.74
-81 .30

24.75
-74.28

22.21
-75 "01

| .07
-79.2?-

18.37
-98.81

5.77
-88.23

19.05
-113.30

2l .08
-t I 5.8ó

24.78
-116.21

88"ó3
-74 "97

TABLE l.l (confinued)

Ix (i) :
Mqxillo

0.55 3.19
0.42 2.47

0"57 3.34
0"80 4"67

0.59
0.87

Mqximum MinÌmum

-42.49

-49.87

-54.27

-ó8. 88
66
87

56.49
-34.96

7.19
-3t " 94

-5

l3 "08
-39. I g

10.26
-61 "14
33.85

-ó0.09

30.99
-ó0.3ó

10.24
-ól .11

32.61
-83.72

16.97
-71"86

3t.8ó
-97.37

34.74
-99.49

37.59
-100"0ó

98.66
-66"24

42.81
-48.46

-7.50
-59.55

-5.8ó
-64.56

-9.1 5
-75.71

-9.66
-88.62

I 5.81
-82"30

10. l2
-83. 82

-10.22
-88.32

3 "62
-t09.t3

-6.40
-98.40

-3.04
-129.16

-1"49
-l 30. 93

I .95
-l3l.ll

67.39
-85.93

0
0

0,ól
0.82

44
07

8ó
08

3.54
4.76

5.08
5.44

3

5

3

5

N

34
34

34
34

34
34

34
34

34
34

34
34

34
34

90
79

-0
-62

56
72

75
0ó

I
-34

7
I

ms

ts

mt

lt

ql

¡d

75
75

0
0

0.97
0.93

0. gl
0.76

0.Bg
0.95

I "09
0.95

0"92
0.93

1.34
l.tó
1.33
I "13

1.26
l.ll
l.0l
0.89

4" 35

4.35

Mondible
4"74
4.44

5.17
5.53

6.37
5.53

7.84
6.76

7.n
6.57

5"87
5.16

x

v

X

v

X

v

X

v

34
34

34
34

34
34

34
34

7 "36
6.4s

Pgx
Y

cPx
v

gnx
v

tgo x
Y

.39
42

5
5

34
34

34
34

34
34

34
34
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TABLE I2

Coordinotes of croníometric reference points in fenroles

Meqn

Age Group: Eorly Juvenile Stoge I

]¡t"l : Moximum

NX
v

sx
v

lox
Y

orx
v

ZPX
v

box
v

orx
v

pox
v

erx
Y

evP x
Y

Anterior Croniql Bose Region
0.00 0"00 0"00 0.00

0.00 0.0c 0.00 0.00

60.22 0.5ó 1.69 62.36
-.00 0.00 0"00 0.00

21.49 0.89 2.66 24"94
-9"62 0.62 l.B5 -6.09

13. g5 0 "73 2"19 17 .32
-23.53 0"62 I "gó -21.61

25.74 0.é8 2.05 28.73
-36.29 0.95 2"55 -32.72

Posferior Croniol Bose Regiong2.lg 0.64 1.92 94.27
-26 "15 0.73 2.19 -22.56

71.31 1.26 2.51 74.23
-l8.g2 0.ól 1.22 -17.36

8l .04 0.ót 1.83 83.23
-12.00 0.74 2.21 -9.29

71.39 0"54 l.0g 72"97
-19.22 3"09 ó.lg -t0.0g

Extrocroniql Reference Poînf
13 .59 | .gg 3. gg 1g "29

-gl .35 2.90 5.90 -g2.go

Minimum N

0.00
0"00

57.64
-.00

16.45
-12.34

g. gg

-26.71

22.66
-41.06

79 "69
-29.71

ó8. ó8
-20.34

77.32
-l ó. ó0

70.57
-23.68

9 "45
-95"óg

9
9

9
9

9
9

9

9

9
9

9

9

4
4

9
9

4
4

4
4

* Meon difference between mole qnd femof e significont of P>0.05
Meon difference between mqle qnd femqle significont ot P>0"0.|

**



100.

TABLE l2 (contïnued)

Meon +¡ (x)

Moxillo
46.25 0.97 2.91

-32.89 0.48 1.45

1.44 * 0.9ó 2.gg
-40.05 l.ll 3.33

4.69 * 0.73 2.20
-43"96 1.12 3.35

4"73 * 0.87 2"60
-56.97 l.5B 4"74

No Observqtions Recorded
No Observqtions Recorded

6.60 ** 0.80 2.41
-ó4.10 l.3l 3.93

3l .43 1 "02 3 .05
-52.60 * I .05 3. 15

Mondible
31 .42 I .l g 2"36

-53"32 I .93 3.85

B.ó8 1.14 2"27
-63.97 2.77 5"54

29 "85 0"00 0.00
-82.23 0.00 0.00

12.79 2.34 4.68
-70.63 3.39 6.77

21 .28 2.74 5"48
-85.20 2"74 5.47

24.97 2"97 5.94
-99"62 2"90 5.ó0

29.73 2.72 5.44
-88.94 2.68 5.37

7t.83 2.14 4.29
-53.47 l.4g 2"97

Moximum Minimum NI

pmx
Y

spx
v

ssx
Y

Prx
v

qsx
v

isx
v

msx
Y

míx
Y

ilx
v

oi x

v

idx
v

Pgx
v

cPx
v

gnx
Y

tgo x
Y

50.3.l
-30.29

5.43
-34.0r

7.85
-39. I I

g.0g

-48.52

10.55
-57.44

37.03
-47.20

42.83
-34.41

-2"32
-45.07

2.57
-49.57

2.25
-ó3. ól

3"70
-69.74

28.37
-55"75

29.28
-56.41

ó.0ó
-68"25

29.85
-82.23

8.5ó
-76.21

16.22
-89.28

19.15
-92.26

25.49
-92.18

67.18
-56.41

I
I
I
9

9
9

9

9

9

I
9
I

4
4

4
4

33 "73
-47 "71

10.62
-55.77

29.95
-82"23

l g.l4
-61.29

29.59
-77.12

32.69
-80 "27

3ó.89
-80.92

75"67
-49 "78

4
4

4
4

4
4

4
4

4
4

* Meon dífference between mole qnd femole significant ot Þ0.05
Meon difference befween mole ond femole significont ot P>0.01**
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TABLE I3

Coordinotes of croniometric reference points in femoles

Age Group: Eorly Juvenile Stoge 2

Meon +E(;) s Moximum Minimum \
Anlerior Crqniol Bose Region

x

v

X

v

X

Y

X

v

X

v

n

s

0.00
0.00

60 "42
*

-.00

2l .50
-9.41 *

13.69
-23. I 5 **

0
0

0
0

0
0

0
0

00
00

46
00

5B

55

83
33

00
00

0
0

1.74
0.00

2.17
2.06

3.10
1.24

0.00
0.00

63.47
0.00

25.11
-5.23

I 8.50
-21 .tl

0.00
0.00

57.75
-.00

19.42
-12.37

8"4s
-2s.41

23.36
-39.64

77.49
-29.37

68.48
-21.95

76.17
-15.28

14

14

14

t4

14

t4

t4
14

14

14

lo

or

zP

bo

or

Po

er

EVP

26.69 0.52 I .95 29.05
-3ó.3ó** 0.42 l.5B -33.9ó

Posterior Croníql Bose Region

82.04 0.77 2,90 86.70
-25. 88 0.70 2.61 -19.29

72.36 0.90 2.39 74.69
-20.45 0.45 I .35 -17 .45

9
9

t4
t4

14

14

X

v

x

v

X

v

X

v

x
v

8l "35

74.25

14.26

** 0"73 2.75 95.33
-12.21 0.ó0 2.24 -6.92

l.ó0 4.53 78.90
-17 .15 | .25 3.52 -12.45

ExtrqcrqnÌol Reference Point
1.42 4.26 21"93

-91 .gg I .30 3. g0 -95.24

ó6.42
-23.63

7.92
-97.92

I
I

9

9

* Meon difference between mole ond femole signîf iconf of P >0.50
Meon difference befween mole ond femqle signif iconf ot P>0.01*:t
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Meon

28.56
-55.11*

5.1 I
-64.47

20.76
-79 "78*

10.ó3
-73.11

19.97
-87.33*

22.30
-89.57*

26.19
-90.14*

71 .42
-54.7y*

TABLE l3 (continued)

+ x(;)

Moxillo
0.51 l.gl
0.39 1.44

44.90
-33.24

0.74 0. ó0
0" 5ó-39 "79

3.39

l.B0 0.66
0.66-52.02*

7.88
-41 .35

2.04 0.gl
-ó3.39** 0.90

29.91 0.óg
-54.25** 0.54

s Moximum Minimum N

0
0

PMX
v

SPX
v

ssx
v

prx
v

QSX

v

isx
Y

msx
Y

mi x

Y

ilx
Y

oix
v

¡dx
v

Pgx
v

GPX
Y

9nx
v

tgo x
v

0" 55
0. ó5

0.85
1 "12

1.30
I.tó
0.76
I .05

1.45
l"l4
l.ó0
| "20

1.52
l.ló
I .13
0.94

2"23
2,09

2.41
2.13

2.49
2.47

I .8ó
'|.54

3.03
3.00

2.55
2.03

Mondible

l.ó5
1.96

2.55
3.37

3.67
3 "29

2.29
3.14

4.35
3.42

4.79
3.59

4.56
3.47

3.38
2"81

49.46
-30.77

4.rB
-36.97

7.99
-40.17

ó.31
-49.07

9" 83
-39.93

6"40
-59. I ó

34.00
-50.ól

32.08
-52,05

8.90
-59.0ó

26.85
-75"36

14.42
-ó8.48

29,11
-81 ..l ó

31 .64
-82.82

35.71
-83.80

77.85
-51 "52

40.78
-35.24

-3. 9ó

-44.37

-1.97
-47.82

-2.71
-58. ì 9

4.58
-44.2.8

-3.71
-70.60

24.23
-57.11

26.47
-58.09

0.94
-68"52

17.57
-85.25

8.39
-77.26

15.99
-91.84

17.41
-94.83

21 .76
-94.67

65.41
-60 "27

6
6

64
57-43.07

76
ó3

0
0

t4
14

14

t4

14

t4

14

14

14
14

t4
t4

9

9

I
9

I
I
9
9

9
I
9

9

I
I
9

I
* Meon difference between mole qnd femqf e significont ot Þ0.50

Meon difference between mcrle ond fenrole signif icont of Þ0.0.I*.*
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TABLE I4

Coordinotes of crqniometric reference points in lcemqles

Age Group: Eorly Juvenile Stoge 3

1A-l lX (;) r_ Moximum Minimum

Anterior Cronicll Bose Regîon

0.00 00
00

a

x

v

x

v

X'

v

x
v

X

v

n

s ól .01

0.00

00
0.55
0.00

0.00
.00

.57

0
0

0

0

N

22
22

22
22

22
22

22
22

22
22

22
22

22
22

24
00

76

92

5ó

00
00

43
00

0.00
0.00

8.84
-25.94

22.33
-41.36

77.36
-33.33

ó8.3ó
-25. I 0

76"82
-t 5.41

4.50
-102.78

**
0

2

0
66

000

lo

or

zP

bo

qr

Po

er

EVP

21.52 * 0.43 2.02 25.05
-9.09 0.35 1.64 -5.34

13.94 0.50 2.34 19,73
-23.99* 0.34 l.5g -20.23

26.36 0.3ó 7 "71 29.66
-37.93** 0.50 2.34 -34.14

Posferior Croniql Bose Region

83.37 * 0.62 2.gl 87 "86-27.27 0.54 2"53 -22.11

72.98 * 0.62 2.57 76.90
-21.26* 0.50 2.06 -ló.g8

82.69 * 0.66 3.09 99.25
-12.25* 0.46 2.13 -7.71

77.18 0.73 2.72 g0. gl
-17.32 0.96 3.ó0 -l I .03

Extrocroniol Reference Point
10.76 | .17 4.81 21 .54

-94.82 1.25 5"17 -85"89

7
I

X

Y

X

v

x

Y

x

v

x

v

t7
t7

71,76
-22.65

t4
14

17
l7

* Meqn difference between mole qnd femole significont ot P>0.05
Meon difference between mole ond femole significonf ot Þ0.0'|**
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TABLE l4 (confinued)

