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SUMMARY

The size and shape morphology of dental arches r,rlas studied by

means of measurement.s obtained f¡om 276 serial dental casts

representí-ng 28 male and 16 female Australían Aborígines" The age

range of the subjects over the observation period was from about

seven to seventeen years, corresponding to a change in dental

status from the early mixed dentition to eruption of all the

permanent teeth except third molars.

The casts were photographed and the reference poinÈs of tooth

landmarks hrere recorded in Cartesian coordinates " Ten polynomíal

equations were fitted to each set of dental-arch reference points

and a selection r^ras nade to determine the equation best describing

the shape of each dental arch. Arch areas, perimeters, polar

vectors and polar overjets were derived from the shape-representing

polynomíal equations and average values ürere computed for males and

for females categorízed in four groups determined by tooth

emergence status" Polynomial curves and dental-arch heptagons

constructed from the polar vectors were used to describe arch size

and shape díagranrnatically for the four groups" Areas were used

as measures of arch síze and polar vectors as measures of arch

shape.
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The arches of males rrere found to be larger in area and

perimeter than those of females at corresponding stages of dental

development. They were also broader and more pronounced in

overjet. The sex difference in síze rùas more notíceable in the

maxillary canine regíon. Changes in size and shape of dental

arches for males and females from the early mixed dentitíon stage

to the early permanent dentition stage ínvolved decreases in area

and perímeter. The arches became broader posteriorly and

somewhat narrovter anteríorly. There r¡ìras a reduction ín depth

and an increase in overjet.

It is suggested that shape-representíng polynomials may have

useful applicatíons in clinÍcal orthodontics for diagnosis and

treatment planning. Further research on a simpler methodology

ís suggested to give a wider scope for the applicatíon of

polynomíals ín dentistry.
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INTRODUCTION

Investigations of the morphology of human dental arches can be

broadly grouped into anthropological studies and odontological

studies. Usually the objectives of anthropological studies are to

describe the size and shape of the dental arches and to compare

findings for various groups of people" Odontological studies on

the other hand are more concerned with Inormalr arch form, with age

changes in the size and shape of dental arches during growth and

development of the dento-facial complex, with Lhe relation of arch

form and occlusion of the teeth, and with other features of dental-

arch morphology and occlusion of interest to orEhodontists and

prosthodontists"

Most commonly the size of dental arches is described by

measurements of breadth, depth and perimeter" However, the

rnultiplicity of reference poínts from which measurements have been

made by various investigators makes comparisons between the studíes

very difficult. There is no standard measurement method.

Simí1arly, there

shape of dental arches

is no standard method for describing the

The subjectíve classification of Hrdlíðka
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(1916) ís unreliable. Classification of dental-arch shape by

this method may differ between observers and even r.rithin the same

observer when repeating the observations. The dental-arch index

of De Terra (1905) is also unreliable" One of the deficiencies

pointed out by Moorrees (1957) and by Barrett and Bror¡rn (1968)

is that visually recognizable differences in arch shape can be

distinguíshed between subjects ¡¿ith identícal arch indices" Other

methods of dental-arch shape description rnake use of mathematícal

equatíons or geometrical constructíons" However, these do not

always give an adequate description for comparison of dental-arch

shape between individuals. The main problem is to derive a simple,

quantítative measure of arch shape.

AIMS OF TIIE INVESTIGATION

The present investigatÍon was undertaken r,rTith the principal

aim of studying variations in the size and shape of the dental

arches and age changes in these features in a group of Australian

Aborigines. Specif ic aíms of the investigation r¡/ere."

(1) to develop a method of dental arch measurement and analysis

based on coordinate geometry;

(2) to obtain coordinate measurements from serial dental casts of

Australian Aborigines; and

(3) to analyse the measurements ín terms of group statistics for
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subject observatíons categorízed by sex and by denËal groups

determined by tooth emergence status.



CHAPTER 2

REVIEI^I OF LITERATURE

John Hunter (I77I) was one of the first to study gror^lth of the

jaws. He stated that the jaw increased in síze at all points up to

twelve monËhs after birth, but subsequently did not. increase in

length between the symphysis and the sixth tooth. He also referred

to the common occurrence of irregularities in the position of

permanent teeth in the upper jaw which he stated \lras due to the

larger size of the pernanent teeth compared with Lhe deciduous

teeth.

De Terra (1905) suggested the use of the dental-arch índex as a

numerical measure of dental-arch shape for the study of racial

differences" The index expresses the relation between arch breadth

and depth as a percentage.

Hrdliðka (1916) suggested a classifÍcation of the dental arches

into six different types, namely: hemispheric - resembLing one-half

of a círcle; parabolic - shaped like one-half of an oval; ovoid -

parabolíc but converglng towards the molar region; hyperbolic -

relatively broader than parabolic; elliptic - relativery narror^rer

than parabolic; and u-shaped - ín the form of a capital letter u.
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ülilliams (L9I7) described the Inormalr dental arch as having

the six anterior teeth arranged in an arc of a circle. His

observations also led him to suggest that inrnormal'dental arches

there r¡ras a constant ratio between arch breadths in the canine and

molar regions.

Sved (1917, L952> agreed wíth Lhe findings of l,filliams and

suggested a method with applications ín prosthetic dentistry and

orthodontics to determine an arch shape suitable for the proposed

treafment.

Campbell (1925) described various features of Ëhe dentítíon and

palate of the Australian Aborigínal from an investígation of 630

sku1l specimens" He found that average values of dental-arch

breadth increased with increasing age but dental-arch depth

decreased with age. He also noted that edge-to-edge bite was

generally found in adult Aborigines, and he suggested that the

change from the juvenile overbite incisor relation \^ras assocíated

with tooth wear accompanied by changes in the relaÈive positions of

the anterior teeth of the maxillary and mandibular dental arches.

Ramsay-Smith (1926) discussed the problem of describing the

various forms of alveolar arches and pointed out that indices used

ín anthropological descriptíons, such as the rpalatal indexr, merely

gíve the proportion percentage between length and breadth of the

jaws but no ídea of the shape of the arches" He illustrated
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alveolar arches of skull specimens of Australian, New caledonian,

Maori and veddah people whích could be described as square-form,

U-shape, horse-shoe shape or parabolíc"

Ízard (1927) put forward the hypothesis that the relation

between the breadth of the arch and the twidth of the facer was

constant; also the depth of the arch and therdepth of the facer.

He claimed that thernormalr arch form could be reduced to

variatíons of the ellipse" He derived a method to determine the

shape of 'normal' arch in terms of facial dimensions"

chapman (1935) studied changes in the dental arches of eight

children from birth to adulthood using serial dental casts collected

by himself and others. He observed that there hras no increase in

dental-arch breadth between age tr,'ro and five years, but thereafter

until age t\^relve years th.ere r^ras an increase, greater in the

maxillary arch.

GoldsËein and stanton (1935) studied 547 sets of denEal casrs

of normal and abnormal occlusions obtained from 300 American

children of age one to eleven years. The study was partly

longitudinal. They found that dental-arch breadth showed a

general increase from age three years to nine years" The increase

in intercaníne breadth during the eruption of perÍtanent incisors was

most apParent. The increase in íntermolar'breadth r^ras greater in

the mandible than the maxilla. Dental-arch breadth was larger ín
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boys at almost all ages and wíth greater fluctuation in the rate of

increase, whereas the arch breadth of girls increased steadily from

t\^ro to nine years of age and aË a faster rate. The rate of

intermolar breadth increase r^ras greater in the mandible Ëhan the

maxílla. The arch depth of the deciduous dental arch showed a very

slight decrease between two and nine years of age" However, the

reduction of maxillary dental-arch depth \^ras compensated by

maxillary growth after the eighth year. Dental arches of girls

showed a more regular mode of growth and greater increase in arch

depth than those of boys. The authors expressed dentbl-arch form

by the índex of arch breadth over arch depth" The maxillary and

the mandibular arches were classifíed on the basís of índex ratings

into three subdivisions: dolichuranic (narrow arch), mesuranic

(medium arch) and brachuranic (broad arch) " A1 lowance T¡ras made for

a merging in forms between the subdivísions.

Cohen (f940) carried out a longitudínal study of changes in

dental arches of fifteen boys and thirteen girls with I faírLy

normalr arches over a period of ten years, from age three-and-a-half

Eo thirteen-and-a-half years. He concluded that the greatest

growth of the dental arch occurred in the canine region during

eruption of the permanent incisors. Maximum lateral growth in the

maxillary arch was observed from age five to eight years and the

growth slowed down by twelve years. Lateral growth in the

mandibular arch reached its maxímum at eighE-and-a-half years.
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Little growth occurred subsequently. He also reported ËhaË there

r,ras very little lateral growth of the arches between the permanent

first molars and only slight lateral growth between the premolars.

There \üas a decrease in the length of the posterior segment of the

dental arch measured from the mesial surface of the caníne to the

dístal surface of the second premolar" Decrease of this dimension

in the mandibular dental arch was observed to be greater than in the

maxillary arch. Dental arches of girls \^rere found Èo be wider

posterÍorly and narro\¡üer anteríorly Èhan those of boys" Cohen

pointed out that there were wide variations in dental arch

development and that individuals often departed from the pattern

he described.

Siepel (L946) studied positional variations of the teeth of

500 Swedish children and young adults. The sample consisted of

about equal numbers of males and females. Three groups of

subjects were studied - age four years, age thirteen years and age

twenty-one years. MeasuremenÈs were táken directly from the oral

cavity of the individuals. Seipel found that between age four and

thirteen years the dental-arch breadÈh measured as the distance

between the first premolars increased slightly more in males than

in females,

Numata (1947) was a pioneer in descríbing dental-arch shape and

dimensions by means of polar and rectangular coordinate systems"
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He defined the abscissa as a line passing through the tip of the

mesiobuccal cusp of the right and left permanent first molars, and

the ordinate as a line perpendicular to the abscissa through the

mid-point between the two central incisors. He recorded the

position of the reference points in polar coordínates by a specially

designed protractor, and he transformed the values of the polar

coordinates to a rectangular coordinate system" He measured

dental arches of varíous forms - namely, parabolic, V-shaped,

squarish and circular - and derived dental-arch dimensions from

these measuremenÈs for analysis and comparison.

MacConaill and Scher (L949) studied the dental-arch form of

t'^renty-five sets of dental casts of a group of males and females,

and also t\nro standard denture models" Dental-arch breadths were

measured, and from these measurements mean values of dental-arch

breadths between corresponding occlusal points \^rere calculaEed.

The average maxillary and mandibular human dental-arch forms and

those of the denture models were plotted from the mean values and

were found to conform closely to catenary curves - formed by

varying the distances of the two suspended ends of a piece of fine

ro1led-gold chain of 20 cm length. Macconaill and scher suggested.

that the ideal human dental-arch form would conform to the catenary

curve
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Kato and Odagirí (1950) studied I27 naxillary dental casts

using the rectangular coordinate system as suggested by Numata

(1947). They classified the casts into the same four groups as

used by Numata. Quadratic equaËions were derived to represent the

shape of each group of dental arches" I(ato and associates (L964)

reported a similar study of thetnormalr dental arches of a mixed

group of 205 males and females, thirteen to forty-six years of age.

They converted the values of the x and y coordinates to percentages

of the lÍnear distance between the reference points of the lefÈ and

right permanent first molars in the same dental arch" In this

manner they studied the relative position of the teeth in each

dental arch. Quadratic equations representing the polygonal lines

of the dental arch curves \^rere derived" They found that the forms

of the maxillary and mandíbular dental-arch curves were símilar"

They also found that there \¡rere no significant age or sex

differences in the relatíve positions of the teeth within the

maxillary or the mandibular arches, but there were si.gnificant

differences in the relatíve positions of the teeth between the

maxillary and the mandibular arches.

Baume (1950) reported the fíndings of a longitudinal study of

developmental changes ín dental arches during the period of

deciduous dentition, the eruption of permanent molars, and the

replacement of deciduous teeth by their successors. Measurements

r¿ere taken from study casts. This review ís only concerned with
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findíngs on changes of dental arch dimensions. From dental casts

of thirty children aged Ehree to five-and-half years Baume found

that arch depth and arch breadth remaíned unchanged from age four

years to the time of eruption of the permanent molars" From serial

casts of síxty children before, during and after eruption of the

permanent incisors he reported that the mean increase in intercanine

breadth hras greater in the maxillary dental arches than the

mandibular arches, and that a greater increase was found ín the

previously non-spacing deciduous dental arches. Maximum lateral

growth of the maxillary arch was observed during eruption of the

central incísors, and in the mandibular arch during eruptÍon of the

lateral íncisors. The average amount of forward growth of the

arches was 1.0 mm greater ín Ehe maxilla than the mandible and no

difference T^ras shown between the previously spacing or non-spacing

arches.

hloods (1950) studied growth changes from series of lateral and

frontal cephalometríc radiographs of twenty-eight indivíduals

(fourteen boys and fourteen girls). The records were obtained

half-yearly from age three to five years and yearly thereafter to

the age of fifteen years. Most of this group of children had

normal occlusions or Angle Class I malocclusions. Only one chíld

had been treated orthodonÈícally. The remainder of the group

consisted of three chíldren with Class II and one with Class III

malocclusions. He found that the maxillary intercanine breadth
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increased with age except for a decrease between seven to twelve

years, whilst the mandibular intercaníne breadth remained the same

from age three to fífteen years except for a decrease between age

six to eleven years. The maxíllary intermolar breadth increased

until these teeth came ínÈo occlusion and the rate of increase

slowed down. The mandibular intermolar breadth decreased gradually

until the teeth were i-n occlusion. Then the breadth increased or

rate which varied with the individual. He

female arches ü/ere generally smaller than the

decreased at a cons tant

that theal so observed

male arches in all dimensions 
"

Speck (1950) conducted a longitudínal study of the

developmental changes ín mandibular dental arches usíng 170 dental

casts of fifty-three boys and girls over the period of development

between the completíon of decíduous dentition and the replacement

of those teeth by their successors" The subjects were selected by

the críterion of a rgoodr occlusíon in the permanenÈ dent.ition.

He used a photographíc method Èo transform the occlusal surface of

the casts int.o two dimensions. Measurements ïtere obtained from the

photographs. Direct measurement of the casts provided a check on

the accuracy of the indirect measurements" speck found in most

instances that the arch perimeter of the permanent dentition

anteríor Ëo the mesial contact areas of the permanent first molars

was less than that of the deciduous dentition" similarly, when the

arch perimeter mesial to the permanent first molars between the
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mixed and the permanent dentitions \^ras compared, he observed that

the arch perímeter of the permanent dentition was less.

Brown and Daugaard-Jensen (1951) studíed the dentition changes

of forty indíviduals from the early teens to the early türenties.

Sixteen of the subjects had received orthodontic treatment" This

review is only concerned r¿ith the non-treated group of twenty-four

individuals. Two sets of casts were obtained from each subject.

The first set was obtained at an average age of twelve years and ten

months, and Ehe other at threnty-one years and six monËhs. No sex

distÍnction vras made in the study. They found that as age

increased the majority showed a slight decrease in intercaníne and

íntermolar breadth, in arch depth and in overbite. The authors

also observed that there r^ras a tendency for space closure and

íncrease in crowdíng of the anteríor Èeeth. The casts did not

reveal changes in molar relation, but a defínite tendency for the

canine relatíon to change from an Angle Class II to a Class I

position with increasíng age \^ras noted.

Sillman (1951) studied dental arch changes of two male and two

female children with good occlusíon selected from a group of síxty
rl{hiter children. Seríal dental casts of Èhe children were

available from birth to Ëwelve years. He measured and described

various dímensional changes of the dental arches of the subjects.

sillman suggested that ardimension Rr could be used as ran index of
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the foundation or basal structure of the maxillary dental archr.

He found that the curves plotted for each of his subjects for

changes of tdimension Rr were of similar tcharacter and magnitudel

but the timing of the changes differed from one subject to the

other. Sillman (L964) reported another longitudinal study of

dental arches from 750 serial dental casts of sixty-fíve tnormal

lJhítet children. Among them the dental records for forty

individuals had been followed from birth to tr^renty or türenËy-fíve

years of age" The rest of the children had a shorter series of

casts. Malocclusion individuals were íncluded in the study.

Sí11man found that the intercanine breadth increased from bírth to

thirteen years in the maxilla and to twelve years ín the mandible

for boys. In girls the increase sometimes extended to age sixteen

years and there r^rere no sígnificant changes af ter that. The

intermolar breadth íncreased more in the maxilla than in the

mandible from the deciduous dentition stage to age fourteen years

in boys and sixteen years in girls. The posterior breadth of the

mandíbular arch was larger than that of the maxillary arch at all

ages. There ritas an overall decrease in the arch depth - more in

the mandibular than Ehe maxillary arches - from age three to

twenty-five years for both sexes. However, in boys there were

increases in the maxíllary arch depth between age six to ten years.

Sillman also described and graphically represented the changes in

mean patterns of dental arches, using the intercanine line as the



15.

base line for superímposítion. Sillman (1965) studied the dental

development of the oral structures of two males and two females"

The subjects \^rere selected from a group of sixty-five 'normal tr'Ihiter

persons of New York City, and their dental records were followed

from birth to age twenty-five years" Only one male and one female

of the selected four individuals had good occlusion. Dental

dimensions \^rere measured from dental casts and the results were

tabulated. Sillman used the tstandard score methodr to describe

the size of the dental arches, and suggested that specific

information concerning good and poor dental development could thus

be obtained.

Burson (L952) studied changes in the mandibular íntercanine

arch breadths of t\^/enty-four children. There were twelve boys -

six wíth Angle Class I and síx with Class II occlusion - and twelve

girls - seven with Class I and five with Class II occlusion.

Measurements \,,Iere made on the 239 serial casts of the selected grouP

of children r¿hich were collected at the Chíld Research Councíl in

Denver, Colorado. The periods of observation covered the time

from three years before the eruption of the mandibular permanent

central incisors to t\i/o years after the eruption of the permanent

canines" The greatest increase in intercanine arch breadth

occurred during the tspurtr, a period of accelerated increase" The

time of the rspurEt ütas observed to have a wide individual variation

but the average was between age five and eight years. tJhen dental



t6.

age v/as used for data grouping there r,ras less variability in the

timí.ng of the rspurtr. No correlation was found between the amount

of increase in mandibular intercanine arch breadth during the

rspurttand the total amount of increase during the entire period of

observation" However, it was found that children of Angle class rr

type malocclusion presented r^rith a wider variation in the total

increment in the intercaníne arch breadth than those wiËh class r

malocclusion. Burson concluded: t(1) that no general rule

concerning timing, duration, or amount of increase in mandibular

bicanine dimension may safely be applied to a given índividual; and

(2) that future íncreases or decreases Ín this dimension are not

easily predictable in attempting to evaluate an orthodontic problem

for such an individual in this age range"r

Barrow and white (L952) analyzed the developmentar changes of

fifty-one children from 528 sets of serial dental casts. The

children were from the university of Michigan Erementary and High

schools at Ann Arbor, Michigan. The perÍod under study was from

the rcompleted primary dentitíonr to the eruption of all permanent

teeth except the third molars" No sex grouping was presented in

the findings. The dental-arch form was classified subjectívely as

tapered, trapezoid, square, ovoíd, U-shaped and hyperboloid.

rt was found that 65 per cent. of the deciduous dental arches

\^Iere trapezoídaL in form, 30 per cent rüere ovoid and 5 per cent r¡rere

tapered" There was little change in form from the deciduous to the
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early permanent dentition. From age three to five years there was

little change in the inÈercanine arch breadth. The intercaníne

breadth increased very rapídly from age five to eight or nine years,

slightly more ín the maxíllary than the mandibular arch" The

íntercanine breadth decreased gradually after age fourteen years"

Dental-arch breadth of both arches, measured between the deciduous

second molars, increased from fíve to ten years of age. From

seven to eleven years the intermolar breadth increased both in the

maxillary and the mandibular arches, but decreased from age eleven

to fifteen years. Barrow and I'lhíte belíeved that the greater

decrease in the mandibular arch was due to the greater mesial

movement of the mandibular permanent first molars after exfoliation

of the deciduous molars. From age fifteen to seventeen years a

continuous decrease in the inÈermolar breadth was observed in most

of the subjects. Dental-arch depth of both arches decreased from

four-and-a-half to six years of age" From six to twelve years the

maxillary arch depth increased but the mandibular arch decreased.

