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ABSTRACT

The purpose of this multidiseiplinary study is lo determine the

mean age and range of variation for the calcification and eruption of

the permanent teeth in Native Canadian populations, and to determine

whether there are signifÍcant differences between these populations

and other North American NatÍve and Norbh American ÍJhit,e populaùions.

As more Canadian Inuit and Indian patients seek comprehensive

dental treatment, including orthodonties, the recognition of signifi-

cant genetic and environmental differences in the development of the

pernanent dentition could faeilitaüe the timing and the type of dental

treatnent selecbed. As well, variations in lhe timing of calcifica-

tion and eruption of the teeth are extremely relevant to the identifi-

cation and the assessment of age and sex of skeletal material, for

bofh anthropologÍcal and forensic purposes. At the presenb time, all

skeletal renains are compared to Caueasian sfandards of dental devel-

opment, particularly gingival emergence.

Panoranic data for this cross-sectional study was obtained fron

several clinical sources in Manitoba. All of the permanent teeth were

studied, using twelve stages of calcifÍcation modified fron Nolla

(1960) and Mooruees et al. (1963). As well, four stages of erupbÍon

were considered, modified from Massler and Schour ( 1941 ).

The mean age for each calcification score was found fo be younger

Ín both the InuÍt and Indian samples, compared bo studies of l,lhite

populations, for all teeth exeept the premolans and second molars.

Calcification occurs eanlier in Inuit females than males in centain



teeth. Indian females wene clearly advanced in calcificati-on over

Indian males. A Dental Calcification Index was calculated using

Nevilers (1973) formula in order to derive a dental age from the mean

ages of calcification for each subject. A high correlation was found

between the dental age and the chronological age.

The results of this study show t'hat while bhere are slight

genetic differences resulting in earlier eruption of certain teeth'

particularly in the Inuit sanple, the primary cause of differences in

the timing of eruption is bhe premature loss of the deciduous teebh.

There is also a significant tine lag between the mean age of alveolan

and gingival emergence for each sample, whieh vanj-es for each tooth.

Thus, clinical standards for gingival emergence do not accurately pre-

dict the mean age of alveolar emergence. An Eruption Index has been

developed to more accurately predict age in skeletal naterial from the

age of alveolar emergence.
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CHAPTER I

INTRODUCTTON

Numerous studies have been done on the development and eruption

of the permanent teeth in North American Caucasian children. Most of

bhis work has been done in the United States (Logan & Kronfeld, 1933;

Massler & Schour, 1941; Carlson, 1944; Garn & Lewis, 1955, 1957, 1958,

1960, 1963, 1972; Moorrees, 1959; Shumaker, 1960, 1974; Nolla, 1960;

Bradley, 1961; Knott & Meredit,h, 1966). l'lork has also been done at

the Burlington Orthodontic Research Centre by Posen (1965) and Feasby

(1971, 1981), also wibh Caucasian sanples. Lo and Moyers díd a study

in Toronto (1953) but the ethnÍc origin of their sanple was not

defined. More recently Perreault, (1974) and Masson (1980) have looked

at the timing of gingival emergence Ín French-Canadian children.

Of bhe studÍes surveyed, those that eonsidered differences in

males and females found that permanent teeth generally erupt earlier

in females than in males (Steggerda & HilI, 1942; Lo & Moyers, 1953;

Moorrees, 1957; Nolla, 1960; Carr, 1962i Posen, 1965i Knotf &

Meredith, 1966). The sequence of eruption was also found to differ

between nales and fenales, according to Steggerda & HílI (1942)'

Moorrees (1957 ) and Knott and Meredith ( 1966). As well, the sequence

of calcification, emergence through the alveolats process, and clinical

emergence bhrough the gingiva, do not always correlate (Garn & Lewis,

1957 i Knott & Meredith, 1966). The main discrepancy occurs with

regard to the premolars and second molars, partÍcularly where the

deciduous molars have been lost prematurely (Posen, 1965).
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The only studies on the dental enuption of Nonth AmenÍcan Native

populations have been the work of: Hrdlicka ( 1908) and Dahlberg &

Menegaz-Bock (1958) on the Pima Indians; Steggerda & HilI (1942) who

compared four populations: ûlhÍtes (Dubch), Negroes (southern rural

U.S.A.), Navajo (reserve), and Maya (lucatan); Garn and Moorrees

(1951) on emergence in Aleut chitdren; Mayhall et al. (1977) on Cree

and 0jibwa IndÍans (Northern Ontario); and Mayhall et al. (1978) on

the Inuit (Foxe Basin).

Dahlberg and Menegaz-Bock ( 1958) conpared their results to

Clementrs study of British children (1953). They found that a similan

pattern of erupbion existed in the maxilla and mandible in both boys

and gÍrls, bub that, the anterior teeth of the Pima erupt laber than do

those of the English, and the posterior teeth erupt earlier. They

felt thab the differences may be genetically based, environmentally

inducedr op trdue to sone conplex of environmental and hereditary fac-

torstr (1958:1136). Steggerda and Hill also found that the order of

eruption appears to be the same in all populabions, but bhat there are

genetic differences Ín eruption tirne. the earliesü eruption of teeth

occurs in the Navajo, followed by the Negro, the Maya, wibh the latest

bime of eruption occurrÍng in the tlhibe sample (1942:369). No pub-

lished studies on the stages of dental calcification have been done

for Native populations either in the United States or Canada.