Meon +x (Ð I Mqximum Minimum

3.76
3.32

3

pmx
v

sPx
Y

ssx
v

prx
v

osx
v

isx
v

msx
v

mix
v

ilx
v

oi x

v

idx
v

Pgx
Y

CPX
v

gnx
v

tgo x
v

46.27

0.8ó

93

l.ó0

8.43

I.lg

28.94

-34" 98

-41.42

-45.14

-55.34

-44.03

-67.92

-5ó 
" 
88*

0.51
0"44

0.5ó
0"5ó

0"51
0.59

0.59
0.67

0"53
0"ó0

0.73
0.75

0.69
0.ól

0.94
0.73

0.92
0.94

1.29
0.97

I .13
0.96

t.35
I .ló
1 "52
1 .21

1.44
1.17

0" 9l
0.8.|

Moxillo

2,37
2.05

2.63
2.64

2.39
2.76

2.77
3.14

2.49
2.90

3.42
3.53

3"21
2.85

Mondible
3.97
3.03

3. gl
3. 88

s.32
4.0.|

4.65
3.9ó

5.55
4"77

6 "28
5.01

5.93
4.81

50.85
-31.78

4.76
-35. l5

7.82
-39.70

7.32
-47.98

12"50
-38. I ó

8.67
-59"97

36.87
-51"48

3ó. ó5
-5t .81

12.18
-59. I 9

3r .98
-76.33

I 8.51
-67 "58

29.55
-82. I 0

34.94
-84.41

39"20
-84"76

81.83
-49.87

42.05
-38.92

-4.s6
-45,94

-3"99
-ó1.58

3.rB
-48. I 5

-5.47
-74.24

21 "54
-61.73

20.64
-62.52

-3.17
-71.86

10.72
-89.s4

0.03
-80.88

9.43
-98. I 3

.l0.41

-l 00.9ó

I ó.08
-l0r.03

67.92
-61 .74

N

22
22

22
22

22
22

22
22

-0.75
-50.42

22
22

22
22

22
22

27.47

3.00

20.37

8"80

l g.gl

21.64

25.65

73.34

-57.091'

-66.12

-92.95

-74,74

-90"82

-92.86

-93.08

-5ó. ól **

7
7

l7
t7

l7
17

17
17

17
t7

17
17

t7
17

l7
t7

*
tr*

Meon difference between mole ond femole sÏgnÎf icont ot P>0.05
Meon difference befween mole ond femole signif icont ot P>0.01
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TABLE I5

Coordîncrfes of cronîometric reference poinfs in femoles

Meqn

Age Group: Lote Juvenile Stoge I

lx(;) I Mcximum

NX
v

sx
v

lox
Y

orx
v

zPx
v

box
v

orx
v

Pox
v

erx
Y

evP x

v

0,00

62.20

22"03

I 4.03

25,84

95.42

75.04

84.3.|

77 "66

ll"óó

Anterîor Croniol Bose Regïon

0.00 0.00 0.00
0.00 0.00 0.00 0.00

** 0.40 2"54 67,35
-.00 0.00 0.00 0"00

*' 0.30 I . g3 25.31
-9.84 0"31 l.g4 -6.48

0.31 l.g5 18.50
-24.47 0.28 1.77 -21 .39

0.43 2,74 30.43
-39.46*¿, 0.35 2.22 -33.ól

Posterior Croniol Bose Region* 0"ó5 4.1I 92.41
-26,64*x 0.55 3.46 -17.57

** 0.59 3.50 81.25
-21 .21*¿, 0.31 I . gl -17 "85

* 0.57 3.ó0 91.03
-l I "gg** 0.37 2"36 -6.09

fÉ* 0.79 4.75 8ó.30
-19.27 0.75 4,52 -11 .46

Extrocroniol Reference Point
' 0.ó8 4.04 21.08

-gg.l4 0.82 4.88 -86,96

Minimum

0.00
0.00

53.97
-.00

18. 
.l0

-l5.80

9.01
-29.29

17.69
-44.05

74.60
-32. I B

65.22
-24.71

T3 "46
-l ó.05

67.72
-29.21

N

40
40

40
40

40
40

40
40

40
40

40
40

35
35

40
40

36
3ó

3.50
-107"01

35
35

*
**

Meqn difference between mqle qnd femole signif ícont ot P>0.05
Meon difference between mole qnd femole significant ot Þ0.0.|



l0ó.

Meon

47.46
-3ó.05*

0.74
-43 "12

3.3ó
-46.63

0.29
-57.96

7 "97
-45.86

-0.41
-70.58

27 "88
-59.9V

-60.79

-69.17

-85.83

-9s.01

-97.12

-97.48

-59.21 **

2

2.67
2.97

2.90
2."96

3.ó3
3.70

3.27
3. I5

4.27
3. gl

3"24
3.0ó

Mondible
3.64
3.t0

4.67
3.8ó

5.21
3.92

4.76
3.79

5.98
4.82

5.90
4.91

TABLE l5 (conf inued)

+x(i)

Moxillq

s

BO

08

Moximum Minimum

2

N

40
40

40
40

40
40

40
40

40
40

40
40

40
40

.67
44

-B
78

x

v

X

v

X

v

X

v

X

v

x

v

x

v

Pm

sp

ss

Pr

os

¡s

MS

ml X

v

x

v

X

v

X

v

X

v

X

Y

X

v

x

Y

0.44
0.33

0.42
0.47

0"44
0.47

0.57
0"58

0"52
0.50

0.67
0"ó0

0.51
0 "48

52.79
-31.8ó

5.08
-37.91

8.46
-41.19

7.28
-48"22

r 4.35
-39 

" 
ó5

7 "96
-60.73

37.01
-52.45

33.01
-52.72

11.00
-58"62

3l .83
-77.14

17.03
-ó8"31

34.39
-84.88

39,74
-86.29

93. ó4
-50.12

42.77
-39.88

-4.19
-49.00

-l .gl
-52.84

-5.97
-66.20

I .90
-52,97

2t.8t
-65.97

19.57
-65.97

-6.44
-74.38

10.92
-9t.ó3

9.14
-102.91

1t .57
-105.ó8

26.35

1 .17

ol I9.18

¡d 7.00

p9 18.57

21.12

gn 25.38

75.48

0

0

0

0

0

0

.62

.52

0.81
0.64

l.0l
0.8'l

I "00
0.83

I .00
0.80

0. ó5
0.70

35
35

79
65

88
66

¡l

cP

tgo

35
35

35
35

-77.66
35
35

35
35

35
35

35
35

.ó8

.43
-0

3-8

32.44
-83.35

5

4

3

4

95

72

83
4

15.74
- t 05.43

67.37
-ó9.8.|

35
35

*Meon difference between mqle ond femole significont ot P>0.05
**Meon dÌfference between mole ond femole sígnificont or P>O.01
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TABLE I ó

Coordinqtes of croniometric reference poînts in femqles

Meon

Age Group: Lote Juvenile Stoge 2

+.t (;) s Moximum Moximum N

n

s

X

v

x

Y

X

Y

X

Y

x

v

Anterior Crqnîol Bose Region

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

63 .24 0. 95 3. I 5 67 .46
-.00 0.00 0.00 0.00

2t.88 0.59 1.96 25.94
-8.78 0.53 1.77 -6.54

12"55 0.73 2.44 15"32
-24"34 0.55 l.8l -22.06

25.91 0.8ó 2"86 28"96
-40.67 0.46 1.54 -38.42

Posterior Croniql Bose Region

85.24 I "58 5.24 93.17
-29"82 0.58 I "93 -26.02

74"23 * I "54 4.87 83.33
-22"55 0"52 1.66 -21 .l g

g3 .77 * I .3ó 4 .52 91 "87-12"75 0.U 2"14 -8.71

77.10 * I .62 5.39 U.52
-21 .29 1 .77 5.85 -13. I I

Extrocroniol Reference Point

10.14 1.42 4.50 15"17
-100.12 1.09 3"45 -95.72

0.00
0.00

58.17
-.00

19.62
-11.73

9.04
-27.61

20"94
-43.25

76.72
-33. ó0

66.77
-26,47

75.42
-1 5.52

66.69
-29"32

0.ó0
- I 0ó.8ó

il
ll
il
il
1l
ll
il
lt
il
lt

lo

or

zP

bo

or

po

er

evp

x
v

x
Y

x
Y

x
v

ll
tì
t0
l0

ll
ll
ll
ll

l0
l0

x

v

* Meqn difference between mqle ond femole signif icont ot P>0.50
Meon difference between mole cnd femole signîficont ot PÐ.01*t



l0g.

Meon

TABLE ló (contirrued)

1x(*) :
Moxillq

0
0

0
0

Moximum Minimum \

Pm

sP

ss

Pr

os

ls

ms

ml

¡¡

ol

¡d

Pg

cP

gn

tgo

45.81 52.33
'35.52

3.97
-41.32

40.82
-39.52

* 94

44

82
40

I
4

.l

.t
-473

34

3. l3
1.47

ll
ll

ll
l1

ll
ll

ll
II

x
v

X

v

X

v

X

v

x

Y

X

v

X

v

-37.63
.|.0ó

-43.5.| -45

1"66 0.93 3"07 6"07 -2.73
-47.48 0.73 2.41 -43.26 -51 .óó

-l .52 1.26 4.20 4"92 -7.49
-58.99 0.ó5 2.17 -54.61 -62.45

6.23 0.97 3.22 I 0.23 1 "92
-47.93 0.54 1.79 -44.15 -50.08

-2.45 1.49 4.95 5"71 '9.74
-71 .17 0.64 2"12 ^67.0'l -74.50

25.59 1.26 4.20 32.53 19.38
-61 "42 0 "66 2"19 -57 "53 -ó4.81

Mondible

22"36 I .48 4"69 31 .24 l4.l B

-62.22 0.75 2.36 -58.26 -ó5.98

-2.11 1"40 4"44 6"93 -8.25
-69.57 0.96 3.03 -62.46 -74.62

15"34 1"62 5.13 24.80 9.89
-86.75 0.58 1.84 -83.92 -89.34

2"92 1.58 4.99 12,63 -2.87
-78.39 0"87 2"74 -72"55 -82.81

14"77 l.ó5 5.2.3 22.76 7.95
-96"41 I . l8 3.72 -91 .00 -103.41

ló"9ó 1.79 5"66 24"61 9.87
-98.19 l"lB 3"73 -92.50 -104.ól

21.75 1.70 5"38 30.71 14.45
-98.96 1"07 3"37 -94"90 -105.47

74"12 1.55 4.91 Bl .ól 64.51

-61.97 0.98 3.09 -57"83 -óó.89

qn difference between mole ond femole signif icont of P>0.05

on difference befween mole ond femole sïgnifÏccnt ot P>0"01

a2

I

ll
lt
1l
1l

I
l

X

v

x
Y

X

Y

X

v

x

v

x
v

x
v

l0
l0

l0
l0

l0
l0

l0
l0

0

0

I
1

t0
IO

I
I
0

0

10
l0

X

v

Me
Me

*
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TABLE I7

CoordÌnofes of croniomeiric reference points in femqles

Age Group: Adolescent

Meqn 1t(*) : Mqximum MÍnimum N

n

s

43
43

43
43

43
43

43
43

43
43

43
43

I
I

3

3

77 "93
-35.24

x
v

x

v

x
Y

x
Y

X

v

Anterior Croniol Bose Region

0"00 0"00 0.00 0"00
0.00 0"00 0"00 0.00

63"79 ** 0"45 2.96 70.06
-.00 0"00 0"00 0"00

22.09 ** 0"37 2"40 26"95
-10.08 0"37 2.45 -5"39

13"31 ** 0.37 2"41 19"79
-25"09* 0"3ó 2"38 -19.62

26.33 ** 0"45 2.gg 34"64
-41.74** 0.41 2.71 -33.09

Posterior Croniol Bose Regíon

87.81 ** 0.ó8 4 "48 gg"7g

-28.09¡'* 0.52 3.43 -19"71

78.24 *rr 0.59 3"62 8ó.03
-22.56x* 0.37 2.30 -17"66

8ó"28 ** 0.64 4.lg 93"13
-l I "gó** 0.39 2"55 -ó.9ó

80"75 * 0.73 4"70 90.27
-19.54 0"73 4"67 -9.94

Extrocroniql Reference Poinf

10"46 * l.0l 5"gg 20"34
-103.43 1.00 5.92 -u.94

0.00
0.00

54"75
-"00

17.37
-16.02

7.29
-30. 