Between twelve to thirteen-and-a-half years both the maxillary and

the mandibular arch depths decreased" The total change in arch

depth from four-and-a-half to thirteen-and-a-half years \¡ras an

íncrease of 0.2 mm in Èhe maxilla and a decrease of 2.2 mm in the

mandíb1e.

Henriques (1953) correlaÈed palatal and facial growth during

the period of changing dentition in a cross-sectional study of 600
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children of age seven to twelve years. MeasuremenËs were obtained

directly in the mouth. The palatal measurements, which are of

concern here, comprised seven breadth and two depth measurements.

Henriques found a general progressive increase in palatal breadth

with age, while the palatal arch depth anteríor Eo the permanent

first molar remained unchanged. The mean increase in intercanine

breadth between ages seven and twelve years v/as greater for girls

than boys, but the mean increase in intermolar breadth was greater

for boys than girls.

Björk (1953) studied ceph4lometric radiographs of 243 swedísh

males at the age of twelve years and again aÈ t\^renty years" He

found that age changes for both overjet and overbite showed

pronounced indivídual differences in direction and magnitude. The

overjet generally decreased between twelve and twenty years of age,

due to a tendency for a forward displacement of the mandibular

íncisors ín relation to the maxillary incisors. Generally the

overbite also decreased with advancing age" However, there were

many individual variations. Björk (1955) studied rhe associarion

of bite development, denÈal-arch shape and body build of the group

of twenty-year-old swedish mares" He observed that skeletal

sturdiness r^ras associated with dental arches large in all

dimensions, with large teeth, with broad maxillary arches compared

to mandibular arches, with a tendency to buccal occlusion and with

early eruption of permanent teeth" Slender skeletal constitution,
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on the other hand, appeared to be associated with a tendency to

cross-bite (lingua1 occlusion), where the maxillary arch was

narro\^rer than the mandibular arch. No correlatíon I^7as found

between skeletal factors and the degree of spacing or crowding of

the teeth and no significant relation T¡/as found between dental-arch

shape and the rmuscle factort"

Dockrel1, Clinch and Scott (1954) studied 189 children, L07

boys and 82 gírls, aged from twelve-and-a-half to sixteen-and-a-ha1f

years. They lived ín the Aran Islands situated in the AElantic

Ocean thirty miles west of Galway city" Records of full-face and

profile photographs, anthropometric measurements, and algínate

impressions of the dentitíon for dental casts were taken" The

study was planned to be the first stage of a serial investigation of

the children" Two measurements \^rere made on each of the

intercanine and the íntermolar arch breadths" The internal

measurements hrere taken from Èhe tgum margin opposite the lingual

ridgetand the external measurements from therwidest part of the

labial surfacer of the tooth. They found that in the maxillary

arch the internal and external intercanine breadths increased from

age three to sixteen years for both sexes with the exception of a

decrease in ínternal intercanine breadth in girls between ages

eleven and sixteen years. From ages five to sixteen years the

maxillary intermolar breadth measurements increased for both sexes,

though changes of the internal intermolar breadths for boys were
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not apparent. rn the mandibular arch the intercanine breadths

decreased from age three to sixteen years for both sexes with the

exception of an increase in external measurements for boys.

However, from age five to sixteen years the mandibular intermolar

breadths increased for both sexes and more so for girls. The

overbite and overjet of the deciduous dentition decreased with

increasing age, but with the eruption of the permanent incísors

the overbite and overjet increased with age.

Meredith and Cox (1954) investigated sex differences in

íntermolar breadths and the relationship of arch breadths beÈween

maxillary and mandibular arches. They measured dental casts of a

group of rl,lhítet children, forty-four boys and fif ty girls, at age

níne years. rt was found thaÈ the average dental-arch breadth for

boys was greater than for gírls, and that the dental-arch breadth of

the maxilla was greater than that of lhe mandible" Meredith and

Hopp (1956) in a longitudinal study of seventy-seven North American

LIhíte children, forty boys and thirty-seven girls, measured dental

casts obtaíned from these subjects at ages four, six and eight

years. They found that the interbuccal breadths of the deciduous

second molars increased with age, that the maxillary arch was wider

than the mandibular arch and that the dental arches of males were

wider than those of females.



2L.

Hayashi (1956) applied a rectangular coordinate system to the

analysis of dental-arch shape. He proposed the formula y - r*t to

represent the curve of the dental arch, where the x-axis was the

rnormaf drawn at the median incisal poínÈr and the y-¿¡is was the

rmedian sagittal liner. By altering the values of rar and tnf the

shape of the curve could be changed to suit the requíred arch form

for description. He tested his formula by applying it to

Ilrdliðkars six typical dental-arch shapes, and to the dental arches

of a random sample of fÍfty patients at the prosÈhetic department of

the Tokyo Medical and Dental Universíty. He found deviatíons

between the theoretical and the actual curves of the dental arches,

and derived a compensaËing formula to ímprove the fit of the curve.

The concluding formula which he suggesLed was y = axn + ed{x-F).

Scott (1957) applíed MacConaill and Scher's (1949) merhod of

describing rnormalr dental arches by catenary curves. He proposed

the use of a rcatenometerr for arch shape description. The

fcatenometerr consisted of a horizonta! bar wiÈh two movable stops

or clips from which a chain of fixed length \^ras suspended. By

adjusting the movable stops on the horizontal bar the various forms

of curves could be expressed by reading off from the scale which

showed the distance apart of the two sEops"

Moorpees (1957) studied dental casts obtained from 156 Aleuts

who were investigared in 1948. Adapting the merhod of Hrdliúka he
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analysed dental-arch shape by subject.ive classification ínto six

groups: hyperbolic, parabolic, ovoíd, trapezoid, omega-shaped and

the unclassifiable forms. Most of the dental arches r¿ere recorded

as parabolic in shape - 77 per cent ín the maxilla and 84 per cent

ín the mandíble. The shape of dental arches was also described by

the dental arch índex. Moorrees conmented that neither of the

methods he used was satisfactory for the description of dental arch

shapes. Dental-arch breadth and depth were measured by

odontometric and anthropometríc methods.

Moorrees (I959) conducted a longitudinal study of growth and

developmental changes of the dentition of 184 North American l{hiÈe

children. Dental casts of these children were collected by Dr.

H.L. Stuart of the Harvard University, and Dr. R.H. Stucklen of

l,lilmington, Delaware. The stuart series consisted or r32 children,

fífty-nine boys and sevent.y-three girls, with dental casts obtained

yearly or half-yearly from age about tr¡/o years to eíghteen years,

except for a discontinuity of four years betr¡reen twelve and

síxteen years of age of the chíldren because of llorld I^Iar rr. The

stucklen series consisted of fifty-two children, t\^renty-five boys

and twenty-seven gír1s with dental casts obtained yearly near the

birth date of the children, from about five to eighteen years of

age. A total of only twenty-eíght children in the groups had

malocclusions but many had missing teeth due to extractions.

Concerning dimensional changes of dental arches, Moorrees found that
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the average dental-arch depth decreased wíth íncreasing age except

during the erupËion of the permanent incisors" The maxillary and

mandibular arch depths decreased from age three to eighteen years

for both sexes and the tolal decrease appeared to be more in the

mandible and in girls. The dental-arch breadÈh increased

írregularly wiÈh age and it r^ras generally associated with the

eruption of the permanent incisors, canines and premolars. He

found that the mean increment of intercanine breadth from age fíve

to eighteen years r^ras greater ín the maxilla and ín the external

(intercuspal) measurements. Sími1arTy, the mean intermolar

breadths increased from age síx to eighteen years" At Èhe same

time the arch breadth increase \¡ras found to be greater ín boys than

girls and more in the maxilla than the mandíble. From age five to

eighteen years the maxirlary dental-arch per:imeter íncreased more

ín boys than girls, whilst the mandíbular dental-arch perimeter

decreased more in girls. Moorrees pointed out that there were wide

índividual variations in size and dírectional changes, especially

during eruption of permanent teeth. These changes defied any

generalization on changes of the dental arches.

I¡Iada (1959) used a rectangular coordinate system as proposed by

Numata (1941) to study rnormalr dental arches of. 205 Japanese, 80

males and r25 females, aged between t.hirteen and rorly-six years.

He analysed the positional differences of the teeth between the

upper and the lower jaws, and between ages and sexes.
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van Reenen (1964) made a cross-sectional study of the dental

arches of 52r subjects, 277 maLes ar.d 244 femares. These subject.s

consisted or. 406 Bushmen, 52 non-Europeans and 63 Europeans. Ages

of the subjects v/ere estimated accordin¿ to the stage of dental

eruption and general physical appearance. A fu1l complement of

teeth vras present in 80 per cent of the old-aged farm Bushmen.

Measurements were made from the dental casts of Bushmen for the

external and internal arch breadths, arch depth and the

buccolingual width of the íncisors. Mean values of the maxillary

and mandibular measurements and the similar previous findíngs from a

selected group of Bantu and trIhítes r¡rere plotted on the same graph.

He found that the external arch breadth measurements of the groups

formed a curve which r^ras catenary in shape. The internal

measurements of the arch breadth also formed a curve but with two

components - rone extending through the first two centímetres and

other to the posterior and terminal three centimetres of the arch

lengthr" Arch indíces hrere also calculated from measurements of

eighty-four palates. The mean value obtained was 107.1.

Lu (1964,1966) proposed the use of a degree four orrhogonal

polynomial to represent dentar arches and Èo derive indices for

classification of denEal-arch form. The general polynomial

equation proposed was:

\

pq
v = bolo* ,lrbili* 3!1

b.e.
JJ
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vrhere i = 21 4 and j = 1, 3 and the îr,'s or f,.'s were the orthogonalrJ
polynomials in x. The rtaperednessr and rsquareness! of the

symmetrical curve r¡rere measured by the quadratic and quartic terms,

whilst the linear and cubic terms measured the tlopsidednesst and

ttiltednesst of the curve asymmetry. various indices of symmetry

and asymmetry of the curve were derived. Lu suggested that these

indices could be used to classify dental-arch form into various

isomorphic groups.

Mílls (1964) studied the dental arches with neutrocclusion of

molars of 230 mares of mixed European ancesEry from the uníted

States Naval Academy aged sevenËeen to twenty-one years.

Measurements ürere made directly from the oral cavity. The mean

intercanine arch breadth measurements in the maxilla and the

mandible were 35.13 + 0.20 mm and 26.00 + 0"15 mm respectively.

other measurements \.rere made of arch breadth at the premorar

regions, of arch length, of íncisor cro\dn diameter, and of

malalignment score. Mills found that there vras a sígnificant

association between malalignment of teeth and arch breadth.

Barrett, Brown and Macdonald (1965) studied dentar casts

obtained from a group of adolescent and adult Australian Aborigines,

102 males and 102 females. Dental-arch dimensions of Ehe subjects

\^rere compared with those of Swedes and Aleuts and were found to be

larger" In general, dental-arch dimenslons r^rere greater for males

than females during adolescence. Between adolescence and adulthood
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the dental-arch breadth was símilar in the maxilla but rn/as greater

for adults in the mandible; whí1st the arch depth was smaller for

adults ín both arches. They also found no significant sex

differences in arch depth for adults. Barrett and Brown (196S)

used the same material to study the shape of the dental arches by

deriving dental-arch indices for odontometric and anthropometric

measurements. They found that dental-arch indices differed 1ittle

between adolescent males and females, but the values found for

adult males were signifícantly greater than those for females,

which indicated that adult males had denÈal arches broader in

relation Lo the depth than females. The mean values of the índices

were significantly greater ín the adult group than the adolescent

group in both sexes. Barrett and Brown suggested that age-group

and sex differences in dental-arch indíces r^rere maín1y due to

differences in arch depth and a greater reducËion in arch depth

between adolescence and adulthood in males than females. No

marked associations \¡rere found between breadth and depth

measurements within arches, but these measurements \nrere ín close

association between opposing arches which indicated the conformity

of maxillary and rnandibular arches within individuals. They

concluded that the description of dental-arch shape by means of

dental-arch indices r¡ras not satisfactory and suggested that a

coordinate system of measurement and analysis could be a betËer

approach for arch shape description and comparison.
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Mil1s and HamilËon (1965) conducted a cross-sectional study of

326 maxillary dental casts with ful1 complement of teeth obtained

from the United States Naval Academy, Annapolis, Maryland. They

determined the perimeter of the dental arch from the dístal surface

of the permanent first molar to the distal surface of its antimere

2 4xby the parabolic formula 2 v +
3 , where y \^Ias half of the

intermolar breadth, and x \¡ras the arch depth measured from the mid-

point of the intermolar line to the top of the interdental papilla

between the cenEral incísors. They used a small digital computer

to solve the formula and compared the results obtained from dírect

measurement by orthodontic wire around the perimeter of the dental

arch. No differences between the means obtained by either method

was found, but the error for the measured-v¡ire method was six times

greater than the other. They concluded that the mathematical

method was the more efficient of the two.

Burdi and Líllie (1966) undertook a cross-sectional study of

the maxillary dental arch shape of human embryos aged six-and-a-half

through twelve weeks. HísEological slÍdes made from the embryos

were studied by light mícroscopy. Graphic reconstructions of the

dental-arch shapes were made and photographed. They found that

the maxillary dental arches of six-and-a-ha1f to eight weeks embryos

were wide and flat anteroposteríorly. By seven-and-a-half to níne

weeks the dental arches increased in depth to form C-shaped arches.

The embryonic dental-arch shape did not conform to the catenary
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curve until age nine-and-a-half to twelve r¿eeks. Burdi (1968)

studied mandibular arches by the same method. similar changes

were found to occur, except that the dental-arch shape conformed to

the catenary curve at approximately eight-and-a-half weeks.

Fisk (1966) investigated the mandibular arch of t\^renty males

aged nine to síxÈeen years. The subjects r^rere selected from the

serial control sample of the BurlingEon (ontario) orthodontic

Research centre. selectíon was based on Inormalt mandibular

development and with rregurar' or rmild irregularr teeth in the

incisor region at age sixteen years. He found that there \¡ras a

general decrease in arch perimeter and that the decrease exceeded

5 mm in most of the subjects. A positive rleewayr, that is tooth

widths less than the available arch space, was observed aË age nine

years, but two-thírds of the subjects showed negative rleewayr at

age sixteen years. Most of the subjects showed an íncrease in

incisor írregularity with increasing age. spontaneous correction

of rotated incisors r^ras not observed at age síxteen years.

Moss and Chase (1966) studied deciduous dental arch dimensions

of twenty-two LiberÍan Negro children and compared their f,indings

with those for American tT,lhitet children. Measurements by

vernier calipers ¡¿ere obtained from photographs of the casËs and the

arch circumference outlines l^rere traced for the study of occlusion.

They found that the deciduous dental-arch dimensions of the



29.

Líberian Negro were signifÍcantly greater than those of the llhite

children. There \¡rere no differences in the amount of incisal

overbite or overjet. Diastemal spaces in the Negro seríes were

found to be greater than'in the l"Ihites, but the differences rnrere not

analysed statistícally. They also noted that iÈ \^ras not usual to

have Angle class rr occlusíon (distocclusion) ín the Negro series.

They agreed with Begg (1954) that dynamic factors in functional

occlusion were of great signíficance.

Larnach and Macintosh (i966) studied 1gg Australian Aboriginal

skulls, 52 females and 66 males, recovered from the coast of New

South l^lales. Among other anthropometric measuremenrs dental-arch

indices were calculated from measurements of the ralveolo-maxillary

lengths (alveolon to prosthion) and breadths (between the two

ectomolaria) t . Dental-arch indices vrere used to classify palates

as small, medium or large.

Lear (L967, 1968, f969> and Lear and Moorrees (1969)

reported studies on buccolingual- muscle forces and changes in

dental-arch form. seven male universíty students, aged eighteen Èo

thirty-t\^7o years, with rnormalr occlusion and a full complement of

teeth (except the third molars in some insÈances) were selected for

investigation. Buccal and lingual forces at the premolar regions

during customary oral actÍvities r¡rere measured by specially designed

strain gauge transducers for a period of twenty-four hours"
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Changes in dental-arch form were assessed by superimposi.ng tracings

of Èhe buccal surface outlines of the teeth from occlusal

radiographs of the dental casËs recorded before and one year after

the investigation. Lear and Moorrees found in most of the subiects

that the língual forces r^rere greater than those of the buccal.

However, there \^ras no clear-cut relatíonship between arch shape and

the balance of the buccal and lingual muscular forces. They also

found that there r^ras no correlatíon betvreen head posture during

sleep and symmeÈry of arch shape. Attention was drawn to the need

for further investigation of the threshold leve1s of force

magnitude, force duration, rate of force applicatÍon and removal,

and lateral force componenLs from occlusal contacts for a better

understanding of the relaÈ.ionship between arch form and function.

Bowden and Goose (i968) studied 123 Liverpool families to

determíne the role of ínheritance ín the determination of palatal

arch dimensions. The children selected for study were aged

fourteen years or over. They found that envi.ronmental factors had

a great influence ín the determination of palatal arch width, whilst

the hereditary factors gave only small ad<litive effect.s.

Savara and Sanín (1969) reported a method for recording

morphological landmarks rindependentlyr from dental casts,

photographs or Xerox prints by the use of a modified comparator and

a decímal converter connected to an IBM key punch" lvleasurements of
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the- dental-arch dimensions and the síze and irregularíty in position

of teeth could be derived by computer fací,líties" They suggested

that the magnitude of errors was small in the proposed method.

Savara (T972> reported the use of computer facilítíes and the

Cartesian coordinate system to construct three-dimensional models of

facial bones and dental arches for growth studj.es" He presented a

brief account of the dentofacial research using computer facilities

conducted by himself and his associates. Savara suggested that

dental-arch shape and dental-arch perimeter could be deEermined by

fitting a fourth-degree polynomial equation to the mesiodistal

landmarks of the dental casts.

Lavelle and Foster (1969) undertook a cross-sectional study of

age changes in human dental arches from 1r020 sets of dental casts

of 'fairly normal occlusion' taken from a group of British children,

thirty boys and thirty girls, aged four to t\^/enty years" At age

four years the dental arches of girls \^7ere wider than those of boys,

but the reverse was found at age Ëwenty years" Hence age changes

of dental-arch breadth vlere greater in boys than in girls. In

absolute terms the dental-arch depth in boys \¡/as greater than in

girls, but the sex difference in age changes of dental-arch depth

r¡rere not significant. They also reported that the dental-arch

dimensions increased up to níne years of age ín the incisor region,

but líttle change was noticed thereafter. Foster, Hamilton and

Lavelle (L969) studied dental-arch dimensions of one hundred
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British rtrIhiter children, an equal number of boys and gir1s, in the

age range from Èwo-and-a-half to three years" Measurements \^rere

obtained from dental casts. They found that all dimensions of the

dental arches of boys were larger than those of girls except for the

distance between the distal surfaces of the mandíbular central

incisors. Differences ín measurements between sexes were often

statistically significant." They also found that there r^ras a

positive correlation betr¿een tooth size and dental-arch síze.

Lavelle and Plant (1969) compared the left and right side of the

dental-arch dimensíons of eighty sets of casts of !fairly normal

occlusiont taken from an equal number of males and females of the

I^lest Mídland population at the age of eighteen years" Mesiodistal

cro\¡en diameters of the teeth T¡rere measured by a travelling

microscope" They observed that the dimensions of the teeth and

the arch length were greater on the right than the left side,

though the dif ferences r^rere not statistically sígnificant 
"

However, overcrowding on the right side of the arches r^ras found to

be sígnificantly greater in both sexes" Lavelle and associates

(1970) studied age changes of dental-arch dimensions using

canonical analysis of discríminants" Dental casts from 280

subjects aged between three to fifteen years \Á/ere studíed in seven

groups according to age. Each group consisÈed of twenty males and

twenty females. Measurements were m¿de by dial calipers. It was

found that maximal changes in overall arch dimensions were betr^reen

five and seven years and between eleven and thirteen years. They
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suggested that these changes r¿ere related to the period of change

from the deciduous to the permanent dentÍtion.