Clinioal Significance

As more Canadian Indian and Inuit

dental treatment, ineluding orthodonticst

patÍents seek compnehensive

iü is imperatÍve that their
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dental developmenb not be assumed to be identieal fo thab of Caucasian

children. If there are significant differences in the timing and

sequence of erupbion of the permanent beeth, particularly the canines,

premolars, and second molars, this information could facilibate ortho-

dontie treatment: prevenbive treatmenl such as space maintenance,

Limited interceptive treatment, and co¡nprehensive trealment" If sig-

nificant population differences do exist in the timing and sequence of

dental ealcification, as well as the timing and sequence of eruption,

for }4anitoba Nabive children, then the ùype of dental treabnent

selected at different ages may be altered. The population of

Manitoba, in panticular, is composed of so many ethnie groups that no

single eruption standard is representative of the diversity that

exists.

Anthropological Forensic SÍgnificance

AnthropologÍsts have long been interested in the physical charac-

teristies of humans and how these characteristics differ between bhe

many ethnie populations. Variations exist, not only between popula-

tions, but also between individuals withÍn bhese populations.

Variations in the formation and eruptÍon of the teeth are extremely

relevant in the idenbification and the assessment of age and sex of

skeletal material. At present, all prehisloric remains are compared

to the standards of dental developnent and eruptÍon for North American

I'lhÍbe populations. No studies have been done in North America compar-

ing the mean age of alveolar eruption to the mean age of gingival

eruption. If standards for gingival eruption are applied to skeletal

and
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material without t,aking into considenation the time intenval between

alveolar and gingÍval energence, there will be a variable amount of

error in predieting the age.

In summary then, the major aims of this investigation are:

1 ). To determine the mean and range of normal variaüion for

the timing and sequence of eruption of the permanent teeth

for Native populations in Manitoba and the Northwest

Territories.

2). To determine the mean and range of normal variation for

the timing and sequenee of calcification of the permanent

teeth for Native populations in Manitoba and the Northwest

Territories.

3). To compare the timing and sequence of calcificatÍon and

eruption in Native populations to the standards set for

North Americal Í'lhite populations.

4). To deternine the dÍfferences in the timÍng and sequence of

calcification and eruption males and fenales in Nat,ive

popuJ-ations co¡npared to Norbh Ameriean WhÍte populabions.

5). To determÍne whether there are significant correlalions

between the sequence of caleificatÍon and the sequence of

ernergence through the alveolar bone and the gingiva.

DENTAL DEVELOPMENT

În 1929 Logan and Kronfeld began bheir notable histological and

roenbgenologÍcal investigabion. The material consisted of the jaws of
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30 infants and children aged up to 15 years. Logan and Knonfeld

( 1933) report the times of the initial calcificabion of permanent

teeth, illust,rated by histological sections and radiographs. The

tables drawn up by Logan and Kronfeld lay out the chronology of the

initial calcification of the deciduous and pernanent dentitions, the

completion of the crown and the termination of the calcification pro-

cess as well as the eruption of the teeth. Apart from the fact bhat

no idea of the range of variation or of sex differences could be

obtained from sueh a small number of subjects, many of the subjeets

died from prolonged debilitating illnesses which could have affected

the chnonology of tooth development. Many eontemporary references to

tooth formati-on and its variation are derived fron the studÍes of

Logan and Kronfeld, bub their nanges are unduly narrow owing to the

extremely small sample investigated. Atthough Logan and Kronfeld did

not claim to provide fnornsf in the usual sense, many laber aufhors

have unfortunately assigned this authoritative status to bheir find-

ings, and these bables have found their way into a large portÍon of

the literature up to bhe 1960's.

In assessing age from dentitions that are imnature, use Ís com-

monly made of a chart prepared by Schour and Massler (1941), published

in slight,ly modified form by the Anerican Dental Association and

reproduced in nany textbooks. This chart, like many charts and tables

of Íts kind, Ís based to a lange extent upon the observations made by

Logan and Kronfeld (1933) and Kronfeld (1935a,brc). In practiee, how-

ever, bhe Schour and Massler charb appears to give useful and reason-

ably reliable results (Brauen and Bahador, 1942; Miles, 1958; Gray and

Lamons, 1959). Its use is, however, vÍrtually limit'ed to ages below
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15 years because no stages of growth of the thind molars are recorded

for the ages between 15 and 21 years.

Review of the earlier literature nelating to tooth fornation

reveals that the technique, material and methods used to do not give a

correcb picture of continued growth and developnent. It was not until

the 1950fs bhat studies began to appear that were based on ne$t proce-

dures, and no longen copied old tables, because deficiencies had been

detecbed in them. One noteworthy longitudinal research project was

started in the United Sbates as early as 1930, under the direction of

Dr. H.C. Stuart at the Forsyth Dental Infinmary, Harvard University'

which dealt with the development of healthy Bosbon children. From

this material several papers have been published since bhe mid-1950fs

tha¡ deal with tooth development. Another important longitudinal

study $¡as undertaken around the s¿une time at the Fels Research

Institute in Ohio, whÍch has produced a number of reports on dental

development, by Garn and colleagues"

The Sbuart material was used by Gleiser and Hunt (1955) bo pro-

duce a notable study on the calcifieation, eruption and decay of the

permanent mandibulan firsl molar. In their investigation of bhe cal-

cification process, Gleiser and Hunt were bhe firsb to divide tooth

formation into 15 developmental stages. They described in detail the

stages of growth of the first molar in radiographs of 25 girls and

boys, taken at six month intervals fron birth onwards. The mean val-

ues given by Gleiser and Hunt for the early stages of formabion of bhe

first permanent nolan are several months later than those depicted on

the Schour and Massler chart, and the data of Garn et al. (1959) put

these stages slightly later sbill. These discrepancies are not gross'
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however, especially when the whole dentition is being assessed.