.l 
3

19.53
-48.28

69.77
-27 "41

69.
-31.

lo

or

zP

bo

or

Po

er

x

v

x
v

X

v

x

v

75
l6

0
2

43
43

34
34

44
45

22
27

46
59

41

4l

evP x
Y I

*
**

Meon dîfference between mole ond femole signïficoni oi P>0"05
Meon dîfference between mole ond femol¿ signíficont qt P>C.01
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TABLE l7 (conl'inued)

+ x(;) Moximum Mínimum N:

pmx
v

spx
v

ssx
Y

Prx
v

qsx
v

isx
v

msx
v

Meqn

47.91

-0.0ó

2"35

-1.92

5.79

-2.57

24"87

**
-39 

" 
05* *

-45.22

-49 "01

-61.40

-49.39

-73.68*
*

-64,52**

0"51
0"3ó

0"49
0"42

0.51
0.48

0.ó5
0.54

0.58
0"43

0"71
0"ó3

0.62
0.49

Mqxillo

3.34
2"35

3. 1ó

2.74

3.35
3..l5

4.26
3.5ó

3.93
2.82

4.68
4.15

4"05
3.22

Mondible

4.29
3.26

4"37
4"45

5.50
4.97

4 "91
4"73

6"34
5"49

ó.53
5.54

6"60
5"40

4.26
4"75

55.00
-31 " 1ó

6.23
-39.59

9.59
-40.48

7.36
-51 .l g

14.21
-42.27

8.59
-59.5.|

34.00
-54.89

31"79
-54.90

9" l8
-58.52

28,63
-72.66

14"56
-64.87

30 "43
-97 "97
33.95

-83 
" 
78

37 "40
-84.59

8ó.39
-54.72

41.05
-45"09

-9"C7
-4g.gl

-4" 83

-54.66

-10.57
-67 "62

-1 .79
-54.39

-12"58
-91.14

l5. gó

-70.46

13.93
-70.46

-7 "91
-80.5ó

7.55
-98.23

-3 "24
-89.23

7.28
-l 09.óg

10. 
.l5

-l l0.gl
l3. gl

-l I 0.80

69.37
-74.26

43
43

43
43

43
43

43
43

43
43

43
43

43
43

x

v

x

v

X

v

x

v

X

Y

x
v

x

Y

X

Y

m¡

II

qi

¡d

p9

cP

gn

tgo

23.12
-ó5.33*

-0.0ó
-71"33

17.24
-88" I B*

5.17
-79"69*

I ó.31
-98"78*

1g "45
-l0l.5g*

23"66
-l0l.78*

78.59
-ó3.30**

o.69
0" 53

0.71
0"72

0. Bg

0" gl

0.80
0.77

I "03
0.89

1.0ó
0.90

1.07
0.88

0"69
0.77

3B

3B

38
3B

38
38

3B

38

38
38

38
38

38
38

3B

38

* Meon difference between mole qnd femole significont ot P>0.05
Meqn difference l¡etween mole ond femsle significont ot P>0.0.I**
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TABLE I8

Coordinotes of croniometric reference points in femoles

Age Group: Adult

+r(;) s Moximum Minimum N

s

or

lo

3l
3l

3t
3t

3l
3l

3ì
3t

31

3t

0.00
0.00

61"66
-.00

16.26
-t 5.ó5

9.8ó
-31.05

20.08
-50. I I

zp

bo

or

er

evP x

v

x

v

x
v

x

v

x

Y

x

v

Meon

Anterior Croniol Bose Region

0.00 0"00 0.00 0.00
0.00 0.00 0.00 0.00

66.71 ¡t* 0.44 2.46 72.25
-.00 0.00 0.00 0.00

22.93 * 0.58 3.22 29,48
-9.58 0.51 2.83 -2.87

14"79 *' 0.54 3.02 20.69
-25.04 0.46 2.56 -18.70

26.90 ** 0.51 2.85 3l . 14

-42"87** 0.59 3.28 -37.58

Posterior Croniol Bose Region

91.29 rr:t 0.73 4.08 100.71
-29.42** 0"ó5 3.ó3 -21.66

92.16 :s'* 0.ól 3.40 88"92
-23.45** 0"47 2.60 -'l9"5ó

g0.ló *rr 0.58 3.24 97.83
-l l.gl** 0.57 3.17 -5"38

85.25 ** 0.81 4"52 99.12
-17.30 0.92 4.55 -1 I "ó5

Extrocrqniol Reference Point

12"03 l.gg 7"05 22"00
-107.14** 0.90 3"37 -l0l.B2

po

x

v

X

v

X

Y

X

Y

93.04
-34.35

73"12
-29"54

82.55
-19.82

78.10
-28.68

3ì
3t

3l
3I

3t
3l

3l
3l

-ó.13
-111 .92

t4
14

* Meon difference between mole ond femqf e signif icont ot P>0.05
Meon difference between mqle c¡nd femole signif iccnf ot Þ0.01**
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TABLE ì8 (continued)

+ x(x') : Moximum Minîmum lt_

x
v

x
v

x

v

x
v

x

v

pm

sp

ss

Pr

crs

3

26"
-ó5.

mt x

Y

II X

v
qix

v

idx
Y

Pgx
v

cPx
v

gnx
Y

Meon

49.37 **
-39.67**

-0"28
-46.99*''*

l.4l
-51.09**

-2"77
-64.49**

5.23
-52.23**

-3.31 *

-76.11**

22.62 *

-69.24**

.14"31 *

-102.9ó**

17 "72
-l05. gg*'*

21.41
-l 0ó.30**

81.52 **
-68.73**

Moxillo

3.57
| "96

3"21
2.22

3.10
3.07

3.77
3. gg

3. ó3
3. óB

4.70
4"14

3.95
3.08

Mondible

3.94
3.25

4.82
4. l5

6.04
4.29

5. l0
4. l0

6"74
5"26

6"U
5" 00

ó.88
4"86

4"gg
5"lg

-7 "53
-51 .5ó

-4.59
-ó0.59

-11.21
-74.73

-1.24
-ó3.0ó

-12.77
-98.34

14.03
-80.34

11.75
-81.óg

-l l.5g
-84"73

3.75
-101.75

-6"70
-92"84

1.03
-119.73

4"21
-122.62

7.19
-123.12

70.24
-80"25

0"64
0"35

0" 58
0"40

0.5ó
0.55

0.ó8
0,70

0"ó5
0.66

0.84
-.74

0.óg
0"55

| "21
0"94

1.23
0.90

1.24
0.87

0.90
0" g3

55,32
-3ó. I ó

4. gg

-41.46

7.61
-44"35

5.22
-58.05

13"27
-46"72

4"86
-69.78

28"79
-64.38

98

6.92
-65.14

27,49
-93 

" 
05

12,66
-re"90

22.99
-92.60

25.72
-98"50

30"19
-98.85

92.20
-58"79

40
-43

.29

.94
31

3I

3l
3l

3r
3t

3l
3t

3t
3t

3t
3l

3t
3I

tsx
Y

msx
Y

20"73 0.69
-ó9.83** 0.59

-l "09 0.97
-74.61** 0.75

15.92 l.0B
-90.78*'* 0"77

4. l0 0.92
-92.56** 0"74

I
3l
3l

3t
31

3r
3t

3l
3t

3l
3t

3l
3l

3t
3l

3l
3t

tgo x
Y

¡l Meqn difference between mole ond femole signif icont qf P>0.05
Meon difference befween mole and femole significont of Þ0.01**
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P ROP ORTI ONATE STATISTICS

To eliminofe size differences qbsolute volues of the reference

point coordinqtes were converted to proportionote volues, fhereby

permitting both within sex qnd between.sex comporisons of fhe oge

group norms.

'Tobles l9 ond 20 show the proporfionqfe volues of the coordinqfes

expiessed in per cent of the tofol grid size for oll seven dentol oge

groups for bofh moles ond femqles. The obscisso vqlue is recorded os o

percentoge of the grid depfh ond the ordinote os o percenfoge of the grid

height



TABLE 19

Ecrly
J uven! I e

Stcge I

0.00
0.00

75"00
-.00

25"97
-9.04

t7 "47
-26"29

3l .05
-41.65

101.1ó
-31.44

87 "49
-22.78

15.76
-10r.39

MALE PROPORTIONATE VALUES (Expressed in per cenf of toiol grid size)

s Eorly Early Lqie
Juvenile Juvenîle Juvenile

Stoge 2 Sfoge 3 Stoge I
Anterior Croniql Bose Region

0.00 0.00 0.00

Adoiescent Adult

0.00 0.00
0.00

75"00 75.00
00

27.31 26.37
-l0.02

17 "49 17.42

Lcfe
Juveni I e

Sloge 2

0.00

s

n X

v

x
v

X

v

X

v

X

v

0"00 0.00 0.00 0.00

75.00 75"00 75.00 75.A0
00 -.00 00 -.00

27"00 26.95 26.78 26.25
-lt.sl -10"53 -9.94 -10.39

16.57 I ó.85 16.49 15.28
-26.48 -26.39 -25.40 -25.63

31.ó3 31.39 30.85 30.45
-41.69 -41"73 -41.75 '41.82

Posterior Crqnlql Bose Region

rc1.29 lot "84 102"26 100"98

-29 "72 -30 "54 -29.37 -28"62

89. 13 89.55 90.02 90 "22
-23.04 -23 "89 -23.36 '23 "75

12"64
-101 .14

0.00

-.00

-9.0ó

-24.99 -22.07

3 .n 31.22
-41.56 -38.92

102"82 103.62
-29.42 -28"70

91.74 93.04
-23"67 -23.14

lo

or

zP

bo

qr

Po

er

X

Y

X

v

x

v

X

Y

X

v

r0r.00 I 00.50 1 00. g4 t0r " 14 101.24 l0l.óg 102.56

-14.75 -l 3.93 -14.38 -13"81 -r4. l5 -t 3"35 -12.3.|

94.47 93.14 93.11 94"56
-.19.10 -19.57 -19.67

Extrocrqniol Reference Point

14.29 14"47 14.53
-10.l.ó3 -101 .57 -101.43

93.52 96.62 97.73

-19.17 -20.38 -lg.4B -l 5"gl

15.64
-'l01.33

14.34
-l0l.4g

EVP



rr)

TABLE ì9 (continued) E Juv' 1 E Juv. 2 E Juv, 3

Mqxillq

5ó"19

L Juv. I L Juv. 2 Adolescent Adult

5ó"ó3 56.04 56"62 55.28
-3ó"80 -37"91 -37.74 -39"42 -39.05 -3ó"5ó

30..l 3

r .14

Pm

sp

ss

Pr

qs

ts

ms

mt

ii

OI

¡d

P9

cp

9n

tgo

X

Y

X

Y

X

Y

X

v

x

v

X

Y

X

Y

X

v

X

Y

X

v

x

Y

X

v

Y

X

v

X

v

56"26
-39. I I

-1.30

3.04

2"20

3.72

37.02

34.91

4"98

26"32

g.l5

20.89
-97 "16

24"39
-99"79

2B. gl

-l 00.00

94. 15

-ó3"31

55"47

-97 "14

23 "69
-99.70

29.10
-100"00

86.92
-62"40

-97 "40 -97.61

23 "11
-99 "76 -99 -90

-97.37

21.16
-99" 88

25.08
-l 00" 00

8ó.45
-64.40

-97.46 -97.49

0"42 a"71 0.83 -0.45 1"29 0.49
-45.96 -43"94 -44"97 -44"60 -45"34 -44.20 -42"92

3. gg 4. I0 4.14 2.65 3.87 2.72
-50.39 -47 "92 -48"38 -49.17 -49 "02 -47.59 -46.70

