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SITMMARY

AN ASSESSMENT OF PONT'S INDEX TO PREDICT DENTAL ARCH I^]IDTH

IN HUIII,AN POPULÀTIONS

Various diagnostic indj.ces have been proposed in

clinical orthodontics to help predict dental arch growth and

assist in treatment planning. Pont's Index was established

by Pont in 1909, to predict maxillary dental arch width from

the sum of the mesiodistal diameters of the four maxillary

incisors. Various authors have either supported or refuted

the value of Pont's Index, and as there has been a recent

resurgence of interest in its clinical use, reassessment of

Pont's Index in different human populations was considered

worthwhi le.

The study aimed to evaluate Pont's Index and its

corresponding indices (hJ, P, E index) in selected samples of

AustralÍan Aborigines, Indonesians and Caucasiansi to assess

growth changes in dental arch width from mixed dentition to

permanent dentition in a longitudinal sample of Australian

Aborigines; and to estimate the influence of genetic and

environmental- factors on variation in tooth size and arch

width using data derived from a sample of Caucasian twins.

Measurements were obtained di.rectly from plaster casts;

they included mesiodistal crohrn diameters of the four

maxillary incisors. âs well as intercanine, interpremolar
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maxillary ineÍsors. âs urell as intercanine, interpremolar

and intermolar äreh wÍdths in the maxÍlIa and mandíble as

speeified bV Pont. A series of double determinations

confirmed the relíabÍlity of the method.

Data r^rcre analyzed statistical ly usÍng the sof tware

package SPSSX on The UnÍversíty of Adelaide's VAX computer"

DescrÍptive statistÍcs for tooth size, arch dimensions and

the various indices were eomputed for both cross-seetional

and longitudína1 data. Analysis of varianee was earried out

to test the mean dífferenees between all varíables Ín the

eross-sectÍona1 study. Correlatíon eoeffieients were

determined between observed values and those predicted,

based on Pont's Index caleulatíons. Intraelass eorrelatÍons

and heritabíIity estimates were computed for the twin sample

using analysis of varÍanee methods.

ConsÍderable variabÍtity between Índividuals' values

and Pont's estimates was noted in each populatíon, wíth verl'

few Índividuals displayÍng the ídeal arch forms predicted by

the Index. Dental arch wídth was generally under-estimated

by the Index in Indonesians who tended to display relatively

small tooth size and large areh width" A more êven

distribution of estimates vras noted in Australian Aborigines

and Caueasians, wÍth Aborigines showing large tooth size and

large arch width, and Caucasians displaying small tooth size

and small areh width. Correlation eoefficients computed

between observed and expeeted values were low in all three

populatíons studíed.
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There were no significant changes in mandibular

intercanine width and maxillary interpremolar widtlr from

mixecl dentition to pêrmanent dentition in Austral Ían

Aborigines. However, significant increases urere found in

intercanine and intermolar widths in the maxilla and in
interpremolar and intermolar widths in the mandible.

Significant genetic variance was not.ed for incisor
crown size, whereas heritability estimates for arch width

h,ere generally Iower

Although the concept of a simple index with predictive

ability is very appealÍng to some clÍnicians, the resuLts of

this study have highlighted the marked variation in values

of Pont's Index for individuals with apparently good

occlusions, representing three different human populations.

Furthermore, the Index fails to take account of the

complexities of inherent growth-coordinating mechanisms

within the dentition that result from an interplay between

genetic and environmental influences. It is concl_uded that
Pont's fndex Ís unlikely to be a useful clinical predictor
of dental arch width.
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CTI.ã.PTETÈ I : TNTRODITCTION

Crowded, irregular and protrudÍng teeth are commoR

problems in modern populatíons and many regulating devÍees

for orthodontic eorrection of the teeth have been developed

over the years. In the latter half of the nineteenth eentury

emphasis hras placed on orthodontic aIÍgnment of teeth and

the correction of facial proportion. At that time,

extractÍons were frequently used Ín the treatment of crowded

or malaligned teeth. As Edward H. AngIe developed his
elassification of maloeclusion, the concept of normal

ocelusion requiring a eomplete dentition in both dental

arches gained support. Angle strongly opposed extraction for
orthodontic purposes and, as maintainíng aR intact dentition
became the objeetíve of orthodontie treatment, less

attentioR r^7as given to faciai proportion and esthetics.
Extraction of teeth uras reintroduced in the 1930s because

obligatory noR-extraction treatment, apart from neglectÍng
faeial esthetics, was unable to achieve satisfactory
stability of tooth alÍgnment and ocelusal relationships"

Onee changes Ín tooth and jaw positions resulting from

orthodontÍc treatment and dento-faciar growth courd be

accuratery assessed by means of cephalometric radiographs,

nerd coRcepts of treatment developed. For exampre, functional
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jaw orthopedÍcs was developed in Europe to enhanee dento-

facial growth changes. This concept proposed expansion of

the jaws to aceommodate the teeth, and suggested that
treatment should be started as early as possible during the

active growth perÍod. It was assumed that if the expansion

was performed within the genetÍc potential of the

individual, stabílity of the treatment would result.
Pont (1.909) derived a simple mathematical formuta known

as Pont's rndex. He proposed that the sum of the mesiodistar

dÍameters of four maxillary incisors could be used as a

guide ín predicting dentar arch widths in the premolar and

molar areas. ThÍs rndex has subsequently been utilized by

some crinicians who eraÍm it predicts the genetic potential
for dental arch development.

The application of Pont's Index is still debated

between orthodontists and so-catred orthognathic-
orthopedísts. Generar dentists have recently become

interested in the use of Pont's rndex beeause of íts
simplicity and apparent value as a treatment goal in arch

expansion. Because there are so many different views on

Pont's rndex, it is erÍnically relevant to assess the rndex

Ín different populations to gain a more thorough

understandÍng of its usefulness"

The present study was initiated to provide estimates of
Pont's rndex in Australian Aborigines, rndonesians and

caucasians and arso to enabre comparÍsons to be made with
values derived from other ethnie groups. rn addition to
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these study groups, a sample of Caucasian twÍns was studied

to provide insight into genetic influences on variability of

tooth size and arch dimensíons. Furthermore, changes in
dental arch widths from the mixed dentítion perÍod to early
permanent dentition rdere assessed in a sampre of AustrarÍan

AborigÍnes to determine longÍtudinal variations in pont's

Index values.

AIMS OF THE STUDY

The specific aims of the study were:

L. to assess the validity of Pont's Index in selected

samples of Australian Aborigines, Indonesians and

Caucasians.

2. to eompare the resurts obtained from these three ethnic
groups with each other and with previously reported

findÍngs in other populations.

3. to assess the validity of the correspondÍng indices (p"I^l

and E Índices) in AustralÍan AborigÍnes, Indonesians

and Caucasians.

4. to assess growth and developmentar changes of the dentar

arches Ín Australian AborÍgines and to relate these

findings to some of the suggested c1Ínica1 uses for
Pont's Index.

5. to estimate the heritability of tooth sÍze and arch width
in a sample of Caucasian twins.
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CIìI.A'PTIER I I : I.ITETÈII.TT'FÈE IÈEVTEI,ü

PONT'S INDEX

rn 1909 Pont described a method which he believed could

be useful in determÍning ideal dental arch form. He

concluded that in ideal arehes, the ratio of the combined

mesiodÍstal crown dÍameters of the maxillary incisors (sr)
to transverse dental arch width shourd be 80 in the premolar

area and 64 in molar area. He proposed the calculation of
the Index as follows:

Premolar Index =

Molar Index =

SIx100/
SIx100/

Premolar width

Molar wÍdth

hlhere 
"

SI= the sum of mesÍodistal

maxillary incÍsors

Premolar width = the distance

premolars, measured in

erordn diameters of the four

between the maxillary fÍrst
the centre of the occlusal

surface

Molar wÍdth = the distance between

molars, measured Ín the centre of

the

the

maxillary first
occlusal surface



5

Pont measured the mesiodistal width of four maxillary

ineÍsors, the distance between the centre of first premolars

and the dístance between the eentre of fírst molars by means

of a eompass and obtained mean values of 31 nun, 39 rnm and

48.4 nìm respeetively. lle then calculated the Premolar Index

and Molar Index of 80 and 64 respeetively, using the

previously described formulae. These ratíos were

subsequently translated ínto a table in which L or 2 mm hrere

added to compensate for the tendeney of relapse ín

orthodontie treatment (Appendix I ) .

Even though he stated that by using this Index the

orthodontist could easily solve space problems, pont still
stressed the Ímportance of assessíng faciat profÍ1e and

Angle classification. The relationship of the maxilla and

mandible to each other, and the position of the midline,
rdere other essential features to be considered. pont

exprained that he obtained his data from a French populatíon

but he did not state how many subjects !ìrere included in his
study.

As Pont was aware of the differences between ethnic
groups, he suggested that the reliabilÍty of his Index

should be confirmed in other populatÍons.

Since then, there has been considerable dÍsagreement

eoncernÍng Pont's Index. Many authors have assessed the

validity and reliability sf this Índex in different
populations. The results of these assessments can be divided
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into two opposing groups. Those in favour of Pont's Index

have supported its use as a guide in expandÍng the dental

arch, while those against have found that the validity and

reliability of Pont's Index in predicting dental arch width

from the sum of the mesiodistal diameters of fsur maxillary
incisors Ís very poor.

Those in Favour

The following studies whieh were earried out in various

ethnic groups, support the clinícal use of Pont's Index as a
guide Ín performing expansÍon treatments.

Stíf ter ( 1.958 ) studied 34 so-called "normal " and 24

ideal ocelusions and assessed the analyses of pont, âs well

as several others includÍng Howes, Rees, Neff and Bolton.

Although he stated that regression equations had been used

in the statistical analysis, Stífter did not present values

of correlation coefficients. Nevertheless, hê coneluded that
in ideal oeclusÍons there was a significant correlation
between eombined incisor widths and maxilrary morar and

premolar arch widths. No significant eorreration coutd be

found in the group with normal oeelusion, a possible reason

being that the study included AmerÍcans of many different
nationarities. He stressed that Pont's measurements should

be a goal to strÍve for when working toward the ideal "

Henry ( 1963) studied Pont's Index in 60 AustralÍan

ehildren (30 boys and 30 girls) with excerlent ocelusions.
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By comparÍng mean val"ues he concluded that boys possessed

slightly larger teeth and broader arches than gir1s.

Furthermore, he deduced new values for the Premolar Index

and Molar Index (81 and 63 respectively) that could be used

for Australian children. In addition, hê derived a new table

usÍng these indices.

Lamons (L964) stated that Pont's Index was an excellent

aid in visualizing and establishing good arch form in the

upper arch. He studÍed 50 sets of study models of male

students with excellent and ideal occlusions from Emory

University, School of Dentistry. He found that molar arch

width was almost exactly the same as Pont's predicted values

and that premolar width was approximately 5 per cent less

than Pont's values. He calculated that this 5 per cent

difference would amount to about 2 mm. He concluded that

even though he had found a smaller value, Pont's Index was

stiIl a helpful aid in diagnosis and treatment planning.

Furthermore, he stated that the width between the maxillary

first premolars, taken at approximately the tip of the

buccal cusps, should be equal to that of the first molars

taken at the tip of the mesiolÍngual cusp.

Gupta et aI. (L979 ) studÍed 100 dental casts of North

Indians with normal occlusions. Measurements \^rere made wÍth

Helios calipers to an accuracy of O.O2 mm. New values of

81.66 and 65.44 for the Premolar and Molar Indices were

proposed for the North Indian population. CorrelatÍon

coef f icients r^rere computed between combined maxi 1lary



B

incisor diameters and premolar and molar arch widths. The

values obtained were O.46 and O.49 being significant at the

p<.001 leve1. The authors concluded that these values

revealed highly significant associations between the

mesiodistal diameters of the incisors and arch width in the

premolar and molar regions.

I{Íebrecht (L975) emphasízed that orthodontic treatment

should not be viewed as just tooth movement; but as an arch

development that must ultimately be in harmony with muscle

balance and function. He preferred very early treatment,

using the deciduous molars as anchorage during the early

mixed dentition stage, to gain stability in the entire

dento-facial complex. In this respect he praised Pont's

Index and used it as a guide to predict the development of

arch width. As Pont's Index dealt only with the maxillary

dental arch, üIiebrecht ( quoted by Bastien, 1983) developed

the P and the l^J Indices to be used in treating the

mandibular arch in relation to the maxillary arch. He also

developed the E Index (or Esthetic Index) to control the

expansion of maxillary arch.
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Those Against

On the other hand, in assessing pont's Index, some

autl¡ors found very low correlations between the observed and

predicted arch widths. These studies conctuded that pont's

Index was not a reliable diagnostic procedure irr orthodontÍc
treatment.

hlorms et al . (1969) studied Pont's Index in 9l Navajo

Indian children with ideat occlusions. AII measurements were

obtained with a sharpened Borey gauge and the measuring

points on premolars and molars h¡ere defined as the central
grooves and the central pits respectively. At the Lå

confidence level they found a significant dÍfference between

observed and calcurated premolar and morar wÍdths. rt lrJas

concluded that the reliability of Pont's Index as a

diagnostic tool in orthodontics was highly questionable.

Joondeph et aI. (1970) assessed pont's Index in 20

Índividuals who had received orthodontic treatment and who

were ten years post-retention. A1r cases had been treated
wÍthout extraction and measurements ürere taken prior to
treatment, at the completion of treatment, and at least ten
years after all retentÍon appliances had been discontinued.

correlation coefficients ( "r" ) hrere derived between

the following variables:

1. The calculated Pont's premorar and molar widths with
actual premolar and molar widths ten years out of
retention giving rr rrr values of O .23 and O .20

respect iveIy.
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2. The premolar and molar arch widths at the completion of

treatment with the same measurements ten years out of

retention - giving tr ril values of O .92 and 0. 89

respect Ívely.

3. The actual mesiodistal widths of maxillary incisors with

the actual premolar and molar widths ten years out of

retention - giving rrrrr values of O.29 and 0.22.

4. The actual prernolar and molar widths prior to treatment

and after ten years post retentÍon giving rrrrr values

of 0.70 and 0.62.

From these findings it uras concluded that measuring the

mesiodistal widths of incisors to predetermine maxillary
Ínterpremolar and intermolar widths h¡as of no value in
predicting ultimate arch width.

Marshall ( L987 ) studÍed 36 American children,

comprising 19 females and L7 males, and corrcÌuded tlrat since
rrr* values between observed and expected dental arch

dimensions ranged from O-23 to 0.58, Pont's Index and its
corresponding indices (the P Index and the I¡J Index) had no

reliable predictive value. He also assessed arch width

changes from the mixed dentition (9 years of age) to the

permanent dentition (L4 years of age) in the intercanine,

interpremolar and intermolar regions. He concluded that no

sÍgnifÍcant change in lower arch width was detected but

significant changes were found in upper arch widths for both

males and females. Maxillary arch widths in males increased

approximately twice that in females and the greatest change
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was found in intercanine dimension. At least 1 mm of change

was noted from the mixed dentition stage to the permanent

dentition stage in the interpremolar and intermolar arch

widths in a S-year period.