A similar, but larger and more extensive longitudinal study by

Garn et al. ( 1959) has provided data relating to all the permanent,

mandibular molars and premolars. Being based on a study of 225 ehil-

dren, and presented wit,h particularly good stat,istical treatnent, this

study shows, virtually for the first time, the range of variation that

exists. For instance, t,he 50th percentile value for the age of apieal

closune of the fÍrst permanent molar in girls was 10.4 years, and the

5bh and 95th percentiles were 9.0 and 11.4 years respectively. These

workers modestly issue the warning, however, thaf the size of theÍr

population sample falls short, though noL grossly, of the number nec-

essary for the establishment of a system of reliable rnormsr

(1959:146). It is worthy of nole that Garn et al. (1959) found lhat,

the chronology of booth development was slightly less varÍable than

ùhat of osseous development among the same group of subjects.

A smaller bub similar longitudinal study by Fanning ( 1961 ), as

well as providing data comparable to, buL by no means in conplete

agreement with, fhat of Garn eb al. ( 1959), has added information

about the chronology of resorption of the roots of bhe deciduous

teeth. Using the same material, Moorrees et al. (1963) supplemented

the foregoing findings by reporting on bhe fornation of the permanent

mandibular teeth, wÍth the exception of the incisors, between the ages

of 0 to 21 years, and on the upper and lower incÍsors fron the fourth

year of life onward.

In her tongibudinal study, Nolla ( 1960) depict,s looth developmenf

from the ages of 2 to 17 years by means of graphs and tables. She

concludes thaü the type of growth displayed by each tooth is the same,
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and that few developmentat differences existed between the right and

left sides fon teeth of the same type (1960:265).

Since anong the permanent beeth the first ¡nolar begins to form

first,, the development of this boobh has been studied most. Many

researchers have observed the process of caleification to have started

from the tip of the nesio-buccal cusp, to eontinue from the disto-

buccal, then bhe nesio-lingual and finally the dÍsbo-lingual cusp

(Kronfetd, 1935ai Gleiser and Hunt, 1955; Buüler, 1967). There are

distinctly slower and faster stages Ín tooth calcificat,ion. Carlson

( 1944), fnom nadiographs; Kronfeld ( 1935a), from histological sec-

lions; and Gleisen & Hunt (1955) and Moornees et al. (1963), from

radiographs; have noted bhat the initial calcification becomes more

rapid before the completion of the crown. rrThe rate of tooth develop-

ment is not constant when judged from the mean interval between

stages. For instance, the formation of the second quarler of bhe nan-

dibular canine and premolar roobs required 1.3 years for the second

premolar in females and 2.3 years for the eanine in males. The fourth

quarter noot of bhese teeth was forned in only 0.7 and 0.6 years

respectively" ( 1963: 1496-1497). Schour and Massler ( 1940a) reported

that when the root developmenl Ís half complebed, the calcification is

accelerated to its maximum. Haavikko (1970) also found bhat, when bhe

duration of the different stages of root formation are compared, there

is a greater length of tine between the sbages of crown completion and

one-quarter roob developnent for all teeth, and thab ühe remaÍning

thnee-quarlers of roob formation appear to progress more rapidly than

t,he firsb ( 1970:143)
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Sex Differences

When material ean be sexed, allowanee ean be made for the fact

that tooth development, is very slightty but significantly more

advanced in girls than in boys at all stages, even before puberty

(Gleiser and Hunt, 1955; Garn et a1., 1958). Garn et al. noted that

t,he differences are of the order of 1 month in infaney, and 4 months

at 9 years, and are slightly greater in respect to eruption than bo

tooth formation. These sex differences are, however, about three

times less bhan those fon osseous development oven the same period so

that, where material of unknown sex is concerned, estimates of age

based upon the dentibion are more tikely to be correcb than ones based

upon osseous development. Sex differenees amounbing to about 3 per-

eent for ealeification are about bhe same as for the elÍnical eruption

of teeth (51). Both events thus represent smaller differences by sex

than in bone developnent, where they amount to between 10 to 20 per-

cent ( 1 958: 566) .

Nolla ( 1960) observed that there were no significanf differences

in the rates of caleification in males and females, and lhat, on the

average, there were no apparent differences in the general sequences

of calcificatÍon bebween the sexes ( 1960 2265).

Third Molars

The data published duning the presenb century on the clinical

enuption age of wisdom teeth give a wide range bebween 16 and 40

years. The most frequently reported age of gingival emergence for
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r^¡isdom teeth is bhe peniod between 1T and 21 years (Logan and

Kronfetd, 1933).