Currier (L969) analysed dental-arch shape from radiographs of

dental casts obtained from twenty-fíve Caucasian adults ¡^rith 'idea1'

occlusion. He used a computer prograrune for the fittíng of curves

of the ellípse and parabola to Èhe outer, middle and inner curves

of the dental arches. The abscissa of the rectangular coordinate

system \iras a line connecEing the dístal contact points of the right

and left permanent firsË molars, and the origin of the coordinate

system was given by the intersection of the abscíssa with a line

connecting the buccal eminence on the left permanent firsË and

second molars. He reported that the ellipse fitted the outer

curve of the dental arches in both the maxilla and mandible, while

the parabola fitted the míddle curve of both arches"

Grewe, Meskin and Kenny (L969) studied variability of the

intercaníne breadth of 584 male and 649 female Navajo Indíans whose

ages ranged from six to twenty-one years" They found that the

maxí1lary intercanine breadth íncreased from age six to eleven years

in females and from age six to eighteen years in males, though a

greater portion of the increase for males was between age six to

twelve years. For the mandÍbular intercanine breadÈh the maximum

mean values r^rere found to be at age eight years for females and at

age t$relve years for males. At ages sixteen, seventeen and

eighteen years the maxillary intercanine breadths for males were
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greater than for females of simílar ages., buE the mandíbular

intercanine br:eadths did not vary significantly at the 1 per cent

level between the sexes of the same age. The relative varíabí-lÍty

r^ras found to be least in the maxillary arches of females and most in

the rnandíbular arches of males" The- findings v¡ere sí.mi.lar to those-

for Chíppe\^ra Indian children of corre-sponding age and sex. Grewer

and associates suggested that simi 1ar dent'al-arch dimernsions coul d

be observed ín dí f ferent tribe-s of one srrb-type of a major: r'acial

group- In a separate investi.gation Grewe (1969) measured

jntercanine bre.adths usíng dental casts obtained fyom 299 females

and 307 males of part-Chippewa Indian children aged between six and

eighteen years " These children T,üere c. lassif ied according to age,"

sex, and rthei.r percentage of Chippe,wa Indian ancestry (0-49 per

cent, 50-74 per cent ar'ó 75-100 per cent)r . They found no

signí,ficant difference in the maxillary intercanine measurements

between the 0-49 per cent and 50-74 per cent Indian groups., and in

the mandíbular intercaníne breadths of the females. In males the

intercanine breadths were found to be greater:'.n the 75-100 per: cent

Indian group than Ëhose in the 0-49 per cenË groups " The maximum

mandibular intercanine breadth for females vras at age eight years;

and for mal.es at age nine year:s. At age eight years the mandibrrlar

intercanine breadth of the females \,üas greate-r than that of the

males, but at age fifteen years the same dimensíon ruas significantly

larger ín males than in females" The maximurn maxillary intercaníne

breadth ín females vras at age eleven years; and in males at age
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thirteen years. This same dímension was significantly greater in

males than females at dífferent levels of significance for ages

eight, thirteen, fifteen, sixteen and seventeen years.

Intercanine breadths of the 75-100 per cent Indian group were found

to be significantly greater than those of the Caucasian group at

corresponding ages.

Huddart, Clarke and Thacker (1971) conducted a pilot study on

the maxillary arch dimensions of thirty rnormalr children at birth.

Photocopies of the maxillary arch were obtained in horizontal and

transverse views. They used a tD-mac pencil follower trace

analyserr to convert the lines of the diagram ínto a series of dots

in the coordinate system. The data points r^rere punched on to paper

tapes whích were fed to a computer for analysís. They poínted out

that the method was fundamentally sound and the system T,üas

effícient in data analysis.

i{alker (1972) described procedures for using compuËer

fací1íties and coordinate systems to obtain mathematical models of

lateral or frontal cephalograms of the sku1l, and of the dentition

from the occlusal aspect. He pointed out that by using these

mathematical models separately, morphological changes due to growth

or due to clinical treatment could be analysed; and using them in

combination, a three-dimensional model of the head, face and jaws

could be formed. He reported that applications of the two-

dimensíonal models had been used for clinical and teaching purposes



36

Biggerstaf.f. (I972) studied tooth occlusion using a Cartesian

coordínate system and computer facilities to build a two-dímensional

mathematical model. He analysed the magnítude and direction of the

cusp-fossa and cusp-ridge relatíonships between selected occlusal

landmarks of the posterior teeth in the maxilla and in the mandible.

From 199 sets of casts duplícated from records of the semi-

longitudinal twin study at the Forsyth Dental Center, sixty sets of

casts, forty- seven with good occlusion (Angle Class I) and thírteen

hrith full-cusp Angle Class II, Divísíon I malocclusion, were

photographed and analysed. He observed differences between Ëhe

total population data, the good occlusion ðata, and the

malocclusion data in terms of magnitude and direction of deviation

from the ridealr occluding position for all of the occludíng

relationships. However, the data differences did not show a

general pattern between the good occlusion and the malocclusion

groups. He also observed that there \¡ras a sidedness to occlusion,

slightly Angle Class III on the lefr and slightly Class II on the

right " He poínted out thaË mathematical model used in the

investigation had no clinícaL application but iË could form a

framework for a more complex three-dimensíonal model in future

occlusíon studies.

Brader (L972> studied dental-arch form in relatíon to íntraoral

forces, He suggested the use of a closed curve with trífocal

e11íptic properties to represent rsuperior dental arch formr .
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He also proposed a formula expressing the theoretical relation

between natural denÈal-arch forms and the intraoral muscular forces

acting on them.



CHAPTER 3

I4ATERIAL AND METHODS

MATERIAL AVAILABLE

The material available for study consísted of dental casts

obtaíned by others in a longitudinal growth study of a group of

Australian Aborigínes living under settlement condiÈions at

Yuendumu, 185 miles north-west of Alice Springs in the Northern

Territory of Australia. The locatÍon of the settlement is shown on

the map ín Figure 1.

The total collection of 11736 sets of casts, representlag 245

males and 205 females, üIas assembled over a period of twenty years

by workers engaged in the growth study (Barrett, 1957a, L965;

Barrett, Brown and Fanning, 1965) 
"

YIUENDUMU ABORIGINES

Yuendumu was established in 1946 as a ration depot for

Aborigines who had abandoned their tríbal way of life" It is a

Commonwealth GovernmenÈ Settlement on an Aborigínal Reserve of

850 square miles under the control of the lüelfare Branch of the

Northern Territory Administratíon. There are about 1r000
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Aborigines living at Yuendumu at the present time. Approximately

90 per cent of the population are l,lailbri people and the remainder

belong to the Pintubi Èribe.

A brief general account of the present-day settlement at

Yuendumu has been given by Barrett and I'Iifliamson (L972) " The

ecological surroundings of the people in Èhe early days of the

settlement have been described by Cleland and Tindale (1954) and the

food and eating habits by Campbell and Barrett (1953) and by Meggitt

(1957, 1962). The social organízatíon of the lJailbri people and

theír kinship systems and marriage practices have been studíed by

Meggitt (1962, 1965). Famí1y data have been studied by Tíndale

(1953) and by Fleming, Barrett and Fleming (1971). Physical

characteristics and growth patterns have been studied by Abbie and

Abey (1953a, 1953b, 1955), Abbie (1957, 196I>, Brown and Barrett

(I97I, L972a, L972b), and Barrett and Brown (1971). There have

been many studies of the dental and craniofacial features of the

Yuendumu population: tooth formation by Fanning and Moorrees

(1969), Fanning and Brown (1971); tooth emergence by Barrett

(1957b), Barrett, Brown and Cellier (1964), Barrett and Brown

(1966) ; tooth síze by Barrett, Brown and Luke (I963), Barrett,

Brown and Macdonald (1963a), Barrett, Brown, Arato and Ozols (1964);

tooth occlusion by BarreÈt (1953), Beyron (1964), Barrett (L969)t

Brown (1969); dental arches by BarretÈ, Brown and l"tacdonald (1965),

Barrett and Brown (1968); craniofacial morphology by Brown (1962t
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L967), Barret.t, Brown and Macdonald (1963b), Brown and Barrett

G964), Brown, Barrett and Darroch (1965a, f965b), Gresham, Brown

and Barrett (1965), Barrett, Brown and McNulty (1968), McNulty,

Barrett and Brown (f968), McNulty (1968), McNulty and MorrÍs (1970),

Grave (1971), Brown, Barrett and Grave (1971); dental diseases and

the prevalence of malocclusion by Barrett (1953, 1956), Cran (1955,

1957, 1959, 1960), Björk and Helm (L969), Barrett and I'Iillíamson

(Le72).

The Aborigines at Yuendumu are now livíng under condítions

markedly different from the hunting and food gathering \^7ay of life

of their predecessors. Most of the famílies live in houses but

some still prefer native camps or wurlíes" There is a well-staffed

hospital and child welfare centre at Yuendumu. Children from

about age five attend school. Many of the adults are employed in

settlement jobs" In recent years the money íncome of the community

has increased because of higher r¡rages and social services a1lo!'rances.

Food and clothíng are purchased from a local store. Although lhere

is a communal diníng hall where cheap meals are available, few make

use of thís amenity. MosL of the Aborigínes prefer to purchase

foodstuffs and prepare Èheir own meals in their houses or camps.

The conununity water supply has about 0"8 parts per míllion

fluoride" This has limited the dental carÍes occurrence that. could

be expected to result from consumption of European food with a large

content of refined carbohydrates" The methods of food preparation
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used by the Aborigines are crude. For example, dampers are cooked

in the ashes of a fire on the ground. Meals are taken seated on

the ground. hlith the uníntentional inclusion of abrasive material

in the food - grit and ashes - tooth attrition occurs. But it is

much less than can be seen in museum skulls of Aborigines who lived

under native conditions.

The influence of settlement living conditíons on teeth and

dental arches wíll be referred to in later discussion of the

findings of the ínvesÈígation"

SELECTION OF MATERIAL

The serial dental casts of 28 males and 16 females \^Iere studíed

in the present investigation" The subjects represented by these

casts met Ëhe following critería: (1) they were of pure Australian

Aboriginal ancestry; (2) their birth dates \,rere recorded; (3) their

records covered the age period abouÈ seven to seventeen years; and

(4) their dental-cast series included at least one set of casts

obrained about the time of emergence of the maxillary lateral

incisor and another set obEained after the exfoliation of the last

of the deciduous teeth and before the emergence of the third molars"

The subjecÈs rn/ere the same as those selected by Grave (1971) for

his study of growth and ossificatíon because they had no physical

deformities and their serial hand and wrist roentgenograms and
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lateral cephalometric roentgenograms l¡Iere suffícient ín number for

hís investigation.

Ttle 44 subjects hrere represented by 340 sets of dental casts

All of the casts were photographed preliminary to obtaíning

measurements but on1-y 267 sets \¡rere measured. These 267 sets

were selected because they were obtained rnríthin the period after

emergence of the maxí1lary lateral íncísors and before emergence

of the third molars - a períod of dental develoPment selected for

the present invesËigation. The other 73 sets r¡tere not measured

because 69 sets of Ëhem were obtained either before or after the

selected períod of dental development, and the remaining 4 sets,

though within the period, had missíng perrtsnent first molars or

central incisors. The presence of these teeth \^ras essential

to provide reference points for the determination of polynomiaL

equations used in the ínvestigation to define arch shape.
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DENTAL GROUPINGS

The dental casts of the series for each subject were

categorized in four dental groups determined by tooth emergence

status. Table 1 shows the dental criteria used to group the

subjects. These dental groups form part of a more extensive system

used in other investigatíons of the longítudinal materíal (see

Appendix 1) 
"

Table 2 shows the means and ranges of ages for subject

observations ín the four dental groups. Because the mean values

were calculated by considering each observation on a subject as an

entity they do not represent ages at which the subjects attained

the various stages of dental development. In most instances a

subject was observed on more than one occasíon while still

caLegorized in a particular dental group" Therefore the mean ages

shor¡rn in Table 2 are greater than ages of attainment.

SUBJECTS AI'ID MATERIAL STUDIED

Table 3 shows the disËríbuEion of subjects studied - by sex and

by numbers of dental casts photographed and measured" Table 4

shows the distribution of dental casËs measured - by sex and by

dental groups.
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Table 1. Dental groupings determined by tooth emergence sÈatus

Group Critería

Mixed dentition - at least one permanent maxillary
lateral incisor present

Mixed dentition - some but not all primary canínes or
molars exfoliated but no maxillary second premolars
pre sen Ë

Mixed dentiËion - some primary teeth Present and at
least one maxillary second premolar Present

Permanent dentition - excluding third molars

Groups L, B, C and D correspond to codes 33t 4l ,42 and 5L

respectively of a more extensíve dental groupíng system (see
Appendix 1).

Table 2. Means and age ranges of subject observatíons in the four
dental groups

Group Sex
Age in decinral" years

Mean Range

9.0 7.3 - 10.6
A

8.4 7"6 - 9"6

10.8 9"1 L2 "7
B

10.3 9.1 12 "6

L2.0 10.0 - 13.7
C

11.0 9.9 13.6

A

B

C

D

M

F

M

F

M

F

M

F
D

t3.6
13.0

10. 1 r7 .3

r0 "4 16.1
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Table 3 Distribution of subJects studied - by sex and by number
of dental casts photographed and measured

Number
of

Number of dental casts

sub ects Pho tographed Measured

Males 28 226 L72

Females L6 rr4 95

Total 44 340 267

Table 4. Distríbution of dental casts measured - by sex and by
dentel groups

Numbers of dental casts by dental groups

A B c D To taL

Males 32 35 L2 93 L72

Females 1_8 22 6 49 95

Total 50 57 t8 L42 267
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DENTAL STATUS OF SUBJECTS

The oral and dental health of 309 children and young adults at

Yuendumu \iras surveyed in 1970 by Barrett and llílliamson (1972).

Included ín the survey were 38 of the 44 subjects studied in the

present investigaÈion.

For the sample of 38 the mean number of DMF (decayed, missíng,

filled) permanent teeth was 1.6. The low caries prevalence is

emphasised by the distribution of subjects according to the number

of DMF teethz 14 with none; 6 with 1; 9 with 2; 4 wír1n 3; 3 with 4;

l with 5; and t r,.rith 6.

Reference has already been made to the presence of 0.8 parts

per million of fluoride in the community \dater supply, As r¿ell as

its limiting effect on dental caries occurrence this concentratíon

of fluoride has led ro endemic dental fluorosis in the community

(hlilliamson and Barrett, I972). Ratings by the classification of

Dean (1934) r¡rere found in 1970 for the sample of 38 to be as

follows: 19 subjects with'very mildr; 10 withrmildr; and 9 with

tmoderatet dental fluorosis.

The extent of gingival and periodontal disease vlas assessed

in Ehe 1970 survey by means of periodontal index ratings (Russell,

1956). Index values for the sample of 38 ranged from 0"5 Ëo 2.8

with an average value of 2.0. Food debris and dental plaque were
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found on the teeth of all sub jects. Mild gingivitis \^/as

unj-versally present 
"

Tooth attrition as ir affected the occlusal surfaces of the

perÍranent first molar teeth rras asséssed in the 1970 survey by

means of attrition índex ratings (Davies and Pedersen, 1955).

Attrition index values for the sample of 38 ranged from 0"5 to 2.0

with an average value of 1"4.

The latest set of dental casËs in the series for each of the

44 subjects of the present study was examined to determíne the

antero-posterior relatíon of the maxillary and mandibular permå.nent

first molars as classified by Angle (1907). It was found that 36

(81.8 per cent) presented a Class I molar relation; 3 (6.8 per cent)

a Class II relatíon; and 5 (11.5 per cent) a Class I relatíon on

one side of the arch and a Class II relation on the other side.

Ten subjects (22.7 per cent) ritere considered to have malocclusion,

mainly due to tooth crowdíng.

INDIRECT MEASURE},IENT METHOD

Coordinate measuremenEs of reference points defining maxí11ary

and mandibular arch shape hrere obtained from each set of casts"

Polynomial expressions approximating the shapes r^rere computed from

these values and subsequently used to derive measurements of varÍous

arch dímensions. The use of register points cofltrnon to the
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maxillary and mandibuLar casts when related in Èhe position of

maximum íntercuspation enabled superimposition of curves derived

from the polynomials and calculatíon of values representíng the

ínter-arch relation.

This indirect method of obtainíng measurements from dental

casts has several advantages. First, there is a limíted number of

measurements to be obtained initially, that is, the coordinate

measurements. And special care ís paid to ensure the accuracy of

these few measurements. values for many additíonaI variables can

be calculated to an accuracy of the same order as that of the

coordinate measurements. Secondly, the addítional variables can be

defined objectively in mathematícal terms related to the definitíons

of the reference points used to obtain the coordinate measurements.

Thirdly, when the sample size ís large the indirect method saves

considerable time.

COORDINATE MEASUREMENTS

In general outllne the procedures for acqulslÈion of

coordfnate data from the dental cêsts consisted of preparatlon of

the dental castg, photographlng the casts, and obtalnlng coordfnate

measurements by means of a record reader. Definitlons of the terms

used and detalls of the procedures follow.
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DEFINITIONS

Reference poínts

The reference points r/üere selected morphological features used

to describe the location of teeth. They are illustrated ín FÍgures

2 and 3 and specífiedl ín the curve definitíons which follow.

Vestibular curve

The vesÈíbular curve was defined as a curve passing through the

mid-poínts of the incÍsal edges of the cenEral and laÈeral incisors,

the tips of the canÍnes, the tips of the buccal cusps of the

premolars, and the tips of the mesiobuccal cusps of the maxÍllary

molars or Ehe distobuccal cusps of the mandibular molars. The

vestibular curves are Íllustrated in Figure 4.

Sulcus curve

The sulcus curves \Ârere separate right and left curves passing

through the mid-points of the central developmental grooves of the

premoiars anà the central plts of the central fossae of the molars

in the maxillary dental arch. The sulcus curves are illustrated

in Figure 4.
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Figure 2 Early mixed dentition -
reference points., register
points and scale points
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Figure 3 Early permanent dentition -
reference points, register
points and scale Points
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Figure 4. Vestibular and sulcus curves
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Register points

The regíster points \^rere points corrunon to the maxillary and

mandibular casts when related in the posítion of maximum

intercuspation (Figures 2 and 3) " Register poínts were established

to enable superímposition of maxillary and mandibular curves

derived by computer from coordinaËes of the reference points

(Fígure 5).

Scale poinEs

The scale points were located by two whlte crosses 5 cm aparÈ

on a black plastíc strip placed at the same level as the occlusal

surface of the cast when the cast was photographed (Figures 2 and 3)"

Scale points were included 1n the photographs of the casEs to enable

computer rescaling of the coordinaËe values read from the reference

and register poínts.

Occlusal plane

The occlusal plane was deffned as a plane which lncluded a

poínÈ on the medían lfne of the maxlllary arch at the level of the

incisal edges of the central íncísors as well as the central fossa

points of the maxillary rlght and left permanent first molars

(Figure 6).
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Figure 5 Superimposed maxillary (outer) and
mandibular (inner) vestibular curves
and register points (R1 and R2)
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PREPARATION OF DENTAL CASTS

The dental casts v/ere carefully examined and prepared to

eliminate any artefacEs inÈroduced during the casting procedures and

to ensure that the maxillary and the mandibular casts could be

brought together into maximum intercuspation without any

interference.

The reference points previously specified \,ùere marked on the

casts usí-ng a sharp soft pencil, Care was taken to ensure that

the dots were small and clearly identifiable (Fígures 2 and 3) 
"

Blocks of soft red modellíng wax T¡/ere attached to the casts

for the insertion of the regisËration markers. A sheet of wax was

softened and rolled into a stíck of about I cm in diameter. The

wax stick r¿as then cut ínto pieces about 2 cm in length. hlhile

still soft the wax pieces \¡rere moulded into blocks of squarish

cross-section" Two wax blocks \^rere softened and attached to the

maxillary casL at the buccal surface of each permanent first molar.