Moyers ( 19BB ) claimed that mandiburar arch form and

mandibular intercanine width have been found to be more

reasonable treatment guÍdes for both mandiburar and

maxilrary urtimate arch widths. He stated that pont's rndex

is naive in concept and should not be used in orthodontÍc
diagnosis.

CROZAT APPLIANCE

Lamons (L964) published an article on a rabiotingual
apptiance and referred it as the crozat apptiance. Even

though Lamons paid some attention to pont's rndex when

treating malocclusion, hê tended to gain correct arch form

with the correction of rotated morars. Most frequently this
rotation required a small amount of expansion which was

referred to as "regaining of normal molar wÍdth". rn the
followÍng years the concept of molar rotation was modified
by set-backs or distar driving of the molar in addition to
the rotating movement (Parker, 1985).

Furthermore, Lamons stated that the extraction of
premolars as a prescribed therapy did not fit very well into
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the Crozat concept. In this concept, appliances were not

primaríly meant to move malposed teeth but rather to deliver
stress through the medÍum of the teeth to the supporting

structures, resultÍng in tissue changes and Índirectly in
tooth movement. As the appliance exerts a very lÍght force

ovêr a considerable tÍme, it was assumed that the teeth were

continuously adjusting to eåch other, âs r,'rere the supporting

and surrounding structures.

This concept was very similar to Inliebrecht's concept in
the use of the Crozat appl iance. I,ìliebrecht ( 1975 ) stated

that the goal of the treatment should be a correct occlusion

which was developed ín harmony with muscle balance and

function withÍn the acceptable Íntergnathic range. He

stressed that the philosophy of treatment was essentially
the philosophy of arch development. HoldÍng this philosophy,

I¡liebrecht found that Pont's Index was the only guidanee in
performing dental arch expansion using the Crozat appliance.

hliebrecht started his treatment of malocclusion entirely
guided by Pont's Index. Active treatment with the Crozat

appliance began with rotation of the first molars and arch

expansion continued until proper arch width was achieved as

indicated by Pont's Index.

Even though the basic concept and treatment philosophy

of this modality ü¡ere quite similar, certain different
approaches occurred Ín the use of the Crozat apptiance.

Those who Ínitially followed Dr. Crozat's procedure such as

Lamons (L964), Smythe (1"969), Hitchcock (L972) and parker
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(1985) found that the Crozat applíance, used in a selected

case, could produce good results.

An alternatíve approach was proposed by IdÍebrecht

(1"975), in which Pont's Index became a treatment guide.

ldhite and Clark (L976), Bastien (1983), Schwarzkopf and VogI

(1984) were some of the followers who belÍeved that pont's

Index was an excellent index in predÍcting the genetÍc

potential of the dental arch. More recently Pont's Index has

gained strong support from the so-cal1ed orthognathic

orthopedists and some general dentists.

"IDEALN DENTAL ARCH FORTII

There have been numerous studies of the human dental arch

and many authors have tried to deserÍbe eÍther the "ideal"
or the "average" dental arch form.

Pont (1909) also described a procedure of plotting
maxÍrrary areh form aecording to his rndex. He multiplied
the combined crown diameters of the maxillary incÍsors by

1..75, claimÍng that this should represent the dÍameter of a

circle, of which the dentÍtion, from mesiobuecal eusp of
left first morar to the mesiobuceal eusp of right fÍrst
molar, would represent one-half segment. The second and the

third molars courd be plotted along a straight side of an
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equilateral trÍangle with the base representíng

intercondylar width (FÍgure 1).

Furthermore, Pont stated that Ín brachycephaly the

arrangement of the incisors would 1ie within the circle
while in doliehoeephaly the íncÍsors would fall out of the

circle. He believed that with this arrangement, the form of

the dental arch should be in harmony with the form of the

face.

Scott (L957) described the eatenary eurve as the normal

dental arch form and believed that any varíation from this
form was a coRsequence of alveolar bone growth beyond the

normal range. The catenometêr. which consists of two stops

from which a chain is suspended, was used as a device to
measnie dental arch perimeter. In the maxilla, the apex of
the ehain lay over the palatal gingival papilla between the

central Íncisors, whereas the stoBs lay at the central fossa

of the first molars. In the mandible, the stops lay at the

buccal cusps of the first molars.

Currier ( 1969) formulated a computer program for
anarysing dental arch form. IIe used 25 radiographs of dental

casts of caueasian adurts havÍng normar or idear occlusíons.

Each radiograph contaÍned two-dimensional views of a pair of
plaster dentar casts. rn these radiographs he divided the

dentar arch into the followÍng curves: an outer curve which

ran along the buccal tips of the molars and premorars and

the incisal edges of the eanines and Íncisors, a middle

curve runnÍng through the central fossae of molars, occlusal
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Figure 1: Pont's Arch Form (Pont, 1909)
This diagram was plotted based on the sum of
mesiodistal diameters of four maxillary
incisors (SI ) in which:
- central incisor diameter = 8.5 mm

lateral incisor diameter = 7 -S mm
SI=32mm

- distance between mesiobuccal cusp of
maxillary first molars ( the diameter of
the circle in which all the teeth mesiat to
the first molars were drawn) = SI x I.75 = 56 mm
according to Pont' Index, interpremolar width =40 mm; intermolar width = 50 mm
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fissures of premolars and the einguli of canines and

Íncisors, and an inner eurve which ran through the most

lingual aspect of the teeth. He compared elliptieal and

parabolie shapes to these three eurves, and eoncluded that
the ellipse had a better goodness-of-fit (that is, smaller

variance) to the outer curve in both maxílIa and mandible,

than to eíther of the middle or inner eurves. As orthodontÍe
proeedures were performed on the outer surface of the teeth

he concluded that the ellipse was a better guÍde to arch

form than the parabola. Furthermore, he noted that the

middle curve of the maxÍ1Ia combined with the outer curve of
the mandible. coincided with the "line of ocelusion"

postulated by Angle in L9O7 (cited by Graber, L982).

Cheng (L972), in studying dental arch morphology of
Australian Aborigines, found that fifth-degree polynomial

equations deserÍbed dental arch form better than fourth-
degree equatÍons, even though there were defieÍencies in
represeRting arch shape in a few indivÍduals. This fínding
differed from that of Lu (L964) who proposed that fourth-
degree polynomial equations satisfactorily described the

dental arehes.

Brader (L972) eoncluded that superior dentat arch form

was approximated by a closed eurve wíth trifoeal ellÍptic
properties, with the teeth oceupying only a portÍon of the

total curve at íts constrícted end" This areh form

represented a steady state of equilibrium delimited by the
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counterbalaneing force fields of the tongue and of circum-

oral tissues.

I¡tlorms et al . (L972), in assessing the relÍability of

Pont's Index ín 91 Navajo Indian children and 1"33 dental

students from the University of Minnesota, also plotted the

dÍfferences between predicted and observed arch widths in
the premolar and molar regions. Differences in premolar and

molar areh widths of eaeh dental arch were eonnected with a

straight Iine, so the differences between the predicted and

observed rneasurements of eaclr dental arch could be

visualízed. The authors concruded that mean arch form could

vary between ethnic groups and that arch form varied between

individuals.
MusÍeh and Ackerman (1973), in comparing the use of the

catenometer and a brass wire for measuring dental arch

perimeter, found that the catenometer was more reliable. It
r^¡as also noted that the chaín could be modif Íed to an arch

form that dÍd not eonform to the catenary shape, by

arranging the apex of the chain over the palatal gingival
papilla between the incisors.

Rudge (1981), in reviewing the Iiterature on dental

areh form, mentioned that the earliest description of dental

arch form was provided by Hawley, based on the work of
BonwÍII. Hawley in 1905 (cited by Rudge, 1"981) contended

that the anterior teeth, from eanine to canine, should be

arranged on a segment of a circle with radius equal to the

combÍned witdh of these teeth. The posterÍor teeth were
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arranged on the straÍght side of an equilateral triangle
with the base representing intercondylar width.

Although Rudge ( 1981 ) concluded that studies of dental

areh form had not yet conclusively determined the ideal

dental arch shape, he subsequently devised a computer

program for the analysÍs of study models and used the

BonwiIl-Hawley arch form as a reference durÍng his research

(Rudge, L982\. Angular deviation of each tooth from the

ideal dental arch form was measured and a table derived to
give a numerÍcal score for malocclusion which was called the

Index of Discrepancy.

Studies of dental arch form still eontinue and computer

programs to apBly mathematical formulae to arch form are

being developed and applied.

ORTHODONTIC TRE,ATIIIENT PHILOSOPIÍY

Aceording to Proffit (1986), the most reeent definition
of OrthodontÍcs, provided by the Ameriean Assoeiation of
Orthodonties Ín 198L, Ís as follows:

ORTHODONTICS (DENTOFACIAL ORTHOPEDICS); The areã. of
dentistry concerned with the supervÍsion, guidance and

correction of the growing and mature dentofacial struetures,
ineluding those eonditÍons that require movement of teeth or
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correction of malrelationships and malformations of related

structures by the adjustment of the relationshÍp between and

among the teeth and facial bones by the application of
forces and/or the stimulation and redirection of the

functional forces within the craniofacial complex.

This definition includes the creation of the best

possible occlusal relatíonships, lvithin the framework of
acceptable faeÍal estheties and stabilÍty of the occlusal

result.

Stability is a major eoncern in orthodontics as it has

been found that arch length and width typically reduce with
ôgê, with long-term records showing the trend continuÍng at
least into the 30's and 40's age braeket (Little, 1987).

This finding is supported by the study of Joondeph et al.
(1970), in which slight eonstriction of arch width was found

ten years post-retention. Furthermore, Líttle (1987)

suggested avoidance of expansion of the mandibular arch as

he believed that anteroposterior and/or lateral increases in
mandibular areh form usually faÍled and that the dental arch

would eventually return to its pre-treatment síze and shape.

Lutz and Poulton (1985) performed expansion treatment

in the deciduous dentition. Although they found persÍstence

of slight expansion in the intereanine and interpremolar

widths, there was no firm conclusíon which eould be drawn

from their study as evidence of unpredíctable loss of
expansion hras noted.

Il,/
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This víew Ís the opposite to those orthodontists who

advocate dental arch expansion. On the basis of the

functional matrix theory developed by Moss (L962), the

expansion of the dental arches and surrounding tissues

became a desired treatment modalíty for somê elÍnicians.
Moss and Sa1entÍjn (1969 a, b), have described the head

as comprisÍng certain functional cranial components designed

to carry out dÍfferent functions. Each eomponent is
considered to be composed of two tr>arts: L. a functisnal
matrix that actually carries out the function and, 2. a

skeletal unit that has a bÍomechanical role to protect

and,/ox support its speeÍfÍe functional matrix. Skeletal

units may be eomposed of bone, cartilage or tendonous

tíssues, and can be divided into macro- and mÍero-skeletal

units. Funetional matrices include soft tissues such as

muscles, glands, nerves and vessels"

All responses of the osseous portions of skeletal units
to their functional matrices are thought to be brought about

by the complementary and interrelated proeess of osseous

deposÍtion and resorption. The resultant effeet of aIl sueh

skeletal unit responses to periosteal matriees is to alter
theÍr size and/or shape.

In other words, the skeletal unit does not groü, fÍrst
but rather it provides a platform upon which the periosteal

matrix can alter Íts function. The total growth changes in
aII asBects of the skeletal unÍt are at all times a direet
and eompensatory response to the morphogeneticatly and
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temporally prior demands of the periosteal matrix's
function.

The FunctÍonal Matrix Theory is relied upon by

orofaeial orthopedists who treat malocclusion by means of
functional appliances. Various functional applianees differ
consÍderably in appearance and often bear the developer's

Rame. One of the appliances is the Functional Regulator

(Frankel applianee) developed by Frankel and deseribed in
his textbook (Frankel, 1989). The difference between the

Frankel appliance and other functional appliances is that,
unlÍke other applíances, the Frankel appliance has Iimited
contaet with the teeth. By placing most of the applianee

loosely ín the vestibule, both mandÍbular posture and the

contour of facial soft tissue ean be altered. Furthermore,

Frankel stated that the forces exerted by any other

functional appliance that stretches muscle and soft tissue,
and creates pressures that can be transmitted to the dental

and skeletal structures, are rnore likely to move teeth

orthodontically and can not be regarded as truly orthopedic

appl ianees.

Another view, described by Kussick (L985) proposes that
bone may be remodeled by using an appliance eatled a bone

remodeler. Bone remodeling depends on the universal bone

growth mechanism and periosteal muscle adjustment

(periosteal-slippage). Musele Ís attached to the bone vÍa

the periosteum. It provides a stabilÍty to bone-muscle

relatÍonships. As bone grows, the attachment adjusts, or
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slíps, to accommodate the new bone size and to maintain

normal muscle function. This is the normal readjustment of

the superficial muscle attaehments on perÍosteum as young

bones grow. A new stable relationship between the muscle and

bone results when the growth ends.

Kussick (1987) has indicated that a vÍtal cellular
respoRse Ínherent in the growth potential of adoleseent bone

Ís periosteum/muscle adjustment, normal muscle/bone

relocation and reattachment" Periosteum/musele adjustment

permits bone drÍft, loca1 remodeling, condylar growth, and

jaw reloeation. Immature bone and íts eonnective tissue

matrÍx are most sueceptible to evoking these cellular
responses. He believes that the bone remodeler can replace

both funetional jaw orthopedics and multibanded technÍques.

Different philosophies have led to different approaches

in orthodontic treatment, and it is necessary to have a

thorough understanding of the philosophy underlying certaÍn
procedures before they can be adequately assessed or

applied. Although it ís not always easy to judge, only

those treatments based on sound scientific evidence in
relation to their effieaey should be used elinically.
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CII.A'PTETT TIT: IyI.A'TETÈT.A'LS .ê\ND PIEÌTITODS

THE SAMPLES

The data for this study were obtained from measurements

of dental easts of Australian AborÍgines" Indonesians.

caucasians and caucasÍan twins. Figure 2 illustrates the

locations from which the dental casts of the subjects were

obtained.

Australian Aborigines

Cross-sectional study

The cross-sectional study sample comprised 40 males and

40 females with average ages of L4.22 years and L4.TL years

respectÍvely. The dental casts of these subjects were chosen

from the corlection of Aboriginar records obtained durÍng a

longitudinal study carried out at Yuendumu settlement in
central Australia Ín the 1960s and 70s (Brown and Barrett,
1"973). The Aboriginar population at yuendumu settlement

belonged to the lrlaí 1bÍ ri tribe having pure Aboriginal
ancestry. rn their general mode of rÍfe and methods of food

preparation and eatÍng habÍts they ürere at an intermediate

stage of transition from their previous hunting and food



24

Med ft
¡ c--r5

Þ
INDONE IA

o><."7

Àde].aide

a
Yuendumu

-\ ----- - -
I

I

I
I

ll
t

AUSTR
I
I
I

t

t

L

Ài IA

Figure 2 : Map showing the l_ocations from which
the dental casts of the subjects \^/ere
obtained.
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gathering existence to the adoptÍon of a civÍlised way of

life. Dental carÍes was virtually non-existence, because the

bore water supply of the settlement contained L.5 parts per

míllion of fluoride (Barrett, L965). In addÍtion, vigorous

mastication of tough , fibrous foods had a marked cleaning

effect on the teeth (Barrett, 1968).