The differenees in the development of wisdom teeth between the

sexes are not so clear as for bhe other beeth. Many researchers have

detected no sex differences with respect to the emergenee of the t,hind

molar (e.9. Steggerda and Hitl, 1942). There are some researehers who

have found boys to undergo an earlier eruption of this tooth than do

girls (Fanning, 1962), and there are others whose observations place

the girls first. 0n the other hand sex differences, though not narked

ones, in the formation of the wisdom teeth have been noted by many

researchers. According to No1la (1960), girrs experience the carcifi-
cation process earlier. According to t,he findings of Demisch and

f'Iartman (1956), gÍrls are earlier in four of the six comparable calci-
fication stages from the crypt to the initial root formation. By con-

trast, Garn et al. (1962a) observe that, no significant sex differences

occur durÍng the entire period of development of the wisdom teeth
frthus being unique among the teeth.,, (1962a:2TB)

studies on the deveropmental age of the upper and rower wisdom

teebh have reporled the maxillany teeth to be more often earlier.
However, calcification is observed by Denisch and f,rartman (1956) to ue

generally symmetrical in 71 to 85 percent of the cases. The first
radiographically visible caleification stage of a wÍsdom booth occurs

between the ages of six and thirteen years, the nean falling between

nine and ten (Demisch and Wartman, 1956; Garn et al., 1962). At lhe

age of 21 years, on the average, bhe root formation of the third molar

is complete.
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Genetic and Environmental Influences

Garn et al. ( 1960) compared three stages of caleificat,ion for all

the teeth in sibling pains and monozygotic and dizygoüic twins in

order fo deternine whether, and to what exbent, tooth development

shows evidenee of genetic control. Their results show very low corre-

lations befween the sibling pairs and the dizygotic twins, but very

high correlations (0.91) between the monozygotic twins. Fron bhese

results Garn et al. conclude that the rate of tooth development Ís

largely, though nob entirely, under genetic eontrol (1960:174). Nanda

and Chawla (1966) conelude, on the other hand, that the retardation in

root development seen in tropical zones is intimately related to

nutritional status and environmental conditions and that the differ-

ences observed were not genetie but due to differences in nutrit,ional

status a¡rd health standards (1966:850).

Correlations of Tooth Formation bo other Develoomental Phenomena

The concept of physiologÍcal age is based upon the degree of

maturation of dÍfferent tissue systems. Several biologÍcal ages have

been developed: skeletal age, morphologÍcal age, secondary sex char-

acter age, and dental age. These criteria ean be applied separately

or together to assess the degree of physiotogicat naturiby of a grow-

ing child. Denbal age Ís of partÍcular interesb bo fhe orthodontist

in planning the treatment of different types of malocclusions in nela-

tion to maxillofacial growbh. It can also be a help in determining

the age of skelelal material where other parts of the body are mÍss-
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ing.

Numerous sLudies have been published on bhe correlations between

the formation of teeth and obher developmental occurrences. In an

Ínvestigation carried ouL with the Stuart material, Gron ( 1962) noted

that rrtooth emergence appears to be more closely associated wiùh bhe

stage of root formation than with chronological or skeletal age of the

childrr (1962:584). In the lÍght of her data, most teeth erupt clini-

eally when root development is three-quarters conplete. Data on the

correlabion between tooth formation and skeletal developmenb have been

published by Lamons and Gray ( 1958), Lautenstein ( 1961 ), and

Liliequist and Lundberg ( 1971 ). Lamons and Gray ( 1958:690) report

that skeletal age and dental development vary independently.

LautersteÍn ( 1961 ) maintaÍns that an intimate correlation exists

between roob age and bone age (1961:164). Liliequisl and Lundberg

(1971) found also that there was a high correlation (r=0.88) between

tooLh development and the skeletal age of the hand-wrist (19712109).

Lauterstein (1961:164) found that there was rran intimate developmental

relatÍonship between root age and bone agerr wíbh a rank order corela-

tion as high as 0.437.

InvestigaüÍng the relationship between booth formabion and other

maturational factors, Lewis and Garn ( 1960) found that the correlatÍon

varies at different developmental stages and ages. rrTooth formation

proved no more variable and often less variable bhan the age develop-

mental variabilÍby of menarche, hand age or the appearance of bhe

ossification centers.rr ( 1960272) They also reporb a correlat,ion, but

not a hÍgh one, between dental development and skeletal development

(r=0.40) ab sexual naturity (1960276).
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Krogman (1$68a,brc) examined the crileria and corcelations of

biological maturation that have been applied in recently published

studies. considering the fact,ors of skeletal age, dental age, calei-

fication age, ossificabion, hand age, menarche, and the maximum of the

growth spurtr he concludes that fooùh formatÍ-on age and nenarche are

best suited to the determinabion of biological naturation beeause they

vary least. He observes further that bhe application of bhe tooth

formation findings in any given population to other populations can in

many cases be of doubtful varidity. Hunt, and Gleiser (19j5) also

agree that, trwith increasing ager boys and girls diverge much more

rapidly in skeleLal maturation than in the development of the perma-

nent teet,h.n ( 1955:482)

Several authors have asserted that the caleification stage of the

feeth is a far more reliable criberíon in estimating the dental age

than is the clinical eruption of the teeth, which is far r¡ore liable

to be affected by many external factors. According t,o FannÍng ( 1961 )

rrtooth formation is preferable to tooth emergence for assessing dentat

age because ib is nob influenced as markedly by exogenous factors; and

a rating is possible at all times from birth untit the completion of

the bhird molar at about bwenty years of age.u (1961:203) Gleiser and

Hunt ( 1955) and LilÍequist and Lundberg ( 1971) suggest t,hat the calci-

fication of a tooth may be a more neaningful indicabor of sonatic

maburation than its clinical emergence. This view is supported by

Nanda (1960) who found only a low eorrelat,ion between the age at con-

plete emergence of the permanent dentit,ion, the age at the maximun

rate of the circumpubertal growth spurt in height in both sexes, and

the age at menarche in gÍnls. Moorrees et al. (1963) reported bhat
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tooth formation is superior to tooth emergence fon assessing dental

maturation. They also suggested that it is dangerous to assess total

maturatÍon of t,he individual from any one tissue sysbem, particularly

the teeth, because it has not been established that bhere is a direct

and strong correlation between tooth developnent and other indicators

of individual maturation ( 1963: 1490).