The mandibular cast v/as then brought into positíon of maximum

intercuspation r^7ith the maxillary cast and two additional wax blocks

hTere attached in positions corresponding to those on the maxillary

cast. Care was taken that the maxilla::y and mandíbular \¡/as blocks

were close together but not touching when the casts were occluded

(Figure 7).
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Figure 7 i^iax blocks for the attachment of
registration markers
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To est.ablish register points for the casts two pairs of

regístration markers made of orthodontic molar buccal tubes

(0"25 in. x 0.036 in. internal diameter) were used (Figure 8)"

Each tube was soldered at right angles to a piece of stainless steel

round wire (0"036 in. diameter). A short length of wire soldered

to Èhe free end of the wire formed a stem for aEtachment to the wax

blocks.

The maxillary and the mandibular casts were occluded in

position of maximum intercuspation and held Ëogether by hand" Two

registration markers \^rere aligned by inserting a special locking

device (Figure 8) formed from stainless steel wire (0"036 ín.

diameter). The stems were heated and inserted into the wax blocks,

one attached to the maxillary cast and the other to the mandibular

cast. I,Jhile the r¿ax was setting the long axis of the aligned Èubes

was held perpendicular to the occlusal plane of the casts. The

aligned markers were held in position until the wax had set. A

similar procedure was followed to attach another pair of markers on

the opposite síde of the casts (Figure 9). The locking device was

released and the casts rirere separated" The centres of the holes of

the marker tubes constituted the register points.

PHOTOGRAPHING DENTA.L CASTS

The objective was to photograph each cast under carefully

controlled standard condiËíons. Prior to photography the cast was
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Figure 8 Registration markers and locking device used
to hold the markers during attachment to wax
blocks.
A - the three components; B - Èhe assembled
componen fs.
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Figure 9 Dental casts wiÈh registration markers
a t tache d
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a ligned

s tandard

so that the occlusal plane was parallel with and at a

of the camera and wasdistance from the film plane

posÍtioned centrally

lens.

in relation to the optical axis of the camera

The photographic apparatus is shown in Figure 10" It

consisted of a rigidly constructed framer¡ork supporting a machined

mild steel, reference base and a vertical extension with camera

stage on which a 6 cm by 6 cm single lens reflex cameratk rrüas

attached by means of a rack and pínion bellows extension" The

level of the reference base was adjustable and illurnination was

províded by two desk lamps attached to the framework"

The reference base of the photographic apparatus \n/as levelled

with the aíd of a tripod device, and thus became the reference

plane. The level1ing tripod consisted of two metal points,

connected by a screvr mechanism so that the dísEance between the

points could be varied, and an extension forming the third leg of

Èhe tripod. A spirit level formed part of the device (Figure 6).

The occlusal plane was adjusted parallel with the reference

plane.

t

cc Hasselblad 500C wíth 120 mrn f5,6 Zeiss S-planar lens.
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Figure 10. Photographic apparatus
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The maxillary cast \^ras attached to a cast surveyor model clamp*

and the levelling device adjusted so that the legs of the tripod

rested on the occlusal plane reference points. The model clamp was

placed on the reference base of the photographíc stand and adjusted

by means of its universal joint mechanism so that the occlusal

plane r¿as level (Figure 11).

The mandibular cast r^ras aÈtached to a second model clamp and

placed on the maxillary cast in the intercuspal relation. The

inverted mandibular model clamp was adjusted by means of its

universal joint so that its base was level, again using the

1eve11ing tripod (Figure 12).

llith íts clamp, the cast to be photographed was placed on the

level platform of a rise and fall devíce and its height adjusËed by

means of a rack and piníon so that the incisor reference point of

the maxillary cast or the reference point of the permanent first

molar of the mandibular cast was level with the upper surface of

the open frame of the device. The scale plastic st.rip was placed

to the front of the open frame.

A label identifying the cast \^ras placed on the plastíc strip

(Figure 13). The maxillary cast of the set \^ras phot.ographed first,

Ne¡¡ Manufacturing Company, Hartford, Connecticut.
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.)

lvlodel clamp and tripod devíce used to 1evel
the maxillarY occlusal Plane

)

Figure 1l
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Figure 12. Method used to level the base
of the model clamp attached
to the mandibular cast
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Figure 13 Device for adjusting height of
occlusal plane prior to photography
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followed by the mandibular cast.

always placed Èo face left.

The right side of the cast was

MEASUR-EMENTS

The negative photographic film strip ü7as mounEed in a projector

forming part of the record reader*" Images of the pictures were

projected on the screen for recording reference points, register

points and scale points.

A semí-automatic record reader with decimal converter r¡7as used

Ëo obtain coordínate measurements of each of the reference poinÈs,

regÍster points and scale poínts in turn (Fígure llr) " Readíngs of

x and y coordínat.es were obtained from the image of the photograph

of the casÈs by manually alignÍng tli/o hairlines to intersect over

each point in specified sequence" Activating a button swítch

automatically punched out the coordínates on to data cards ready for

computer entry.

Orientation of the photographic images in a standard relation

to the coordinate axes of the record reader I¡Ias not necessary

because the set of poi-nt coordínaÈes hles subsequently aligned to a

specified standard by computer" Ilowever, fot ease of data

Oscar F/DLF Strip Chart and Film Digitizing. System, Computer
Industries Inc., Graphic Systems Division, Van Nuys, California.

s
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Figure 14. Semi-automatic record reader
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collectíon the screen images of the casts \^rere orientated to have

the anterior arc of the maxillary dental arch upwards and that of

the mandíbular arch downwards.

The coordinates of the required data poÍnEs r^rere read and

punched on to cards in the followíng sequence: the maxillary right

register point, the right scale point, the leff scale point, the

left register point, the maxillary reference points along the

vestibular curve from the last molar on the right to that on the

left, and along the sulcus curves from the last molar on the right

to that on the left, the mandibular reference points from the last

molar on the right to that on Ëhe left, the right mandíbular

register point, the right scale point, the lefE scale point and the

lefÈ register point (Figure 15) 
"

To provide a check on the accuracy of the coordinaËe

measurements repeat readings T¡rere obtained from the cast

photographs. It was necessary to rewind the film before the

second determination could be made"

COMPUTING PROCEDURES

In general outline the computing procedures consísted of

checkíng and refiníng the raw data, approximaÈing polynomial curves,

deriving metric varíables, and comparing various dental-arch
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dimensions" Definitions of the terms used and details of

procedures fol1ow.

DEFINITIONS

Intermolar line

The intermolar line was defined as the line joining the right

and left permanent first molar reference points - the central fossa

points for the maxillary arch and the distobuccal cusp poÍ-nts for

the mandíbular arch.

Abscissa and ordinate

The abscissa hras defined as the line coincident with the

intermolar line; and Ehe ordÍnate as the line at right angles to the

abscissa and passing through the mid-point of the intermolar line

(see Appendix 2).

Dental-arch breadth

Dental-arch breadth was defined as the disËance between the

points of intersection of the vesÈibular curve on the abscissa,

that is, the x-intercepts of the curve (Figure 16) 
"



73.

Y

xaDP

Figure 16. DenÈa1-arch dimensions: arch breadth, PQ;
arch depth, TD; arch perimeter, PTQ; and
arch area, shaded area



Dental-arch depth

Dental-arch
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the distance between the

of the vestibular curve on

depEh was defined as

point of íntersectiontheabscíssa and

the ordinate,

(Figure 16) 
"

that is, the value of the y-intercept of the curve

Dental-arch perimeter

Dental-arch perimeter vlas defined as the length of the

vestibular curve between Ehe points of intersection of the

vestibular curve and the abscissa (Figure 16) 
"

Dental-arch area

Dental-arch area was defined as the area of the dental arch

included withín the vestibular curve and the abscissa (Figure 16).

Polar vectors

Polar vectors were defined as linear dístances from the origin

of the coordinate axes to the poínts of intersection of the

vestibular curve r^rith lines at 0o, 30", 60or 90", I20", 150o and

180o. The seven polar vectors r¿ere designated respectively as the

left molar, left premoLar, left canine vectors, the incisor vector,

and the right canine, right premolar and right molar vecÈors

(Figure 17).
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Dental-arch heptagon

Dental-arch heptagon r¡ras defined as the polygonal

representatíon of the shape of the dental arch formed by lines

joiníng the points specífied for the polar vectors (Figure 17) 
"

Polar overjets

Polar overjets were defined as the differences between

maxillary polar vectors and their corresponding mandibular polar

vectors when the arches r^rere opposed in the i.ntercuspal or

functional relation (Figure 17).

DATA CHECKS

The punched cards ouÈput from the record reader were first

checxed by computer to ensure that they were in proper sequence.

Each set of data in turn was transformed by translation and

rotation so that the mid-point of the intermolar líne coincided with

the orÍgÍn of the new coordinaÈe axes and the intermolar line

coíncided with the abscíssa. üIith neference to the known distance

between the scale points the data ïùere rescaled to Ëheir naÈural

values.

The two sets of transformed and rescaled data obtained by

duplicate readings r^rere compared to reveal discrepancies. Mean

values were calculated for each of the poínt coordínates if the
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differences between the original and the repeat observations ín

their transformed and rescaled values did not excees a specified,

acceptable level of discrepancy. Otherwise, the computer rejected

the observations. It r¿as then necessary to perform another double

determínation for all the reference points in that particular set of

records for another data check. The mean values constituted the

refined data for subsequent calculations and they v/ere stored on

magneEic tape.

POLYNOMIAI CURVES

The general form of the polyn míal equation used in the present

investigation ís as fo1low:

y = ao f arx + ^r*2 + ar*3 + ".."" *.rr-1*t-1 + arrxn

where n is the number denotíng the degree of the polynomial 
"

The following is a bríef outline of the method used to select

polynomial equations approximating the dental-arch curves.

Chapter 4 gíves a fuller account of the use of polynomial equations

for this purpose and det.aÍIs the results of a pilot study on

methodology.

Ten curves ranging from degree one to degree ten hrere derived

from each set of coordinat.e points by applying the least squares

method of curve fitting. Only ten curves hrere computed because

polynomials of higher degree Èhan ten generally did not produce
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smooth curves to fit the twelve to fourteen coordínate points of a

dental arch 
"

The y-intercepts of each of these ten curves were then

compared r¿ith the y-intercept of a straight líne passing through the

central incisor reference poínt coordinates. The curve which gave

the minimum but posítíve fígures in the comparison r^ras selected as

the curve best describing the shape of the dental arch as specified

by the coordinate poinÈs.

METRIC VARIABLES

Having obtained shape-representing polynomial equations

specific for each of the dental arches studied the next procedure

was to compute the metric variables which were defined previously

(see page 72), The following is an outlíne of the mathematical

principles involved in the computations.

Dental-arch breadth

Newtonrs method of root fíndíng was used to determine the

values of the x-intercepts near the permanent fírst molars.

Calculations r4tere made according to the formula:

f (x1)
*2= *1 f I (xl)



where x1

79 
"

a value close to the true value of one of the roots of x

of the gíven equation; and

the calculated value which was closer than xl to the Èrue

value of the same root of x of the given equation.

neI¡7

x.2

For the present study, the values of x, were taken to be the

same as the x-coordinates of central fossa reference

poínts of the maxillary perÍianent first molars, or the tip of the

distobuccal cusp of the rnandibular permanent first molars"

By substituting x, into the form.ila for xl a more accurate

value of the required root of x was determined. The required

x-íntercepts were determined by an iterative procedure"

The value of the dental-arch breadth was gíven by the sum of

the absolute values of the x-intercepts obtaÍned"

However, when the permanenË second molar reference points were

not avaílable for some of the maxillary dental arches the polynomial

equations selected to describe their shapes míght not intersect the

abscissa; or might produce x-intercept values too large or too

small to be acceptable. under such circumstances the x-intercepts

of the curves \¡rere not. determined by the usual procedures"

Instead, the values r¡rere taken as the x-intercepts of the lines

tangent to the curves at the points where the x-coordinate values

were equivalent to the x-coordinates of the central fossa reference

points of the maxillary permanent first molars" Newton¡s method
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of root fínding was applied wíthout i,teration to obtain new values

of x which were the x-intercept values of the tangents to the curves

at the selected points.

Dental-arch depth

Dental-arch depth (the y-intercept of the curve) was equivalent

to the value of y when x = 0 in the equation" Thus, the dental-

arch depth was taken to be the same as the value of the constant

term in the polynomial equation.

Dental-arch erime ter

To calculate the perimeter, the curve between the known

x-intercepts \^/as divided into segments of sma1l increments of x.

From one of the values of the x-intercepts and Ehe known small

increment of x, the íncrement of the y value could be obtained.

Then based on Pythagoras theorem the lengt.h of the small segment

of the curve was given by the square root of the sum of the squares

of the x and y increments. The perimeter hras then determined as

the sum total of the lengths of the small segments of rhe curve

between the x-íntercepËs.
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Dental-ar area

Determínation of the area of the dental arch was based on the

followíng mathematical equatíon:

q
Area f (x) dx

where f(x) was the polynomial. equatíon and p and q were the

x-íntercepts of the råquired portíon of the curve.

Polar vectors

The values of the incísor vector were equivalent to the

y-intercepts of the polynomlal equations; and the molar vectors the

x-intercepts. The canine and premolar vectors were obtained by

(1) locating the coordlnate points on the curve which formed the

ratío y:x = tan 60" or lan L2A" for the canine vectors and

y:x = tan 30o or tan 150o for the premolar vectors, and

(2) calculating the square root of the sum of squares of the values

x and y at each of the located,points.

Polar overíets

Values of the polar overJets were obtained by computing Èhe

differences between the maxillary polar vectors and the

corresponding mandíbular polar vectors with the arches ín the

íntercuspal or functíonal relatíon.

I,
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STATISTICAJ, METHODS

For each of the variables studied its mean and standard

deviation urere computed. Differences between the means of any two

groups rirere assessed for their stat.ístical significance by the

tstudentrsr t test. Standard statistical meÈhods were used

(nailey , L959) 
"

ERRORS AND LIMITATIONS OF METITOD

Errors of method were of tr,{o types: observer errors and

systematic errors.

and gíves details of

Reference ís made to

The following sectíon defines the terms used

procedures for minimizing the errors.

other 1ímitatíons of the method.

DEFINITIONS

Linear dÍscrepancy

Llnear dfscrepancy rlas deflned as the linear distance beÈween

the coordlnate measurements of a point on repeated determinations.

Tolerance value

Tolerance value was defined as the permíssible variation in

l-inear discrepancy. For the present investigation the tolerance

value \iras set at + 0.5 rmn (see Appendix 3).
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OBSERVER ERRORS

Identifiable sources of observer errors vlere: (1) bias in

markíng reference points, (2) errors in relatíng maxíllary and

mandíbular casts in the position of maximum intercuspation,

(3) frank measuremenE mistakes, and (4) inconsistencÍes in locating

reference points during measurement "

In some of the dental casts where tooth attriEion had led to

a wearing of cusp summits there was difficulty in locating all of

the reference points with the same degree of confidence. trlhen

marking the reference points with pencil a judgement had to be made

on their locations within wear facets" Hence there was the

possibility of bias. The magnítude of the observer error from

this source I^ras not. estimated"

Since there \^rere no ínterocclusal records of the intercuspal

relations of the dental casts, a judgement had to be made on their

occlusíon ín position of maximum intercuspaÈion prior to the

establishment of regístration markers on the casts" Hence there

was Èhe possibí1iÈy of errors. However, these errors r^rere

considered to be small because (1) the dental arches being intact

provided a positive guide to the position of maximum intercuspation,

(2) reference to other sets of casts in the series for the same

subject could be made if any uncertaínty v/as encountered, and

(3) reference to the lateral cephalograms of the subject could be

made.
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Double determínations of coc¡rdínâtÉ] values of each set of

refe.rencre points were obtained. Dif ferences bertween the sets of

coordínate data obtained by the same observer on different occasions

were used to deÈermine the linear di,screpancies" A computer

programme checked the coordinate data. Any double set of data

with one or more reference points having a linear: discre.pancy

whích exceeded the tolerance value was dí,scarded and double

deter:mi.nations for all the reference point^s in that set of r:ecords

\üere repeated for 
" ,r.r analysís " Ey this means any frank místakes

in the reading of referenee points \^rere elimj-nated. Thus the

accuracy of the recorded locatíons of the reference points was

improved 
"

Mean coordinate values of each

by averaging separately the abscissa

reference point were derived

and the ordinate values of the

first and second locations of the reference

determinations. The

accepted as the best

points marked on the

mean coordinate values

point

thus

estimates of the locations of

on repeated

obtained were

the reference

casts.

SYSTEI{ATIC ERRORS

Systematic errors arose from the limitations of instrurnents and

measuring methods. Standatdízed equipment and technical procedures

were used in the present investígation to minimize these errors"

The fo1lowíng outlines the procedures for minimizing errors in the
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use of registration markers for locating the maximum inËercuspal

relation of the maxillary and the mandibular casts, in the

photography of the dental casts, and in the use of the record

reader for measuring the coordinate points.

MalalignmenE of the registration markers prior to photography

would affect the study of the maximum intercuspal relation of the

maxillary and mandibular casts. To minimize errors from this

source care r^7as taken to properly alígn and retain Èhe markers in

their correct posítions until the molten \^rax around the marker

sËems had set (see page 57). After the casts had been separated

care \^las taken to avoid any disturbance Ëo the markers prior to

photography (see Appendix 4).

Photography of the dental casts was carried out under

standardízed condition. Photographic dístortion was considered

to be negligible because the Zeiss,S-planar lens used for the

photography was capable of producing a disËortion-free image even

at close object to fíIm distances.

The record reader used in the present investigaLion \¡ras a

sensitive and reliable instrument for reading coordinate points.

The same field area of the screen \¡ras used during the whole

operation of daEa reading and a new calibration to the same scale

was made at every seating. Occasionally the reader generated

errors" However, these were deËected either immediately by the
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unusual operating sound of the record reader when the coordinate

values were digitized or by the process of computer checking the

double determinations of the coordinate values. If errors r,üere

found double determinations of the coordinate points were repeated

for another data check.

OTHER LIMITATIONS OF THE METHOD

Limitations of Èhe method other than observer errors and

systematlc errors have been discussed in sections dealing wiËh the

abscissa and ordinate (see Appendix 2) , and dental-arch breadth

(see page 79). The following Chapter on polynomial equaÈlons

also díscusses some límitet.íons of the use of polynomial equations

for dental-arch descríptíon.



CHAPTER 4

POLYNOMIAI EQUATIONS

A brief outlíne of the method used in the present study to

select polynomial equaËions approximating the dental-arch curves

has already been given (p" 77)" The followíng ís a fuller account

of the use of polynomíal equations to represent dental arches for

analyses of their sl,ze and shape

methodolo gy are prejented.

Results of a pilot study on

SHAPE DESCRIPTION

The use of a mathematical equation to represent a shape is not

uncommon. To students of mathematics the equatior, *2 * y2 = t2

describes a circle. But to others not conversant with mathematics

the equation means very little" However, the shape it represents

becomes obvious r¿hen the equation is transformed ínto its

graphical form with the whole círcle plotted on paper. SímilarLy,

a polynomial equation derived from the reference points of a

dental arch does not convey to the reader the shape it describes

because ít is not presented in a common recognízable form" But

r¿hen its curve is plotted the shape ís re.vealed"
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The polynomial equation in its rnathematical form is not without

values in its contribuËion to the description of dental-arch shape"

Two characteristics of the curve it descri,bes can be recognized

without plotting the equation, namely, the symmetry and the depth

of the dental arch.

A symmetrical curve is represented by a polynomial equation

with no odd powers of x. The graph of such an equation will have

the right half of the curve exactly the mirror image of the left

half. Figure 18 shbws a curve plotted from the polynomial

equation y = gg - 2Ox2 * *4, wíth only even po\^rers of x. The

curve is symmetrical wíth reference to the ordinate and the depth

of the curve is the y-intercept, equivalent to the value of the

constant in the equatíon.

An asymmetrical curve is represented by a polynomial equation

with odd as well as even por¡/ers of x" The curve will skew to one

side" Figure 19 illustrates a curve plotted from the polynomial

equation y = 99 - x - 2Ox2 + x4, with both odd and even porìiers of x"

The peak of the curve is to right side of the ordínate" The

ordinate value of the highest point of the curve is slightly

greater than the value of the y-íntercept" Provided the sker¿ness

ís not too greal, the y-íntercept or the constant ín the equation

gives a value very similar to the ordinate value of the highest

point of the curve.
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-2 -l 0 2 3

Figure I8 Curve plotted from a polynomial equation with only
even poÌ{ers of x
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d

-3 -2 -l 0 I 2 3

Flgure 19. Curve plotÈed from a polynomial equatlon r¿1th both
odd and even povrers of x
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ANAIYSES

Mathematical treatment of polynomial equations describing

dental-arch curves can be performed in many l^rays. Lu (1964t 1966)

suggesÈed a method for the analysís of the various terms of x in a

polynomial equatíon to determine the degree of symmetry or

asymmetry of the curve. Mínor changes ín the formulae suggesÈed

by Lu would enable a símílar analysis to be applied to polynomials

of higher order than the fourth degree which he proposed.