LongitudÍnal study

Nineteen males and L4 females rdere included Ín the

longitudinal study of Australian AborigÍnes. The average

ages of the subjects !{ere 8.99 years and 8.2L years for boys

and gírls respeetively at the mÍxed dentÍtion stage and

L4-42 years and 13.81 years respectively at the permanent

dentition stage.

Indonesians

Sixty dental casts (30 males and 30 females) were

obtained by the author from dental students of the

UnÍversÍty of North Sumatera Ín Medan, Indonesia, wÍth

average ages of 23.90 years for males and.22.04 years for
females. Dental impressions were obtained usÍng alginate
hydrocolloid impressíon materÍal. The Ímpressions were

washed free of saliva and were cast immediately wÍth

Fujirock dental stone.
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Caucasians

The caucasian sampre was selected from a colrection of
dental casts of dentar students in the Department of
Dentistry, the university of AderaÍde, Adelaide, south

Australia. The sample comprised 30 males and 30 femares with
average ages of 17 .87 years for mares and L9.03 years for
females.

Caucasian Twins

Dental casts of ro2 pairs of monozygotic (Mz) twins and

74 pairs of dizygotic (Dz) twins were chosen from the
collected material in the Department of Dentistry, The

university of Adelaide. The dental casts, âs werl as other
records including intra-oral and extra-oral photographs,

finger and palm prints, and blood samples for zygosÍty
determination are being obtained as part of an ongoÍng study
of dento-facial variability in south Australian twins (Brown

et ê1 ., L9B7). The average age of NIZ twins u¡as i,7.Lo years

and of DZ twins was 16.59 years. The methods of analysis
carried out for the twin sample will be described in more

detail on page 42-
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METHODS

Cross-sectional study

The samples were carefully selected so that aII
subjects displayed normal occlusions, defined according to
the following crÍterÍa:
1. Class I molar relatÍonship

2. Overbite < 4 mm or 7OZ (measured with a caliper)
3. Overjet < 3 mm (measured with a caliper)
4. FulI complement of teeth from second molar to second

molar in both arches

5. MÍnÍmal crowdÍng or spacÍng (< 3 run)

6. No missing teeth

7. No supernumerary teeth

8. No crossbÍte

9. MinÍmal rotation
10. No orthodontíc treatment

1L. Minimal attrition

Longítudinal study

The longitudinal study sample was divided ínto mixed

dentitÍon and permanent dentÍtion groups. The mixed

dentition group was chosen after its corresponding permanent

dentitÍon group had been determined, following the above

eriteria. The mÍxed dentition sample represented subjects

who had aII permanent incisors and first molars erupted.
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Measurement Lan<tmarks

The measurement landmarks were (Appendices 2 and 3):

1. The maxÍmum mesiodistal crown díameters of the four
maxillary incisors ( Right 12, Right I1, Left I1, Left
rz) -

2. Maxillary and mandÍbu1ar intercanine widths, measured at

the eusps tips ( Max 3-3, Mand 3-3 )

3. Maxillary interpremolar widths, measured at the dísta1
pits of the first premolars (4-4 dist pit), the buceal

cusp tips (4-4 bu cusp) and the palatal cusp tips (4-4
pal eusp).

4. Maxíllary intermorar widths, measured at central fossae

(6-6 cen fossa) and mesiopalatal cusp tips (6-6 mespal

cusp) of the first molars.

5. Mandibular interpremolar width, measured at the distal
fossae of the fÍrst premolars (4-4 dÍst fossa).

6. MandÍbular Íntermorar width, measured at the distobuceal

cusps of the fÍrst molars (6-6 distbu cusp).

7. Deeiduous maxirlary and mandiburar intercanine widths

(Max. C-C, Mand. C-C), measured at the cusp tips of
deciduous canines.

8. Deeiduous maxilrary and mandibular íntermolar wÍdths

(Max. D-D, Mand. D-D), measured at the distal fossae of
decÍduous first molars.
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A digital caliper (Figure 3) r^ras used to measure the

mesiodistal crown díameters of the maxillary permanent

ineisors and arch widths directly on the dental casts, to an

accuracy of 0.1 mm, and the values obtained were recorded on

data sheets (Appendix 4) - In those instances where there was

slíght attritÍon, the measuring poÍnt for arch width h¡as

determined as the mÍddle of the facet on the tooth. The

predicted arch widths in the premolar (P) and molar (M)

areas were estÍmated using the formulae proposed by Pont

(1eoe).

That is, P wídth =

M width =

100 /
100 /

SIx

SIx

80

64

I¡Ihere,

SI = The sum of mesiodísta1 crown diameters of four

maxillary ÍncÍsors

P wÍdth = the distance between maxillary first premolars

M width = the distance between maxillary fÍrst molars
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Figure 3: The digital caJ-iPer
used in the Present

and the calibrator
study
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THE INDICES

Pont's Index (Figure 4); comprÍses the Premolar Index and

the Molar Index which represent the relatÍon of the

diameters of the four maxillary incÍsors (SI) to the

arch widths in the premolar area (4-4 dist pit) and in
the molar area (6-6 cen fossa).

I^l Index ( Figure 5 ) ; represents the width of the

mandibular arch in the molar area (6-6 distbu cusp).

This Index should coincide with pont's molar width
minus L mm.

!ù Index = (Pont's molar width) Lmm

P Index (Figure 6) ¡ represents the width of the
mandibular arch in the premolar area (4-4 dist fossa).
This rndex shourd coincÍde with the maxirlary premorar

arch wÍdth measured at the palatat cusp of the fÍrst
Premolar (4-4 pal cusp) minus 1 mm. A correctÍon factor
(CF) was added in ealculating pont,s premolar arch

wídth (4-4 pal cusp). The correctÍon factor was

computed as the difference between the observed

2

3
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SI

Figure 4: The Pont's Index (Schwarzkopf and VogI, t9B4)
A- The Premolar Index
B. The Molar Index
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Figure 5: The ht Index
(Schwarzkopf and VogI, Igg4)
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(

L

Figure 6: The P Index
(Schwarzkopf and Vogl, I9B4)
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premolar arch uridth measured at the dístal pít of the

first premolar (4-4 dist pÍt) and the observed premolar

arch width measured at the palatal cusp of the first
premolar (4-4 pal cusp). The value ü¡as subtracted from

Pont's premolar width (4-4 dÍst pít).

CF = Obs. (4-4 dist pit) Obs. (4-4 pal cusp)

Pont's (4-4 pal cusp) = Pont's (4-4 dist pit)

P Index = Pont's (4-4 pal eusp) - l" mrn

CF

4 E Index (FÍgure 7); also called "Esthetic Index',,

represents the relationship between maxíllary premolar

and molar arch widths. The premolar arch width measured

at the buccal cusp of the first premolar (4-4 bu cusp)

should eoineide with the molar arch wÍdth measured at
mesiopalatal cusp of the first molar (6-6 mespal cusp).

The eorreetion faetor for Pont's premolar width (4-4 bu

cusp) was the difference between the observed premolar

arch width measured at the buccal eusp (4-4 bu cusp)

and the observed premolar width measured at the distal
pÍt (4-4 dist pft)i the CF value h¡as added to pont,s

premolar wÍdth (4-4 dist pit). The eorrectíon factor
for Pont's molar width (6-6 mespal eusp) was the

difference between the observed molar width measured at
the central fossa (6-6 cen fossa) and the observed

molar wÍdth measured at the mesiopalatal cusp (6-6
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Figure 7: The E Index
(Schwarzkopf and Vogt, L9B4)
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mespal cusp); the CF value obtained was subtracted from

Pont's molar width (6-6 cen fossa).

CF (4-4 bu cusp) = Obs. (4-4 bu cusp) - Obs. (4-4 dist pit)
Pont's (4-4 bu cusp) = Pontrs (4-4 dist pf t) + CF

CF (6-6 mespal cusp) = Obs(6-6 cen fossa) Obs(6-6 mespal
cusp)

Pontrs (6-6 mespal cusp) = Pont's (6-6 cen fossa) - CF
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ERRORS OF THE METHOD

Metrical procedures are subject to two types of errors:

-systematÍc errors (bias) arisÍng from limitations in the

materÍals and methods used, Ieading to consistent over-

or under-estimation. for example, faÍlure to correct

for magnification factors;

-random errors (accidental) resulting, for example, from

difficulty in Ídentifying landmarks or imprecision of

definitions "

Both types of errors can be minimized by rigidly
standardizing experimental equÍpment and procedures. The

magnitude of errors and the extent to which they may affect
results can be assessed by replieability studies.

In this study these errors rlrere mÍnimized by the use of

a finely-pointed caliper to allow access into interproximal

areas of the dentition. The calibratÍon of the instrument

üras checked at the beginning of each sesssion to ensure that
it was measuring at optimal aceuraey. Only 20 pairs of

dental casts were measured in each sessÍon to avoid observer

fatígue. Routine calculatíons of z-scores were performed in
which values outside the range -3 to +3 were re-checked.

(x x
z

where x = mean
x = Índividual value
SD = standard deviation

)

SD
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Replicability study

A replicabitity study was performed in which double

determinations were made on separate occasions for 30

subjects from each population selected at random- Values of

these two determinations ürere subjected to the foJ-l-owing

statistical tests:

I Paired t-test;

di fferences

comparison

differences

differences

di fference

SDã

SEA

to assess the significance of mean

pai red-

the

the

the mean

between two determinations on a

basis by calculating the mean of

(d), the standard deviation of
( sDã)

(sEd).

and the standard error of

d

x(d d)2

n 1

SDã

difference between two determination
number of doubl-e determinations

t
d

n

.[n

where: ã =
n=
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whether the mean

from zero, according

Student's t-test was used to test
differences differed significantly
to the equation:

di fference
the number

III. Analysis

due to

variance

of variance; the extent to which

experimental error affected the

was determined by expressing error

d
t

SEã

with n-1 degrees of freedom

II. The method of Dahlberg (1940); this method, also termed

the technical error of the measurement, was used to

compute the standard deviation of a single

determination (SA), according to the formula:

x62
Sg

2n

where between replicated pairs
of double determinations

d=
n=

The

variability

observed

variance as

f ol l,owinga percentage of observed variance.

formula r^ras used:

So2 =St2 +Se2

so2

st2
Se2

= observed variance from the sample as determined
the original values. This value incLudes vari-ance
to measurement error.
= estimate of the true sample variance
= estimate due to experimental error, termed the

variance.

from
due

error
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Results of replicabilÍty studíes

t-test

Although the mean differences between replicated
measurements of the mesÍodístal diameters of the ineisors Ín

AustralÍan Aborigines, and some measurements of arch widths

in Australian AborigÍnes, Indonesians and Caucasians were

signíficantly different from zera, there was no trend for
oRe series of measures to be consÍstently larger than the

other. Furthermore the magnitude of indÍvidual differences

h¡as small, ranging from -0.6 mm to +0.6 mm for incisor
dÍameters with only two values exceedÍng -0.5 mm and +0.5 mm

and from -2.3 mm to +L.3 mm with only L6 values exceedÍng

-1.0 and +L.0 for the arch width measurements (Appendices

5a, 5b. 5e ) "

Dahlberg Statistic
Measurement errors as indicated by the Dahlberg

statistic are presented Ín Appendiees 6a, 6b, 6e. Values

ranged from 0.06 mrn to 0.1"4 mrn for mesiodÍstal measurements

and 0.15 mm to 0.86 mm for arch widths measurements for the

three populatÍons.

Analysis of variance

From the analysis of variance, the reliability
estÍmates ranged from 90.8å to 99.42 (AppendÍces 7ã, 7b,

7e).
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A number of statistical approaches íncluding analysís

of variance were used in assessÍng the measurement errors in
this study. Paired t-tests and the Dahlberg statistic
allowed an assessment of both systematic and accidental

errors. Significant differences were found between the fÍrst
and second measurements of some arch wÍdths of the three

study populatÍons. Measurements of mandibular arch widths at

the distobuccal eusps of the mandÍbular first molars showed

the largest error of 0.86 mm (Dahlberg statistic) in
Caucasians, and the Iowest rel iabÍ I Íty ( 90. 0% ) in
Indonesians. These resulted from the diffÍculties in
determÍning the cusp tips as there was some attritÍon of the

distobuceal cusps of the mandibular fírst molars.

The results of the replicabilÍty studies Índicated that
experimental errors were generally very smalI, and unlikely
to bias estímates of mean values or variances.

TT'ÙIN STIIDY

The measurements and landmarks used in the twin sample

were the same as those described prevÍously. The sample was

dívíded Ínto two groups; those dental casts in which all
measurements could be obtaÍned, and those easts Ín which

only measurements of incÍsor diameters and some arch widths

could be obtained. Thís procedure was carrÍed out to obtain



43

more data on incisor dÍameters and some arch widths in the

casts that did not fulfil all of the criteria described

previously. Furthermore, the aim of this aspect of the study

was to explain the causes of variation in tooth size and

arch widths in terms of genetic and environmental

influences. Rather than including only subjects with

"normal" occlusions and all variables measurable, a large

sample of subjects was included to provide a better
representation of the range of variation possible.

Descriptive statistics for males and females r^rere

computed separately including means (i), standard deviations

(SD), and coeff icients of variations (CV). The t-test v¡as

used to test the differences between mean values in males

and females. hlhere statistically significant differences

ü¡ere noted, correction factors (CF) were computed as the

differences between the means of corresponding male and

female values. The differences were added to female values

before the genetic analyses were carried out so that the

dÍstribution of female data more closely approximated those

of males in terms of central tendency. Comparisons of mean

values for tooth size and arch width between monozygotic ánd

dizygotic twins were performed after the addition of the

correctÍon factors.
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STATISTICAL ^ANALYSES

Descriptive statÍstícs
For both eross-sectÍonaI and longitudinal data, incÍsor

díameters and arch wídths for alI subjects were descríbed in
terms of mean values, standard deviations and coeffÍcients
of variation for males and females separately" The forms of
the distrÍbutíons were analyzed by eomputing estimates of
the parameters for skewness and kurtosÍs. Premolar and Molar

Indices were comButed for each population using pont's

formulae.

t-test

The t-test for independent samples was applied to
analyse the dÍfferenees between values for males and females

in the eross-sectional studies and the paired t-test was

applied to analyze dífferences between variables in the

mixed dentition and permanent dentition of individuals ín

the IongitudÍnal study.

CorrelatÍon coef f Ícients

CorrelatÍon eoefficients r^rere computed between observed

arch wídths and those predicted aceording to Pont's, !ü, P

Indices, for both cross-seetional and longitudinal studies

in each population group. Coeffícients of determÍnation were
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also computed and scatter diagrams were plotted. The

coefficient of determination, calculated as the square of
the correlation eoefficient, provides a measure of the

proportion of the variation of one variable determined by

varÍatÍon of the other variable (Sokal and Rohlf, L981). For

the E Index, comparisons were computed between observed

interpremolar and intermolar widths, âs well as between

predicted interpremolar and intermolar wídths. Correlatíon

coefficients r/ùere also computed to quantÍfy the assocÍatíons

between all variables Ín each population Ín the cross-

sectÍonal study. The z-transformatÍon developed by R. A.