I "ól 1.14 -0..l 1 67 -1.02 -l.lg
-64"58 -57 "99 -58.87 -59 "46 -59"77 -59.92 -59.27

9"19 g.8l 9.33 7"68 9.12 6.29
-46.43 -47 "12 -47 "38 -48.02 -48"07 -47.61

1"gg 0.0ó -l "50 -3.02 -l.Bg -0.79
-72.92 -72"29 -72.79 -72"92

34.24 33.15
-61.97 -62"44

Mondible
32.59 31.0ó

-62.57 -62.95

2"39 0"37
-70.69 -70.57

-73.14 -72.34 -69 "95

34"78 30.62 26"36

-61.67 -ól "08 -ó3.33 -ó3 "ó8 -63"92

33.ó4 29.19 27.96 23"66

-61"75 -ó.l.51 -63"78 -64.46 -64"54

3.50 -0.30 0.66
-72"22 -70.68 -ó9.8ó -69.77 -68.17

22.63 22.39 21"27 20.01 20.91 19.57
-gl "55 -99"43 -89.09 -88" I 9 -87.61 -86"78 -85.03

g" 88 9.19 7 "12 6"04 6"74 6.14
-79.39 -80.48 -80.0ó -79.48 -78"73 -78"22 -75"92

20"57 20"07 1g "79 17.U 19.76 19.23

I

23.21

28.34
-100.00

87.13
-63.27

27 "87
-.l00"00

87.83
-62.63

23"37
-1 00.00

27.45
-l 00.00

90.67
-ó3.30

22"46
-99.70

26.39
-l 00.00

94.42
-64"51
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TABLE 20

Eorly
Juvenile
Stoge 1

0.00
0.00

75.00
00

26.77

17.37

32.06
-40.81

I 02.3ó
-29.40

88.82
-21"16

I 00.93
-13.49

88.9.|
-21.61

76"92
-102"70

FEMALE PROPORTIONATE VALUES (Expressed in per cenf of totql grid size.)

Eorl;, EorlY Lcte Lqte
Juvenile Juvenile Juvenile Juveniie
Stoge 2 Stcge 3 Stoge I Stoge 2

Adolescent Adult

0"00

Anlerior Croniol Bose Region

c.00 0"00
0 "00 0.00 0.00

75"00 75.00

0"00 0"00 0.00
0.00 0"c0

75.00 75.00 75"00 75.00
00 00 00 00 00

26.70 26.46 26"56 25.94 25.97 25.77
-1 0" 8l -10"44 -9"76 -10.I0 -8.87 -9.90

16.99 17.14 16.92 1 4.88 t 5.ó5 I ó"ó3
-26.45 -25"69 -25"66 -25.11 -24.60 -24.65 -23.56

33. l3 32"41 3l.ló 30.72 30.9ó 30.25
-4ì " r0 -41.02 -40 " 

33

n

5

x
v

X

v

X

Y

X

Y

X

Y

x
v

X

Y

X

v

X

v

X

v

0.00

-.00

-9.02
lo

or

zP

ba

c¡r

po

er

êvP

-40.34 -40.76 -40.49

Posterior Crqniql Bcse Region
tol "85 1aL49 103.00

-29"77 -29"30 -27 "33

99.83 89"71 90.48
-22.69 -22.85 -21.76

l00.gg 101 "ó5 l0l.ó5
-13.55 -13"1ó -12"20

92"17 94.87 93.ó3
- 9"03 -18 ó1 -18.75

Exfrocroniql Reference Point
17.71 13 "22 14.06

-t02"0ó -l0l ,87 -l0l.7l

101 . 
.l0

103.25 I 02. ó3

-30. I 3 -27 "60

-22.78 -22.17 -22"06

99.35 l0l .45 l0l .3ó
-12.89 -l l .ó5 -l't .2ï

91"4 94.95 95"U
-21 "51 -l 8.21 -16"28

88.03

12.02
-l0l"l7

91.99

12.30
-101 "62

-26.74

92"37

13.52
-l 00.79



TABLE 2t {conïinued) E Juv. 'i E Juv. 2 E Juv" 3

Moxillq
5ó.88

L Juv. I I Juv. 2 Adolescent Adult

55"74 57.22 54.33 56.31 55.50
-3ó.98 -3ó.88 -37.58 -3ó.98 -38"02 -37 "39 -37.32

26 -0.07 -0"32

l't

I

X

v

X

v

X

v

v

x

v

x

v

X

Y

X

v

X

Y

X

v

X

v

x

v

X

Y.

X

v

X

v

Pm

sP

ss

Pr

os

ls

ms

mi

¡I

oi

¡d

p9

cP

gn

tgo

57 "60

l.7g
-45.03

5"U
-49.31

5.89
-64.05

No observ.
recorded

8.21
-72"06

39.14
-59. I 3

39"14
-59"95

0"92

4"21

2.23

9"79

2.54

35"99

35"46

ó.35

27 "69
-99 "37

32"51
-t 00.00

88.óó
-60"78

l.96
-57.71 -59.46

I 0.3ó
-45"87 -47.31

-70.32
1.46

-72.97

35"57
-ól .l l

Mandible
33.77

-61"34

3. óB

-71 .03

-ó0. I 9

-61"14

26"60

I "0ó 0.90
-44.14 -M.50 -44.24 -43.97 -44.43

4.83 4.05 I.gó 2"76
-47.78 -48.50 -47.U -47.98

1
I

I

-44"21

I .59

0.34

g.ó0

-0.50

33"62

-48. I5 -48.0ó

8l -2.26 -3.1.!
-59.46 -59.61 -60.32 -60"67

7.39 ó.81 5. Bg

-47.05 -48.44 -48.52 -49.13

-2"90 -3.02 -3"72
-72.41 -71.92 -72.39 -71 .61

30.34 29.24 25.43
-61.52 -62"06 -ó3.39 -65.14

26.52 27.19 23.30
-62"37 -62"87 -64.19 -65"69

-0"07 23

-70"30 -70"08 -70.19

2A"27 17 "90
-87 "66 -86 "64 -95.40

6"07 4"61
-79.21 -78"29 -77.67

Ig.lg 'ló.09

-97 "05
22"97

-99.81

27.83
-1 00.00

92"41
-62.20

-96"77

19.99
-99 "64 -99"22 -99 "61

I 0.80 -2.50
-71"81 -71.52 -70.96

37.17 25"78 25.04 23.13 19.20
-92.45 -88"50 -89.12 -88.05

15.92 13"20
.l0"92

8.44 3.47
-79 "41 -gl.ï0 -80.30 -79 "67

26.50 24"79 23"12 22"39 17.52
-95"78 -9ó.88 -97.58 -97 "47 -97.42

-99 "77
3'¡.53

-100"00

90.'l5
-60"82

3 .77

l.4l

25"46

30. ó0
-100"00

25.80
-l 00.00

87 "90
-62.62

-t .

3 1 19.92

24.07
-ï 00,00

91.65
, -64.66

-99 "64

37 "03
-100.00

89"47
-ó0. I I

gl.0l
-60"74
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COVARIANCE STATISTICS

ln mony of the reference points fhere wos significont correlotion

between obscissq qnd ordinqte. Covoriqnce stofistics were obfoined to

illustrqte the relofion befween the vorionces of the coordinotes of o

lqndmork ond the covorÌonce between obscissq ond ordinote. CovqrÎonces

between the obscisso qnd ordinqte for eoch reference point were computed

The covorionces for both sexes in eoch dentol oge grouP ore recorded in

Toble 2.|. Due to the smoll somple size in eoch oge grouP lhe numericol

volues of the covorionces must be interpreted with coution. The question

of covorionces between x ond y coordinqtes is foken up in the next

chopter.



TABLE 2I Covorionce Stotistics - MALE ond FEMALE

Eorly Eorly Lofe Lqie
Juvenile Juvenile Juvenile Juvenîle
Stoge 2 Stoge 3 Stoge I Stoge 2

Anterior Croniol Bose Region

0.00 0"00 0.00 0"00
0.00 0.00 0.00

0.00 0.00 0"00 0.00
0.00 0.00 0"00

0.gl -1.41 -0"30

o.
Eorly

J uveni I e

Stoge I

0.00

0.00

-0.84

-0" I3

-2"41

2"00

-0.21

-2.77

6"65

-12.33

0"00

I "59

-0.99

-0"5.|

-l "45 -r.3t -0.79

1.29

-0.88

1.97

3. gB

0.00

0.00

0.94 -0.74
0.5.|

0.22
0.51

1"14
-1.82

-2.90

Adolescent Adult

0"00 0.00
0.00

0.00 0.00
0.00

n

s

-1

o+

ð
I
ð
o
+

Õ

o+

ð
I

ó
o+

¿
o+

^

+

ó
a

ó
o+

0.00

0.00

I .03

lo

or

zP

bo

qr

po

er

evp

0.00

0.13 -0" 9l

1.17
-0.23

1.71
-0.02

0.89
2"19

'¡"39 -0.58

-0.23 -0.83
-2"07 -1.24 -0.óg

l.gg -0.75
-0"23 -1.52 -0"12

Posterior Croniol Bose Region
2"53 -0"29

-0.0ó 0.óó -ó"09

-1.27
-0" 88 -t .33

0.04 .I.8I
-l .03 -3.72

-0.30 0.90
-1.32 -0"26

3"97 -.|.90
0"47 -4"69

I.3ó -0"42
1.45 -3 "45

3.59 0.4.|
1"& -0.04

7 "29 -0.04
4"52

-7.17 -36:99

1.35
0.17 0.46 -l "66

2"29 -0.9ó -0"59 4" l g
1.37 -2"44 0.50

0.59 4.52 3.ól 9.05
-3.08 4"57 9.5ó

Extrocrqniql Reference PoÌnf
-3.3ó 0.95 -6"45 -6.34

-11 "46 -13.35 -9.76-19.43 -3.77 -l 3.88 -5" 
.¡5



TABLE 21 (coniinued) E Juv. '| E Juv. 2 E Juv. 3 L Juv. I

Moxillo
-0"97

I Juv. 2 Adolescent Adult

1.23 -0.24 0" 98
0"74 -1.07-1.49

-1.74 -4"63
-t .88

-3.05 -2"02
-3.0r

-2"60 -2"95
-2.39

-0.90 -1.41
-0.26

O
c\¡

Pm

sP

ss

Pr

qs

ts

ms

m¡

¡¡

o¡

¡d

ps

cp

gn

fgo

o
0

o
o+

d
I

Õ

o+

+

I

+

o
o+

,o
o+

o+

I
ð
+

Õ

I
ð
o+

I
ó
o+

-2"69
-l .98

-0.5ó
-0.59

-2.20
0.84

-2.93
-7 "04

No observ.
recorded

-3.óó
'7"23

-3"58
-4"95

-l " 11

-4.31

-l 8"ól

-l3.45

-9..l 3

-ó"08

-9.49

-0" 
.l5

1 "33

0"72

0.ó0

0"59

.03

-0"ó3

-1.30

-2.92

-2"U

-'l " 
I I

-0.24

-.¡.3ó

-1"02

.gg

-0.20

-2.67

-1"29

-2"60

-3.59

-2"32

-l.gg

-3.04

0" 85

-3.49

-5.70

-4"75

-1.59

-3"37

-8.09

-3,09

-'l.59

-1"74

-1 "97

-4.63

-2"11

0.l3

-l "ól

-2"30

-1.42

-4"54
-4.40

-i "óï
-3"12

Mondible
-0.95

-3" g3

-4.14
-6.46

0.00
-2"76

0.40 -0" 98
-2"14

2"31 0.33
-3.67 -1.U

| "26 0.27
-l0"ó4 -t .90

0"74 0"62
0"00 -6.96 -7.09

-0.09 -0"08
-27"38 -2.74 -6"99

-1.12 -0"24
-21"74 -l l.g0 -12.16

-l .90 -0" 85
-24"15 -14.31 -17.29

0.26

-5.73

-5"22

-5.72

-5.0'l

-5" 9l

0.33

-.|.94

-2"31

-2"47

-5"37

-4"87

-2"69

-0..ló

-3"47

.77

0"26

-'¡ .90

-3"66

-2"48

-7"68

-6"70

-5.ó8

-2.59

-0.67

-0"77 -3.29 -2.28

-4"55 -17 "12
-6"14 -6.97 -6.34

0.1 I -5"22
-0" 20 4 "A7 -3.29

0"48 -6.67
I "84 -3.20 -2"2s

-2.03 -7.90
-4"29 -ó.ó0 -5.53

-r .ól -l 0"30
-0"29 -7.99 -6.84

-2"85 -9.30
-3"44 -9.64 -6.22

-7.97 -25"65
-5.74 -12.44 -14.52

-7 "14 -21.54
-ó. gl -13.57. -12"79

-ó.80 -19 "75
-l "gg -11 "64 -t 2 "03-16.47 -12"57 -13.02

2.50
-3.95

-1 "53
-0.0ó

0"39
0"30

0"46
-6.25 3"25

-1.76
-0"85

-0"42
-4"56
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MESH DIAGRAMS

The mesh diogroms shown in Figures l9 ond 25 supplemenf the

stotisficol results presented in the preceding tobles of this chopter.