Polynomials derived from mean values of the point coordinates

of groups of subjects could be useful for comparison of dental

arches between different groups, to determine age differences or

sex differences, for example" By superimposítion of the curves

derived from polynomial equations, gror¡rth changes of the same dental

arch or the relative growth changes between the maxí1lary and

mandibular dental arches could be studied. Dental-arch dimensions -

for example, breadth, depth, polar vectotr, perimeter and area of the

dental arch - could also be derived mathematically from the

equation. However, the accuracy of these derived values would

depend on the method of data acquisition and also on the

specification of the polynomial equation which is chosen to

represent the dental-arch curve.
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PILOT STUDY

The review of Iiterature revealed that polynomíal equations of

varíous degrees have been used to describe dental-arch shapes.

Kato and associates (1950, L964) described dental arches by

quadratic polynomial equatíons; Hayashi (1956) used the equaÈíon,

y = axn * "d(*-P). I,,, (1964, 1966) suggesred rhar porynomials of

degree four were sufficient for dental arch descríption; and Currier

(1969) used parabolíc and elliptic equatíons"

Following the suggestíon of Lu, polynornials of degree four

were used in the pilot study of the present investigation (Cheng,

1970). Fíve sets of dental casts from a male Australian Aboriginal

at ages nine, twelve, thírteen, fifEeen and sixteen years were

analysed. Curves plotted from the degree four polynomials for

this subject are shown ín Figure 20. By visual examination it was

apparent that the curves did not adequately represent the shapes in

every case. For example, the maxillary arch curve at age nine

years had a slight depression tor¿ards the apex of the curve and did

not conform closely to the coordinate points of the central and

lateral incisors" These fíndings led to further study of the

polynomial equations.

The fÍve sets of rnaxillary and mandibular coordinate points

from the pilot study were used. Ten polynomial equatíons, ranging

from degree one to degree ten, rtere derived from each set of
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coordinates. Curves of these equaÈions were plotted together with

the coordinate points as illustrated in Fígures 21 to 25.

Visual examination of the maxillary arch curves of the subject

at nine years (Figure 21) showed that the equatíon of degree one did

not contribute meaningful ínformation to Ëhe study of dental-arch

shape. Curves from polynomials of degree four, five, six and seven

inadequately represented the arch shape because their y-íntercepts

deviated too greatly from an accePtable estímate of the arch depth"

The y-intercepts of the curves of degree four and five were less

than an acceptable estímate of arch depth. On the other hand, the

y-intercepts of the curves of degree six and seven I^7ere greater"

It appeared that the curves best descríbing the maxillary arch shape

of the subjecË at age nine years hlere from polynomials of degree

eíght or nine. The polynomial of degree ten inadequately represent.ed

the arch shape even though the curve more closely fitted the points

than the other curves of the series. The peaks and troughs between

some of Èhe points, as if the curve had been forced beyond stability

into a staLe of oscillation, obviously did not represent the dental-

arch shape"

Vísual examination of the maxillary arch curves of the subject

at ages twelve, thirteen, fifteen and sixteen years suggested that

the curves best describing arch shape were those from polynomial

equations of degree fíve, seven, ten and níne respectively"

It was noted that the peaks of the arch curves derived from

various degrees of polynomials sometimes varied in position from one
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side of the ordinate to the other. This is well-illustrated in

Figure 21 which shows that the maxillary curve of degree four

polynomial sker¡ed to one side whí1st that of degree five polynomial

skewed Eo the other"

These observations led to the conclusion that a partícular form

of polynomial, that is, one of degree four or degree five, and so

on, would not have uníversal applicati-on i,n description of dental-

arch shape. Various dental arches mÍght require polynomials of

different degree.

The polynomial best descríbing a dental arch could be

determined by subjective assessment and selection from a series of

curves plotted ín the same uray as described above. However, this

would be tíme consuming and costly, The best fiEting curve by Ehe

mathematical least squares criterion would be the polynomíal of

degree n - 1, where n is the number of points. Although such a

curve would pass through all the points it r¿ould invariably

oscillate beyond the assumed smooth curve between the reference

poinEs, thereby falsely representing Ëhe dental-arch shape"

Information on the extent by which one curve differed in shape from

the other could be obtained by comparing the area square of the

curves between two selected abscissa values adjacent to the

x-íntercepts of the curves. However, trials with this method did

not help in selecting the curve of best shape to describe the dental

arch,
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To derive an objective method of defining polynomial equations

which besË describe the shape of particular dental arches ít was

necessary to sLudy the problem further"

Careful examinations of the curve series of the pilot study

(Figures 2L to 25) revealed that the curr/es selected subjectively

as best representing the various set.s of coordinate points had

their y-intercepts greater but not very much greater than the

y-intercept of a straight line joining the point coordinates of

their corresponding central incisors (Figure 26 illustrates the

relationship of the curve and che straíght line through the central

incisor points) " The difference between these t\^ro y-intercept

values, TD, is hereafter known as thery-intercept difference

value'" This observation formed the basis of an assumption that

Èhe curve of choice would gíve a value of the y-intercept greater

but not very much greater than Èhat of the y-intercept of a straight

line passíng through the coordinate points of the central incísors.

The above assumption \ilas subjected to further Ínvestigation for

verificatÍon. The y-íntercept difference values for the rnaxillary

arches of the five series of curves from the pilot study were

obEained. Their values are tabulated in Table 5. The curve

having the least posÍtive y-intercept difference value \¡ras chosen

from the series of curves to represent arch shape. The polynomial

equations selected by this criteríon to represent the maxillary

dental arches at ages nine, twelve, thirteen, fifteen and sixteen
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Fígure 26.

ID

Dental-arch curve and a straight llne
passing through the central incisor poÍnts -
ID ís the y-íntercept dlfference value
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Table 5 
"

The y-itr¡ercept difference values computed from
polynomials of degree one to degree ten for one
subject at ages níne, twelve, thirteen, fifteen
and sixteen years

Y-intercept difference valuesDegree of
polynomÍa1 Age 9 ,Age 12 Age 13 Age 15 Age 16

1

2

3

4

5

6

7

8

9

-L5 "444L

4 "7046

4.73L7

-0.8s44

-0"8451

0 . 9110

0.9066

0.279t

o "2856

t3 "9775

-15 .5285

4 "s748

4 "57 s4

0. 2318

0.2328

-0. 30s4

-0.3062

0.7377

0 " 8483

0. 8355

-22 "534L

6 "304s

6 "3453

-0 "1647

-0 "2863

0.0340

o "0923

o "2669

0. 2880

0 
" 
¿+281

-L8 "7205

5.9r33

5 "9146

0 "2256

0.1956

-0 .6L64

-0"5811

0 "602r

0 "5952

0 "207I

-r7.4409

5 "7450

5.8452

0"8413

o .7 882

-0. 0435

-0.0166

0 "4230

o "4224

1 .230810
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years hrere of degree eight, four, six, five and nine respectively.

The curves of these equations hrere examined together wíth the

coordinate poínts (Figures 21 to 25). It was noted that these

curves conformed closely to the shape of the dental arches they

described. Some coincided with the curves selected subjectively;

others díffered little from the subjectíve choice. Therefore the

above criterÍon for the selection of polynomial to best describe

the shape of the dental arches was adopted for the present study.

It is necessary to poínt out that thís method for the

selection of polynomial equat.lons also has its 1ímitatíons.

Theoretically, the above procedures rrny resul-t in curves well

describlng the dental arches anteriorly but not so well posteríorly.

In practice, however, thís deficiency occurred only occasionally -

usually at the premolar regíons of the mandibular arches when high

degree polynomial equations \^tere selected.



CHAPTER 5

RNSULTS AND DISCUSSION

Results of the investigation of dental-arch size and shape

derived from measurements of 267 sets of serial dental casts

representing 44 subjects at different ages are presented under the

following main headings: (1) Cartesian coordinates1, (2) polar

coordínates; (3) polar overjets1' (4) dental-arch areas; and

(5) dental-arch perimeters. The findings are summarízed and a

general discussion is gíven aË the end of the chapter"

1" CARTESIAN COORDINATES

The refined data were analysed by sex and by dental groups to

provide basíc descríptive statistícs for the Cartesian coordinates

of the reference points defining the vestibular dental-arch

curves.

1.1 Right side compared with left side values

Tables 6 and 7 show the sample numbers, means, standard

deviatíons and differences between absolute values of right and

left side Cartesian coordinates for the vesÈibular dental-arch

curve reference points for males and females respectively.



Table 6a"

106.

Cartesian coordinates for the vestibular dental-arch *
curve reference points of Group A males - sample numbers,
means, standard deviations and differences between right
and left sÍde values.

GROUP A Tooth Side N
Abscissa Ordina te

I"lean Díf. S.D. Mean Díf. S-.D.

L"4
1"8

34
34

30
30

25
25

1

2

R

L

R

L

R

L

R
L

R
L

R
L

R
L

18
18

- 4"3
4"B

-20.7
2L "3

-23.I
23 "4

-25.6
25 "7

0.5

0"9J.

0"6

0.6

0.3

0.1

t9 "2
19.1

13.3
13"1

0"0

-0 "4

-0"1

-0.1

-o "2

-0"1

0.8
0.9

1"1
t"2
r"3
0.9

1"0
1"0

I"2
L"2

1"1
1.1

-r2.3
13.2

7

7

9

5

8
7

2.0
2"I

1"2
L"2

0"8
1"1

0.7
0.6

I7
t7

3lc 18
1B

-L7 .6
L8.2

}4Æ(ILLA 4/D

slE

18
18

1B
18

1B
18

6
3"7
3.6

0"4
0.4

7

1

r"4
1.0

R
L

R
L

R
L

R
L

R
L

R

L

R
L

18
18

3"1 -0.4

-0. 3

-0.1

0.

0.2

0.0

-30.4
-30 "2

-28 "O
-27 "9
-22 "I
-2t "9

0.0

-0.2

-0. I

-0 "2

0.8
0.7

0"9
1.0

1"1
1.0

1.0
1"0

3
3

32
32

r"9
2.02"7

MANDIBLE 4 lD

5lE

18
18

3lc 1B
1B

-13"9
13.8

-16 "6
16.8

18
18

- 8"7
8"4

2

-20 "9
2L.t

-23.2
23 "2

18
18

2

2"2
2.2

r"7
1.5

1"3
1"0

0.6
0.6

-11.5
-11"5 0.0

6

7

18
l8

0"9
0"9

0.0
0"0

0.0
0"0

J p < 0.05

0"0
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Cartesian coordinates for the vestibular dental-arch
curve reference points of Group B males - sample numbers,
means, standard deviations and differences betr,.veen right
and left side values.

Abscissa Ordina te
GROUP B Tooth Side N

Mean Dif . S".D . Mean Dif . S.D.

2"0
1"8

1.5
1.6

1.3
1"0

1.1
1.0

0"5
0"7

0.0
0"6

0.3

0"6'k

0. 7ãk

1.01

0.5

0"2

-2.2

3s "7
3s .8

3L.7
31.6

0.1

-0.1

-o "2

0.0

-0.1

-0.2

0.4

0.7
0.8

0"8
0"9

0"9
0.8

L"2
0.6

1"0
1.1

0"0
L"6

3
6

4
4

-12 "2
L2.8

-r7 "6
18.3

R
L

R
L

R
L

R
L

R

L

R
L

R
L

22
22

22
22

2I
2I

2L
2t

22
22

22
22

1

2

2

0

3.8
3.6

- 7.5
- 7"9

26
26

3lc

}TAXILLA 4 /D

5lE

19. 1

19"1
-20 "9
2t.9

-26.2
26.4

L3 "4
13. 3

1.0
1.0

-23 "5
24.0

-3L.2
29.0

0.5
0.4

6

7
I
4

1

2

R

L

R
L

R
L

R
L

R

L

R
L

R
L

22
22

22
22

2t
2L

L9
20

0.
I

2

1

8
3

- 3.1
2"8

- 8.8
8.7

-23.8
23 "B

-0.3

-0.1

-0.4

0.2

0.0

0"0

-32.6
-32.5 -0"r

0.0

0.4

0.3

0"1

0.0

0.9
0.8

0"7
0.9

1.
1.

1.1
0.9

0" 9
0.9

L"4
r"6

3lc

MANDIBLE 4 lD

-L4.4
14"0

-L7 "5
L7 .7

-2L.3
2r "3

26 "5
26 "3

-30"6
-30.6
-2
-2

-2L.3
-2L.6

-1
-1

lL "2
11.1

7.r
7"5

0"0
0.0

1"7
t.7
r"6
L"2

0"6
0.6

0.0
0"0

0.5
0.5

L.2
1.0

slE 22
22

22
22

L.4
1.5

6

4
5

7
r.9
1.0

,( p < 0"05

-0 "2

t p<0"01

-0. 1
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"

108.

Cartesian coordinates for the vestibular dental-arch
curve reference poínts of Group C males - sample numbers,
means, standard deviations and differences between right
and left side values.

Abscissa Ordina te
GROUP C Tooth Side N

Mean Dif " . S.D. Mean Dif" S.D.

1

2

R
L

R
L

R
L

R
L

R
L

R
L

R
L

6
6

6
6

5
5

6
6

6
6

6
6

z
3

- 4"7
4"0

-r2 "3
11.9

-L7 "6
L7 "t

-2t"4
2L "2

-23 "3
23.0

-26.0
26.r

-26.7
26 "9

-0.7

-0"4

- 0.5

-0.2

-0. 3

0.1

0.2

L7"
L7"

0.1

-0. 1

-0" 3

0.0

0.7

0.0

-0" 1

0.6
0"5

34
34

30
30

25
24

4
5

5

4

2

9

2
2

4
1

1.0
1"1

0"9
0" 9

0r8
o.7

1.5
L"6

0.3
0"2

0"0
0.5

0.9
0._5

0.8
0"43lc

}TÆ(ILLA 4 lD

slE

1.0
1"0

o"7
o.4

10
11.

- 8.4
- 8"3

1.5
0"8

0.8
0.6

0.0
1"1

6
3" 9
3.9

7

6
6

6
6

6

6

6
6

5
6

6

6

3
3

1

2

6

7

R
L

R
L

R
L

R
L

R
L

R

L

R
L

- 3.9
1"9

- 9"3
7.6

-2.0f

-L"7t

-L.4

-I.2t

1.1

0.0

0"4

-31"3
-3r.3
-29.2
-30"0

-26 "2
-26.6

0.0

0"8

0"4

0"7

0"4

0"0

-t5 "2
13"8

-20 "5
2r "6

0.9
4.7

0.2
1.1

1.3
L.2

0"6
0.6

0.5
0"5

1.9
1"9

2"L
2"3

L"7
1"1

0.6
1"0

0"0
0.0

1.1
0"2

9"3
0"0

0"0
0.0

3lc

MANDIBLE 4lD -r7 .9
t6 "7

-1
-2

2"5
1"8

5lE r"4
L"9

1.0
2"4

-25 "r
25.5

-10"7
-11.1

-23.6
23 "6

t p(0"01

12.O
LT "7

-0.3



Table 6d.
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Cartesian coordínates for the vestibular dental-arch
curve reference points of Group D males - sample numbers,
means, standard deviations and differences betvleen right
and left side values"

AbscÍssa Ordinate
GROUP D Tooth Side N

Mean Dif" S"D. Mean Dif. S"D.

2"3
2"2

L"6
1.7

1.5
1"5

0.9
t"2
0.6
0"6

0"7
0.6

0.0

0"2

0.0

0"0

-0"1

0.1

-0 "2

34.2
34 "2

30. s
30 "7

25.I
25 "L

9.9
9"B

3.7
3"8

- 8.2
- 8"0

0.7
0.7

0.7
0.5

1"0
1"1

1"0
0"7

1.1
1"1

1.0
1.1

L"7
L"7

- 18.5
18. 3

-0.5r

-0.1

-0 "2

0.0

-0"1

-0"1

- 4.6
4"L

}.,IÆ(ILLA 4 /D

49
49

49
49

3lc 49
49

49
49

R

L

R
L

R
L

R
L

R
L

R

L

R
L

49
49

48
48

1

2
-t2 "5

12 "4

16"8
16"80.0-22 "r

22.L

24
24

0"4
0.46

0
0

7

6

7

6

5/E 49
49

-26
26

-28 "
28.7

1

2

R
L

R
L

R
L

R

L

R
L

R
L

R

L

49
49

49
49

49
49

49
49

- 3"1
2.7

- 9"0
8.7

-0.4r

-0.3ãr

-0.2

-0.2

-0"3

0.0

0"2

-28
-28

-0"1

0.0

0

-0.2

-0.2

0.0

0"7
0"6

0.6
0"7

1.0
0.8

1.1
1"1

1.1
1.1

r"7
1.5

30
30

25
25

4
3

0"0
0.0

1.8
1"8

2"0
L"7

1.6
1"6

1"0
0"7

0"0
0"0

0"6
0"7

1

.5
"5

"3
.5

3/c

MANDIBLE 4 lD

5lE 49
49

-L4.7
14. 5

-18.4
18"2

-20 "4
20"1

-24 "r
24 "L

1.0
0.9

-18.3
-18"1

-LL.2
-11.0

1.0
0"9

6

7

49
49

47
47

-26.3
26.5

11"5
11.8

?k p < 0"05 t p < 0.01

0. 3*
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Table 7a. Cartesian coordinates for the vesÈíbular dental-arch
curve reference poÍnts of Group.A females,- sample
numbers, means, standard deviations and díffe.rences
between right and left síde values.

GROUP A Tooth , Side N
Absc issa Ordina Èe

Mean Eíf . S.D. . Mean -Eif . . S.D.

: },TN(ITI,A 4 /D

31
31

3lc 32
32

32
32

35.6
35"6

31 .5
31 .5

25.7
25.8

1

2

0r8
0"6

R '32
L32

0.9
0"9

1.0
1.1

1"1
1.1

R
L

R
L

R
L

R
L

R
L

R
L

- 4.s
4.8

-13"1
13. 6

-18"6
18. 9

-2L "9
22.2

-24.3
24 "6

0"3

0.5*

0.3

0.

0"0

0"0

0"0

0.1

-0. 1

0.0

0"1

1.9
1.9

1.0
1"0

1.5
1.5

1"1
L.2

0.5
o.7

4
4

19"s
L9.43

1.0
1.1

s,/E
32
32

1"0
1..1

0.3

32
32

13.3
13. 3

3"5
3.66

7

-27 "O
27 .0

0
0

3lc

MANDIRLE 4lD

5,lE

6

7

32
32

R ',32
L32
R .32
L32

0.6
L"2

0.8
0.7

1.0
1.1

1"1
1.1

32
32

0.9
1"0

-z
-2

I

2

R
L

R

L

R
L

R
L

9

I
I
0

3.1
2.6

9.2
8.9

-0.5*

-0.3

- 0.4

-0.4

-0. I

0.

-32
-32

-31
-31

-0.1

0

-0. 3

4.2

0.1

1"8
1.8

1"5
1.5

1.3
1.3

1"6
r"7

0"8
o.7

0.0
0"00

1
32
32

32
32

1"" 0
1.t

'r4.6
L4.2

-L7 .4
17.0

-2L "9
2L "8

-24 "4
24.4

7.8
7"5

-2L "g-2L.6

-11.4
-L1 .5

0.0
0.0

R
L

* p < 0.05

0.0
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Table 7b 
"

Cartesian coordinates for the vestibular dental-arch
curve reference poínts of Group B females - sample
numbers, means, standard deviations and differences
between right and left side values.