Fisher was used when testing sÍgnifÍcanee of the rrrrr values

(Sokal and Rohlf, 198L).

Analysis of variance

One-way analysÍs of variance and post-operative tests
usÍng Scheffe's method at the 0.05 probabÍlity leve1 were

carried out to test the significance of differences for all
variables between the three populations in the cross-

sectional study.

Genetic analysis of the twin sanple

The approach used in the genetic analysis followed that
of previous twÍn studies of the dentition (Townsend et ê1. ,

L988). Nested analysís of variance was performed to
ealculate the variations within and among pairs af IIIZ and DZ

twÍns. Intraclass correlatíon coefficients ("r") rdere then
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I

determined, with theoretical maximum values assuming

polygeníc inheritance beÍng uníty for NIZ twins and 0.50 for
DZ twÍns. Several hÍdden assumptions implicÍt Ín the

traditional twin model were tested before proeeeding to
calculate estimates sf genetic variance. These assumptions

can be explaÍned as follows:

TwÍn zygositÍes should not be associated with the mean of

the trait under consideration. SignifÍcant differences
Ín mean values between MZ and DZ twins would reflect
Ínherent bÍological dÍfferences associated wÍth the

twinning process. A modified t-test based on nested

twin data has been recomrnended (ChrÍstian and Norton,

L977 ) to test for equality of mean values between

zygosities in which among-pair mean squares are used as

the error term and degrees of freedom are approximated.

Total variaRce wÍthin zygosities must be equal for the

model to hold. If there is evidence of heterogeneity of

total varÍance, environmental factors are postutated to
be unequal for MZ and DZ twins. To test heterogeneity

of total variances, one-way analysis of variance is
performed, first treating twin pairs as groups of two

to provide among-pair mean squares for NIZ or ÐZ twÍns

(AI4Z or ADZ) and within-pair mean squares for MZ and DZ

twÍns (hfMZ or WDZ) , then an F'test compares total mean

sguares , IylZ (AMZ+IaIMZ ) and TDZ(ADZ+üIDZ ) . The larger

2
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value ís used as the numerator of a two-tailed F'test,
and the 0.2 probability level Ís used to minÍmize type

2 errsr (Christian et â1. , L974)

3 Genetic variance estimates will also be biased by

inequality of environmental eovariances of NIZ and DZ

twins. If envÍronmental covariance Ís relatively
greater f or ylZ than f or DZ twins , heri tabi 1Íty
estimates will be exaggerated. An F test can be used to
contrast the among-pair and within-paÍr mean sguares of
DZ twins (F=ADZ/VùDZ). If this ratÍo faits to
appreciably exceed a value of L, then the evidence for
genetic variance rests solely in the MZ twÍns, and it
is unlikely that any substantÍaI proportion of the

total varianee is genetÍc (Chrístian et âI., 1975)

If the data pass the above tests, the classÍc Genetic

Variance Ratio (GVR) ís calculated as F = WDZ/WVLZ and

tested for sÍgníficance. If the F I test yietds a

significant result, a modified among-component ratio,
Fac = ([ìIDZ+AMZ)/(WIaZ+ADZ), is used to provide an unbiased

estimate of GVR.

Dif ferent estimates of heritability r^rere calculated
quantify the proportion of total variance attributable
genetic influence. HerÍtabÍlity refers to the amount

to

to

of
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variation in a population attributable to genetic

differences between individuals. Twin data provide an

opportunity to obtain so-called "broad" estimates of
heritabÍlity only, âs similarities between twins may reflect
similar environmental influences as well as genetÍc

sÍmilarÍties (Vogel and Motulsky, L986).

The computation of herÍtability estímates hras carried

out as follows:

1. The wÍthin-pair heritability estímate was computed as:

¡2
1,ì¡p

(!üDz-I,ìIMz ) / (Tvtz+TDz ) / 4

where: hro
wDz

: within-paÍr heritability estÍmate
2

VINTZ

TDZ
TNTZ

2
h¡¡
rD4z
rDz

: within mean square
: within mean square
: total mean square
: total mean square

: Holzinger heritability
: intraclass correlation
: intraclass correlatíon

for
for

for
for

DZ
MZ

DZ
NTZ

2. The Holzinger heritabilÍty coefficient was computed as:

¡2
H

(rvz rnz) / (1 toz)

where: coefficient
coefficient
coefficient

for NIZ
for DZ
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3. Path analysis model heritability estimate was computed
as:

¡2 2(rvz roz)r

hlhere:
2hr

rMz
tDz

= intraclass
= intraclass
= intraclass

heritability estimate
correlation coef f icient
correlat ion coef f icient

for
for

NIZ
DZ

However, Christian et al. (L974) proposed if the F'

test comparÍng total variance between zygosities yÍeIded a

sÍgnificant result at the O.2 probability level, then the

among-component herÍtability estimate (h2 ) should be used

rather than the within-pair estÍmates (h2 ). In thís case,

2 GVac / (TMZ + TDz ') / 4

hlhere: among-component heritability estimate
among-component genetÍc variance
total mean sguare for NIZ
total mean square for DZ

c

¡2
ac
2

hac
GVa
TMZ
TDZ
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CIIÀ.PTER T\.2: RESf'LTS

Cross-sectional Study

Maxillary incisor crown diameters and maxillary and

mandibular arch widths in both males and females for
Australian Aborigines, rndonesians and caucasians r^rere

described in terms of means, standard devÍations and

coefficients of varÍation.
Analysis of variance revealed significant differences

between mean values of most variables in the three study
populatÍons (Tables 1 and 2). Tooth size in Aboriginal males

and females hras sígnificantly larger than that of both
rndonesians and caucasÍansr whereas no signifÍcant
dÍfference was found between Indonesians and Caucasians. The

ratio between maxillary lateral and central íncisors ranged
from .80 to ,8r in AborÍginal males and females and

Indonesian males while in Indonesian females and Caucasi.an

mares and females the values ranged from -7s to .76. sexual
dimorphism, carculated as 100(iM-xp) /xr was row, varues
ranging from L-22 to 4-72 in the three study popurations.
AborigÍnal and rndonesian maxillary right lateral incisors
showed values of 4.32 and 4.72 respectÍvely. rn males,
although nearly all of the arch width measurements in
caucasians differed significantly from AustraLian
Aborigines, only maxí11ary and mandibular intermorar widths



Table 1: Tooth size and dental arch width (in mm) in Australian
Aborigines, Indonesians and Caucasians (males)

Vari abl es

Crown diameters

right
right
1 eft
1 eft

Arch widths
Maxilla
3-3 (cusp tip)
4-4 (dist pit)
4-4 (bu cusp)
4-4 (par cusp)
6-6 (cen fossa)
6-6 (mespal cusp)

mandible
(cusp tip)
(dist fossa)
(distbu cusp)

* significan
# significan
+ significan

Aborigines
(n = 40)

x SD CV

0.54
0. 69
0.70
0. 60

Indonesians
(n = 30)

xSDCV

o .48
0.51
0. 50
0.51

Caucasians
(n = 30)

xSD

0. s9
0.51
0. 55
o .57

CV

9.2
5.9
6.5
9.0

6.4+
g. 5+
g. 3+
6 .4+

7.3
6.0
6.0
7.8

6.7
8.4
8.3
6.6

7.4
7.6
7.7
8.2

7 .3*
g. 0*
9.1*
7 .3*

I2
I1
I1
I2

6.3
6.0
6.1
7.2
6.0
6.5

39.2*
4L.TX
47.L*
34. g*
s0.8
42.5

29.g*
34. I
51.9*

2.27 5.
1.89 4.
2.t6 4.
1 .90 5.
2.54 5.
2.53 6.

L.97
1 .89
2.58

35. 1

38. B

43.7
33. 1

so. 1#
43.2

27 .4
33.9
49.s#

1.98 5.
7.92 4.
2.2L 5.
1.84 5.
L.94 3.
1.95 4.

L .58
L.97
2.LL

34.9+
37. B+
42.5+
32.9+
47.9+
42 .4

26.2+
32.g+
47.9+

2.20
2.26
2.58
2.36
2.88
2.76

1.88
2.05
2.95

I
6
6
5
0
0

6
9
1

6
9
5

7.2
6.3
6.2

5.8
5.8
4.2

6.6
5.5
5.0

3-3
4-4
6-6

ttl
P

at
at
t

td
td
td

ifference between Àborigines and Indonesians
ifference between Indonesians and Caucasians
ifference between Aborigines and Caucasians a

p <0. 05
p <0.05

p <0.05



Table 2: Tooth size and dental arch width (in mm) in Austrarian
Aborigines, Indonesians and Caucasians (females)

Vari ables

Crown diameters

rlg
rÍg
1ef
lef

Arch wi.dths
Maxilla
3-3 (cusp tip)
4-4 (dist pit)
4-4 (bu cusp)
4-4 (pat cusp)
6-6 (cen fossa)
6-6 (mespal cusp)

mandible
3-3 (cusp tip)
4-4 (dist fossa)
6-6 (distbu cusp)

Aborigines
(n = 40)

x SD CV

0. 65
0. 50
0.57
o .64

Indonesians
(n = 30)

xSD

Caucasians
(n = 30)

x SD CV

0. 50
0. 38
0. 38
0.27

CV

ht
ht
t
t

I2
rL
I1
I2

8.0
4.5
4.5
8.2

6 .3+
g. 4+
8.5+
6.3+

6
I
I
6

9.3
5.6
6.5
9.1

7 .0*
g. g*
g. g*
7 .1*

5.3
5.5
5.6
6.5
6.0
6.8

4.5
4.7
4.0
5.3
4.0
4.9

37.1*
39.4*
44.9r'
33.0*
48.8
40.8

2g-4*
33.2
50. 4*

r.73
1.86
L.78
L.74
L.94
1.95

1.56
2 .00
1.85

34.4
37 .7#
42 .5#
31 .8#
48.9#
42.2

26.8#
33. O#
48.9#

0. 54
0.46
0.44
0 .47

r.32
L.52
1.60
L.34
2.4L
2.37

r.22
1 .50
2.44

33.7+
36.2+
40.9+
30.7+
46.7+
4L.3

25.7+
31.6+
46.5+

r.79
2 .00
2.28
1.98
2.8L
2.79

1.38
2.30
3. 01

2
6
4
4

I
0
I
2
9
6

4
3
2
4

8.
5.
5.
7.

3.
4.
3.
4.
4.
5.

* significant difference between Aborigines and Indonesians
# significant difference between Indonesians and Caucasians
+ significant difference between Aborigines and Caucasians a

5.4
7.3
6.5

4.6
4.6
5.0

5.5
6.0
3.7

at
at
t

p <0.05
P <0.05

P <0.05
(tl
N)
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in Caucasians díffered significantly from IndonesÍans. In

contrast. there was no significant difference between

maxillary intermolar widths in Australian Aborigines and

Indonesians. A similar pattern was found in females with the

exception that mandÍbular íntercanÍne width and maxÍ1lary

and mandibular interpremolar widths in Indonesians rdere

signÍfÍcantly greater than those of Caucasians"

Comparisons of mean values for crown diameters and arch

wÍdths between males and females Ín Australian AborÍgÍnes,

Indonesians and Caucasians are presented Ín Tab1e 3. In

Australian AborÍgines almost all varÍables except the erown

diameters of the right central incisor and the left lateral
incisor and the mandÍbular interpremolar wÍdths dÍffered
signÍficantly between males and females. In IndonesÍans and

CaucasÍans, there was no signÍficant dÍfference in tooth

size between males and females, whereas some arch wídths in
males were sÍgnificantly greater than those of females.

Correlation coefficÍents determined between the

observed values and those predÍcted according to Pont's and

its correspondÍng Indíces are presented Ín Table 4. In aII
study populatÍons, males showed slightly greater values than

females" For the Premolar Index, IndonesÍan males showed the

greatest rrr'r value (.56) followed by AustralÍan Aboriginat

males and females (.44 and .40). Indonesian females showed

smaller value (.28) followed by CaucasÍan males and females

(.26 and .22 respectively). AgaÍn Indonesian males showed



Tab1e 3: Comparisons of mean values for crown diameters and arch widths
between males and females in each of the three study populations

Variables

Crown diameters

right 12
right I 1

left I 1

Ieft 12

Arch widths
Maxilla

(cusp tip)
(dist pit )
(bu cusp)
(pal cusp)
(cen fossa)
(mespal cusp)

mandible
3-3 (cusp tip)
4-4 (dist fossa)
6-6 (distbu cusp)

Aborigines
(n = 40)

x¡1 Îp t

Indonesians
(n = 30)

x¡1 xpt

Caucasi ans
(n = 30)

x¡"1 xp t

6.3
8.4
8.5
6.3

6.4
8.5
8.3
6.4

6.4
8.3
8.2
6.4

6.7
8.4
8.3
6.6

7.0 2
8.8 1

8.8 2
7.r I

7.3
9.0
9.1
7.3

48
42

3-3
4-4
4-4
4-4
6-6
6-6

.20*

.62

.49*

.51

27.4 26.
33.9 33.
49.9 48.

1.81
I.T7
1.01
r.52

4 1.65
7 2.59*
5 2.40*g 3.07**
9 2.L4*
2 L.84

.59

. o4x

.70

26.2 25.
32.8 31.
47 .9 46.

0. 99
0. s8
0 .49
0.31

2. 13*
2 .85x
2 .53*
3.95*
1.66
1.55

.25

. 13*

.93

39.2
4L.L
47.L
34. I
s0. I
42.5

37.L
39 .4
44.9
33.0
48.8
40. I

35. I
38.8
43.7
33. 1

50. 1

43.2

34.
37.
42.
3L.

34.8
37. I
42.5
32.8
47 .9
42.4

33.7
36.2
40.9
30.7
46.7
47.3

4.69**
4.11t'*
4.93,'*
4. 33**
4.06**
3.34**

29 .9 28.4 3.7y'*
34.L 33.2 L.78
51.9 50.4 3.07*

7T
62
51

81
02
91

(¡
'Þ

tp
tp

1r Mean values differ significantly a
** Mean values differ significantly a

<0. 05
<0.01



Table 4:

ï ndi ces

Premolar Index

Molar Index

P Index

hf Index

Aborigines
(n = 40)
FM

Indonesians
(n = 30)
FM

Caucasians
(n = 30)
FM

Co¡relation coefficients (r) and coefficients of determination
(r2) between predicted (according to the Indices) and the observed
values, in Australian Aborigines, Indonesians and Caucasians
(females and males)

r
r2

r
12

r
t2

.40*

.76

.24

.06

.34*

.72

.16

.03

.44*

.20

.29

.08

.42*

.L7

.27

.07

.28

.08

.L2

.01

. L5

.02

.09

.01

.56*

.32

.56*

.32

.33

. L1

.30

.09

.22

.05

.26

.07

.11

.01

.18

.03

.26

.07

.28

.08

.18

.03

.20

.042
t
r

(¡
(¡?t rrrrr values dif f er signif icantly f rom zero at p <0.05
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highest value for Molar Index (.56) followed by Aboríginal

and Caucasian males (.29 and .28 respectíveIy). Indonesian

females showed the smallest value for Molar Index (.L2),

while uru values of "24 and .26 were found in Australian

Aboriginal and Caucasian females. The 'rrrr values for the P

and lal Indices were generally lower than the values of

Premolar and Molar IndÍces in the three study populatíons.