All the figures were reproduced to the some scqle, ond eoch oge group

is represented by o seporote illusirotion. Figures A qnd B were constructed

from the meon coordinote volues for femqles ond moles respectively.

Figure C illustrotes fhe proportionote differences between the overoge

fociol potterns of the moles ond femoles. Lines forming the nefwork

of the mesh diogrom for femoles hove been deformed so thot the relotionship

of the reference poìnts to the lines is the some os in fhe undistorted mesh

diogrom of the moles.

Attention Ìs drown to the foct thot Figures A ond B illusfrote obsolule

vqlues ond therefore moy be compored directly with eoch other in overoll

dimensions ond olso in regord fo the relqtive posifÌon of the sqme reference

points in eoch norm grid. Figure C, however, connof be meosured on

qbsolute size with figures A ond B. A stondord size for oll oges wos

selecfed fo compore fhe proportionote differences between the sexes.

The odult mole grid dimensions were chosen for this purpose, olthough

ony grid dimension would hqve sufficed .

The orbitrory ossignment of ony sfondord grid dimensions hos o distorting

effect on the illustrotion of sex differences. When using the odult mole

grid size, this is most evìdent in the younger oge groups. Proportionote
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differences, while volid in fhemselves, tend to be exoggerofed when

forced into o grÌd with dimensions enlorged more în one direction thqn

the other. Figure 2ó illusfrotes this poÌnt; when fhe grid wos enlorged

more in the horizontol direction the resulf ing figure wos exponded

horizonfolly. A grid enlorged in the verticol dimension would result

in verticol exponsion of the figure. The findings of the present

investigotion showed thot proportionqte sex differences were greotest

in fhe horízonfol direclion. By selecting the odult mqle obsolute

dimensions for the stondord grid size, the distortion effeci wos moìnly

in the verticol dimension. Thus the exoggeroÌion of the sex differences,

whìle presenf to some exlent, wos minimized os much os possible.
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CHAPTER 5 - DISCUSSION

GENERAL CON SIDERAT¡ON S

For eoch dentsl oge group, stondord deviotiorr volues were computed

for oll coordinstes os on indicqtion of the within group voriobility of

the cepholometric reference points. MOORREES (1953) followecl this

procedure when studying o group of 50 femoles with normol onotomic

occlusion, ond illustroted ihe areo of vqriofion for eoch point by constructing

ovqls determined in size by the stondord deviotions of ordinqte ond

obscissq ond centered on the meon volues of the coordinqtes.

The presentotion of stondord deviqtions in this monner provides o

grophic illustrqfion of the vqriobility of the reference points. However,

by orbitrorily ossigning the vqriqtion of the coordinofes to fhe ordinote

qnd obscisso oxes. this procedure does not ollow for ony covoriqtíon

between the coordinqtes of these points. Therefore, in this study, dístributions

of the reference points wos indicoted în fhe illustrotions (Figure l9 to

254 ond B) by covorionce ellipses surrounding the reference points.

These ellipses were constructed os described previously (McNULTY,

BROWN ond BARRETT l9ó8) to show the relotîve mognitudes of ordinqte

snd qbscissc vqriqnces ond the covoriqnce between them. lf the voriqnces

were equql, the ellipses lvould become circles. lf there is o zero

correlotion beiween coordinofes, the moior ond mînor axes'of the ellipse

would be poroilel with the Cortesion qxes.
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Recognition of the imporlonce of voriqbility in biologicol systems

is indicoted by its extensive treqtment in scientific l'extbooks (KALMUS

1967, BARNICOT 1964), ond by the widespreod usoge of meons, stondqrd

deviotions, stondord errors qnd other stotisf Ìcol poronreters to define the

vqriqbility in populotions studied. BOAS (.l940) commented on the dïvergence

of developmenf of individuols os growth progresses. He suggested thot

qdult femole forms ore not quite os vorioble os those of the mole, portly

due to eorlìer otfoinment of skeletql moturity in the femole. The vorious

oge group norms colculqted in fhis study supports Boostobservotions, with

the size of the covorionce ellipses tending to increose in both sexes with

odvoncing oge. lt is furlher supported by comporison of the mole ond

female odult norms (Figure 25), lhe reference points in moles being

much more vorioble thon in femoles of this qge group. This lotter

observotion moy be exploined by the longer durqlion of growth in mqles.

AII of the vqriotion present in the reference poinfs, however, connof

be oscribed solely to biologic voriqtion. Exqminaiion of eqch of the oge

group norms reveols fhot the greoter the distonce of ony given reference

poinf from the obscisso oxis, the greoter the voríqbility of thot point.

This observotion is portly exploÎnoble by the qrbitrory selection of

""ti:l os the point of reg isfrolion v¡ith olignment of the nqsion-sello

line on the qbscisso oxis. Observotion of covorìonces for the points

situoted on the focïol profile provides evïdence in supporl of the contention

thot o sysiemotic error hod been introduced by the orientotÎon method used.

The covorionces between coordinotes of these points were oll negotíve,



133.

result¡ng in similor inclinqtion of the moior oxes of their ellÎpticol

representotion.

The uniformly negotive covoriqnces for fhe profile points suggests

thot o rototion of the poinfs occurred qround sello during fhe orientotion

procedure. An investÌgotion on longitudinol doto by BERGERSEN (1966),

using the intersection poinf method of orientof ion, provided evidence of

slow but continued growth of nosion throughout the period of growth.

BROWN ond BARRETI (19óB), using relotively stoble strucfures in the

onterior cronial fosso for orie¡rtotion purposes, showed thot tosjqn ot

times is disploced in q forwqrd qnd downword direction durîng growth;

sello olso being disploced slightly in o disiol direction. ln the

orienfotion method used for the present investìgotion, wiih nlt¡g! being

selected qs the registrofion poinl, the nqturql voriobility of the profile

points would be biosed by the within-group voriobility of the poinis

nosïon_ond uqj!1. This is reflecred in the negotive inclinotion of the

moior oxes of the profile poìnfs which becomes more ocute with odvoncÎng

oge. The effect is probobly due to the lorger grid sÌze of successive qge

groups which is bosed on the ever-increosing dimensions of the croniofociol

complex with odvoncing oge. The only exception to this trend is seen in

the Eqrly Juvenile Stoge I norm, which however, wos comPuted from o

smoll sornple. Therefore, it moy be concluded thot the biologÎcolvq¡¡61¡t'

in the locotion of reference points used in the study tended to be mosked

by the systemotic error Present.
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GROWTH CHANGES IN THE FEMALE 
*

An exomincrtion of ihe meon volues of the coordinotes for the vorious

oge groups reveoled o progressîve increose in obsolufe size, with q greoter

increose in the verticol dimension thon the horizontql.

Since nosion wos designoted os'the origin of the coordinote sysfem

ond sello_wos mode to lie on fhe qbscissq oxis, the chonges in verficql

dimension could be estimqfed by observing the ordino¡s of gnothion

for the onlerior fociol heïght ond goniol ]qltgglf g"l"t for the posterior

fociol height. The findings of the investigotion reveole¿ g,lqb,9!

descended from -88.94 mm to -10ó"30 mm ond gg{gl lg1"g_"j! goilt

from -53 "47 mm to -ó8.73 mm, showing thot on tl.re overcge the onterior

fqciol heîght increosed by 17.36 mm ond the posterior fociol height

increqsed 15.26 mm.

Chonges in fociol depth were indicated by movements in the obscissoe

of bqsion which increcrsed from 82.19 mm to 9l .29 mm for o totol increose

of 9.lQmm ond gdgylgg which increosed l0.B5mm, lrom 71.31 mm to

82.16 mm during the growth period under Învestìgotion.

The increcisesîn fociol height ond depth ore grophicolly illustroted

for successîve oge groups in Figures I9A to 254 ond ore summorÍzed in

tigure 27. The lotter illustrotion, which olso provides on indicotion

*ln fhe following poges the term "growth" is used to indicote overcrll
chonges in the size ond shope of the fcrce wÌth oge. ln the obsence of
implont morkers no informotion con be goined on sites of growth or the
direction of growth in individuol bones.
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Fig. 27 - Composite of seven stages of growth
in the female.
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of the direction of growfh owoy from the croniol bose, wos drown to scole

from the obsolute volues of eoch succeeding oge norm with superimposifion

olong the sellq-nosìon line ond registrotion of sellq.

GROWTH CHANGES IN THE MALE

Similqr observotion of the mole coordinote volues olso reveoled

progressive increqse in qbsolute size. The ordÎnale of gngthþ'n chonged

from -88.ól mm to -116.21 mm while the goniol to?gTJ pqlt!ordinate

descended from -5ó.10 mm Io -74,97 mm, thus reveoling on increose of

27.59 mm in onterior fociql heíght ond 18.87 mm in posterior fociol

height. Fociol depti wos estimqted by meosuring the obscissoe of bqsion

ond orliculqre. The former increosed from 82.5ó mm lo 97.27 mmfor o

totol increment of 14.71 mm, while gi!"r-bf increosed from 7l .40 mm to

87.34 mm, or on increose of I 5.94 mm. Figures l98 to 258 illustroTe

the obsolute volues of the mole oge groupsr ond Figure 28 summorizes

the growth chonges which hove token ploce. ln this lotter figure, the

norms hove been superimposed olong th" 
=Llg_fffiol 

lìne ond registered

ot sello.

GROWTH CHANGES COMMON TO BOTH SEXES

In both sexes growfh occurred in o verficol qnd horizontql direction

with the greoiest increment oF growth in the verticol dimension. Figures

27 ønd 28 illustrote this generol trend of growth qnd Tqble 22 is presenfed

to show growth increments between qge groups for both moles qnd femoles'
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Fig. 28 - Composite of seven stages of growth
in the male.