INDICES OF DENTAL MATURATION

Until quite recently, elinical eruption has been the only cri-

terion used for dental maturity. Norms derived from Logan and

Kronfeldrs data (1933) as modified by Schour and Massler (1940b), as

well as from Hurmers (1949) and Clements et, al. (1953) dat,a have been

used extensively. If clinical emergence is used as the critenion fon

dental age assessment, it can only be applied after the age of six

years for the permanent dentition.

Bean (1914) $¡as among the first to use clinical ernergence to

derive a dental age. The teeth were scored according to the sequence

in which they erupted. Matiegka (1921) used a similar nethod fon

scoring each group of t,eeth according to bheir sequence of eruptÍon.

Cattelt (1928), using his own data, attempted to use bofh of the pre-

vious methods and found thab they didnrù give satisfactory results

beeause there was often too much variabion in the sequence of erup-

tion. He found that an easier and more satisfactory method was just

to count fhe erupted teeth without worying about fhe sequence

(lgZA:28-30). Steggerda (1945) also experj-mented wit,h three different

methods for detenmining dental age from the mean age of eruplion for
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each toot'h. He concluded as werl, that the best method was just to

count the teeth that wene pnesent. He found that tpractieally t,he

same correlations were achieved as wibh bhe more elaborate methods.tf

( 1945:341 )

Nolla (1960) was the first to use the developnental value

obtained for each tooth to derive a dental age. The values for each

booth were added logether and the sun for each arch was matched with a

table for ühe t,aburalion of the dental age. Denirjian and ranner

(1973), used the approach of Tanner et al" (1962) to give each tooth a

score depending on its stage of ealeifieation. The scores on all bhe

teeth were then added together to give a total rnaturity score which

eould be converbed directly into a dental age, using an approprÍate

table of standards. NevÍle (1973) uùilized the mean age values for

each tooth stage derived from his sample, to calculate a dental calci-

fication age for each subject. The sum of all the mean ages corre-

sponding to the footh stages recorded for the subject were divided by

the number of mean ages considered (1973:43).

GINGIVAL EI'IERGENCE

More than any other matter related to dental development, the

clinieal eruption of beeth has comnanded the attention of nesearch

workers. Cumulative incidenee curves representÍng lhe percentage of

children at each age with a given tooth erupted have been drawn by

various authors in cnoss-sectional surveys (Catlell, 1928; Hellman,

1943; Clements et al., 1953a; Hurne, 1948, 1949).

Many investigatons have observed the existence of differences
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between the upper and lower jaw with respect to the time of eruption

of corresponding teeth. The incisors and canines of the lower jaw

erupt about a year earlier than the corresponding teeth of the upper

Jaw in both sexes; the lower second molans energe about 6 nonths ear-

lier than the upper ones do, lhe mandibular and maxillary firsü molars

almost sinultaneously, while the first and second premolars nake their

appearance noughly six months later in the lower jaw (Hurme, 1949;

CLenents et al", 1953a; Dahlberg and Menegaz-Bock, 1958; Caru, 1962).

Sex Diffenences

Sex differences are generally clear in the emergence of teeth"

Although the standard deviations in eruption ages are sinilar in both

sexes, girls are on the whole ahead of boys to the extent, on the

average, of some two months in regard to the first, molars and as much

as 11 months in regard bo the canines (Cattelt, 1928; Hellnan, 1943;

Hurne, 1948, 1949; Adler, 1958; Magnusson, 1976). According to Adler

(1959) in the ten-year span of 1949-1959 alone ¡ 521 ÍnternatÍonal

studies dealing with bhe eruption age of the permanent teeth among 40

different nationalities were pubtished. In 494 of the papers, girts

were reported to be earlÍer than boys in the eruplion of bheir beeüh

(Adler, 1958:81 ).

Eruption Seouence

Massler and Schour (1941) divided the eruption of the permanent
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teeth into three phases: the first phase included the first molan and

the incisons, the seeond phase inctudes the canines, premolars and the

second molars, and the third phase is devoted lo bhe fhird molars. Lo

and Moyers (1953) found that there was greater variatÍon in t,he erup-

tion sequence in the teebh of the second group bhan in the other

groups.

According to many studies on the eruption sequence of permanent

teeth, the mandibular first nolars are the first, of the pernanent

teeth to emerge (Cattell, 1928; Hurme, 1948; Lo and Moyers, 1953).