The values for the P Index ranged from . l"t in Caucasían

females to .42 in Australian Aboriginal males. For the 1,ù

Index, values ranged from .09 in females to .30 Ín

Indonesian ma1es.

Coefficients of determinatíon were very low for aIl
study populations, rangÍng from.0L to .32. That is, only LZ

to 322 of the variation in observed arch widths could be

explained by the varÍatíon ín predicted arch widths. The

smallest values (.01) were shown by Indonesian females for
the Molar Index and hl Index, and Caucasian females for the

P Index. The greatest value (.32) was found in Indonesian

males for Premolar and Mo1ar Indices.

CorrelatÍons between interpremolar wÍdths (4-4 bu cusp)

and intermolar widths (6-6 mespal cusp) were computed for
observed and predicted values separately. Table 5 presents

correlation coefficients and coeffÍcients of determinatíon

for the observed and predicted E Index of the three study

populatíons. The rtrrr and 'ur2u values of the predicted E

Index were larger than the rrrrr and nr2n values of the
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Table 5: CorrelatÍon coefficients and coefficÍents of

determination of E Index for observed and predicted

values Ín the three study population (males and

females )

observed. E Index Predicted E Index
Population

r2 12r r

AborÍgines

40 males

40 females

Indonesians

30 males

30 females

Caucasians

30 males

30 females

.'77*

.62*

.7L*

.73t'

.90*

.7 Lr'

.59

.38

.50

.53

.64

.50

.92r,

.93*

.92x

. g1x

.95*

.90*

.84

.69

.84

.83

.90

.64

:t ttr" values differ signif icantly from zero at p <0.05
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observed E

ranged from

predÍcted E

Index. The

.62 to

rr rrr valugs

.80, whí1e

the observed

tr rrr values

E Index

for the

for

the

toIndex ranged from .80 . 95.

Table 6 presents correlatÍons between the sum of the

mesÍodistal diameters of four maxillary incisors (SI) and

the maxÍlIary interpremolar and intermolar widths.

Indonesian females showed the lowest value for the

correlation between SI and maxillary intermolar width (.L2)
followed by Aboriginal females (.24). CaucasÍan males and

females showed similar values for all correlatÍons, ranging

f rom .22 to .28.

The correlatÍons between mesíodÍstal dÍameters of the

maxillary lateral and central incisors and maxillary
Ínterpremolar and intermolar wÍdths are presented Ín
Tab1e 7. The correlatÍons between the mesíodistal dÍameters

of the maxillary right and left lateral incÍsors and

intermolar widths Ín AborigÍnal females were low (.15 and

.19). Lowest value was shown by Indonesian females for the

correlation between the size of the maxillary left central
incisor and Íntermolar widths (.01). Low values were noted

in Caucasian males for the correlations between the

mesiodistal dÍameter of the maxirrary rÍght laterar incÍsor
and Ínterpremolar and intermolar widths (-L7 and .18).
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Table 6 Correlations between the sum of mesiodistal

diameters of maxillary incisors (SI ) and maxilJ-ary

interpremolar and intermolar arch widths in males

and females for each of the three study

popul at i ons

Groups
SI with

max 4-4 max 6-6

Abori gines

40 males

40 femaLes

Indonesians

30 maLes

30 females

Caucasi ans

30 males

30 females

.44*

.40x

.56',t

.28

.26

.22

.29

.24

.56*

.72

.28

.26

rrrrr values dif fer signif Ícantly from zero at p <0.05



Table 7

Groups

Abori gines
maL e
femal e

Indones i ans
mal e
femal e

Caucas i ans
ma 1e
femaL e

.18

.2r
.23
.27

Correlations between mesiodistal diameters of maxillary incisors
and maxillary interpremolar (PI,J) and intermolar (l'tt^J) widths

in males and females in each of the three study populations

right 12 with right 1L with teft 11 with left 12 with
Phl Mt^¡ PlÂJ Mt^t Ptd Mhl Pl¡J Ml¡j

.38*

.29
.25
.15

.39*

.16

.50*

.37 *

.57 *

.20

.37 *

.22
.46r'
.39*

. 56*

.25

.31

.28

.60*

.L2

.25

.37*
.08
.19

.4r*

.31
.61*
.12

.4rx

.19

.27

.24

.35

.01

.22

.25
.17
.20

9
2

1

1

.24

.20
.32
.23

Or
Õ

* tt.r' val-ues differ significant).y frorn zeto at p <0.05
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Correlation coefficients between mesíodÍstal diameters

of maxillary lateral incisors and central ÍncÍsors were

computed and results are presented in Table 8. The

AborÍgina1 and Indonesian females showed low correlations
between maxÍlIary teft Iateral incÍsors and maxillary right
central incisors (.47 and .37 respectively); CaucasÍan males

also showed low correlation between maxÍllary right lateral
incisor and maxillary right central incisors (.36).

IndÍvidual variations Ín the dÍfferences between the

observed and predicted interpremolar and intermolar wÍdths

are illustrated for males and females separately in each

population (FÍgure 8 Figure 19). "Over Pont's prediction,'

refers to arch widths in which the observed values are

larger than those predicted accordÍng to Pont's Index,

whereas "under Pont's prediction" refers to those in which

the observed values are smaller than the predÍcted values.

AustralÍan AborÍgína1 males and females displayed a

inuniform distribution of under and over Pont's predÍction

Ínterpremolar and intermolar arch widths, in whÍch

20.62 arch widths showing differences between -1 m¡n to 1

The largest dífference in under Pont's prediction values

-8.9 mm found ín intermolar width in males while 6.0

dÍfference was found as the largest difference Ín

only

mm.

r4tAS

mm

over

Pont's prediction values also ín intermolar wÍdth in males.
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Table I Correlations between mesiodistal diameters of

maxillary lateral incisors and maxillary centrat

incisors in males and females for each of the

three study popul-ations

Group
right 12, with Left 12, with

right 11 left 11 right 11 left 11

Aborigines

40 males

40 females

Indonesians

30 males

30 females

Caucasians

30 males

30 females

.72*

.52x

.54x

.57 *

.36*

.45*

.7 r*

.56*

.59*

.64x

.42*

.57 *

.69*

.47*

53*

37x

.4gx

.63*

.66*

.56*

.52*

. 51*

.60*

.7 6*

* *r" values differ significantLy from zero at p <0.05
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CaucasÍans displayed a similar pattern to Aborigines

with the largest differences in under and over pont's

predictÍon values of -6.4 nm for interpremolar wídth in
femares and L0.0 mm for intermolar wÍdth, arso in females.

.About 30 . 8å caucasian arch widths showing di f f erene es

between -L mm to 1 mm. rndonesians generally dÍsprayed arch

widths which were over Pont's predietion with few

indÍviduals displaying under Pont's prediction areh widths.

The largest differences in under and over pont's prediction
varues r,l¡ere -3.8 mm for Ínterpremorar wÍdth and L2.7 nn for
íntermolar wÍdth in females, wÍth only L7.SZ showing

differences between -1 mm to 1 mm"

Crown diameters and arch widths ürere described in terms

of z-scores (standard normal devÍates), and the data

tabulated according to those indivÍduars who were over

Pont's predÍction and those under pont's prediction.
Positíve z-scores indicate that the varues of the variabres
are above the mean for the populatÍon group, while negatíve

z-scores are assocÍated wÍth values less then the mean.

TabIe 9 presents pereentages of subjects, grouped

aecordÍng to z-scores for the measured varÍabres, whose

observed arch widths r4rere over Pont 's prediction. rn

Austrarian Aborígines 81.3å and 47.9È of individuars whose

arch widths were over Pont's prediction had negative z-

scores for the sum of crown diameters (sr ) and arch width
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Table 9: Percentage of subjects whose observed arch widths

were over Pont's predictÍons, grouped according to

their z-sc-ores for the sum of crown diameters (SI) and

arch widths

SI arch widths
z-score
ranges Abor. Ind. Cauc Abor. Ind. Cauc

subjects Z subjects Z

<-3
-3 -2

-2 -1

-1 0

Total

0t
1-2
2-3
>3

Total

4-9

29.2

47 -2

81.3

L7 .4

t.3

L.1

L6 .6

s6.0

73.7

17 -3

6.0

3.0

3.3

31.5

3s.9

70.7

25.0

4.3

9.9

38.0

47.9

35.2

L4. L

2.8

52. r

11.9

38. 1

50. 0

28.6

19.0

2-4

4.3

34.8

39.1

28.3

30 .4

2.2

L8 -7 26.3 29 .3 s0.0 60.9

z (x - x) /SD

where: x = mean
x = individual value
SD = standard deviation
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respectÍvely. rn rndonesians 73.7e" and 50å of indÍvÍduals
over Pont's prediction had negatÍve z-scores for sr and arch

width respectively, while in Caucasians percentages of
negative z-scores were 7O.72 and 39.1å respectively.

Percentages of z-scores in the under pont's predíctÍon
group are presented in Table 10. In Australian AborigÍnes,

2O.4 % and 54.5 Z of Índividuals whose arch widths were

under Pont's predictÍon had negatÍve z-score for sr and arch

width respectívely followed by Indonesians ( 22.2 Z and

58.3 E) and Caucasians (31.7 å and 64.82).

It ís clear that those Australian AborÍgines and

rndonesians whose arch widths r4¡ere over Pont's predÍctÍon
generally had relatively small teeth in average arch widths,

while caucasians had rerativery small teeth Ín arehes that
tended to larger than average. On the other hand, in the

under Pont's predÍetion group, Australían Aborigines and

Indonesian gênerally had relatively large teeth, wherêas

Caucasians had large teeth in relatively small arches.
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Tab1e 10: Percentage of subjects whose observed arch widths

hrere under Pont's predictÍons, grouped according to

their z-scores for the sum of crown diameters (SI) and

arch widths

SI arch widths
z-score
ranges Abor. Ind. Cauc Abor. Ind. Cauc

subjects Z subjects Z

<-3
-3 -2

-2 -1

-1 0

TotaI

01
L-2
23
>3

Total

3.4

L7.O

20 .4

52.8

23.4

3.4

22.2

22.2

43. L

25.0

9.7

4.7

27.O

3L.7

45.3

18.9

4.L

2.3

L8.2

34.O

54.5

30.7

L2.5

2-3

33.3

25.0

58.3

30. 6

11. L

2.7

18.9

43.2

64.8

28.4

5.4

r.4

79.6 77 .8 68.3 45.5 41 .7 35.2

z=(x-x)/SD

where: I = mean
x = individual value
SD = standard deviation
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Scatter dÍagrams rirere plotted to illustrate the

assocÍatÍons between observed and predicted Ínterpremolar

and intermolar widths of males and femares ín each study

population. Points were generally dispersed widely above

and below the regression lines indÍcating row positive
correrations between the observed arch widths and those

predÍcted by Pont's Index (Figure 20 Figure 25).
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LongitudÍnal Study

Arch wÍdths were descrÍbed in terms of mean values,

standard deviations and coefficÍents of variations Ín both

Stage I and Stage II of the longitudinaL study for both

Aboriginal males and females. Maxillary incÍsor crown

diameters were described in the same manner for Stage II
(Tables 1"1. and L2).

Changes Ín arch widths from stage I to stage II were

also computed (Tables 13 and 14). No significant changes

r,ilere f ound in mandÍbular intercanine or maxi l lary
ínterpremolar arch widths. However, significant increases

were noted in the maxillary intercanine and Íntermolar

regions and in the mandibular interpremolar and intermolar

regions.

Correlation coeffÍcients between observed and predÍcted

arch widths according to Premolar and Molar Indices hrere

computed for both stage I and stage II, values ranging from

.1"3 to .51 (Table 15).
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Table 11: Tooth size and dentaL arch width (in mm) in 19

males Australian Aborigines, in stage I (mixed

dentition) and stage II (permanent dentition)

Stage I Stage II
Variables

x SD CV x SD CV

Crown diameters

right 12
right I1
left I 1

Ieft L2

Arch wÍdths

MaxiL 1a

c-c / 3-3
D-D / 4-4
6-6 / 6-6

mandible

c-c / 3-3
D-D / 4-4
6-6 / 6-6

37 .3
41.0
49.L

28.7
33. 6
49.r

L.70
1 .80
7.77

7 .66
r.64
2.02

38. 5
40.9
5L .4

29 .7
35.7
5r .4

o.32
0-47
0. 59
o .47

2 .07
2.15
2 .06

r.79
r.96
1.89

4.5
s.3
6.6
6.6

7.L
8.9
8.9
7.r

5.4
5.3
4.0

4.6
4.4
3.6

6.L
5.5
3.7

5.9
4.9
4.L
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Table 12: Tooth size and dental arch width (in mm) in 14

females Australian Aborigines, in stage I (mixed

dentition) and stage II (permanent dentition)

Stage I Stage II
Variables

x SD CV SD CVx

I2
I1
I1
I2

11g
rig

Crown diameters

ht
ht

left
left

Arch widths

Maxilla

c-c / 3-3
D-D / 4-4
6-6 / 6-6

mandible

c-c / 3-3
D-D / 4-4
6-6 / 6-6

37 .7
39.7
46.9

32.
47.

2.L8
1.66
1.99

1.86
2.24
2.20

38. 0
39 .4
48.7

28.7
34.6
49 -B

0. 55
0. 50
0. 43
o.46

2 .00
r -87
2. L3

7 .37
L.64
2.05

7
I
I
7

0
9
I
0

7.8
6.0
4.9
6.5

5.1
4.8
4.4

5.9
4.2
4.3

4.8
4-7
4.r

6.5
6.9
4.6

6
4
7

28
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Tabre 13: Arch width differences ( in run) between stage r

(mixed dentition) and stage rr (permanent dentition) in
Àustralian Aborigines (male, n = 19)

Vari ables

Stage I
sEd

Stage II
tã

Maxi I 1a

c-c
D-D

6-6

33
44
6-6

33
44
66

0.31

o-4r

o -27

o.37

o.37

o.28

3. gg*

-0. 18

g .67*

1 .09

5 .49*

g.1g*

r-2

-0.1
2.3

o-4

2-L

2.3

critical t value with 18 degrees of freedom 2-LO

* significant at p <0.05
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Table l-4: Arch width dj.fferences (in ryn) between stage r
(mixed dentition) and stage rr (permanent dentition) in
Australian Aborigines (female, n = 14)

Vari ables
d ÞEd t

Stage I Stage II

Maxi I 1a

c-c
D-D

6-6

33
44
6-6

33
4-4
66

0.27

0.26

0.32

0.37

0. s3

o.37

3. 54*

-1.30

5.69*

o.23

4 -14*

5 -94*

0.9

-0. 3

1.8

0.r
2.2

2.r

critical t value with 13 degrees of freedom 2.16
* significant at p <0.05
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Table 15: Correlation coefficients (r) and coefficients of

determination (r2) between observed and predicted

arch widths in stage I (mixed dentition) and stage

II (permanent dentition) in Australian Aborigines

(n = 33)

Indices Stage I Stage I I

I
I

Premolar Index

Molar Index

r
î2

r
12

. 51*

.27

.13

.02

.47*

.22

.23

.05

* uru values differ significantly from zero at p < 0.05
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Twín Study

Mean values, standard deviatÍons, and coefficÍents of

variations r4rere comButed for all variables, for male and

female twÍn data separately (Tab1es L6 and L7). Correetion

factors, which were calculated as the differences between

mean values of males and females, were then added to all
females values. In addítion, intraclass correlatíons between

pairs of monozygous and dizygous twÍns were calculated for
aIl variables.