TABLÊ 22

Io

zP

Eorly
Juvenile
Stoge 2

Eorly
juvenile
Stoge 3

0.7
0.ó

0.0

0"7

0.8

I.8

Toto I

lncremenf

9.2
6.5

0.0
0.0

6.2
5.1

7"5
5.8

9.8
8.5

7.8
3.5

9.5
6.4

4.8
2.6

5.ó
7.6

Angle*
of

Growth

I 90.0 0
.l90.0 0

0.00
0,00

204.20
179.60

I 98.3 0

ï 95.0 0

237.9"
23i.00

-44,9"
-41 .1"

-44.8"
-4ó.9"

-14.8o
2.0"

-.l5.40
14.60

GROWTH ¡NCREMENTS (Expressed !n mm's)

æ
cf)

0.0 0.0

2.7 0.9
0.3

2 .0 0.5
0.ó

l.g 0.9
0.8

0.5 t.5
0.4 l.ó

2.0 1.3
'l.8 0.8

2 .0
.2 0"7

2 0r8

Lofe Lote Adolescenf
Juvenile Juvenile
Stoge I Stoge 2

Anterior Crqníol Bose Regio;r

I.3 0.8 .|.3

1"2 ì.0 0.5

0.0 0.0 0.0
0.0 0.0 0.0

1.0 t.0 0.4
1.0 l.ó 1.3

1.3 .7 l.ó
1.2 2.5 0"8

t.0

0.0

0.2
4.1

0.0

Adult

2"9

0 .0

2.1

1.4

2.6

0.ó

t"3

.l.0

2.0

n

s

,

o+

Á

I

ó
a

o
o+

¿
o+

I
0

0

1

boð
(,
+

or¿
o+

Pod
o+

erð
o+

or

3.5

3.2

"9 3.3

3"4

3.,0

2 .3

2"9

2"0 t.0
2.3 1.5 l.l

0
Posterior Crqniol Bose Region

.g 1.4 3"7
.t 2.7

0.7 0.3
0.9 2.3 3.5

0.ó 0.4 0.9
'0.ó 1.8

0.8 3.1

2

I 3.4

2.4

2.2

3.4 2.3 .2 3.4 4.1I

* Meosurement in a counfer clockwise direction from the cbscisso oxÍs



TABLE 22 (cont.) E Jw 2 E Juv 3 L Jw 2 Adolescenf
M.oxillo

a.7 2.5
3.1 1 .6

1.9 2.3
2"9 t.8

2.0 2.2
2.9 1.5

2.2 4"7
.6 3.0 2.6

2.1 3.8
2.5 3.5 1.8

4.7
3.9 3"1 2.6

3.2 2. 5.3
3.ó
Mqndible

Adult Toiol Angle of 'G

G.
cf)

PMJ
o+

spJ
aÌ

ssê
o+

I.0
l.ó

0.4
0.9

0.3
1.7

3.ó
5.9

No obser-
*vollon

3.7
4.8

3.2 2.0
3"2

3.0 2"4
3..5

2"8

"3

2.0
3.8

1.3
9.6** 3.3

6 .5
3.4 2.9

4"4 2.1
2"6 3.9

4"6 I.g
3.0 3.5

3.8

I
4.4 5.2

2.2
4"3 4.3

2.4
3.7 5.0

2"5
4.2 5.2

2.2 7.6

r1.9
3.ó 10.8

13.3
4.4 12.2

I ó.8
4.9 15.9

15.ó
4.5 | 4.1

21.1

4.4 20.3

24.5
7.0 22.6

25.5
7.0 23.8

I9.5
5..| 19.5

2r.5
5.0 I5.ó**

20.9
4.9

.l9.3

28.4
6,4 22.2

28.6
ó"3 22.1

249.6"
243.5"

230.00
220.20

226.5"
2i6.50

223.9 o

208.2"

230.7"
230.6"

232.1o
2\6.20

233.3"
227.4"

232.9"
223.9"

23.l .3 0

2l 3.50

235.2"
224.60**

238.6 o

219.20

253.30
232.70

253.70
23.!.50

254.00
229.5"

-ó0.3 0

-78.2"

1.ó

.!.8

1.3

2.1

1.4

I

1"9

1.7

2.1

3"4

2.7

4.8

2.7

2.3

L Juv 'l

1.3
t.1

1.7
2

2"

3.5

ó.0

6.7

7"6

7.4

ó.5

9.7

l0.l

7.2

9.1

7.7

lr.9

11.9

9.2

0

6
Pr

ls

4

4

¿
o+

é
+

o+

é
o+

1o
o+

ó
o+

t
Õ

a

o
o
+

ó
o+

o
o+

o

f

ð
a

3

2.5

o .8

3

qs

lÉ

2.32

6
ms

mi

il

oi

lcl

Pg

cP

gn

3.3 5.9

5.2

5.8

5.5

7.5

7.8

3.3

3"ì

2.3

2.0

2.1

2.6

4.0

2

1

2.6

3"2
3.9

3.0

3"7

3.9

3.9

2.8
4.4 5.0

2.6
4.6 5.4

goI
¡

4.5 2.0 3.8 3.2 7 '7 12'2 28"7

3.9 3.1 4.6 4.g 3''l 6'9 22'8

3.t 1.g 1.9 1-4 5.4 9'B 21'7

1 .5 2.2 2-8 3.7 4'1 5'4 15'ó

Nó observqtions in Ecrly Juvenile Stoge I therefore no increment ïn Eorly Juvenile Stoge 2

lncrement morked is nof volid be"qurJit is bosed on only one observotion in Eorly Juvenile stoge i**
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ln obtqining these meosuremenls, the oge group norms hove been superinrposed

olong sello-nqsÌon line ond registered qt sello os illusfroled in the figures

referred to obove. All lhe incremenls qre lineor ond expressed in millimeters,

the meosurement being colculqted from the coordinotes of the reference

point in sucessive group norms. The Eorly Juvenile Group Stoge I norm

wos occepfed os Ìhe bose line for fhe colculofions of incremerrtol doto

which therefore begin with Eqrly Juvenïle Stoge 2.

Notice should be mode thot fhe totql incremenf differed from fhe

sum of oll the individuql incrernents of growth for ony porticulor reference

poînt, becouse, qs is illustrqted in Figures 27 ond 28, growth occurred in

wove-like progressions " Therefore, the tofql incremenf wos token os the

direct lineqr meosuremenf of o porficulor reference point from its locotion

in Eorly Juvenile Stoge I to its finol locofion in the Adult norm.

The ongle of growth is fhe ongulor meosurement of the totol increment,

with sellq representing the origin of the oxes. This ongle reloted to the

displocement of o point during growth, ond ît should nof be inferred thot

the growth lqkes ploce of lhe point in question. Horizontol growth of ony

reference poinf onlerior to selþwould therefore hqve on ongle of growth

of 180 degrees, while growth in overticql direcfion would hove on ongle

of growth of 90 or 270 degrees. The fourfh quodront, which includes oll

reference points distql to self o, is recorded in negotive degrees, ond

ronges from 0 degrees for o purely horizontol movement in q distql

direction frorn selle fo -90 degrees for verticol dìsplocements.
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Thus, ony orrgle of growlh opprooching 180 degrees v¡culd indicqte growth

forword of sello mcrinly horizontol in direction, while those ongles

opprooching2T0 degrees delinecfe forword growth moinly in the verticol

dimension. Any negotíve ongle of growth indiccrtes growth in o downword

ond bockword direction.

As reveoled in Figures2T ond 28 ond Toble 22, oll the londmork

migrotion, with the exception of reference points in the posterior cronÎol

bose region ond go-nicJl tgnge{ pol1|, proceeded in o downword ond

forward mqnner os suggested by BROADBENT (1937). lt does not,

hovrever, follow the stroight line potfern suggested by BRODIE ('l941)

fo occur qfter the oge of I to I 1/2 yeors. While the loiter oulhor wqs

referring to meon growfh potterns, the norms produced during the present

invesfigofÌon conform more to the stoggered wove-like pctfern of growfh

noted by BERGERSEN (19óó) in his longitudinol study of the Bolfon

collection. Brodie's moteriql, ds wos olso fhe cqse in the vast moiority

of other cross-sectîonol growth studies performed during the pioneering

period of cepholometric reseorch (BROADBENT 'l937, BRODIE \941,

1953 ond DOWNS t948), wos grouped occording to chronologicol oge.

The phenomenon of smooihing out of growih curves wos recognÏzed os

eorly os 1892 by Boos. lt wos one of the reosons for his insistonce fhot

longîtudínol growth studies were needed before we could hope for on

occurote knorvf edge of humon growth (BOAS 1994. The scme poinf

wos loter mode by DAVENPORT (1931, 1934)' SHUTTLEWORTH (1937),

TANNER (.l959) crnd MOORREES (1966). By usins physiolosíc moturity
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levels, such os dentol oges for grouping subiects, o truer picfure wos

reveoled of the wove-like voriqtions in the growth pottern.

Growth in the upper foce oppeors to be more horizonlql thon it is

in the lower foce, iudging by the strong vertícql direction of displocement

of the lower fociol reference points. While the use of the nosion-sello

line os the qxis of orientofion with nosion os the point of regisfrotion tends

to exoggerote this horizontol component of growth in the upper foce, it

olso negotes some of the verticol growth vector present in the lower foce,

ond therefore, the overoll bolonce between the growfh vectors for fhe two

oreos remoins essentíqlly the some os would be seen if q different method

of orienlotion were used.

Growth increments in the lower foce tended to be Iorger thon those

in the upper foce. Since oll meosurements were tcrken with the nosion-

sello line os origin, ony íncreose in the verticol dÍmension of upper fociql

reference points would be încluded in increoses observed in the verticol

meosurements of the lower fociql londmorks. However, os noted previously,

most of the upper fqcíol reference points hod growth vectors with o

horizontol component whíle the lower fqciol dímension increased moinly

in the verf îcol direction. Therefore, lhe oddiiive effect of the upper

fociol points wos minimol ond the loiger growth increments of the lower

fociol londmorks moy be considered to be genuine ond not due to ony

systemotic error in orientotion.

The greotest increment of grolvfh observed for both sexes wos befween

the adolescent ond crdult stqndords. Although this increment wos 2 to 3
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times greoter thon ony previous increment, the incrementol increose in

meqn oge between these norms wos opproximcrfely six times greoter thon

the incrementol increose between the previous fwo norrns. Furfhermore,

it olso should be noted thol the odult group is represented by subiects

from 14.5 yeors to 30 yeors of oge. TANNER (19ó4) stofed thot while

most heod ond foce meosurements continue to increose steodily qfter

odolescencerthey do so very slowly with Ìhe increqse ot oge ó0 omounting

to between only 2 ond 4 per cenf of the young odult vqlue. Therefore,

the moiority of growth represented in fhe finol increment studied in the

present ìnvestigotion con be considered to hove occurred during the

odolescent growth spurt ond represenls growth which took pf oce prior

to reoching the odult stotus recorded.

One of the most interesting feofures in the progressive downword

qnd forwqrd groudhexhibited by both sexes ond illusfrqted in Figures

27 and 28 wos the sudden forword shift in the horizontol direction of

the fociol reference poinis in the incremenl between the Lqfe Juvenile

Stoge I norm qnd the Lqte Juvenile Stoge 2 norm. Concomïtont with

the horizontol increose, the vertîcof dimension increqsed slightf y in

femoles, but decreqsed in moles.

Cursory inspection of these phenomeno might suggest that the

reveqled displocement of reference points would depend greotly on the

oríentotion of the cepholometric roentgenogroms. However, o prelinîmory

independent longitudinol investigotìon of individuol subiects included

in the present sf udy, by BROWitl ond BARRETT (1968), using o mefhod
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of orientotion bosed on stoble oreos in the onterior croniol fosso, reveoled

o similor pottern of sudden horizoniol tronslotÌon of the reference points.

The following brief review of the líteroture is presented to develop some

thoughts on why this sudden shift in position occurred.

MOORREES (1959) noted thot there wos considerqble cgreement

omong previous invesfigotors thot mondibulor orch length decreosed

during growfh while moxillory orch length remoined obout the some.

He then reported o decreose in orch length ín both the upper ond lower

orches with increosing oge. BARRETT, BROWN ond MACDONALD

(19ó5) reporling on fhe size of the dentol orches in the Wqilbri, stoted

fhot moxillory ond mqndibulqr orch lengfh wqs smoller in qdults thon

odolescents; their findings being comporoble with those previously published

on Austrolion Aboriginof s (CAMPBELL 1925 ond HEITHERSAY l9ól).

Discussion on how o reduction in the depih of the dentol orches could

toke ploce beiween odolescence ond odulthood included the following

possibilities:

by closing of spoces befween fhe teefh;

by o broodenîng of the dentol orches onteriorly;

by o reduction of the procumbency of the incisor teeth;

ond by opproximol iooth oftrition reducing f he mesiodîstol crown

diometers of the teeth.

WhÍle the exoct mechonism of this observed orch reduction remoins

hidden, some doto on th" fimÌng of this decreose in orch length hos been

reported by MOORREES (1966). Dofo on dentol developmenf previously
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obtoined with reference fo chronologicol oge (MOORREËS 1959) wos

reonolyzed on the bosis oF dentol oge. Arch lengths, insteod of decreosing

groduolly os reported previously, were found to decreose suddenly obout

the time of eruption of the permonent conines ond premolors (Figure

29). This wos the only moior chonge seen in orch length in the mondible.

The moxillq however, wos olso found to hove o rother obrupt increose in

orch lengfh during the eruption of the permonenl incisors.