But there are also a large number of investigators who report having

observed bhe mandibular finst incisons to be the finst teeth to emerge

(Steggerda and Hilt, 1942; Hellman, 1943; Clements et al., 1953b;

Butler, 1962). The eruption sequence of the upper and lower jaw dif-

fers, as is well known, and distinct sex differences have been noted

wit,h regards to the canine teeth. Knott and Meredith ( 1966) descrÍbe

four eruption sequences in their longitudinal study, two Ín the upper

and two in the lower jaw, bhat occur with bhe highest frequency and in

over 15 percent of their subjects. Lo and Moyers ( 1953) report the

same four sequences of eruption, although the percentages of bhein

occurrence differ fron those arrived at by Knotb and Meredith. In

1950 Schultz present,ed a tooth eruption sequenee schedule for contem-

porary huraans, (tl M1) 12 (P1 C P2) M2 M3, in which the teeth marked

in parentheses may exchange places. This erupbion formula does not,

however, take into account those sequences in which the second molar

emerges before the canine, t,he fÍrst premolar or the second prenolar.

Such sequences have been reported by Steggerda and Hitl ( 1942),

Clements eü al. (1953b), and Dahlberg and Menegaz-Bock (1958).



-18-

In the light of thein own observations, Koski and Garn ( 1957)

revised Schultz's fonmula as follows: (I1 M1) lZ (p1 C pZ IIZ) M3,

which includes all the eruption sequences tikety bo occur in eontempo-

rary humans. Hor+ever, enuptions deviating even from t,his range of

sequences have been reported. According lo schour and Massler ( 1941 ),
ftthe order of eruption is far more important than the chronological

age of the ehird. The aetual age at eruption of any of t,he teeth is
quite varÍable, depending upon race, sex, type, and systemic as well

as local conditÍons.'t ( 1941:1159).

Genetic Influences on Dental Eruption

Genetic differences with respect to ùhe eruption of teeth have

been observed. rn general, the teeth of f.lhites of European origin

erupt at a later date than do those of, fon example, Ameri.can Indians,

American Negroes, South African Negroes, Ghanaians, Filipinos, nJewsn

and Southeastern Dominicans (Bean, 1914; Cattell, 1928; Steggerda and

Hill, 1942i Dahlbeng and Menegaz-Bock, 1958; Garcia-Godoy et al.,

1982). The tables of Bean ( 1914) include the most extensive data

based on Anerican children. He included separabe tables for

Amenicans, Germans and Filipinos. He babutated separately bhe upper

and lower arches and the sexes, but, he gives his norms only within

wide age limits.

In Magnussonrs study of the mean age of gingival emergence in

Icelandie children (1976), there was strong agreement between his

results and those of HeIm ( 1974), who did a simÍIar study of Danish

children. Magnusson noted a slight tendeney fon earlier emergence in
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Iceland, but the only significant diffenence observed was fon the max-

illary second premolar in females (1976:36).

Masson ( 1980) compared the timing of gingival emergence in

Caucasoid childnen of Norbhern Quebec to that of Northern Ontario

Indians (Mayhall ef â1., 1977). He found t,hat there were striking

differences in the emergence patterns between the two populabions.

The population of Northern Quebec showed a retarded emergence of about

six nonths for most teeth. The mandibular lateral incisor and first

premolar emerged at about t,he sane time as the Indian sample and the

maxillary central and lateral incisors emerged earlier in the

Caucasoid sample (1980:645). Masson attributes these diffenences to

genetic rafher than envinonmental influences. rfThe results suggest

that caries or premature extracbion of deciduous teeth and the climate

and socio-economic status seem to play little role eompared to the

genetic differences of bhe populations when tooth emergence is stud-

ied. rr ( 1980:643 ) .

EnvÍronmenüal Influences on Dental Eruption

The influence of environmental factors on tooth emergence has

been pointed out by Hellman (1923), Cattell (1928) and others.

Socio-economic cincumsbances have also been observed to affect the

eruption age of teeth. It has been demonstrated that in childnen

belonging to different socio-economic levels, and in chÍldren fron

eity and rural groups, the undenprivileged childnen and those from

rural distnÍct,s were laten in their tooth emergence. Clements et al.

( 1953a) also found that higher socio-econonj-c groups are more advanced
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in their dental development. Hellman (1943), however, reported con-

trary findings in studying 'trichrr and rrpoortr children, but his results

may have been conditioned by a genetic difference between his two sam-

p1es. These diffenences in booth emengence are thought to be due to

the supposedly better diet of the early eruptors.

Environmental factors other than diet or urbanizabion may affect

tooth emergence. For instance, it has been shown in the laboratory

bhab body growth and eruption of the incisors in rats can be retarded

through the addition of a 0.05 to 0.1 percent solution of a fluoride

to the food ration (Smith, 1934). These experimental results ane also

borne out by Shortts (1944) observations bhat in children living in

areas where fluoride was present up to 2.6 parts per million in the

drinking water, the teeth were delayed Ín eruption. Adler and Godeny

(1952) also reported a later emergence of premolars in children living

in regions using naturally fluoridated donestic water than in children

Ín fluorine-free regions. Castatdi and MacRae (n.d. ), however, found

no signifÍcant differences in the energence time or Ín the sequence of

emergence of the deciduous teeth between fhe children of two communi-

ties in Alberta, one with a low fluorÍde level in the water, and the

other with an optimurn level of fluoride ( 1 .2 Lo 2.1 ppm).