SignÍfÍcant differences Ín mean values of mesiodistal

diameters of maxÍ11ary central incÍsors were detected

between MZ and DZ twins (Tab1e 18). These differences

invalidated further genetie analyses or calculations of

heritability estimates for these variables (Christían,

1979 ) .

Table 19 presents íntraclass correlations for tooth

size and arch width between monozygotic and dizygotíc twins.

The uru values for the maxillary central and lateral
incisors ranged from .78 to .79 for MZ twins and .34 to .48

for DZ twins. A stronger correlation was noted for the sum

of mesiodistal dÍameters sf the Íncisors in NIZ twins (.89),

wíth a value of .48 far DZ twÍns. The areh wídths of t4Z

twins showed higher uru values (ranging from .55 to .83)

than DZ twins ( .00 to .28)
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Table 16: Tooth sj_ze and dental arch width in Caucasian

twin males (in mm)

Variables n X SD CV

Crown diameters

right L2

right 11

left I 1

left 12

Arch widths

Maxilla

3-3 (cusp tip)
4-4 (dist pit)
4-4 (bu cusp)

4-4 (paI cusp)

6-6 (cen fossa)

6-6 (mespal cusp)

mandible

3-3 (cusp tip)
4-4 (dist fossa)

6-6 (distbu cusp)

L54

L54

156

r56

6.6

8-7

8.7

6.5

34.8

37.7

42.7

31.9

48 .6

42.9

26.3

33. 6

48 -7

0. s3

0.57

0.57

0.53

8.1

6-6

6-6

8.2

48

49

49

49

45

45

2.2L

2.09

2 -35

2.L3

1 .99

2 -L5

6.4

5-5

5.5

6-7

4.1

5-0

7.2

5.3

46

47

46

1.88

I -77

2.L7 4-5
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Tabte L7: Tooth size and dental arch width in Caucasian

twin females (in mm)

Variables n SD CVx

Crown diameters

right 12

right I1

left I 1

left 12

Arch widths

Maxi I la

3-3 (cusp tip)

4-4 (dist pit )

4-4 (bu cusp)

4-4 (pat cusp)

6-6 (cen fossa)

6-6 (mespal cusp)

Mandible

3-3 (cusp tip)

4-4 (dist fossa)

6-6 (distbu cusp)

L89

r.95

L94

1_93

6L

65

6L

6L

48

49

46

48

45

6.3

8.3

8.3

6.3

33.2

35.2

40.2

29.8

45.5

40.3

25.L

31.3

45.8

0. 60

0.52

o. 55

0.59

L.76

1.86

L.96

r. .80

2.L6

2.22

L.20

L .46

r.92

9.5

6.3

6.6

9.4

5.3

5.3

4.9

6.0

4.7

5.3

4.8

4.2

74
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Table 18: ComparÍsons of mean values for tooth size and arch

width between monozygotic (1"12) and dÍzygotic (DZ)

Caucasian twins ( in run)

l4z DZ
Variables p

n SD n SDxi

Crown dÍameters

right 12

right I1

left I 1

left 12

98

101

101

101

Arch widths
MaxilIa

3-3 (cusp tip) 32

4-4 (dÍst pÍr) 35

4-4 (bu cusp) 33

4-4 (pal cusp) 33

6-6 (cen fossa) 30

6-6 (mespal cusp)29

Mandible

3-3 (cusp tip) 28

4-4 (dist fossa) 30

6-6 (distbu cusp)29

6.4

8.4

8.4

6.4

33. B

36.2

4r .3

30.7

46 .6

4L .3

25.7

32.3

47.r

0. s3

0. 51

0. 53

0. 56

1.96

1. 83

1.86

1.80

1.86

2 .00

34. L

36. 5

47.3

30. 9

47 .7

41 .9

25.7

32.6

47 .7

5 0.60

6 0.56

6 0.58

4 0.57

1.99

2.r4

2.49

2.L4

2 .37

2.27

L .46

r .62

2.45

0 .42

<0.01-**

<0. 01**

0. 90

0.48

0. 53

0. 98

o.75

0.14

0.31

0. 98

o .64

0. 37

70

73

73

72

22

22

22

22

L6

18

6

B

B

6

1.65 t7

1.60 17

1.81 15

** Mean values differ significantly at p <0.0L
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Table 19: Intraclass correlations rrrrt for tooth size and

arch width in monozygotÍc (NIZ) and dizygotic (DZ)

Caucasian twins

1,42 DZ
Variables

n r p n r p

Crown diameters

right
right
teft
Ieft
sum of

Arch widths

Maxilla

3-3 (cusp tip)
4-4 (dist pit)
4-4 (bu cusp)
4-4 (pal cusp)
6-6 (cen fossa)
6-6(mespal cusp)

Mandible

98
101
101
101

96

32
35
33
33
30
29

(cusp tip) 28
(dist fossa) 30
(distbu cusp)29

<0
<0
<0
<0
<0

I2
I1
I1
I2
inc

.78

.78

.79

.78

.89

.72

.64

.56

.55

.70

.76

.83

.55

.69

<0.01
<0.01
<0.01
<0. 01
<0. 01

<0. 01
<0. 01
<0.01
<0.01
<0. 01
<0. 01

<0. 01
<0. 01
<0.01

.48

.43

.35

.34

.48

.10

.28

.18

.18

.25

.19

.r4

.00

.18

.01

.01

.01

.01

.01

70
73
73
72
68

22
22
22
22
16
18

L7
I7
15

0. 33
0.10
o.27
0.20
0.16
o.2L

3-3
4-4
6-6

0.27
0. 50
o.25
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TabIe 20 presents heritabitÍty estimates for tooth size

and arch width in MZ and DZ CaucasÍan twins. Heritability

estimates rárere not computed f or the maxi I lary central

incisors as the mean values of these variables in MZ twins

differed signÍficantly from the mean values in DZ twins.

Among-component estimates (h2.") r4rere used instead of within-
pair estimates (h?^ ) for the followÍng variables: the'wp
maxillary right lateral incisor, maxillary interpremolar

popoarch width measured at the buccal cusp, intermolar arch

width measured at central fossa, and mandibular intermolar

arch wÍdth. Estimates of heritability for the maxillary

lateral incisors ranged from .29 to .87, while for maxillary

and mandibular arch widths they ranged from .35 to 1.30.
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Table 20: Heritability estimates (h2) for tooth size and

arctr width in monozygotic (NIZ) and dizygotic (DZ)

Caucasia-n twins

2
ach

2
h¡q hr

2
hI^t

2
Variables p

Crown diameters

right
right
left
Ieft
sum of inc

Arch widths

Maxi I la

.29
no estimate
no estimate

.46

.46

.64

.53
.35

.58
.45

.69

.51

.56
.51

T2
I1
I1
T2

.58

.66

.78

.69

.50

.46

.45

.60

.70

.76

.55

.62

.60

.87

.82

L.25
.7L
.76
.74
.89

I.L2

1.30
1.11
L.02

3-3
4-4
4-4
4-4
6-6
6-6

Mandible

3-3
4-4
6-6

(cusp tip)
(dist pit)
(bu cusp)
(pal cusp)
(cen fossa)
(mespal cusp)

(cusp tip)
(dist fossa)
(distbu cusp)

Among-component est imates

pair estimates (nlp),
2Calculations of hac. h*p,

Chapter III.

2(hac) were used instead of within-
if the F' test yielded a value <0.2
222hH, and h' were presented in
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CII}\PTETì V : DTSCT'SSION

Over the years, various dental indiees have been

developed which provide population dependent average values

that can be used as references and guides Ín treatment

planning, with a view to achieving "normal" occlusion.

As orthodontic problems commonly result frsm disharmony

between tooth size and dental arch size, the indices have

often related to either one or both of these variables. For

example, Bolton (L962) analysed the ratio between maxillary

and mandÍbular tooth size, and Peck and Peck (L972)

described an index for assessing deviation in tooth shape"

The relationshÍp between tooth size and the size of the

supporting structures has also been addressed by Howes

(L947), while Moyers (L958) developed an index to predict

avaÍlable space for the permanent dentition from an analysis

performed during the mixed dentition perÍod.

Not many of the indices have provided useful clinical

appl ications. For example, interproximal stripping of

mandibular incisors based on the tooth shape ratio developed

by Peck and Peck (L972 ) has been questioned by Smith et aI.
(L982). Pont's Index, which was orÍginally developed by Pont

in 1909, is one of the indices that still raises debate with

regard to its clinical value. Its simplicity and apparent

practicality have been very attractive to some dentÍsts. It

is still believed by some that Pont's Index can be used to
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determine the genetic potential of dental arch width despite

many studies providing scientific evidence that it is not

clinically relÍable (hlorms et â1., L969; Joondeph et âI.,
L97O; Marsha1I, 1987).

Numerous studies of tooth size in different populations

exist in the dental líterature. Many of them relate to the

dentition of Caucasians (for example, Moorrees et â1., L957¡

Moyers et al. , L976) , although some researchers have studied

tooth size in other populations such as AustralÍan

Aborigines ( Barrett et âI. , 1963); Caucasoid, Negroid and

Mongoloid (LavelIe, L972)¡ Japanese (Yamada et â1., 1986).

In the present study, the mesiodistal diameters sf the

maxillary eentral and lateral incisors of Australian

Aborigines. Indonesians and CaucasÍans hrere measured in an

attempt to assess the validity of the relationshÍp between

tooth size and arch width according to Pont's Index.

MaxiIlary incisor crown diameters of Australian

Aborigines hrere found to be the largest among the three

study populations. This finding was sÍmilar to the results

of Barrett et âI., (1963) and Townsend (L976) who found that
Australian Aborigines had the largest tooth size compared to

other observed populations. However, no signifÍcant

difference in tooth size between Indonesian and CaucasÍan

samples has been found in the present study. Bailit (1975)

suggested that populatÍons of Asian ancestry display

maxillary lateral incisors that are relatively large

compared with central incisors. ThÍs view was confirmed in
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the present study where the ratio of maxillary latera

ineisor crown size to central incisors was greater in

Indonesians than Ín Caucasians. Interestingly, the ratio was

also higher ín Aboriginals than in Caucasians.

Compared to other studies on mesiodistal diameters of

Íncisors in Caucasians (Moorrees et â1., L957; tave1Ie,

L972; Moyers et ê1., L976; Doris et â1., 1981; Lysell and

Myrberg, L982; Howe et aI., 1"983), the mesiodistal diameters

of the maxillary central and lateral íncisors in Caucasian

males and females Ín the present study were generally

sma1ler. A similar finding was noted in Australian

Aborigines in which the mean mesiodistal diameters of

maxÍllary eentral and lateral incisors were about 0.25 mm

smaller tban those reported in previous studies (Townsend,

L976; Townsend and Brown, L979).

Several possible explanatÍons ean be provided for these

measurement differences. The number of subjects included in

the present study was considerably smaller than previous

studies deseribed above. This could have led to some bias

and distortÍon of the results. Differences between measuring

instrumentation and technique also need to be taken into

aceount. Furthermore, the samples in the present study were

selected according to strict criteria of good occlusion and

good alignment of teeth whÍch could bias the sample towards

smaller tooth sÍze. However, âlI measurements rtrere made by

the same investÍgator in the present study, thereby

eliminating the problem of inter-observer error. The results
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of the replicabitity studíes confírmed that any Íntra-
observer errors were small in magnitude and unlÍkely to bias

the analysis.

Australian Aboriginal males in the present study showed

reasonably high correlation coeffÍcients between mesiodistal

crown diameters of left and right maxillary eentral and

lateral incisors ranging from .66 to .72, whereas females

showed moderate values (.47 to .56). Indonesian males and

females generally showed moderate values .51 to .64 except

for the correlation between maxillary left lateral and right
central ineisors (.37). CaucasÍans showed low to moderate

values (.36 to .63) exeept that between maxillary left
Iateral and left central incisors (.76) . These fÍndÍngs were

simÍlar to the reported associations between tooth crown

size in Caucasians (Moorrees and Reed, L964) and a larger

sample of Australian Aborigines (Townsend, L976).

Variabitity in tooth sLze uras also quantified using

coefficients of variation. The maxÍ11ary Iateral incisors

were generally more variable than the eentral incisors in

the three study populations. Variability of tooth size in
Indonesians was slightly greater than for Japanese as

reported by Yamada et aI. (1986). Even though Japanese and

Indonesians are generally grouped together within the

Mongoloid ethníc group, the difference could reflect subtle

population differences. Similar values were found in
comparÍng variability in tooth size of Aboriginals in tt¡e
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present study to the previous study of Townsend and Brown

(1e79).

These findings are eonsÍstent with the FíeId Theory

originally described by ButIer (1939), who postulated that
the mammalian dentition eould be divÍded into three

morphogenetic fields corresponding to incisor, canine and

molar groups. Dahlberg (L945) subsequen!Iy applied this
field concept to human dentition, Ídentifying four fields in
each jaw: incisor, canine, premolar and molar. Each fietd
has its "key" tooth which is considered to be nore stable

developmentally than the remaining teeth. One of these

fields is the maxillary incisor field Ín which central

Íncisors should be more stable than the Iateral ineisors,

and this hras confirmed in each of the three study groups.

The present study indicated that only maxÍllary right
lateral and left central incisors in Australian Aborigines

differed significantly in size between males and females.

Sexual dinorphisn was found to be low in magnitude for the

three study populations rangÍng from L.2Z to 4.72 in which

Aboriginal and Indonesian maxillary right lateral incisors
showed values of 4.32 and 4.72 respectively. Townsend and

Brown (L979) previously found significant differences in
tooth size between males and females, wíth dimorphisrR scores

of about 4.32 for central ÍncÍsors and 4.42 for lateral
incisors. The number of subjects included and the selection

criteria applied to the subjects are again Iikely to IÍmit
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general interpretations relating to sexual dimorphÍsm from

the present findings.

Maxillary intercanine and interpremolar widths and

mandibular intercanine and intermolar widths lvere

sÍgnificantly larger in AustralÍan Aborigines, whereas no

significant differences were found between maxillary
intermolar wÍdths of Aboriginal and Indonesian males.

Similar patterns were found in females. Variability in arch

size tended to be slightly greater in Caucasians, whÍle

Australian Aborigines and Indonesian showed simÍIar values.

Varíability in arch width in Aboriginal males and females

was of similar magnitude to that reported by Barrett et aI.
(1e65).