As noted in Chopter 2, the present investigotion hos odopted dentof

oge criterio for fhe grouping of subiects. The observed horizontol sl'rift

of reference points occurred in the growth period between fhe Lote

Juvenile Stoge I qnd Lote JuvenÌle Stoge 2. During thîs period of

denfol development, fhe deciduous cqnines ond deciduous first ond

second molors ore being reploced by their permonenf successors ond

the permonent second molors ore emerging.

ln developing o working hypothesis, it is suggested thot while the

more mesiol teeth of the buccol segment ore being reploced, with

concomitont decreose in qrch lengrhr porticulorly in the mondible,

there is on occlusol reodiustment os ihe mondìble moves downword ond

forwqrd. The coincidence in timing opporent in ihe findings of these

seporote investígotïons con onf y serve os o plotform for coniecture os to

the reqson for the sudden horizontol tronslotion of lqndmorks ond much

f urther study into the reosons for this phenomenon is required.

However, the concept is nof without some support. lt hos been

demonslrcted by BJORK (.l9ó3) thot those Ìndividuols with condylor
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growth onterior in dÌrection from the posterior border of the mondibulor

romus typicolly exhibit o decreose in the goniol ongle. ln the present

study, o decreose in gonÌol ongle wos eviderrt in both the mole oncl

femole norms during the growih perïod under investigotion. The mole

goniol ongle decreosed from I30"5 degrees in Eorly JuvenÌle Stoge I to

121.5 degrees ín the Adult norm for o totol decreose of 9.0 degrees while

the femole goniol ongle wos reduced from 129.0 degrees in Eorly Juvenile

Stoge I to .l23.0 
degrees in the Adult slondord for on overoll decreose

of ó"0 clegrees. ln his l9ó3 publicotion, Biärk illustroted thqt in subiects

showing verticol condylor growth there wos on occornPonying forword

eruptÌon of of I the teeth (Figure 30).

tn o longitudinol investigotÎon of fociol growth, BERGERSEN (19óó)

remorked on the wove-lilce mqnner of mígrotion of the mondÎble seen

in the moiority of individuols under study. He stoted thot the direction

of growth movement ot menton become f lotfened or more horizontol

during exfoliqf ion of decìduous ond eruption of permonent incisor teeth;

o period of growth noted by Moorrees fo provide o shorp increose in

moxillory orch length. The severol figures provided by Bergersen to

illusfrote lhis chorqcferisf ic olso reveoled o second f lottening in growth

direction which occurred ofter the completed eruptÎon of the permonent

upper incisors; Bergersen indicoting this level of physiologicol mofurity

by o morker in the illustrotions. However, he did not report the mefhod

used to determîne when the permonent incisors hod erupted.
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Fig.

5 cnt

30 - Case illustrating vertical growth at the
condyles. Ages II years 7 months (dotted
Iine) and 17 years 7 months (solid line) .

Note the forward eruption of all the teeth
(after n.röhx 1963) .
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SEX DIFFERENCES IN GROWTH PATTERNS

Before discussing porticulor ospects of the difference in growth between

the sexes, it would be of benefit to exomine the overoll growth trends

exh¡bited in the findings of this investigotion. lnspection of ports A

qnd B of Figures 19 to 25 permits direcl comporison of the femqle ond mole

norms. The bosic descriptive stotisfics will be reviewed in o subsequent

section.

The Eorly Juvenile Stoge I norms were noted to be olmost idenlicol

with both sexes hoving similor onterior fociql height, bui the mole

possessing about 1 mm greofer depth (Figures l9A ond B). Comporison

of the fuciol profiles, however, reveoled thqt the femole wos morkedly

retrognothic in oppeoronce. This chorocteristic is grophicolly illustroted

in the distorted mesh diogrom (Figure l9C). lt wos olso seen in succeeding

stondords, with the femole observed to become more prognothic with

odvoncing oge, until the Lote Juvenile Stoge 2 norm when the femole

first exhibited o prognothism greoter thqn the mole; thTs profile poitern

being mointqìned through odulthood. The smoll somple size of the Eorly

Juvenile Stoge 1 group, coupled with q systemcrlÎc error in positioning,

moy hove hod on exoggerof ing effect on this retrognothic chorocteristic.

The Eorly Juvenile Stoge 2 norms reveoled o greoter qbsolute increose

în both fociol height ond depth in the mqle over the dimensions in the

femole which remoined close to the Eorly Juvenile Stoge I volues so
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thot the mole wqs olmost 3 mm lorger in onterior fociol height ond opproximotely

2mm greoter in depth (Figure 204 ond B). The femofe fociol profile, os nofed

previousf y, wos less retrognothÌc thon in the preceding oge group. Eorly

Juvenile Stoge 3 presented on olmost identicql situotion, showing fhe mole

moíntqinîng his 2 mm odvqntoge in fociol depth olthough lhe femole hod

reduced the mole's onterior fociol height to on odvontoge of only 2 mm

(Figure 2lA ond B). The illustrqtions of the proportionote differences

between the sexes (Figures 20C ond 21C) for ihese two oge groups reveoled

thot the increosing prognofhism of the femofe wos beginning to equolize

the porportionote differences between the fociol profiles of the two sexes.

The onterior fociol height in the femole of the Lote Juvenile Stoge

I hod continued To increose more ropïdly thon the mole so thot the mqle

only held o slíght 0.9 mm odvontoge while mqintoining his 2 mm

odvontoge in fociol depth over the femole (Figure 224 ond B). The fociol

profiles ot this point were olmost identicol with only o slight relrognothism

still evident in the femole when compored with the mole (Figure22C).

During the growth period between the LoÌe Juvenile Stoge I qnd

Lqte Juvenile Stoge 2 norms, ihe femqle hod continued to grow oi on

occeleroted rqte ond the qnterior fociol height in the Lqfe Juvenile

Stoge 2 stonCord wos 2 mm lorger ihqn thqt of the mo!e (Figure 234 ond

B). Fociol depfh during this period hod been mointoined ot o 2mm odvontoge

for the mole. ln thîs oge group the femole fociol profile exhibited o

prognothism when compored with the mule (Figure 23C).

The mole once ogoin ossumed dominonce in onterior fqciql height
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in the Adolescent norm where q 3 mm odvonloge over fhe femole wos

reveoled (Figure 244 ond B). FocÎol depth qlso increqsed slightly to o

2.5 mm odvontoge over the femole. The difference in fociol profile showed

on increose in the prognothìsm of the femole porticulorly in the dento-qlveolor

regions (Figure 24C).

ln the Adult norm the mqle stondord hod become much lorger thon

ifs femole counterport (Figure 254 ond B). The focÎol depfh reveoled o

5 mm odvontoge with the onterior fociql height being l0 mm greoter in

dimension. The femole fociol profile hod become more prognothic thon

previously ond for the firsT time the mqle goniol tongent P9i1'l wos

posterior in relqÌion to the locotion of this lcndmqrk in the femole (Figure

25C). The posterior fociol heigh+ in femoles, ofter increosing proportìonotely

in the Adolescent stondord, reqched lhe some dimension os the mole in

odulthood,

The reported bosic descriptive stotistics confirmed the chorqcteristic

growfh trends noted obove (Tobles 5 fo 18). For mony of the reference

points there were slolìstìcolly significonf differences between moles ond

femoles in the nleon volues of one or bofh coordinotes. Levels of significonce

hove been noted in the sfofistÌcol tqbulotions for femoles (Tobles l2 to

l8). These fîndings express o sex difference Ìn Ìhe height ond depth of

croniofociol sfructures .

The number of significont dìfferences belween mole ond femole

reference poinls increosed with odvoncing oge. Upon reoching the Adult

norms lhere was o signifìcsnt difference in one or bolh of the ordinote

ond obscisso for eclch Iorrdmsrk. The only exception to this pottern of



152.

increosing differences wcts in the Lote Juvonile Stoge 2 stondords where

significonf sex differences ot the 5 per cenf level wqs recorded for the

qbscissoe of or'LiAlore, porion, 9g':lgd ond Plgryggggxilorg. Hovrever,

it will be recolled thqt the Lete Juvenile Stoge 2 norrns were the product

of the sudden forwqrd shift of ,"f"r"n"" points wifh o slight increose ìn

femole onterior fociol height whÎle the qnferìor fociol height in moles

octuolly decreosed (Figure s 27 ønd 28), The resulf ing stondords showed

no signîficqnt differences in the ordinotes while only four obscissoe of

the posferior croniofociol londmorks differed between sexes (Toble ló).

The pottern of the significonf differences wcs mointoined throughout

the growth period under Ìnvestigotion, permifting certoin conclusions

to be drown. Since oil the roentgenogroms were orientoted on nosion-sello

line with regisïrolion ol nosion. differences in fociol height ond depffr

would be reflected in significont sex differences in the coordinqfes of

reference poÎnts ot the extremities f rom the registrction point nosion.

Therefore, we see fociql depth differences consîstently ond increosingly

recorded by sex differences in the obscissoe of the points 
=lþ, 

eqr:ig!,

qrri!I{org, p9r,ot ond bqsion. Significont differences for the lost three

points were olso seen in iheir ordinote voIues.

Verf icol height differences were reveoled by on increose in the

number of significorit differences olt the ordinotes for the mondìbulcr

reference points seen to occur principolly in the Adofescent ond Adult

norms. The Adult norms olso provided significont differences in the

ordinotes of the reference poinfs of the moxillo. This expression of sexuol
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dimorphism is probobly coused by the Ionger grorvth period ín moles

mqnifested by the increqsed londmork coordinqte volues in the loter oge

groups. Gonîol_Lqrrgg$ gILi sìtuoted ot the posterior extremity of the

lower iow showed o significont difference in its ordinoie throughout the

growth period except for Eorly Juvenile Stoge I ond Lote Juvenile Stoge

2. A similor poftern wos evident with both zygomotîc process ond molore

superi us -referen ce poínts.

There were few significont sex differences in the obscissoe of

cronìometric points locoted on or neor the onterior border of the profile

during the growth period under investigction. Close observotion of ihese

volues, however, reveoled lhct the femqle volues sfeodily decreosed

with qdvoncing oge while the mqle obscissoe chonged only slighily.

ln other words, with íncreosing oge, the profile poínts in femoles tended

to become more prognothic thqn in mqles. By odulthood, lqndmorks

.glSUg:¡"xil!_"r", i nsi sjon sup gliu-:, mo I ore-superi us ond pogon îoL o I so

showed signïf icont sex differences in obscissoe. Prognothism of the femole

Aborîginol profile wqs qlso observed by BARRETT, BROWN ond MACDONALD

(19ó3) qnd BROWN (l eó5).

Of porticulor interest in the present study wos the observotion of o

progressive floffening of both ihe mqndibulor ond occlusol Iines during

the growth period. This flottening towords o more horizontol position

wos more evident in the fernole thon in the mqle ond is illustroted in

Figure 31. Absoluie vqlues of reference points were plotfed for eoch

sex, ollowing determinotion of the nosol line, occlusol líne, ond mondibulor
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A) Female

B) MaIe

Fig. 3I - Translation of Occlusal and Mandibular lines
during growth.
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line. Nosion-sellc wos selecfed os the line of orientotion with registrotion

ot sellg ond the nosjon:sello line of both mole ond femole sfondords were

oligned porollel to eoch ofher.

Nosol line hos been included in the illustrotion becouse of the porollel

fqshion of its descent during the growth period investigoted. ln tlre mole

there wqs no chonge in t$¡glgllq line - nqsol line ongle between Eorly

Juvenile Stoge I ond Adulthood, ond it only decreosed 0.5 degrees in

the femole" ln fhe meontime, the mondïbulor line - nosion-sellq line ongle

Ìn the mole decreosed from 35.5 degrees to 32.5 degrees for o totol decreose

of 3"0 degrees, ond ìn ihe femqle decrecrsecl o totol of 7.5 degrees from

40.0 degrees in the eorliest norm to 32,5 degrees ot odulthood. The

flottening of the occlusol line wos of even greoter nrognitude; in lhe male

the occlusol line - nosion-sellq line ongle becoming 5.0 degrees more

ocute îrom20.0 degrees to 15.0 degrees while in the femole fhe ongle

decreosed f rom 25.0 degrees to 14.0 degrees for o totol decreose of I1.0

degrees,

The findings of thÌs sfudy, therefore, ore ïn ogreemenf wÏth those of
il

BJORK (1947) reporting on Swedes, ond CRAVEN ('l958), who published

dofo on Australion Aboriginols ond compored his findings with ihose of

Biðrk" These out[rors noled thqt the inclinotÎon of the polotol plones of

both Swedes cnd Aboriginols remqined olmost tlre some wÌth odvoncítrg oge,

but the occlusql orrd mondibulqr plones showed o tendency to become more

porq llel with ihe nosion-sello line. Although the phenorîenon wos evïdent

in both sexes, females produced o more mqrked horizontql vector in growth
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thon mcrles.