The effect of premature extraction of the deciduous teeth due to

caries or pulp infect,ion, has been studied by several authors

(Fanning, 1961, 1962i Adlen, 1962; Butler, 1962; Posen , 1965;

LautersteÍn et aI., 1962, 1967). These authors generally agree that,

depending on the time at which the extraction occurs, there is a

delaying or an aecelerating effect on the eruption of the pennanent

successors. Fanning ( 1961 ) noted that while no changes were observed
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in the calcification of the premolars after extraction of the

deeiduous molar, there was an immediate spurt in the enuption of the

premolar. Both Fanning ( 1961, 1962) and Posen ( 1965) found that very

early extraction of the deciduous nolar resulbed in delayed eruption

of its successor, but that eruption was accelerated if the extraction

oceurred after about I years of age. Fanning also noted ùhat a long

standing abscess wÍth alveolar bone destruetion caused early emer-

gence, sometimes with imnature root development and migration of t,he

premolar (1962:45). Lauterstein et at" (1962) found that when a pul-

potomy had been done on a deciduous molar, the underlying premolar

erupbed eanlier than its antimere (1962:1369). Butler (1962), how-

ever, found no significant differences in the rate of premolar erup-

tion following extraction of the deciduous molar. She concludes that

rrthere is no evidence to show bhat t,he early loss of deciduous teeth

is the najor faclor in causing teeth t,o erupt earlier, but that, this

advancenent is more probably due bo a general association wÍth growth

and development.n (1i62:448).

THE RELATIONSHIP OF CALCIFICATION TO ERUPÎION

The movement of the teeth in the alveolar bone toward the oral

cavity has been of interest to many of the early investÍgators (Orban,

1928; Logan and Kronfeld, 1933; Kronfeld, 1935a,b; SÍcher, 1942). The

actual measunement of toot,h growth was inaugurated by Orban (1928),

whose measunements fron the base of the nasal bone to bhe germs of the

upper incisors and from there to fhe epithelium of the mouth demon-

strated that, bhe Hertwig sheath remains fairly stationary during the
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gro$¡t,h of a tooth. Kronfeldts (1935a) histological and radiographieal

studies on the relat,ion of t,he first molar to the mandibular canal

support the view of bhe constant position of t,he Herbwig sheath.

Many studies have been published on the mechanism of tooth move-

ment. Orban (1928) and Sicher ( 1942) regard the lengthening of the

pulp and root as the chief factor in the movement of a tooth. Many

researchers share t,he view that a tooth begins üo move toward the oral

cavity only after the cro$¡n has conpletely forned and root development

started (Carlson, 1944; Shumaker and EtrHadary, 1960). Slight move-

ment as early as the erypt stage, has been noted by Kronfefd ( 1935a)

who remanks that movements take place even before Lhe calcification of

a tooth ean be radiographicatly detected. According to Schour and

Massler (1940a), calcification and tooth movenent are two different

processes, Carlson (19442587 ) observes that ttin some of the teeth

elongation of the booth and occlusal movement of the crown need not

occur together.rr No lowering of the crypt occurs, either; only at the

beginning sbage of root formation does the roob grow 2 Lo 4 mrn down-

ward. Aecording to Shumaker and EltHadary ( 1960), the novement of a

tooth toward occlusion lasts about five years. In theÍr study, Ando

et al. (1965) follow the eruption process and report the occlusal sur-

face of a tooth to be about 3 to 8 mm from the alveolar crest before

actual tooth movenenl and rrÍt vrould take from six to twelve nonths for

a given tooth to move to bhe alveolar bone crest from its original

posibion.fr Lauterstein et al. (1967 ) observed asymnetry in the erup-

tion within the bone of the canines, first premolars and second premo-

lars on the left and righü sides of bhe jaws, and Lauterstein et aI.

( 1968) report symnetry in the apical growth of teeth.
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Shumaker ( 1960) also looked at the relationship between tooth

development and movement toward occluslon. He concluded that there

does not appear to be a direct linear relationship. Therefone, as the

deveroping tooth becones longen, a corresponding amount of eruption

does not necessarily occur (1960:540). Gleiser and Hunf (19j5) found

bhat in the interval between alveolar and clinical emergenee the tooth

elongates at a moderately rapid rate, but thab calcifieation is most

rapid folrowing gingÍval emergence. After the tooth reaches occlu-

sion, the roots conlinue to elongate srowry for several_ years

(19552266). Acconding to Gron ( 1962), the majority of atl teeth have

attained appnoximately three-quarters of thein noots at the time of
gingival energence. The mandibular finst molar and central incisor,

however, had generally less root development at ernergence than any of

the other teeth, with about hatf of üheir roots completed (1962:5TT).

Feasby (1981) found that following the complebion of the cror.¡n,

t,he t'ooth erupts toward the occlusal plane at a constant rate until
the last year before the tooth reaches occlusion at which tine a upre-

occrusal erupbion spurtrr occumed, followed by a sharp reducbion in

t,he rate of eruptÍon ( 1981 :557 ) .

ALVEOLAR EI"ÍERGENCE

The literature contains very littte information on the chronolo-

gical age of the alveolar eruption of teeth or on the developmental

stage of the roots at the time of this event. In most instances the

informat,ion is limited to only one on a few teeth which are merely

mentioned in addition bo other findings. Gleiser and Hunb ( 1955)
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neport fhat the alveolan emergence of bhe first molan takes place at

the age of 5.4 years, when root formation has nearly reached 1/4 com-

pletion. Garn et al. ( 1958) give mean ages of alveolar emergence fon

the first and second molars and bhe first and second prenolars, in

their work on the sex difference in toobh calcification. Lewis and

Garn (1960) lÍkewise vÍew alveolar emergence as one st,age of dental

development but estimate no mean ages. Fanning (1961) notes bhaü bhe

root of the first nolar is about 1/J complete at the time the tooth

penetrates the alveolar bone.