Aboriginal maxillary intermolar arch widths in the

present study u¡ere in agreement with those reported by

Barrett et al. (1"965), whereas mandibular intermolar widths

in the present study showed hÍgher values, both in males and

females. The sÍmilar values in the maxilla were not

unexpected given the similarity in landmarks used. In the

mandible, although similar landmarks were also used,

difficulty in locating the cusp tips of the distobuccal

cusps of the mandibular first molars may have contributed to
the differences in measurement results. Compared to the

study of Burgess (1989), all arch width measurements in the

present study htere slightly higher probably because of the

application of different measurement methods and the use of

different landmarks.
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Compared to the study of Johnson et a1. ( 1978),

Indonesian maxillary intermolar widths in males and females

in the present study hrere generally smaller, again resulting

from the use of dÍssimilar landmarks. Johnson used the

disto-buccal cusps of the maxillary first molars. Mandibular

intermolar widths in the present study were sÍmilar to those

reported by Johnson and colleagues, reflecting the use of

similar landmarks. Furthermore, they pointed out that

Indonesian dental arch widths were slightly larger than

those in an English group which is in accord with the

present study in which maxillary and mandibular intermolar

widths in Indonesians were significantly larger than those

in Caucasians.

In the present study, Iow to moderate rrril values

(ranging from .09 to .56) were found between observed and

predicted arch widths aecording to PoRt's, lal and P IndÍces.

Joondeph et aI. (L970) found rrrrr values of .23 and .2O

between observed and predicted interpremolar and intermolar

arch widths in indivÍduals who had received orthodontic

treatment and were ten years post-retentÍon. Marshall

(L987), found correlation values ranging from .23 to .58

between observed and predieted arch width aecording to

Pont ' s , !ìI and P Indices in American chi ldren. They both

concluded that Pont's Index hras unreliable in predicting

dental arch width. On the other hand, Gupta et al. (1979)

presented similar values (.46 and .49) for the correlatÍons

between the sum of the mesiodistal diameters of the four
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maxillary incisors and interpremolar and intermolar arch

widths, and proposed a variatÍon of Pont's Index to be used

for the North Indian populations. Despite different

Ínterpretations of the usefulness of Pont's Index,

consistently low correlations between observed and predicted

areh width have confirmed the poor predictive capacities of

Pont's Index and Íts corresponding Indices. This fact was

reinforeed by the ealculation of coefficients of

determination which revealed that only LZ to 32P" of the

variations in observed arch widths could be explained by the

variatÍons in predieted arch widths.

Pont (1909) in describing arch form according to his

index allowed an additional 1 to 2 mm in anticipation of

relapse and repositioning of the incÍsors according to the

form of the face. As interpremolar and Íntermolar widths are

estimated entirely by the sum of mesiodistal diameters of

the four maxillary incisors, the possibility of arch form

variation depends upon the arch length between the centre of

the occlusal surfaces of the maxillary first premolars and

molars and differences in axial inclination of the incisors,

in additÍon to 1 or 2 mm variatÍon in arch width.

No specific arch form has been accepted as representÍng

the ideal arch shape, although extensive studies have been

performed utilízing eomputerized mathematical formulae.

Rudge ( L981 ), in a thorough review of different studies of

arch form, concluded that there may be considerable

variabitity in arch shape between índividuals without any
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detrÍment to functÍon. Any specific arch form could be

suitable for a particular individual, a finding confirmed by

the present study"

Australian Aborigines and Caucasians generally showed a

uniform divergence of arch shape in the maxillary and

mandibular buccal segments while Indonesians tended to have

broad maxillary and mandibular arches in the molar regions.

These differences in shape of the dental arches reflect the

considerable variation in arch form that occurs between

human populations which in turn can affect the accuracy of

any predíetive index. In addition, ês Pont's Index depends

on the measurement of dental crown diameters, variatíons in

tooth size within and between populations will also

inf Iuence predictions.

The variations in dental arch shape Ín the premolar and

molar regíons can be tested with calculation of the E Index

as was proposed by l¡Iiebrecht (quoted by Bastien, 1983 ) .

According to the E Index, the distance between the buccal

cusps of the fÍrst premolars should coincide with the

dÍstance between the mesiopalatal cusps of the fÍrst molars.

If this r^¡as indeed the case, every "normal" dental arch

should theoretically show a similar arch width in these

regions. No such result could be found in the present study.

Indeed, comparisons between the observed and predicted E

Index showed that the values of correlations between arch

widths in those two regions were generally lower than those
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between the predicted values, highlighting eonsiderable

variabÍtity in dental arch form.

Individual variations affected the direction of the

relationship between tooth size and arch width. Some

indÍvÍduals were "over Pont's prediction", which meant that

their observed arch wídths were larger than those predicted

by Pont's Index. On the other hand, some ÍndÍviduals r^¡ere

"uRder Pont's predietion" indicating that their observed

arch widths vìrere less than expected accordÍng to Pont's

Index. Since only 20.62 of Aboriginal, 30.8å of Caucasian

and L7.52 of Indonesian arch widths demonstrated differences

between -L mm to +1 nm of Pont's Index, it was clear that

Pont's Index did not predict dental areh width in

indivÍduals with any degree of accuracy. Most of the arch

widths were either "over" or "uRder" the predictions.

Appendices I to 1"0 illustrate dental arch forms of

Índividuals who showed differenees from Pontrs predictions

ranging from -8.9 mm to L2.7 rwrt. .Appendices tl to 13 show

the variability of dental areh forms in individuals whose

arch widths were within I mm of those predicted by Pont's

Index.

As all of the subjects were carefully selected

according to the criteria of normal occlusion, arch form and

alÍgnment, any trend in the nature of the distrÍbution of

subjects either over or under Pont's predictÍon between the

study populations provided some insight into ethnic

differences within the dentitÍon. The fact that Australian
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Aborigines have large teeth in large arches and Caucasians

have smaller teeth in sma1l arches seemed to result in a

fairly uniform distrÍbution of subjects who were either

"over" or "under" Pont's prediction. The findings of the

present study for Caucasians differed from those of Marshall

(1987) who found that the observed arch widths in his

Caucasian sample were generally smaller than Pont's

predíctions. Even though MarshalI dÍd not give descriptive

statistics for the mesiodistal diameters of incisors in his

sample, the cause of this dÍscrepancy could relate to

differences in tooth size between study groups.

Most of the dental arch widths of Indonesians (77.52)

were over Pont's predictions reflecting the presence of

small teeth and large dental arehes. However, as the

IndonesÍans represented several tribes who show some

differences in dentofacial morphology, and the number of

subjeets included was small, this fÍnding should be treated

caut iously.

Further analysis of z-scores for all tooth sÍze and

arch width measurenents revealed that, of those Australian

Aborigines whose arch widths were over Pont's prediction,

81.3U of subjects showed smaller tooth sÍze (negative z-

scores) compared to their correspondÍng group mean values,

although no such trend was evÍdent in their arch widths. On

the other hand, 79.62 of the "under Pont's prediction"

individuals showed larger tooth size (posÍtive z-scores)

compared to theÍr mean values. Similar fÍndings were noted
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in Indonesians, in which small tooth size was found in 73.72

of individuals whose arch widths were over Pont's prediction

while 77.8 å of individuals Ín the "under Pont's prediction"

group had larger than average tooth size. As tooth sizes

varied independently of arch width variation, these findings

hÍghtighted the fact that in AustralÍan Aborigines and

Indonesians, subjects tended to be over Pont's predictions

because they had relatively small tooth size rather than

having Iarger than average arch widths.

Caueasians showed a different trend from the other two

populations. In individuals whose arch widths rdere over

Pont's predÍctÍon, 70.72 showed smaller tooth size and 60.92

displayed larger than average arch widths, while 68.3å of

individuals in the under prediction group showed larger

tooth size and 64.82 showed smaller arch wÍdths than

average. It is likely that in Caucasians both tooth size and

dental arch wÍdth influenced the results of the predÍctions

using Pont's Index"

The reason for the dÍfferent pattern of results in

Caucasians is not clear. Doris et al. (1981) concluded that

tooth size along wíth other factors such as arch width and

arch perimeter, were important determÍnants of crowding in

the dental arch. Furthermore, Doris and colleagues found

that in the maxilla, lateral incisors and second premolars

showed the greatest potentÍal for influencing dental arch

dimensions. On the other hand, Howe et aI . (l-988) felt that

arch width r^ras the most important factor in determinÍng
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whether dental crowding would occur or not, whÍIe Radnzig

(1988) concluded that tooth sÍze coud not be ruled out as an

important contributory factor in dento-alveolar

disproportion, although they did not believe it Ìdas the main

factor.

In the Aboriginal females, correlatíons between the

size of maxillary lateral incÍsors and intermolar widths

were low (.15 and .19). Furthermore, low correlations were

also noted between the sum of mesiodistal diameters of the

four maxillary incisors and intermolar arch width (.24). An

interesting finding in Indonesian females rdas that the

correlation between maxÍlIary Ieft lateral incisor and

intermolar arch wídth was much lower ( .01 ) than for the

right lateral incisor" The clinical implÍcations of this
finding are unelear at present, although further studies

based on larger sample size would be worthwhile.

Some authors such as Moorrees et aI. (1969), Grewe

(1970), Knott (L972) and Marshall (1987) have found that
growth Ín mandÍbular intercanine width generally ceases

after about I years of age. The results of the longitudinal
study in Australian Aboriginal males and females support

these earlier fÍndings, wÍth no sÍgnificant changes Ín

mandibular intercanine width being noted from Stage I (8"99

years and 8.2L years for boys and girls respectively) to

Stage II ( L4.42 years and 1.3.8L years for males and females

respectively).
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However, trends in maxillary interpremolar width in

males and females in the present study differred from those

of Burgess ( 1989 ) , who found a continuous increase in

maxillary interpremolar width from I years to L5 years of

age Ín Australian Aboriginals. The differences have probably

resulted from the use of different landmarks in the two

studies. Burgess (1989) used the nid-point of contact areas

to determÍne arch width, whereas the distal pit of the

maxíllary fÍrst premolars and distal fossa of the maxillary

deeiduous first molars were used as landmarks Ín the present

study. Consequently, the positíon of the landmarks on the

maxillary decÍduous first molars were located more

posteriorly than the landmarks on the maxillary premolars,

as the mesiodistal diameters of premolars were smaller than

the mesiodistal diameters of deciduous molars. In contrast,

these differences did not affect the results for mandibular

Ínterpremolar widths.

Significant increases (p<0.05 ) in mandibular

interpremolar and intermolar widths were found from stage I

to stage II, in agreement with Burgess (1989). Marshall

(1987) did not find any increase in these measurements in

Caucasians, although Knott (1961) noted an increase ín

intermolar arch width between nine years and 1"5 years of

âgê, with 60Z increase over the first two to five years.

Differences between these studies may be due to the

dÍfferences in sample size between the studies and
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differences in measurement techniques, but they may reflect
real differences between the groups.

Although twin studÍes provide a useful means of

determining the Ímportance of genetic eontríbutions to
phenotypic variabíIity, they have some lÍmitations. For

example, because twins may be similar for eertain traÍts due

to theÍr common environment, both pre- and postnatally, they

only provide data leading to "broad" estimates of

heritabi I ity. In contrast , hal f -síbl ings , f or example, r¡rho

have the same father but different mothers, provide the

opportunity to estimate the relative contribution of

additive genetÍc effects to total phenotypic varÍability,
thereby enabling so-called "narrow" estimates of

heritability to be derived. Ideally in attempting to
quantÍfy the role of genetic factors on different traits,
information from a variety of types of related individuals
such as twins, siblings, half-siblings, âs well as parents

and offspring should be assessed (Vogel and Motulsky, 1986).

Genetic influence for tooth size was apparently high,

with values of intraclass correlations ("r") ranging from

.78 to .79 for MZ twins and .34 to .48 for DZ twins.

Furthermore, rrrrr values between twins for the sum of the

width of incisors h¡ere slightly hÍgher than those for
ÍndivÍdual teeth. This finding is Ín agreement with

LundstrÖm (L977 ) who found that total genetic varÍatÍon of
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the incisors and canine was twice that for individual teeth,

and also conformed to Harzer (1987) who concluded that
genetic control over the size of tooth groups r4¡as greater

than that over indivÍdual teeth.

I,rlhi te genetic f actors are obviously important in
determiníng variations in incisor cror^rn sÍze, non-genetÍc

factors are also likely to play a ro1e. For example, Sofaer

et aI. (1971) have reported compensatory Íncreases in the

size of central incisors adjacent to mÍssing lateral
incisors, indicating that local environmental eondÍtions may

play a role in determÍning absolute and relatíve tooth size,

with adjacent teeth possibly interacting for available
space.

Values of intraclass correlations between MZ and DZ

twins were generally lower for arch widths than those for
tooth size. For example, the rtrrt values ín YIZ and DZ twins

for the sum of the mesiodistal diameters of maxillary
Íneisors were .89 and .48 respectively, whereas wrrt values

for arch widths ranged from .55 to .83 for MZ twins and .00

to .28 for DZ twins. A further study ÍncludÍng a larger

sample size is required to clarÍfy these findings,

especially as there was evidence of heterogeneity of totat
variance Ín intermolar widths which meant that environmental

factors were probably unequal between MZ and DZ twíns for
this particular trait.

In the present study, sÍgnificant differences were

found between mean values of the mesiodistal crown diameters
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of maxillary central incÍsors Ín monozygotic and dizygotic
twins, a finding similar to that of Rogers (1990). This

suggests that there may be biological differences between

zygosities for this particular traÍt (Christian and Norton,

L977). hlhat these biological differences might be is unclear

and further analyses based on larger sample sÍzes are

required to clarify whether this was merely a result of

samplÍng. In thÍs study, heritabitity estimates for
maxillary central incísors were not presented as they would

have been biased.

As stated above, there was evidence of heterogeneity of

total varÍance between zygosities for the size of the

maxillary right lateral incisor and some arch wÍdths. In

these instances, among-component herÍtabilities were

calculated instead of the wÍthin-pair herÍtabÍlities
providing more conservative estimates (ChrÍstian et â1.,

1974).

HeritabilÍty estimates for the size of maxÍIlary

lateral incisors and the sum of mesiodistal diameters of the

four maxÍllary incisors ranged from .29 to .87, wÍth

estimates for combíned tooth sÍze being greater than

estimates for individual teeth. Heritability estimates for
the sÍze of the maxÍllary lateral incisors were similar to
those reported by Rogers (1990). For dental arch widths,

higher heritability estimates r,üere found for intercanine and

intermolar widths than for interpremolar widths.
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Compared to the findings of Townsend and Brown (1978),

the present study gave slightty higher estimates of

heritabíIity for tooth size, but these findings are not

directly comparable as the present study yielded only broad

heritability estimates based on the twin data, whereas the

former study provided narrow heritability estimates based on

half-sibling data"

The present study showed several deficÍencies in Pont's

Index as a predictor for orthodontic treatment. Pont did not

clearly descrÍbe the procedure used Ín developing his Index,

for example with regard to the number of subjects, the

nature of their occlusions or the manner Ín which he

calculated the constant values. This uncontrolled procedure

produced an index unable to cope with variabilities between

indÍvidua1s.

There was a small posÍtive correlatÍon noted between

the sum of mesiodistal erown diameters of the four maxÍIlary

Íncisors and the interpremolar and intermolar arch widths

and this is not unexpected as the combined incisors crordn

width eontributes to antêríor dental arch width. However,

this relationship should not be used as a single direct
determÍnant for dental arch size and shape, âs so many

factors may influence the dental arches such as the form of
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the apical base, the complexity of dentofacial relationships

and neuromuscular activities of the jaws and facíal region.