Although the g-olîq.l lgLgeij] gü ordinote of the mole norms wos

consfontly signif icontly lorger throughout growth thqn the corresponding

femule coordinote, colculotion of the proportionote increose ìn posterior

fociol height os opposed to qnterior focÎol height reveoled thot the

femole ond o gre<rter progressive încreose in verticol dimension in the posferior

foce thon onterÍorly. The mole hod o 32.3 per cent increose in onterior

foce height while posterior fqciol height increosed 33.ó per cenr, producing

q verticol growth vector with o slight horÌzontol componenf . The femole,

on the other hond, produced o 19.5 per cent increose in onterior fociql

height olong with o 28.3 per cent increose in posterìor fociol height giving

o much stronger horizontql component to the overoll growth vector.

This observqtion would porf ly occount for the progressive flottening

of both the mondibulqr ond occlusql línes while the polotol line wqs

descendíng wïth minimql rolofion. Although the chorocierîstic flottenirrg

of these lines wos progressîve throughout the growth period, it is of interest

thot ihere wqs o sudden qnd most significont tronslofion of these lines to

o more horizontql position during the growth period between Loie Juvenile

Stoge I ond Late Juvenile Stcae 2, ot tl.re tíme when the permcnenf cqnines

ond premolors were replocing their deciduous Precursors.

chonges in the incisor relotionship of both sexes during the growth

period ore shown in Toble 23. The interincisol ongle, the ongle between

incîsion inferius- opgl.inferïus line ond the mondibulor line, ond the ongle

between 
'ry_gg11gg-ry:-gg9Isu_p_glius.line 

ond the nosol line were meosured
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on qll groups except Eorly Juvenile Stoge l; the young oge of this group of

subiects providing Ìnsufficient observotions of the londmorks lpe} trEl:f

ond opex 
'Ilg¡lgs-.

The incisol relcrlionships ore illustroted in Figure 32. All the groups

were orientoted on the occlusql line ond successive clges ore represented

from left to right.

BROWN (.l9ó5) observed thot the odult mole interincisol ongle wcs

more obtuse thon in the fenrole, o finding olso found in ihis study.

However, during o moior period of growth, the mole ìnferincisol ongle

wos opproximotely the some os the femole's, ond it wos only during the

long growth period between the Adolescenf ond Adult stondcrds where the

typîcol opening of the interincisql ongle occurred. The only exception

to this trend wos seen in the first age group recorded in which the mole

stondqrcl wos initiolly 5.5 degrees more obtuse thon îts femole counterport.

Closer exqminqtion, however, reveoled thqt the pottern during growth

wos completely different for the two sexes. The femqle interincisol ongle,

ofler initiolly becoming slightly more ocute, remoined the some throughout

fhe growth period. Conversely, the mole's interinciscrl ongle, while initiolly

decreosing, showed o significont increose in ongulolion in the Adolescenf

norm which becqme more morked in the Adult stondord.

The findings of this study ore in mixed ogreerneirt with those reported

by GRESI-IAM, BROWN qnd BARREIT (ì9ó5). Comporing interincisol

ongles of Aborigînol children with'those reported previously for qdult

members of the some tribe (BROWN 1965), ihey showed on increose of
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A) Females B) Males

Fig. 32 Incisal Relationships during growth.
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7.9 degrees in nroles ond 2"2 degrees in femoles" The mole findings

compqre fovourobly with results of the present investigotion, but the

femole dqto ín this study shows o slight decreose in interincïsol ongulotion

os opposed to the 2,2 degree increase noted by Greshom qnd co-workers.

This dispority between the findings of ihe two studies in pori con be

ottributed to fhe combining of 7,8 qnd 9 yeor olds by Greshorn into

his children's group for the comporison with odult sÈondqrds.

The decreqse in procumbency in the mole oppeqrs to be ochieved by

on uprighting of the moxillory ond mondibulor incisors. The femole, on

the other hond, oppeqrs to compensote for the Ìncreosed procumbency

of the moxillory olveolor region by proclining fhe mondíbulor incisors.

However, it is imporfqnt to reolize thqi too much connot be reod into

the individuol ongles being exomined, for fhey con be, ond ore,

offected by chonges occurring elsewhere ín the denfofociol complex.

CONCLUSIONS

The investi gotion provided roenf genogrophic cephol ometri c stondqrds

for moles ond femoles of seven different dentol qge groups of Centrol

Austrqlion Aboríginol children. The subiects ronged in oge from childhood

to young odulthood. Six of these dentol oge groups hod not previously

been studied but the findings for young odults compored fovourobly

with those published by BROWN (.l9ó5) who used o different onolysïs

to investigofe the some subiects, The mqterîol permîtfed observotion on

growth chonges occurring in the crqniofociol sfrucfures of this group of
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subiects during the!r period of growth ond development" The conclusions

moy be summcrized:

I . The vqriobility of londmorks increqsed with odvoncing oge.

This is Ìn ogreement with BOAS (.l940) who commented on the divergence

of development of individuqls os grówtlì progresses.

2. Observed voriobility wos not entirely due to biologic voriotion.

Evidence of systemotic errors in orientotion of the roentgenogroms wos

supported by the observotion thot voriqbility of coordinotes increosed

os the distqnce o reference point wos owoy from the line of orientotion.

3. The negotive incl!notions ol' the moior oxes of the covorionce

ellipses, plotted to illustrote the distributions of reference points situoted

on the focîol profile provîded furiher support of the contention thot q

systemotic error hod been introduced by the orienfotion method used.

Therefore it moy be concluded thqt the bíologicol voriotion in the

locqfion of Iondmqrks used in this study tended to be mqsked by the

sysfemotic error present,

4. ln both sexes growth probeeded in q downword qnd forword

direction os suggesfed by BROADBENT (1937) but it did noi follow

the stroight line pottern qllvocoted by BRODIE (.l941)fo occur qfter the

oge of I to I 1/2 years. The stoggered wove-like pottern of growth

noled in this study moy be otiribufed to the use of physiologic nroturity

levels, such os denfol cges, for grouping the subiects in fhis învestigotion.

5. Grolvth increments of the lower foce tended to be lorger thon

those of the upper foce. The lower fociol londmorks olso tended to hove
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o strong verticql direciion of growth, while the upper fociol points grew

in o more horîzontol direction. While the method of orientotîon hod some

effect on these volues, the overoll bolonce between the growth vectors

for the two oreos remoîned essentiolly the some os would be'seen if o

differenf method of orienÌoiion wos employed

6. The greotest increment of growth observed for both sexes wos

between the odolescent ond odult stoges. While the incrementol

increose in meon oges belvleen fhe fwo norms is lorge, evidence

published by TANNER (19ó4) would suggest thot fhis growth increment

con be considered to hove occurred during the odolescent growth spurt

ond prior to reqching the odult stotus recorded.

7. The horizontol frqnslqtion of londmorks during the growth

period between the Lote Juvenile Stoge I ond Lote Juvenile Stoge 2

hqs been noted ond it hos been observed thot thïs period of growth

coincided with the exfolíotion of the deciduous buccql dentition ond

replocement by their permqnent successors. lt is suggested thot while

the more mesíol teefh of the buccol segment were being reploced, wîth

on observed concornitont decreose in orch lengfh, porticulorly Ín the

mondible, there wos on occlusol reodiustment os the mqndible moved

downword ond forword. lt shoufd be stressed thst ihis suggestion is only

on hypothesis ond further reseorch into the cquses of this phenomenon

ore required.

8. At the oge of ó yeors the croniofociol complex of the mole

ond femole were quite símilor in size but the mole increosed in overoll
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dimensîons ot o greoter poce thon the femole with odvoncing oge. The

femole's velocíty of growth exceeded thot of the mole durÌng the Lote

Juvenile Stoges I ond 2, buf then the mole begon hís growth spurt ond

by odulrhood the mole wos substonfiolly lorger in overoll croniofociql

dimensions thon the femole

9. The femole fqciol profile is quite retrognothic qt ó yeors when

compored with the mole, but mÌd-fqciol development continued throughout

growth of o proporfionotely qcceleroted rote, so fhqf by odulthood the

femole hod o strong bímqxillory protrusion.

10. This protrusion wos crccomponied by o floiiening of the mqndibulor

ond occlusol plones; q resulf of the proportionotely greoter increqse in

posterior fqcìol height which the femole hqd over the mole.

ll. ln the mrle, on the other hond, the dirnensions increosed in o

more vertícol direction, ond cs o result fhe onterior fqciql height only

logged sf ightly behind fhe proportionote increose in posteríor fqciol height"

This procluced o weoker flottening of the mondibulqr qnd occlusol lines.

12. The inter-incisol ongle of the femole, ofter înitiolly becoming

more ocute, remoined olmost stotionory throughout growth. The mondibulcrr

incisor - mondibulor line:ngle become more obtuse în compensotion for

the increosing moxîllory dento-olveolor prognothism ond flottening of the

mondibulor line. The inter-incisol ongle of'the mole initiqlly decreosed

qs ín the femole, but during Adolescence qnd Adulthood it become more

obtuse os fhe mole foce become less prognofhic in relotion to the femqle.
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The present study hqs exomined the overoll growth chonges in fociol

morphology of o group of Aborigino! children ond reveoled specific differences

in the potterrr of growth befween moles qnd femqles. These divergenf

pofterns culminoted in the sexual dimorphism evident in fhe odult cronio-

fociol morphology. Simîlorities ond d¡fferences in the growth potterns

of both sexes hove been discussed ond reosons for the resultîng sexuol

dimorphism hcrve been put forword.

The coordinofe sysfem of onolysis wos used in this investigoiion

becuose it wos reodily hondled by compuf er techniques. The progroms

developed in the course of the study moy be ufilized to onolyse mqny

types of metric doto recorded in the form of Cortesicrn coordinotes.

Once the initiol doto hos been sfored on punclred corcls or rnognetic tope

vorious porometers moy be obfoined, including bosic descripfive stotìstics

ond lineor ond ongulor meosurements. Furthermore comporîsons of both

obsolute ond proportionote volues in moles qnd femoles moy be mode.

These results moy be presented in tobulor form or output by ihe computer's

plottíng focilîties. The presentction of ihe resulfs of this f hesìs moy

therefore be regorded os c further development in fhe confinuing reseorch

to elucidote the determÌnonts of fociol growth in the humon.
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APPENDIX
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Point

1

2

3

4

5

6

7

8

9

10

11

L2

13

t4
15

l6
L7

18

19

20

2t

22

23

24

25

Svmbol

N

s

LO

OR

PM

PO

ER

AR

BA

TGO

SP

SS

PR

AS

ZP

l'1I

MS

II
IS

ID

AI

., PG

CP

GN

EVP

SY},fBOLS CODE

Description

Nasion ,.

Se 11a

MosÈ posterior point on the lateral border of the orbit
Orb lt al e

Pterygomaxi I 1 are

Porion

Highest point of ear rod shadows

Art icul are

Bas ion

GonÍal Èangent poínt

Spinal point or anterior nasal spine (AcanÈhion)

SubspÍnale or poínt A

Pro s th Íon

Apex superius

Lowest point on the zygomatic process

Mesíal contact of 6'projected to occlusal lfne
Mesial conÈact of 6- projected to occlusal lfne
Incison inferius
Incíson superius

Infradental e

Apex inferius
Pogonion

Chin point
Gnathion

EVER Line Point or Estimated Vertical Extracranial
Reference Line Point
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