GROUP B Tooth Side N
Absc i s sa Ordina te

Mean Dif. S.D " Mean Díf. S.D "

2.0
2.0

1.8
1.8

1.0
1.1

0"8
0.7

0.8
0.5

0;4*

o "7*<

0"2

0.3

0"1

-0.1

32 "6
32 "5
26 "4
26 "3

L3.2
t3 "2

-0.1

-0. 1

-0.1

0.0

0"0

0.0

0.2

4
3

4"4
4.8

3"6
3.6

36
36

19.1
19"1

0.8
0"7

1.5
1.5

1.1
t.2
r^2
L.2

1.0
1.0

0.4
0.3

R
L

R
L

R
L

R
L

R
L

R

L

R
L

35
35

35
35

1

2

5
6

1

1

0"s* å"3
-12.9
13.4

22 "5
22.7

9
2

-18.3
19.0

-27 .7
27 .8

-28
28

34
34

35
35

3lc

Ì'{Æ(ILLA 4 /D

slE 24
25

35
35

35
35

6

5

0.5
0"4

- 8"4
- 8"6

8
7

6

7

L"7
1.8

1"6
1.8

0.7
0.6

0.0
0.0

0"7
0.8

5/E

-0.9t

-0"6r.

-0.5

-0.4

0.0

- 0.5

-33.2
-33.0
-3r "2
-31"3

-27.6
-27 "6
-2r "3
-2r.1
-tr.2
-11"3

0.2

0.1

-o "2

0.1

0.00.0
0.0

0.5
r.2
0,7
0.9

0"8
L.2

1"0
1"3

0.9
L"2

1.1
1.1

r.2
1.5

3.3
2.4

9.2
8.7

-22 "4
22.0

9

9

24
24

35
35

35
35

33
34

33
34

35
35

35
35

9

8

2

R

L

R
L

R

L

R
L

R
L

R
L

R
L

1

2.0
r.9-0"51

4
7

1

I

0.0-L4.9
L4 .3

-r8.2
L7 .7

3lc

},IANDIBLE 4 /D

-26.9
26 "4

6

7

?k p < 0.05 t p<0.01

r1 .4
11.6 0.2
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Table 7c. Cartesian coordÍnates for the vestibular dental-arch
curve reference points of Group C females - sample
numbers, means, standard deviations and differences
between ríght and left side values.

GROUP C Tooth Side N
Abscissa Ordinate

Mean Dif. S"D. l4ean Dif" S.D.

1

2

R
L

R
L

R

L

R
L

R
L

R

L

R
L

T2
l2

t2
l2
L2
T2

-13"r
13 "2

- 4.s
4.3 -0 "2

0.1

0.2

0.0

0"4

0" 1

0.1

26 "O
25 "9
17 "8
17 "7

-0. r

-0.1

-0. I

-0.1

0"9

0.4

-0"5

0.7
0"7

1.1
0"9

1.1
1"5

0.8
1"3

0"9
2.O

0"9
1.1

2"L
1.3

0
9

35
34

31 .6
31 .5

2"5
2.5

2
2

0
o

1.9
2"0

0.5
0"5

0"6
0.8

3/c I2
11

-19"0
19 "2

-23 "l
23.1

-29 "O
29.r

MAXILLA 4lD 1.3
r"4
1.8
2.0slE 11

L2
-25 "5
25 "9

10. 3
LL.2

- 8.9
- 8"4

3.5
3"9

6

8
9

T2
l2

-28"1
28 "2

7

t2
T2

3/c t2
t2

t2
L2

slE I2
T2

t2
T2

l2
I2

- 9.6
8"3

6
3

R
L

R
L

R

L

R

L

R
L

R

L

R
L

1

2

6

0
0

.0

.8

3
2

-19
18

_27

26

1.3t

-1.3t

-1.1t

-1" 0

0"6

0.0

-o "2

-32 "O
-32 "L

0.1

0.3

0"3

0.5

-o,4

0.0

0"5
0.7

0.6
0.9

0.7
0"9

0.8
I,6

0.9
0"9

1.8
L"7

-30 "2
- 30.5

1"6
t"4
1"5
1.0

L.2
1.5

1.3
t.2
1"1
0.9

0.0
0"0

0"9
0.5

-t5 "2
14.T

-2
-2

-1
-1

6.8
7"L

L.6
I"2

MANDIBLE 4lD -L9 "9
-20 "4

-2L "6
22.2

-25 "2
25 "2

t"4
0.8

0"0
0.0

7
7

7

t p<0.01

11.9
11" 5

-0.4
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Only one of the differences between maxillary right and left

síde abscissa values rüas greater than 1.0 mm and few were

statístically significant. More of the mandibular síde

differences in abscíssa values ülere greater than 1"0 mm and more

were statistically signifícant"

In the maxillary arch the left side abscissa values tended to

be greater than the right side for grouPg A, B and C in males, and

for Groups A and B in females; whereas the right síde abscissa

values tended to be greater for group D males and groups C and D

females. In the mandíbular arch the right side values tended to

be greater than the left side values for both males and females"

Generally, the side dif ferences in abscissa values \^7ere greater

and more were statistícally signíficant in the anterior than in

the posterior tooth regions.

The síde differences in ordínate values were small" Few of

the differences r{ere greater than 0.5 nnn and only tT¡/o hrere

statistically signíficant.

L.2 Coordinate values and plotted curves

Degree four polynomial equations r¡rere computed in the first

instance and arch-shape curves for the various grouPs ülere

plotted. A visual qualítative examination of the curves

revealed subjectívely that many \^rere unacceptable representations
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of the arch shapes. Degree five polynomials were then computed

and it was found that the curves \Arere more acceptable.

The point coordinates presented in Tables 6 and 7 ar.d

approxímaÈions of the dental-arch curves by means of polynomial

equations of degree fíve are shown díagrammatically in Fígure 27.

Maxillary central fossa points and approximations of the dental-

arch sulcus curves are also shown. The polynomial equations

from whích the vestibular curves rÀrere derived are presented in

Table 8. Term 1 is the constant term of the polynomial

equation. Term 2 is the coeffícient of x; term 3 of *2; term 4

_3t+5of x'; term 5 of x'; and term 6 of x-"

For many of the dental-arch daËa sets the curves from degree

five polynomials closely approximated the coordinate points.

However, arch asymmetry r¡ras exaggerat.ed in some instances - the

maxíllary curve for group B females for example. In other

instances the curves did not approxirnate the incisor points

closely - both curves for group C females for example"

The plotted curves described the rnaxill"ary dental-arch shapes

remarkably well Ín groups A and D; similarly the mandibular

dental-arch shapes in all instances except group C females"

However, the maxillary curve ín groups B and C males and both

curves ín group C females did not approximate the coordinate
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MA L E S

GROUP B GROUP C GROUP

FEMALES

GROUP B GROUP C GROUP D

Degree ffve polynomlal curves representing dental
arches of mles and females by dental groups

+

GROUP A

GROUP A

Figure 27.



Table 8. Polynomial equations approximating maxillary and mandibular dental arches of males
and females - by denËal groups

MALES
Group Arch Term 1 Term 2 Term 3 Term 4 Term 5 Term 6

A

B

C

D

Max

Man

Max

lulan

l'lax

l"lan

Max

Man

Max

lulan

Max

Man

Max

Man

Max

Man

3 "56

-3 "28

3.55

-3 "27

3 "43

-3. 18

3 "43

-3. 08

3 "47

-3.19

3. 65

-3 "28

3.40

-3.08

3.43

-3.07

2 "83

L.74

1. 15

5.06

-3 "4r
6 "48

-r "37

3 86

-1.38
I "4I

-3.03
9 "16

-2.45

9.22

-1.09
5 "24

-2 "56
r.69

-L "02
2"89

-I "4I
1" 86

8.88 x 10

6"94 x 10

-4.08 x 10

6"78 x 10

-r.23
-t "7r

-9.03
2.43

-9 "52

2 "t9

3"84

3. s3

-2.69
2 "84

-9 "52
3.04

1.53

3. 33

-r "42
-2

x10
x10

x10
x10

xI0
xl0

x10
x10

xl0
x10

x10
x10

x10
x10

x10
x10

-L.42

3.53

-1.08
2.4t

-1.60

1. 01

-3 "34

-8 "64

x10
x10

x10
x10

x10
xl0

x10
x10

5 .55

-r "79

L "46

-2 "39

4 "L3
-6 00

2 "L4

-2.23

7 "98

-2 "LO

-6"51

-4.46

r.36
1" 86

x10
x10

x10
x10

x10
x10

x10
x10

-5 .58

7 "29

-5.19

6. 81

-4 "06
4 57

-5 "4r
9. 83

-2 "84
6"78

-6.05

9 "77

-4 "46
6"03 89x10

x10
x10

x10
x10

xl0
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
xL0

x10
x10

x10
xl0

x10
x10

xl0
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10
x10

x10

-7

-7

-8
-7

-8

-7

-8

-8

-7

-7

-7

-7

-7

-7

-8

-7

-3

-2

-2

-2

-2

-2

-2

-2

-2

-2

-1

-2

:/
-1

-3

-3

-1"06 x lO-2
-2

-2

-2

2

-3

a

-3

-2

-3

-2

-2

-2

-3

-2

-2

-5

-5

-5

-4

-4

-4

-5

-5

-4

-4

-4

-4

-4

-5

-4

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

-5

2 25x10
FEMALES

A

B

C

D

ts
H
!
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points as closely as the others,

incisor points.

especially with respect to the

The dental-arch sulcus curves ín general were well represented -

except. those in group B and group C males and ín group C females.

The exceptíons showed írregularitíes in the curves whích resulted

from using polynomials of too high a degree. In each instance the

data poínts for the sulgus curve were fitted with the highest

possible degree of polynomíal equations.

Using polynomíals,with the same number of terms simplifies

presentation as shown in Table 8" However, the tabulatíon does

not give meaningful information to the reader except for the

constant terms of the equation which signify the depths of the

dental arches (see p" 88)" The constant terms are directly

comparable but the whole equations are not"

f.3 Sex differences

Sex differences in abscissa and ordinate values by dental

groups are shown Ín Table 9" In víew of the sma1l differences

between right and left side values and to símplify presentation of

the findíngs the analyses were based on the coordinate points of

the left side only. Left side values hrere chosen rather than

right side values because the abscissae of the former were all

positive" In order to facilitate reading and comprehension, the

absolute values of the ordínates were used for comparison.



Table 9" Sex differences in absolute values of abscissae and ordinates for the vestibular
dental-arch curve reference points of the left side in millimetres - by dental groups

Group A Group B Group C Group D
Tooth Arch Abscissa Ordinate Abscissa Ordinate Abscissa Ordinate Abscissa Ordínate

0.41

2

Max
Man

Max
l'Ian

lnfax
Man

0.0 0.9
-0"1

0.4 1"0
0"5

o "7* 0.1
o.4

0 .2 0.5
-o "4

0.6* 0.9
0.0

0.7* 0.3
0.3

0.8t 0.0
0.0

L"2r -0.1
o "7*

| .4t 0.0
1"1t

-0" 3 -0.7
0"1

* p < 0.05

0.5

0" 1

-0"5

-0.2

0.5

I p<0.01

0"3 a"4

1"3f 1.1
o"7

2.tt 1.0
0.3 0.5

1"9r 0"5
1. 3* 0"4

2.91 0.1
0.6 0"1

2 "tt 0.0
I.6t 0.0

2 "2,k 0.1
1"3 -o "2

0.5

0"8

-o "4

0.8

0"5

0"2
-0.4r

0.5 r
-o "4t

0"9t
-0.4*

I "2t

-o "2

0"0

0.0

0.3

0.1

0.20.7

3/c

4lD

0"3

Max 0" 9t 0"3 0.9t -0.1
0"1Man 0"2 -0. 3

5lE
Max
Man

Max
Man

Max
Man

r "2t 0"2
0. 7* 0"0

1"3t 0.0
L.2t 0.0

-o "2*
0 0

0.06

7

0"3

L.4t -o "2*
1.0r 0.0

1.1t 0. 3t
o.7* 0"2

P
H
\o
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Maxillary abscissa values \^7ere greater for males than females

wíth only one exception, the permanent second molar region in

group B. I,{ith few exceptíons, maínly in the central íncísor

regíon, the abscissa differences r¿üere statistically signíficant"

Símilarly, the maxillary ordínate values l{ere generally

greater for males than females, except for the second premolar and

permanent second molar regíons ín group B and the premolar regions

and the permanent first molar regíon in group D. Ordinate value

differences rdere not signifícant except for some of those ín

group D 
"

The mandibular abscíssa values \^Iere greater for males than

females except for the central incisor regions for most of the

groups and for the anterior tooth regions for group D" Abscissa

differences ürere statistíca1ly signíficant mainly in the perrnanent

molar and premolar regions, and in the anterior tooth regions for

group D.

Mandíbular ordínate values T^rere also generally greater in

males than in females except in some cani.ne and premolar regions.

However, none of the ordinate differences rdere sËatistically

sígnificant.
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|,4 Differences between dental groups

Dental group dífferences for males and females are shown in

Tables 10 and 11 respectívely" Left síde absolute values of the

CarEesian coordinates are compared"

Comparíson of nple maxí1lary abscissa values between groups

A and B, or between groups B'and C, ot between groupsrA and:D

showed that the abscíssa values of the latter group of any two

dental groups compared were generally less ín the incisor regions

and greater in the posteríor tooth regions" Hot¡ever, comparison

between groups C and D showed that most of the maxillary abscissa

values were less in group D.

Unlike the abscissa values the maxillary ordinate values for

males hrere generally less in the latter group when any tr¡ro groups

were compared, except in four instances - the incisor and canine

regions between groups. A and B, and the permanent first molar

region between groups B and C"

The trend of increase or decrease ín the nrandibular abscissa

and ordinate values for males was simílar to that in the maxilla.ry

values with only a few exceptions, maínly in the canine and

premolar regions 
"

Abscissa and ordinate value dífferences between dental groups

were statistícally significant mainly for some ordinate values in



Table 10" Dental group differences ín absolute values of abscissae and ordinates for the vestibular
dental-arch curve reference points of the left side in millimetres - for males

MALES

Tooth Arch

Max
Man

Max
Man

Max
Man

0"0
-0 "2

-o "2
-0.2

0"1
0.1

0.5 -0"3
0"7* -0"5

Grou S red
A&B B&C C&D A6,D

Abscissa Ordinate Abscissa Ordinate Abscissa Ordinate Abscissa Ordinate

0.7 -0.5 -L.4 0"0 -o "71

2

0"2 -0.1 -0. 9

1.0* -0."2 -1"0
0-3 -o.4 -0.8

0"5 0"2 -o "4
0.1 -0.2 - 0.5

0"4

-0. 3 -0"5 -o "7 t -0.5
-0.6t -2.3t0.0 -1.8t

0.0 -0"5 0.3 -o "4
0.0 -2 "Lt -0. I -2 "5t

-0"1

0"0 -t"77

-1.0*
_2 "3+

-0.5t
-0" 3

-I "4t_2.4t

3lc

4lD Max
I,l.an 0.3

5lE Max
Man

0.6* -0.1 4.7

-I "4t
-0.7

-2.0t
-0.1

0.3

-0.7 -1.6*
-1. 8t -O "2

0.0

0.5*'

0. 8t -2.7 t
1.3r -3"51

0.6t -3"7t
-t .4t - 0.5 r

1 .01 0"0
0.7t 0"0

o.2 -o "2

0. 8t 0"0
0"5 0"0

0

a"4 0.3 -0.2 -0.3
0.3 0.0 -0. 1

0"4 -o "2 0"6 -0.1
0"4 -0. 1 0.4

?k p < 0"05 t p<0.01

2

6

7

lvlax
Man

Max
Man

H
¡\)
¡\)



Table 11. Dental group differences in absolute values of abscissae and ordinates for the vestíbular
dental-arch curve, reference points of the left side in míllimetres - fot females

FEMALES
Groups compared

Tooth Arch A&B B6cC C&D A6'D
Abscissa Ordinate Abscíssa Ordinate Abscíssa Ordinate Abscissa Ordinate

1

2

Max
l"fan

Max
Man

Max
Man

Ivlax
Man

-0.2

-a.4

1.1
0.1 0.2

-a.6 -1.3
-0. 9 -L "2

0.1 -0.3

1 .0*
-1.5

-1.3

0"5 -0.1
0.5

L"7 -0" 3
1.0 0.1

t p<0"01

-0.7* -0.5
0. 8* -1.0 0.0 -2.0t

0"5 0.3 -0.8t 0.2
1.1 -1.5 0.3 -L.7 t

r.2t 0"2 0.1 -0.6
0"7 -t.4 0.7 t -2.7t

0" 9t -0.4
1.5t -1.9*

0.3

0.1 0.3
0.2 -0.4

0"6 0.0
0. 9*" -0. 3

0.2 0.0

7 0"0

-0.7* -1.9t
-1.0* -1.6*

-1.0* -) )*
-0.40.3

-0. 3 0.3
-0.2

-2.I 0.4
-0.8 0.6

* p < 0"05

1. 1*
-o.4

-0.9t
-1.1

-r.2*
-0.6

-1.1*
-0. 9

-r.2t
-0.23lc

4lD 0.8r -2"3t
r.4t -3.8f

5lE Max
Man

Max
Man

0"20"6

0

0"6
-1.0t

0. 9t
0. 9l

-3"3r
-0.5*

0.2
0"06

-0" 1

0.00"00"00.6

7
x
n

Ma

I,Ia

H
f\)(,
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the premolar regions, for most of the mandibular ordinate values

between groups C and D, and for most of the abscissa and

ordinaÈe values bethreen groups A and D.

For females a similar trend of increase or decrease in

coordinate values betl^reen the groups was found with two main

exceptions - the maxillary abscíssa values for group C were

generally less than those for group B or group D. Dífferences of

abscissa and ordinate values \^rere statistically sígnificant,

mainly for the maxillary values between groups B and C and for the

maxí11ary,and mandibular values between groups A and D"

2. POLAR COORDINATES

Polar coordinates r¡rere derived for the maxillary and

mandibular arches of each subject from polynomíal equations

selected by the method descríbed previously (see p" 78). Seven

length measurements, termed polar vectors, were calculated at 30o

intervals from 0o to 180o" These polar vectors vrere analysed by

sex and by dental group to provide statistics describíng the

dental arches.

2"I RÍght side compared with left side values

Tables 12 and 13 show the sample numbers, means, standard

deviations and differences between right and left side polar



Table 12. polar vector values for males - sample numbers, and means, standard deviations and
differences betl^Ieen right and left side values in millimetres

MALES
Group D

},IÆ(ILLA

MANDIBLE

Polar
vector

Incisor

Canine

Premolar

Molar

Incisor

Canine

Premolar

Molar

32 35 "9
32 32.8
32 33 "2
32 27 .8
32 28.0

32 27 "8
32 27 .8

32 33.r

32 30 "4
32 29.9

32 24"8
32 24 "7

32 24 "7
32 24.8

t2 32"3

L2 30.4
L2 29 "7

12 24.9
12 25 "0
t2 25.4
t2 25.5

93 34 "6
93 32"7
93 32"6

93 27.9
93 27 "9

93 28 "3
93 28 "2

L"4 93 30.8

93 24 "L
93 23.9

Group A Grou B Group C

Side N l"lean Dif. S"D. N Mean Dif. S.D" N Mean Dif. S.D. N Mean Dif. S.D.

L"9 35 36 "7

35 33 "2
3s 33 "7

35 28.3
35 28.6

35 28 "5
35 28 "6

L.7 35 33"3 1.8

35 30" 6
35 30"0

2"O t2 35"6 2"7

- /. ,!

L2 28.2
12 28"2

L2 28.5
12 29.0

2"1

R
L

R

L

R
L

0., l.l
1.3
1.3

o.o I .1

-0"' I .l

T2
T2

o"'1.å

0., 1.9

0", I.i

1.0
r"2

o.o i.å

28 "9
28 "3

93
93

o.o å. ?
33.0
33.0

o.o 
3. 3

r"3
r"7

o"' å 3

-o "7

-0. 1

-0"1

-0.61

1.5

r.3
r"7

o.o 1.3

L"7
r"6

1.1
1.1

-r., 1""1

o.'l.l

o.' t'.10.0

R

L

R
L

R

L

-o.u l 3

-0.1 0.9
1.1

r"2
1"1

-0. 3

0.1

35 25 "2
35 24 "9
352
352

93 25 "2
93 25 "3

5"2
5.2

o'3.3

I p<0.01

H
N)
L¡l



Table 13

MN(ILLA

MANDIBLE

Premolar

Molar

Incisor

Canine

Premolar

Molar

18 35.2

R 18 31"8
L 18 32.3

R 18 26"6
L 18 26.8

R 18 26.3
L t8 26"3

Polar vector values for females - sample numbers, and means, standard deviations and
differences between right and left side values in millímetres

FEMALES
Polar

vec tor Side N Mean Dif. S.D. N Mean Dif. S.D. N Mean Dif. S.D. N Mean Dif. S.D.