From a clinical point of view, Pont's Index can not

provide reliable predictions in individual orthodontic

treatment planning. Since Pont's Index was originally based

on the mean value of a French populatÍon, individual
variations and population differences were not covered. The

tendency of dental arch lengths and widths to vary with age

(Little, 1987), together with unpredictable relapse of

expansÍons noted by Lutz and Poulton (1985) provide further

clinical evidenee for the unreliabÍIity of performing

expansion treatment indicated by Pont's Index.

The addition of lal and P ÍndÍces to determine mandibular

arch widths by hJiebrecht (quoted by BastÍen, L983) and the

claims that Pont's Index can be used to determine the

"genetic potential " of arch width have tended to provide an

aÍr of scientific respeetability to Pont's Index wÍthout

clear definition of the words "genetic potential" being

provided by its proponents. The assumption that the teeth

express their ful1 genetic potentÍaI which can then be

reflected in dental areh wÍdth and hence be used as a guide

in influencing the dental arches would appear to have no

scientific basis.
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The genetic influences operating on tooth size and arch

wÍdth are complex. Garn et al. (1966) found that genetÍc

factors seemed to outweight pre- and post- natal environment

in controllíng tooth size within any one of the four

quadrants. This conclusion rdas contrary to Bailit (L975) who

believed that the environment played more important role in
the determination of tooth size. tundström (L977) stated

that the association between tooth size and crowding/spacing

was difficult to explain as a consequence of secondary gene

effect and believed that the greater variatÍon existíng
between dizygotic twins compared to monozygotics twin was

prÍmarily due to gene differences. OpposÍng views can again

be seen from the studÍes of Harris and Smith (1980) who

emphasÍzed intrafamilíal environment as a major contributor
to occlusal variabilÍty, and Goose and tee (L973) who

concluded that a strong envÍronmental component influenced

parent-offspring relatÍonships in tooth size Ín ÍmmÍgrant

populations.
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L

CONCI.T'SIONS

Low correlations have been found between observed and

predicted arch widths according to Pont's Jndex and its
corresponding IndÍces. Considerable varÍability Ín the

dental arches between índÍviduals was noted, although

no change in mandibular intercaníne width appeared to

occur wÍthin indÍviduals after about I years of age.

Low correlations between tooth size and arch width were

noted in all three study populations.

Heritability estímates for tooth size ürere generally

hÍgher than those for arch wídth, while heritability
estimates for interpremolar widths were lower than

those for either intercanine or intermolar arch widths.

Various factors Ínfluence the relationships between tooth

size and arch width. The complexity of dentofacial

relatÍonships, the effects of surrounding tissues on

the occlusion, and the variabÍlity of individual arch

forms should be taken into account in determining

dental arch arrangement. The complexity of the inherent

genetic component should not be simplified in

2

3

4
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5

determíning the assocÍation between tooth size and arch

width. As Pont's Index does not address the above

aspects, it is apparent that Pont's Index and its
corresponding Indices are unlikely to be useful as true
predictors of dental arch width.

Further studies are required to clarÍfy the associations

between tooth size and arch width in relatÍon to the

dentofacial complex, and also to quantify the genetÍc

influences that affect all of its components.

*****
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Appendix 1: The Pont's Index (Pont, 1909)

P Index 80, M Index 64

Sum of mesiodistal
diameters of four

. maxillary incisors

IRterpremolar
width

Intermolar
width

25
25 .5
26
26.5
27
27 -5
28
28.5
29
29 -5
30
30. s
3r
31.5
32
32 .5
33
33. s
34
34. 5
35

31
32
32 -5
33
33.5
34
35

38
39
39. s
40
40-5

39
39.8
40 -9
41- 5
42.5
42.96
44
44.5
45.3
46
46 -87
47.6
48-4
49 -2
50
50. B0
51 .5
52 -3
53
s3.9
54.5

5

4L
42
43
43
44
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Appendix 2: I'leasurement Landmarks in the permanent dentrtion

C
qè

D

I

a
e
f
g
h
i.
j
k
I

b,c
and e

d: mesiodistaÌ crown diameters of the incisors
: maxiÌlary and mandrbular intercanine widths
: maxiJ-lary ì.nterpremolar width (dist pit)
: maxiIJ-ary interpremolar width (bu cusp)
: maxill-ary interpremol-ar width (pal cusp)
: maxi.J-ì.ary intermolar width (cen fossa)
: maxillary intermol-ar width (mespal cusp)
: mandibular interpremol-ar width (dist fossa)
: mandibular intermolar width (distbu cusp)
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Appendix 3 : ùeasurement landmarks in the decrduous dentition

C

C

A

B

C

and A' : Maxilì.ary and

and B': Maxillary and

and C': MaxiJ-J-ary and

mandibular intercanine widths

mandibuLar j-nterpremol-ar widths

mandibular lntermolar widths
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Appendix 4: Data sheet.

Crown Diameters

right 12

right I1

Left I1

Left 12

Arch hfidths

Maxilla

C C (cusp tip)
D-D(distfossa)

3 3 (cusp tÍp)
4-4(distpit)
4 4 (bu cusp)

4 4 (pal cusp)

6 6 (cen fossa)

6 6 (mespal cusp)

Mandible

C-C(cusptip)
D-D(distfossa)

3 3 (cusp tip)
4 4 (dist fossa)

6 6 (distbu cusp)

Population :

Subject No :

Sex :

Age :

F/M

I II
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Appendix 5a. Double determination of crourn diameters
arch widths in Australian Aborigines ( n=30 )

Variables

and

SEã tã

croh¡n diameters

ri ght
right
l-ef t
1 eft

arch widths

maxi 1 l- a

I2
I1
I1
T2

. o97
- 097
. 070
. 103

-.047
.073
-047
.153
.o57
. 160

--767
-.030

-213

.030
- 026
.o2B
.o2B

.067

.067
-062
.063
.060
.I25

-075
.120
.083

3.23*
3. 73*
2 .50*
3. 68*

o -70
.09
.76

2 -23*
o -25
2 -57*

.43*
95

-28

1
0
2
0
I

33
4-4
44
44
6-6
6-6

(cusp tip)
(dist pit)
(bu cusp)
(pal cusp)
(cen fossa)
(mespal cusp)

mandible

3-3
4-4
6-6

(cusp tip)
(dist fossa)
(distbu cusp)

criticaL t value with 29 degrees of freedom = 2-o4s* significant at p < 0.05

d
t

SEA
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Appendix 5b. Double determination of crown diameters and

arch widths in Indonesians ( n=30 )

Variables tãSEd

crown diameters

right 12
right I1
left I 1
left 12

arch widths

maxi 1 Ia

.003

.007
-.020
-.o20

.143

.040
- L27

-. 033
-.L23
-. 163

-.o57
--553

.030

.o2L

.023

.017

.o22

.o46

.o37

.043

.058

.048

.058

.o46

.o97

.0s9

.r4

.30

.18

.91

3.11*
-1.08
2.95*

-o.57
-2 -56*
2.BL

0
0

-1
-0

3 3(
4 4 (
4 4 (
4 4 (

6 6 (
6-6(

cusp tip)
dist pÍt)
bu cusp)
pal cusp)
cen fossa)
mespal cusp)

mandible

7.24
5. 70*
0.51*

33
4-4
66

(cusp tip)
(dist fossa)
(distbu cusp)

Critical t value with 29 degrees of freedom = 2.045
* significant at p < 0.05

d

SEA
t
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Appendix 5c. Double determination of crown

arch widths in Caucasians ( n=30 )

diameters and

Variables td SEã

crown diameters

right 12
right I1
left I I
Ieft 72

arch widths

maxilla

.003

. o17

.020
-.037

. 150

.033

. 190
- L73
. 103
. 103

. 100

.267
- 173

. 024

. 017

.o22

.037

.o49
-o57
.06s
.069
.059
.066

.050

.o77

.063

0.13
I .00
0. 90
1 .00

3.06*
0. s8
2.93*
2.50*
L75
1.56

2 .00
3 .47*
2 -7st'.

3-3(
4 4 (
4 4 (
4 4 (
6 6(
6-6(

cusp tip)
dist pit )
bu cusp)
pal cusp)
cen fossa)
mespal cusp)

mandible

33
44
6-6

(cusp tip)
(dist fossa)
(dÍstbu cusp)

Critical t value with 29 degrees of freedom = 2.O45
* significant at p < 0.05

ã
t

SEA
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Appendix 6 a. Dahlberg statistic of crown diameters and

widths in AustraLian Aborigines ( n=30 )

Variables d Ss

arch

?-
Sp

crown diameters

right 12
right I1
Left I1
Ieft 12

arch widths

maxi I Ia

3 3 (cusp tip)

.036
- o29
. o2B
.033

.131

. L37
- r12
. 138
. 103
.480

.193
- 477
-243

.0r.8

.015

. 014
- 017

.066

.069

.056

.069

.055

.240

.097
-209
_ 722

0.13
o-12
o -12
0.13

o.26
o .26
o -24
o -26
o -24
o-49

0.3r.
o-46
0. 35

44
44
44
66
6-6

(dist pit)
(bu cusp)
(pal cusp)
(cen fossa)
(mespal cusp)

mandible

33
44
66

(cusp tip)
(dist fossa)
(distbu cusp)

s6=
r62

2n
(Dahlberg, L940)
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Appendix 6b. Dahlberg statistic of crohrn diameters and arch
widths in Indonesians ( n=30 )

Vari ab1 es d
2

Sp Sg

crohln diameters

right L2
right I1
Ieft I I
teft 12

arch widths

maxi L la

(cusp tip)
(dist pit)
(bu cusp)
(pal cusp)
(cen fossa)
(mespal cusp)

mandible

3 3 (cusp tip)
4-4(distfossa)
6-6(distbucusp)

3-3
4-4
4-4
4-4
6-6
6-6

. oL2

. 015

.009

.014

.oB2

.041

.077

.097

.oB2

. L24

.065

. s58

. 101

.006

.008

.00s

.007

-041
-o22
.036
-049
.04L
-o62

.033

.279

.052

0. 0B
0. 09
0. 07
0. 0B

0.20
0.15
0. 19
0.22
o.20
o.2s

0. 18
0. s3
o.23

r62
sg= (DahIberg, 7940)

2n
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archAppendix 6c. Dahlberg statistic of crown diameters and

widths in Caucasians ( n=30 )

Variables S6^2bgd

crohrn diameters

right 12
right I1
left I I
left 12

arch widths

maxilla

.016

.008

.014
-o42

-o92
.094
. 160
- L69
. 110
. 136

-oB2
-242
. L47

.086

.004

.007
-o27

.046
-o47
.080
- 08s
.055
- o6B

. 041

. T2L
-734

0. 09
0. 06
0. 0B
0- 14

o.2L
o -22
o -28
o -29
o -23
o -26

o -20
0.3s
0. B6

3 3(
4 4 (
4 4 (
4 4 (
6 6 (
6 6(

cusp tip)
dist pit)
bu cusp)
pal cusp)
cen fossa)
mespal cusp)

mandible

33
44
6-6

(cusp tip)
(dist fossa)
(distbu cusp)

t ò.2
sg= (Dahlberg, 1940 )

2n
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Appendix 7a. Error variances of cror^¡n diameters and arch

widths in Australian Aborigines ( n=30 )

Variables se2 so2 st2 g¡2 ¡gs2

crown diameters

right 72
right I1
Ieft I 1

Ieft 12

arch widths

maxi I 1a

.018

. 015

.014
-oL7

.066

.069

.056

.069

.055
-240

.o97

.209
- L22

.361

.359

.370

.386

4.067
3.498
3.930
3.318
5.TL2
5.111

3.L52
3.776
s. 030

.343

.344

.3s6

.369

3.061
3.429
3.874
3.249
5.057
4.87L

3.055
3.567
4-908

95. 0
9s. B

96.2
9s. 6

98 .4
98. 0
98.6
97.9
98.9
9s.3

96.9
94 -5
97 .6

33
44
44
44
66
66

(cusp tip)
(dis pit)
(bu cusp)
(pal cusp)
(cen fossa)
(mespal cusp)

mandible

33
44
66

(cusp tip)
(dist fossa)
(distbu cusp)

So2 Observed variance calculated as weighted average of
variances for aII males and females

St2 Estimate of true sample variance

Reriability = (st2 /So2 )x 100%
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Appendix 7b. Error variances

wÍdths Ín Indonesians (

of crown dÍameters and arch

n=30 )

Variables se2 so2 sr2 s¡2 ¡gs2

crown diameters

righ
rÍgh
left
left

arch widths

maxÍ I la

r12
t 11

I1
T2

.006

.008

.00s

.007

.04L

.022

.036

.049

. o4L

.062

.033

.279

.052

.270

.234

.224

.243

2 -8r7
3.005
3.745
2.58L
4.806
4.7t6

2.000
3.063
5.200

.264

.226

.2L9

.236

2.776
2 -983
3.709
2 .532
4.765
4 .654

7.967
2.784
5. 148

97.8
96.6
97 .8
97.L

98. s
99. 3
99.0
98. 1

99. r.

98.7

98.4
90.9
90.0

33
44
44
44
66
66

(cusp tip)
(disr pÍr)
(bu cusp)
(pat cusp)
(cen fossa)
(mespal cusp)

mandible

33
44
66

(cusp tip)
(dist fossa)
(distbu cusp)

So2 Observed variance calculated as
variances for all males and females

St2 Estimate of true sample variance

ReliabilÍty = (Stz /So2 )x 100å

weighted average of
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Appendix 7c. Error variances of crown diameters and arch

widths in Caucasians ( n=30 )

Variables se2 So2 st2 s¡2 1962

crown diameters

right L2
right I 1

Ieft I 1

Ieft 12

arch widths

maxÍ1la

.008

.004

. oo7

. o27

.o46

. o47

.080

.085

.055

.068

.04L

. I2L

.734

.302

. 199

.230

.294

4.250
5. 138
6.733
s. 453
9.254
8.756

2.795
6.540

10.115

.294

. 195

.223

.27 3

4.204
5.091
6.653
s.368
9.199
B. 688

2.754
6.4L9
9.381

97 .4
98. 0
97 .0
93. 0

98. 9
99. L

98.8
98 .4
99 .4
99.2

98. 5
98.2
92.7

33
44
4-4
44
6-6
6-6

(cusp tip)
(dist pit)
(bu cusp)
(pal cusp
(cen foss)
(mespal cusp)

mandÍbIe

3-3
44
6-6

(cusp tip)
(dist fossa)
(distbu cusp)

So2 Observed variance calculated as weighted average of
variances for aLI males and females

St2 Estimate of true sample variance

Reliability = (st2 /so2 )x 100%
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Appendix 1r : 
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Pont's predictron
left; female dental arches
right; male denLal arches
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Appendix I2: Dental ar:ch f orm in Indoneslans
observed arch width within I mm

pr-edict ì on

I ef t ; fcna L<-' denta,L ar.ches

rì<¡ht.; male dental .rrches

wi th
of Pont's

/v
\

j'\-\t



Appendix l3: Dental arch form in Caucasians with r-

observed arch width wiChin I mm of Pont's
predic tion
left; female dental arches
right; male dental arches
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