Inc i sor 2.2 22 36 "l 2"0 6 3s.0 0. 8 49 34.6 2 2

0
6. 31
630I o. *i"":,o"' i.lCanine

0.1

0.8 49 27 "3
L.2 49 27 .l -0 "2

2"0 22 32"9 l"s 6 3r.7 2.2 49 30.7 1.8

22
22

22
22

22
22

31.
32"

27"
27"

27"
27"

49 3r "6
49 31"8

49 26.9
49 26.9

28. I
28 "6

2

2

49
49

49
49

1.0
0.8

1.0
0.5

o"t ?'."

o.' 1.3

o.' 1.3

6 26"8
6 26.6o.'l.i

0", å.3

o.o 
3. 3

29.5
28 "6

3
9

6 26.2
6 26"3

-0.4 ^ 1.3
' r.3

o.o 
1. 3

1.0
1.3

-0", 
1".2

-r.,1.3

0". I .1

0", 1.1

o.o 1.1

o.'1.å

o.o l"î
.9
.9

23
23

0
5

1

2
-o "2

18
18

R
L

R
L

R
L

18 32.7

L8 29 "7
18 29.8

T8 23"6
18 23.6

22 29.9
22 30 "L

22 24"2
22 24.4

22 24 "0
22 24"0

0", I""1
6
6

-o"g ?"!I")

6 23"7
6 24.0

6 23.7
6 24"2

49 24.
49 24"

23 "7
23 "4

o.o ?.3

& p < 0.05

H
l\)
Or
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vectors for males

between right side

r^rere statisticallY

and females respectívely" The dífferences

and left side values htere small and only two

signifícant "

2.2 Polar vectors and dia granuna tic representation

Figures 28 and 29 show heptagonal shapes representíng dental

arches for males and females respectívely. Values of the incísor

vector and the means of the ríght and left polar vectors presented

in Tables L2 and 13 were used to drar¿ the shapes.

2.3 Sex differences

Tables 14(a and b) and Figure 30 show sex differences ín

average values of right and left polar vectors by dental grouPs.

Polar vectors for males \^Iere greater than those for females with

only one exception" Polar vector differences v/ere statistically

significant in the canine, premolar and molar regions for the

maxilla, and in the premolar and molar regions for the mandible.

2 "4 Differences between dental groups

Table 15 compares polar vectors between dental groups for

males and females" The same data are shown díagrarmnatically in

Fígures 31 and 32. For males, polar vectors in group B were

greater than their correspondíng polar vectors in group A" Polar

vectors in group C were less than those ín group B excePt for the



r28.

GROUP A GROUP B

tll
020 fltrn

GROUP C GROUP D

Figure 28. Dent.al-arch heptagons representíng dental
arches for rnales by dental groups



ize.

GROUP A

GROUP C

0 20 nrn

GROUP B

GROUP D

Figure 29 Dental-arch heptagons representing dental
arches for females by dental groups
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Table 14a. Sex differences in average values of right and left
maxíllary polar vectors by dental groups - sample
numbers, and means, standard deviations and
differences in millimetres

MAXILLA
Polar
vec to r

Group A Group B

Sex N Mean Dif. s.D. N l4ean Dif. S"D.

Inc i sor

Canine

Premolar

Molar

Inci sor

Canine

Premolar

Molar

32 35.9
18

M

F

M

F

M

F

M

F

35 "2

32 27 .9
18 26 "7

32 33;0
18 32 "r

1.9
2.2

1.3
1.3

1"1
1.0

L"2
1.1

36.7
36. 1

33 "4
32.4

35
22

28 "5
27 "2

0"7
2.0
2"0

1"1
L"2

2"1
2"2

1"0
0.8

1.1
1"1

2.7
0"8

1.9
0.9

0"9
0"7

r.7
1"0

35
22

35
22

0.6

0"9'k

t.2t

1"0t

1.3t

L.7
L.2

1"0
0"9

32 27 "818 26 "3
1.5t 35

22
28 "6 1.5t

27 .L

Group C Group D

M

F

M

F

M

F

M

F

93
49

93
49

93
49

93
49

12 35.6
6 35 .0 0.6 34 "6

34 "6
0.0

t2 33.0
6 31. I

t2 28"2
6 26 "2

l.grk

2.0t

32.7 L"6
r.23L.7 1"0t

27 .9

28 "3

26.9 1"0t

t2 28.8
6 26 "7

2 "tt 1" 1f27.2

ic p < 0.05 tp<0"01
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Table 14b. Sex differences in average values of right and left
mandibular polar vectors by dental grouPs - sample
numbers, and means, standard devíatíons and
differences in millimetres

MANDIBLE
Polar
vector Sex

Group A Group B

N Mean Dif. S"D. N ì4ean Dif" S.D.

Incisor

Premolar

Molar 35
22

r.7
2"0

32 33.1
18 32 "7

M

F

1"3
1.5

1"0
1"1

1.1
0"9

0.4

0.3

3s 33.3
22 32.9

35 30" 3

22 30.0

0.4

0.3

1

1

8
5

1.6
1.1

1.1
0"8

1.0
0"8

Canine
M 32 30"1
F 18 29"8

M

F

M

F

32 24 "B
18 23 "9

32 24.8
18 23.6

0"9t

r "2t

35 25 "r22 24 "3
0. 8f

25.2
L "2t24 "O

Group C Group D

Incisor

Caníne

Premolar

Molar

t2 32.3
6 3t.7

t2

93
49

30. 8
30 "7

M

F

l'{
F

M

F

M

F

0.6

1"0

1. 1*

1 .61

r.4
2.2

r"4
1"5

r.4
L"9

0.1 1.5
1"8

1"2
1"0

1"1
1.1

30. 1

29.r
93 28 "6
49 28 "7

-0"1
6

t2 25 "O
6 23.9

t2 25 "5
6 23 "9

0"9
0.9

0.9
4.7

93 24 "O49 23 "6
0"4:k

93 25 "2
49 24 "2

1"0t

* p < 0.05 t p(0.01
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GROUP A GROUP B

0 2Omm

GROUP C GROUP D

Dental-arch heptagons showing sex differences
by dental groups - male groups shown by
continuous lines

Fígure 30.
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Dental group differences in average values of right and
left polar vectors in millimetres for males and females

MALES
Polar
vec tor Arch

Groups compared

A&B B6,C C&D A6.D

Inci sor Max
Man

0.8

0"4

0. 6*

0"2

0.2

0.3

-1.1

-o.4

-0. 3

0"2

-1.0

-0 "2

-0. I

0.3

-1.0

-0.3

-0. 3

- 0.5

-r.5t

-1"5t

-1"0t

-0"3

-1.3t

-0"3

0.0

0"5

-2 "3t

-1.5t

-0.8t

0 .4)tt

Canine

Premolar

l,lax
Man

Max
Man

Molar Max
Man

0.8t
0"4

FEMALES

Inc isor Max
ì,Ian

0.9

0.3

0"5

0"8*

0"2

0.2

0.4

0"4

-1.1

-1"3*

-1.0¡k

-0"4

-L.2

-0.9

-0.4

-0"1

-0.4

0"6

-1.0

-0.4

-0"6

-o "4

0"2

0"9+

-2"0t

-1"1*

-0"3

0"6t

Caníne

Premolar

Max
Man

Max
Man

Molar Max
Man

0"7

0"5

-0. 3

0.3

p < 0"05 t p ( 0.01
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GROUPS A and B GROUPS B and C

0 20 nrn

GROUPS C and D GROUPS A and D

Dental-arch heptagons showing dental grouP
differences for males - the first-mentioned
group ís shown by a continuous lines

Figure 31.
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GROUPS A and B GROUPS B and C

0 20 mm

GROUPS C and D GROUPS A and D

Dent,al-arch heptagons showing denÈa1 group
dífferences for fernales - the firsE-mentioned
group is shown by a continuous line

Figure 32.
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molar vectors. Polar vectors ín group D were less than those in

group C or in group A excepÈ for the molar vectors in group A.

For females, a similar trend of increase or decrease in polar

vector values was found wíth only a few exceptions when group C

\^Ias compared.

Polar vector differences between dental groups T¡/ere

statístically significant, mainly for the molar vector when group

A was compared; and for most of the nrandibular polar vectors trhen

group D was compared in males, and r¡Ihen groups A and D were

compared in females,

3. POLAR OVERJETS

Polar overjets rñrere derived from differences in values of the

polar vectors between the rnaxillary and the corresponding

mandíbular polar vectors wíth the arches related in the positíon

of maximum intercuspatíon" They were analysed by sex and by

dental group to provide statistícs describing the vestibular

projection of the maxillary arch curve outside the mandibular arch

curve.

3.1 Ríght síde compared r¿ith left síde values

Tables 16 and 17 show the sample numbers, means, standard

deviations and differences between right and left side polar
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Table 16. Polar overjet values for males - sample numbers, and
means, standard deviatíons and differences between
right and left síde values in millimetres

MA L E S

Polar
overjet Side

Group A GrouD B

N Mean Dif " S .D. N Mean Dif " S .D.

Inci sor

Canine

Premolar

Molar

Incí sor

Canine

Premolar

Molar

32

32
32

3.2

3.3

1.3 3"8 1.335

35
35

35
35

35
35

1.1
1"3

0.8
0"8

0.9
1.1

R

L

R
L

R

L

32
32

32
32

3.2

3"4

2.9

3"2

3.5

-0.4

0.0

0.1

3"7

3.6

3.5

3"0

3"7

3"9

-0. 7*

0.1

0"4

1.3
L.4

0"9
1.6

1.0
1.3

1"9
0"8

1.1
1"0

'il
1.8
0.9

Group C Group D

t2 4"3 t.4 93 3"5 1"1

R

L

R
L

R

L

l2
T2

T2
T2

l2
l2

4"0

3.4

3"9

3.3 -o "7
93
93

93
93

93
93

4.0

4.0

3.2

3"7
I,4
1.4

r.4
1"6 -0. 3

0"

0.0

-0.13"7 3.9

0"33.9 3.5

* p < 0.05
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Table 17" Polar overjet values for females - sample numbers, and
means, standard devíations and differences between
right and left side values in millimetres

F,E M A L E S

Polar
overj et S ide

Group A Group B

N Mean Dif" S "D" N Mean Dif" S "D "

Incisor

Canine

Premolar

lvlo lar

Incísor

Canine

Premolar

Molar

3.4

2.8

18 1 9

4
4

t"2
1.6

1"0
1.0

0"9
1.1

22

22
22

3"6

2,7

L.6

R
L

R

L

R
L

18
l8

18
18

18
18

0"0
22
22 3.5 0.8

0.1

0"2

2.8

3.3

3"4

t
1

3.0

3.1

0"3

0"3
22
22

0"5
0.4

0"6
0"9

3"0

3.4

3.1

3.6

Group C Group D

R
L

R
L

R

L

6

6

6

6

6

6

6

49
49

49
49

3.6

2.5

r"2 49 3.9

3.4
3.0

3.3
3"2

3.2
3.6

-0 "7
r"9
2"7

1.2
1.0

1.5
t.2

-0.4

-0. 1

8

4
3

8

1

T

1

0

1.8

2"7

2.8

0.02"7

3.2

1.0

0.4 r"2
0"7

9

9

4
4

0"4
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overjets for males and females resPectively" Dífferences between

ríght side and left side values were small and only one was

statístically significant 
"

3"2 Polar overjets and díagrannnatic representation

Figure 33 shows heptagonal shapes representing the maxillary

and the rnandibular arches superimposed ín functional relation to

íllustrate polar overjets of the four dental groups for males and

females. Values of the incisor polar overjet and the means of

the ríght and left polar vectors presented in Tables 16 and 17

riìrere used to draw the shapes"

3.3 Sex dífferences

Table 18 shows sex differences in average values of right and

left polar overjets by dental groups" Polar overjets were

generally greater for males than females wíth only three

exceptions, mainly ín Èhe incisor regions. Polar overJet

differences were statístically sígníficant, mostly in the caníne

and premolar regions.

3.4 Differences between denÈa1 groups

Table 19 compares polar overjets between dental groups for

males and females. In general, the polar overjet values for
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MA L E S

FEMALES

20 ¡mn

Superimposed rnaxillary (conti.nuous line) and
rnandÍbular (broken line) denÈa1 heptagons
showing polar overjeÈs for males and females
by denÈal Broups
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Table 18. Sex differences ín average values of right and left
polar overjets by dental groups - sample numbers, and
means, standard deviatíons and differences in
mi11 imetres

Pö lar
overj e t Sex

Group A Group B

N Mean Dif . S .D. N Mean Dif . S "D.

Inc i sor 32
l8

3.2 -o "2
3"8

3.4 3"6

32
18 2.8

3.1 0.3 35
22

3.3
2.6

32
1B

3"2
3.1 0"1

3"6

32
18

3.5
3.2 0"3 35

22
3"7

Canine

Premolar

Molar

Inc i sor

Canine

Premolar

lulo la r

M

F

M

F

M

F

M

F

M

F

M

F

M

F

M

F

35
22

1"3
r"9

1"1
1.3

0.9
0.7

35
22 3.0

3"5

0"7
0"4

0.2

0.7'k

0. 6rk

0"2

1.3
r.6

1.1
1.1

1"0
0.9

0.9
0"8

Group C Group D

r.4
1.23"66

1"0
0"6

12 4.3

12 3.7
6 2.L

t2 3"5
6 2.7

L2 3"9
6 3.0

0.7

1.6

0.8*

0"9

93
49

93
49

93
49

93
49

3"5

3.8

3"9

3"3

3.9 -0.4 11

I 8

1.3
t"9

1.3
0.9

3.2

3.3

3"4

0"6t

0. 6t

-0"1

r.2
L.2

1"1
0"7

0.9
0"9

)k p < 0.05 t p < 0.01
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Table 19" Dental group differences in average values of ríght and
left polar overjets in míllimetres for males and females

MALES
Po lar

overj e t A&B B6,C c&D A&D
Groups compared

Inc í sor

Caníne

Premo lar

Mo lar

0.6

0"2

0"4

0.2

0"5

0"4

-0. 1

0"2

-0"8

0.1

0.4

-0"6

0" 3

0"7+

0.7t

-0 "2

FEMALES

Incisor

Canine

Premolar

Molar

0.2

-0.2

-0"1

0.3

0.0

-0"5

-0"3

-0"5

0.3

1.1

0"6

0"4

0.5

0"4

0.2

0.2

t p<0"01
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males increased between successíve grouPs - with exceptíons in the

incisor and molar regions when group D was comPared"

Unlike the males, polar overjet values for females decreased

between successive groups A, B and C - except in the íncisor and

molar regions in group B. However, polar overjets for group D

r^tere greater than those for group C or group A.

Only two of the polar overjet differences ldere statistícally

sígníficant - the canine and premolar regíons between groups A and

D for males.

4. DENTAL.ARCH AREAS

Areas of the dental arçhes were computed from the various

polynomial equatíons" Table 20 shows the sample numbers, means

and standard deviations of the dental-arch areas for males and

females 
"

4.1 Sex differences

Table 21 shows the sex differences in denÈal-arch areas by

dental groups, For both the maxíllary and the mandibular arches

dental-arch areas r¡ìrere greater for males than females.

Differences in areas were statistically sígnífícant for all the

groups in the nraxíllary arch and for group B in the mandibular

arch 
"



Table 20. Dental-arch areas in square millimetres for males and females - gample numbers,
means and standard deviations

Group A Group B Group C Group D
Sex Àrch

N Mean :S..D. N ,Ìlean ,S,.D. N iMean S.D. N ,Ìlean .S.tr)

Males

Females

Max 32 1515 116 35 r5.7 3 t22 t2 1526 r32 93 L48s L20

l"Ian 32 t234 103 35 L260 LO7 L2 t229 9L 93 tt25 85

Max 18 1413 103 22 1469 84 6 t373 63 49 1408 81

l,Ian 18 \L75 101 22 t203 49 6 IL4L IT7 49 1107 86

HÞr
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Table 21. Sex differences in dental-arch areas in square
millimetres - by dental groups

Arch Group A Group B Group C Group D

Max I02t 104t 15 3t 77t

Man 59 57Ì 88 18

t p<0.01

Table 22, Dental group differences in dental-arch areas in
square míllimeËres - for males and females

Groups compared
Sex Arch

Aô'B B6,C C&D A&D

Males
Max

Man

5 8¡k -47 -4L -30

26 -31 - 104f - 109t

Female s

Max s6 - 96't 35 5

28 -62Man

p < 0.05 t p(0.01

34 68rk
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4,2 Dífferences between denËal groups

Table 22 shows dental group differences in dental-arch areas

for males and females" For males, dental-arch areas of both the

maxillary and the mandibular arches r¡Iere greater in group B than

in group A; less in group C than group B, and in group D 'than

group C or group A.

For females, similar results'ürere found except that the

maxillary arch areas ín group D were greaÈer than those in

group C.

Dental-arch area differences hrere statístícally significant

mainly for the rnandibular arch when group D was compared.

5. DENTAL-ARCH PERIMETERS

Perimeters of Èhe dental arches were computed from the

various polynomial equations. Table 23 shows the sample

numbers, means and sÈandard deviatíons of the dental-arch

perimeters for males and females"

5.1 Sex differences

Table 24 shows the sex differences in dental-arch

perímeters by dental groups. For both the maxillary and the

mandibular arches dental-arch perimeters r¡rere greater for males



Table 23. Dental-arch perimeËers in millimetres for urales and females - sample numbers,
means and standard deviatíons

Group A Group B Group C Group D

Sex Arch
N Mean S"D. N Mean S,D. N Mean S.D. N Mean S.D.

Males

Females

I{ax 32 99 "5 4.8 35 r02 "r 5"1 L2 99.9 5.2 93 98.1 4.6

Man 32 96 "2 5.2 35 95"1 4.3 12 93"4 4"3 93 90.4 5.0

Max 18 94.9 4 "8 22 98.4 3.2 6 94.6 3.5 49 96.8 4.2

Man 18 93"7 4"6 22 93"3 3.5 6 9r.6 3.9 49 89.5 5"7

H
+-
\.1
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Table 24. Sex differences 1n dental-arch perimeters in
millimeters - by dental groups

Arch Group A Group B Group C Group D

l"fax 4,6t 3.7 ï 5.3t 1.3

Man ?.s 1.8 1"8 0.9

* p ( 0.05 t p < 0.01

Table 25. Dental group differences in dental-arch perímeters
in mllllmetres - for u¡ales and fesnles

Groups compared
Sex Arch

A&B B&C c&D A&D

ì,Iax 2,6*

Man

-2.2 -1.8 -L.4

- 3. 0,t -5.8t
Males

-1.1 1 7

Femalee
Max 3.5?k

IuIan

- 3. 8:r 2"2 1.9

-0.4 -L "7 -2,r -4.2+

rr p < 0.05 t p(0"01
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than fernales. Differences in maxíllary arch perimeters !ìrere

statistically sígnificant Ín groups A, B and C.

5 "2 Dif ferences betr¡een dental groups

Table 25 shows dental group differences in dental-arch

perimeters for males and females. For males, dental-arch

perimeters rìrere smaller in the latter group of any t\,{o groups

compared - except for the maxíllary arch between groups A and B"

For females, a similar trend of increase or decrease in the

values of dental-arch perimeters rüas found - except for the

maxíIlary arch perimeter in group D which vlas greater than the

perimeter in group C or group A.

Dental-arch perímeter dífferences' \^rere statístically

signifícant, mainly for the maxillary arch when group B was

compared, and for the mandibular arch when group'D was compared"

SUMMARY OF RESULTS

The findings detaíled in previous sections are sunmarized

below. The numbers in parent.heses denote the sectíons.

Differences between corresponding right side and left side

Cartesian coordinaÈes trrere small " The left side abscissa

values tended to be greater than the right side in the

I
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maxilla in the early míxed dentítion stage. However, the

ríght síde abscíssa values r{ere usually greater in the

mandíble for all the stages and for the maxilla in the late

mixed denÈition and early permanent dentitíon. Signíficant

dífferences were maínly in the anterior tooth regions" (1.1)

Although degree fíve polynomial equations described the

dental arches better than degree four polynomials there were

defícíencies ín representíng the shapes of a few arches.

However, using polynomíal wíth the same number of terms

simplified presentation . (I.2)

The abscissa and ordinate values vrere generally greater for

males than females except for Èhe abscissa values of the

mandibular anterior Eooth regions in group D" Signífícant

differences rüere mainly for the maxillary abscissa values

of teeth dístal to the incisors and for the mandibular

abscissa values of the premolar and permanent first molar

regions. (1.3)

For boÈh males and fernales the maxÍllary and mandibuLar

abscissa values between successíve groups shor¿ed a gradual

decrease ín values in the incisor tooth regíons and a

gradual increase ín values in the posteríor tooth regions

wíth exceptions when group C females,r¡rere compared.

However, the ordinate values for both arches shor¿ed a

3

4
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gradual decrease in values bet\¡/een successive groups except

for the anterÍor tooth regíons when groups A and B were

compared. Significant differences hrere mainly for the

ordinate values in the mandibular premolar tooth regions and

for most of the abscissa and ordinate values hrhen groups A

and D vrere compared. (1"4)

The differences between corresponding right síde and left

side polar coordínates hrere small and only t\^ro \¡/ere

statístically sígnificant. (2.1)

Polar vectors for males vrere greater than t.hose for females.

Sígnificant differences were found for all the maxíllary

poLar vectors except the incísor vecÈors, and for the

mandibular premolar and molar vectors " (2"3)

For males, polar vectors of both arches showed an increase

in values between groups A and B, and a decrease in values

between subsequent successive groups except for the molar

vectors betvreen groups B and C. Similar results were

found for females wíth some exceptions when group C was

compared" Significant differences \^rere maínly for the

molar vectors when group A was compared, and for most of the

mandibular polar vectors when group D was compared" (2.4)

6

7
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Dífferences between corresponding right side and left side

polar overjets were small and only one was statístically

signíficant. (3.1)

Polar overjets hrere generally greater for males than females"

Significant differences were mainly in the canine and

premolar regions. (3. 3)

10" Polar overjets generally increased between successive groups

for males with exceptions in the incisor and molar regíons of

group D. For females, however, most of the polar overjet

values decreased between successive groups A, B and C but

increased between groups C and D. Significant differences

were found in the canine and premolar regíons when groups A

and D males r^rere compared. (3.4)

11" Dental-arch areas r,üere greater for males than females"

Significant differences were mainly for the maxíllary

arches 
"

(4"r)

L2. For both males and females dental-arch areas generally

increased between groups A and B, and subsequently decreased

between the remaíning successive groups" Signíficant

differences \ârere mainly for the mandibular arches when

group D was compared" (4"2)



13. Dental-arch perimeters rilere greater

Significant differences were mainly

in groups A, B and C 
"

153.

for males than females.

for the maxillary arches

(s"1)

L4. For males, dental-arch perimeter values decreased between

successíve groups except for the maxillary dental-arch

perimeter between groups A and B. For feurales, the

results were similar except that the group D maxillary

dental-arch perimeter !'ras greater. Sígnificant dif ferences

were found maínly for the maxillary arch when grouP B was

compared and for the mandibular arch when group D was

compared . (5 "2)

D ISCUSS ION

In the introduction to this work it was pointed out that there

\iras no simple method of describing the size and shape of dental

arches" The review of literature has emphasized the problem.

Few results of Èhe many investigations referred to could be

directly compared because of the variety of methods used.

The most common method used in studíes of arch síze was

measurement of various dimensions - breadths, depths and

perimeters. However, .the particular dental-arch dimensions

selected for measurement were often differently defiçed" The

methods used in studies of shape varied. As mentioned previously
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the subjectíve classification of dental-arch shapes following

nrdlíÚka (1916) and the use of dental-arch índices following De

Terra (1905) are unreliable" The introduction of the use of

polar coordínates and CarEesian coordinates by Numata (1947) set

the pattern for a number of dental-arch studies using mathematical

equations. Most mathematical methods aimed at the description of

basic dental-arch shapes. However, they were inadequate for

shape comparísons" The catenary curve suggested by MacConaill

and Scher (1949) provided a means for arch shape comparison.

However, a1-I dental arches cannot be adequately described by

catenary curves, and the single measurement used to represent the

shape of each dental arch does not convey to the reader the shape

it describes 
"

The same problem of methodology \¡ras encountered in the

present study. An early decision was taken to use a coordínate

system of measurement and analysis. Having made the measurements

on 276 sets of casts represenÈ ing 44 subjects, 
"".r.r., 

different

analyses Ìüere carried out. The foLlowing paragraphs discuss the

various analyses performed, each of whích contributed to a nehr

method developed in this study - namely, the use of areas to

measure size and polar vectors to measure shape.

The refined data obtained from measurements of the dental

casts r,rrere in the form of Cartesian coordinates. The location
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of each of the dental-arch reference points \das specífíed in two

dimensíons by the abscíssa and ordinate values. The coordinate

values of the reference points were also used to compare the

posít.iona1 differences between teeth and their antimeres of the

same dental arch, or betüreen tr^ro corresponding teeth in dental

arches of different groups of subjects. Although some general

conclusíons could be drawn from the results the analysis of

Cartesían coordinate values r¡ras a complicated and tedious

procedure, The results did not gíve a clear indication of

changes ín dental-arch size and shape" llowever, after obtaíning

the Cartesian coordínates of the dental-arch curve reference

poínts polynomial equations ürere fítted to the points and a

selection of the equatíons made Èo determine the curves best

describíng the dental arches.

The polynomial equations as such proved to be of little use

for size and shape description. Only the first terms of'the

equations were directly comparable because they vrere equivalent

to dental-arch depth values. However, when the equations were

plotted theír curves satisfactorily described the shape of the

arches diagrammatícally" Table 8 shows the complexity of the

polynomial equations, and it would be a diffícult task for

anyone to plot the equations without the use of a computer" Even

when the curves were plotted, the problem of describíng the shapes

in meaningful words still remained. It was possible to
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demonstrate differences in size and shape of dental arches by

superímposing plotted curves upon each oEhen, but when the

differences between the curves:were small- iÈ was difficult to

distínguish vÍsually any differences betr,rreen the. curves.

Although Èhe polynomial equaÈions achíeved the objective of

expressing dental-arch shape in mathematical termsr yet ít was

Ímpossible to compare dental-arch size and shape by the equatíons

excepÈ when the curves'rilere plotted" However, having computed

the polynomial equations a number of dental-arch parameters -

namely, breadth, depth, perímeter, axea and Lhe polar vectors -

could be deríved"

Of the dental-arch parameters mentíoned only the polar

vectors - a newly intråduced term for the present investígatlon -

and the dental-arch areas rdere not found in the avaílable

literature. A possible reason why,area measurements have not

been used previously for dental" arch corlßpårfson mf.ght be the Lack

of a aimple method wheneby dental-arch ereas can be readfl.y

determfned. The area meêsurement lE ê good Í.ndlcatúon of the

slze of Èhe dentaL areh, although ft does not deser{be the shape"

Teblee 2L end 22 fll.uetrête how dental"-arch areåE can be used for

comparlson" From the ffndfngs ln Table 21 tt la obvlouo thet the

mÊle dentel arehes were larger then female archee, eepecialLy the

maxf ll"ary erchee" Ilowever, fnformetlon riras lacklng as to how

thefr shapes dlffered from one group to another" It was not
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possible to come to any conclusíon from the findings when dental-

arch perimeters \^rere compated, nor when dental-arch breadths or

dental-arch depths \¡rere compared. The perimeter measurements

did not show either the size or the shape of the dental arches,

but they provided valuable supplementary informatíon for the

int.erpretation of the findings" Comparing dental-arch shapes

usíng breadth and depth parameters alone is no better than the

use of dental-arch indices as suggested by De Terra (1905).

Therefore, the polar vector parameters \^rere introduced for use

wíth area measurements so that dental-arch size and shape could

be described and compared satisfactorily"

Seven polar vestors were derived from each of the polynomial

equations" The incisor vector measurement represented dental-

arch depth, whilst the sum of the right and left molar vector

measurements indicated dental-arch breadth at the permanent first

molar region. In additíon to these more coÍtrnon depth and

breadth measurements the canine vector and premolar vector

measurements showed simultaneously the arch depth and breadth at

the canine and premolar regíons" Thus, tlae polar vectors defíned

dental-arch shape" It was possíble to connect the seven polar

coordÍnate measurements by straight lines forming the dental-arch

heptagon. Furthermore, direct analyses of the polar vector

measurements could be made to study symmetry of dental arches,

dífferences in shape of dental arches from one group to another,
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and the degree of buccal and labial protrusion or overjet of the

maxillary dental arch in relation to the mandibular arch when

occluded in maximum intercuspation. In addition, it would be

possible to fit polynomial curves to the seven polar coordinates

to approximate the arch shape"

The sex differences and dental group differences ín size and

shape of the dental arches studied are sununårízed and discussed in

the following paragraphs" The fíndings refer only to the arch

regíons from the permanent fírst molars forwards.

Differences in size and shape of dental arches between males

and females showed that the male arches nere larger ín area and

perímeter than the female arches at corresponding stages of dental

development" They were also broader and more pronounced in

overjet. The finding that t.he male arches \^rere larger ís

consístent r¿íth the report by Barrett, Brown and Macdonald (1965)

from a study of the dental arches of Australian Aborigines. An

explanation of the sex differences in size of the dental arches

could be the larger mesiodistal crown diameters of the teeth of

males compared with females. This explanatíon is supported by

the finding of the present study that dental-arch perimeters

rÀrere greater for males than females, and by the finding of

Barrett, Brown and Macdonald (I963a) thaË the mean values of the

mesíodistal crown diameters of deciduous molars, the maxillary
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decíduous canine, and all the permanent teeth except the mandíbular

first premolars were signífícantly greaËer Ín males than ín

females 
"

Developmental changes in the size and shape of the dental

arches from the early mixed dentítíon stage to the early pernanent

denËition stage were deduced from the findíngs of dental group

differences, Changes during the early mixed dentition, both in

males and females, ínvolved increases in areas and perimelers and

broadening of the arches" These changes suggested a general

expansion of the dental arches as the perrnanent incisors emerged

to their occlusal positions.

However, arch changes between the late mixed dentition stage

and the early permanent dentition stage involved decreases ín

areas, perímeters and arch depths. For the maxilla the nrale

arches showed a continuous decrease in size. In contrast, the

females arches over a simílar period of dental development showed

an initíal decrease ín size followed by an íncrease" No

explanation is offered for this apparent sex difference" For the

mandÍble the male arches showed a greater decrease in size than

females. Changes in shape were mainly due to the arch depth

reductions" These changes in síze and shape of the arches were

almost cerÈainly the result of positíonal adjustments of the Èeeth

after exfoliation of the decíduous molars and their replacement
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wíth permanent successors havíng tooth crowns narro\der

mesiodistally. The considerably greater síze reductíon in

mandíbular arches for males compared \,rrith females could be the

result of relatívely greater differences between the diameters of

decíduous molars and their successors" This explanaÈion is

supported by the measurements of the mesiodistal crornn diameters

of the teeth of Australían Aborigines reported by Barrett, Brown

and Macdonald (1963a) äna by Barrett, Brown and Luke (1963).

Approximal tooth wear could possibly contribute to the

reduction in dental-arch size. Both Campbell (1925) and Begg

(1954) in their investigations of skull material of Australían

Aborigines found that there r^ras a considerable reductíon in

dental-arch perimeter due to tooth h7ear. They pointed out that

the marked tooth vrear of Australian Aborigines living under

natural conditions arose from vigorous mastication of coarse,

fibrous, gritty food" In the present study, however t aîy

reductíon ín arch perimeter caused by approximal tooth wear is

consÍdered Eo be míníma1 for two reasons: fírst, the developmental

stages selecÈed for ínvestígation rnainly involved newly erupted

teeth and theÍr predecessors; second, under the present settlement

living conditions of the Australian. AborigÍna1 subjects studied

there was relatively little tooth wear because of the European

type foods eaten by these people. The relatively insignificant

tooth wear in the Aborigínes of the present study compared with
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Aborigines living under native conditions might be the reason for

the persistence of incisor overbite and overjet in the early

pernanent dentition. Campbell (1925) reporÈed that an

edge-to-edge incisor relation $Ias generally found in the adult

dentition and he suggested that the change from the juvenile

overbite incisor relation rüas associated with tooth wear.

The present study has been limited to observations of

dental-arch size and shape changes ín terms of group statistics"

From the early mixed dentitíon to the early perÍianent dentition

stages, both for males and females, the changes involved decreases

in area, perimeter and arch depth. However, the Permanent first

molar regions showed an increase ín arch breadth. There were

also reductions ín breadth and depth dimensions at the canine

and premolar regions as measured by polar vectors" The

reductíon in size was relatively greater in the rnandibl-e than the

maxilla, whích generally led to a more pronounced overjet for the

permanent dentition than the early mixed dentition. These

changes are considered Èo result from posítional adjustments of

the permanent teeth when replacing theír decíduous predecessors.

Forces whích may have been involved ín the size and shape changes -

from bone growth, from.lips, cheeks and tongue, from Lhe occlusion

and from oÈher sources - rvere not studied" It would be of great

Ínterest. to study these forces and to contínue the investigation

of the Yuendumu subjects as they grow older. Changes in size and
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shape in the adult dentítion as well as changes in occlusal

relations could be studíed in individuals to supplement Lhe

findings of the present investigation.

The method developed for the present investigation has proved

to be useful" However, it would not have a wide practical

applícation because of ,the specialised instrumentation required.

Simpler methods for obtainíng polar vector measurements are being

planned" One of the proposed methods obtains dírect measurements

from casÈs or from photographs of casts by means of a special

protractor-1ike instrument with graduated scales along the polar

vecÈor lines, An alternative method involves the use of a

special optical device similar to a bellorús camera wíth $round

glass screen" The screen Would allow a projected image of the

casts at standard magnífícation to be measured directly ín terms

of polar vectors or indírectly vía a tracing of the arch shape"

Further study ís required to see if there are any sígnificant

dífferences between results obtained by the present research

method and those obtained by simpler methods. It may be possible

to compare arch size dífferences by using dental-arch heptagon

areas determined from polar vect.or measurements and arch shape

differences by polar vector values.

In additíon to dental-arch studíes, the shape-representíng

polynomial equations nny prove to be applícable to c1ínica1



163.

orthodontics. The ploÈted curves would be useful for corrnunicating

orthodontic informatíon concerníng dental-arch síze and shape.

For record purposes, ready reference to arch strape would also be

provided by the curves" It is líkely Ëhat polynomíal equations

could be used to aid diagnosís and treatment planning. tr¡íth

supplementary information from other sources used in orthodontÍc

diagnosis it may be pos"síble to create polynomial curves

representing the 'i¿eatli shape of the arches for each subject.

By comparÍng the perimeters of the created rideal ! curves and those

of Ëhe corresponding curves obtained from the pre-treatment dental

casts the need for any reductíon in tooth substances may be

esÈimated prior to the cortrnencement of orthodontic treatment.

Furthermore, the created curves would provide a sultable reference

to arch form when shaping arch wires during treatment" However,

further research is indicated to develop the practíca1 application

of shape-representing polynomiar curves ín clinical orthodontícs"
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"Appendix 1

THE I]NIVERSI.TY OT- ADEI,AT"DE
DEPARTI.4ENT OF RESTORATTVE DEN]TISTRY

DENTAL CRITERIA FOR GROUPTNG SIIBJECTS IN TGRO PROJECT

The grouping method is based on stages of dental development as
indicated by the number and type of emerged teeth and the state of
exfoliaÈion of the deciduous teeth" A tooth is considered to have
emerged when any portion of the cror^rnr however small, has penetrated
the gingiva and is visible in the oral cavity or its presence can be
detected by a blunt probe through a breach in the gíngiva"

Code Dental Group Stage of Dental Development

10 Infant I

1l Infant 2

12 Infant 3

2l Infant 4

31 Early Juvenile 1

32 Early Juveníle 2

33 Early Juvenile 3

4L Late Juvenlle I

42 Late JuvenlIe 2

51 Adolescent

61 Young Adult I

7L Young Adulr 2

SL Mature Adult

91 Aged

The period prior Eo the emergence of the
first deciduous tooth

Begins with the emergence of the first
decíduous tooth

Begins with the emergence of the first
o f the dec idr¡ou s secon<tr nto l-ar s

Eegins rrítlr the emergence of the last
deciduous tooth
Begins wilh the emergence of the first
pernanent tooth
Eegins with the emergence of t"he first
of the permånent maxillary centraL í.ncisors
Begins with the emergence of, the firsË
of the maxillarv iateral ine sors

Begins with the exfol-lat1on of a deciduous
eenfne or molar

Eegins wlth ûhe ernergence of the flrst
of the maxí1-Lary second premolars

BegÍne with the exfolfatfon of the Last
of the decl,duous teefh
Begins vrlEh the emergence of the ffret
of the thfrd ¡nolars

Begfns with the emergence of the laet
of the third molars

Beglns wlth attainmenl of ap roxfmatel-y
30 years of age

Beglns with atEafnment of ap roxlmaEely
50 years of age
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Appendix 2 The use of the permânent first molars

reference poínts for the construcLíon

of abscissa and ordinate

The permanent first molars were selected to defíne the

abscissa because they erupÈ and attain stable posítions in the

arch at an early age. They are large teeth, solidly implanted,

and subjected to less variation in morphology and less

irregularity in posítion than other teeth" They are common to

the early mixed dentition and the adult dentition and can

therefore provide a basis for comparison of tooÈh positions

wíthín the arch over a long period of ËÍme. The ordinate,

derived from the posiÈions of the permanent first molar teeth,

is a valid reference line for studies of dental-arch symmetry.
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Appendix 3

The tolerance value

A tolerance value of t 0.5 nun on the abscissa and ordínate

\^7as given for accuracy of points read on the screen of the record

reader, Thís vras equivalent to a dífference in the linear
|-

distance of +J2 mm or + L.4 mm between the first and second

determinations of the same reference point. f'¡iÈh enlargement of

the disËance bet\,üeen the scale points on the screen in the ratio

of 136.5:50 Èhe tolerance value for the línear díscrepancy ín

repeated determinations r¡as t 0"5 mm in actual measuremenÈ"

In order to prove the adequacy of the given tolerance value,

1ínear discrepancies between the first and second determinations

of the salne reference points for the first fifty sets of casts

ürere obtained. After discarding those sets of samples having

results of gross disharmony with the general range of figures,

the línear díscrepancíes from thirty sample sets of data were

chosen for statistical analysÍs. The mean linear díscrePancy

obtained was 0"069 nun I^tith a standard deviation of t 0.044 mm and

Èhe maxímum value of the distríbuÈíon r+ras 0.41 mm" Thís

verified that the suggested tolerance o"f,r" for this investígation

was well chosen"
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Appendlx 4 An evaluation of Ëhe reliability of the register

poínts used for the alignment of the maxíllary

and rnandíbular denËa1 arches in their intercuspal

or functional relation.

In order to evaluate the dífferences in abscíssa and ordinate

values between the register points of the maxíllary arch and those

of the mandibular arch ín their maximum int.ercuspal relaËion,

, Cartesian coordinates of the register points for the first fifteen

seËs of casts in the series were chosen for the analysís.

Dlfferences 1n values for the ordinate r{ere zero except in

two insÈances; and for the abscissa were smalL with a mean of

0"3 nrn and standard deviaEíons of t 0.1 nrn" These findlngs

show that errors,r,rhlch could be íntroduced in Ëhe process of

t,ransformíng coordinate points of the mandÍbular arch into their

maxÍmum-intercuspal relat.ion wfth the rnaxillary arch were smal1

and the errors were wiÈhín the tolerance vaLues for linear

discrepancies,given to the present study.
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