Koski and Garn (1957) and Garn et al. (1957) refer to the alveo-

lar emergence sequence of the mandibular second premolar and second

nolar in comparing the occurrence of different eruption sequences in

fossil and modern humans" SeveraL substitutes for the sequence of

gingival emergence have been used for skeletal on fossil remains; pri-

marily the orden of calcification, alveolar emergence, and the order

of attainment of the occlusal level. As Garn et aI. state,

rrlnvariably the assumption is made bhat these substÍtute sequences are

either equivalent to, or identieal wiùh, bhe order of appearance of

the teeth through the gums.tr (1957:314). Garn and Lewis (1963),

referring to their observed díscrepancies between the sequence of

alveolar emergenee and gingival emergence, conclude that ùhis disbinc-

tion is of major importance but that rrnost workers, hovrever, seem to

have taken alveolan eruption and gingival eruption as equivalent if

not identical, whether working with monkeys or men.rf (1963:55). They

found that a large proportion of Amenican f'lhite children are of the

M2P2 eruption sequence in alveolar emergence, but that the majoriby of

bhe sane children are of Lhe P2M2 or rmodernr onder of emergence
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bhrough the gingiva (Garn eb a1., 1957). Koski and Gann (1957) and

Hrdlicka (1908) have found LhaL M2P2 is also the most eonmon sequence

fon the gingival emergence of mandiburan beeth in pima and Apache

Indian populations.

To bhe best of my knowledge only one study has been published

(Haavikko, 1970) on the time involved between the alveolar emergenee

of teeth and their gingÍval emergence. Haavikko has found bhat clini-

cal emergence follows alveolar emergence very rapidly in the central

incisors, and the mandibular lateral incisors, canines and premolars,

The time interval- between these two stages of eruption is considerably

longer, howeven, for the maxillary lateral incisons, canines, and

molars (1970:154).

DENTAL DEVELOPMENT IN INUIT AND INDIAN POPULATTONS

Several studies have been done comparing dental enuption in dif-

ferent populations outside of North Anenica (Carn, 1962, 1963;

Clements et al", 1953arb; Helm and Seidler, 1974; Magnusson, 1976;

GarcÍa-Godoy et al., 1982). Most of the published work on lhe calci-

fication of the teeth has been done in North America, and with differ-

ent Caucasian groups. Only a few studies have been done on the mean

age of gingival emergence in Native populations in North America, and

to the best of my knowledge, no work has been done on the timing and

the sequence of calcification; the amount of root development at

alveolar and gingival emergence; or on the relationship between the

timing of alveolar and gingival emergence in these populations.

The earliest research Ís that of Hrdlicka ( 1908) who visibed
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numenous Indian tribes in the southwestern United States and north-

western MexÍco. f"lhen eomparing the Apache and the pima, he found very

few differences in the timing of eruption except t,hat the canines

erupt a little earlier and the second molars are decidedly earlien in

both tribes than in l'lhÍte children (19082123). Steggerda and Hitl
(1942) compared the eruption bimes in four groups: Anerican l.lhit,es,

Negroes, rndians (Navajo) and the Maya, t,o the eruption standards of

Logan and Kronfeld (1933)" They found that there !.rere sÍgnÍficant

differenees between the four groups, wit,h eruption being the earliest

in the Navajo, then the Negro, the Maya, and finally t,he lihite.

Steggerda and HilI attnibuted the wide range of variation to trdiffen-

ences in heredity, biologie function, nutrition, body growth, sex and

raeerr (1942:361 ) .

Garn and Moorrees (1951) compared the age of gingival emergence

in Aleut children to the mean ages of emergence given by Hurme ( 1949).

They found that frtooth emergence appears to be markedly and sÍgnifi-

cantly earrier in these Aleut childrentf ( 1951 z26T). They also noted

bhat t'he younger ehildren appeared to be more advanced in toot,h emer-

Sence and the older children were less advanced and were more like the

tlhite population. Dahlberg and Menegaz-Bock (1958) found that in

their st'udies of the emergence of the beeth of the Pima rndian, that

bhe replaeernent of the deciduous teebh wibh t,he permanent teeth starts

later and finishes earlier than in most other populations ( 1958:1 123).

In conparing the Pima children to British children (Ctements et aI.,

1953), they found t,hat the anterior teeth erupt lat,er in the Pima, bul

that, the posterior teeth erupt earlier among the Pima (1958:1136).

Boesen et aI. (1976) compared the mean ages of emergence of the
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permanent teeth between two samples fnom Easb and tlest Greenland.

They found that despite differences in the genetic background and

environmental conditions, there were no significant differences

between the two samples in the timing of gingival emergence. Both

samples were advanced in their erupbion over two Caucasoid and two

Mongoloid populations, and the similarity between bhe two Greenland

samples was greater than between any of the other four populations

(19762247).

In Mayhallrs neport,s (1971, 1972,1978) on the Inuit of the Foxe

Basin he slaLes that gingival emengence is advanced in t,he Inuitr pâr-

ticularly among the males, compared to [,rlestenn European [.lhif es

(1972225). In bheir 1978 paper, Mayhall et al. eompared their sample

to that of Perreault et al. ( 1974). They found that the Inuit were

also advaneed in the time of emergence over bhe French-Canadian sam-

ple, partieulanly for the canines and the posterior teeth (1978:213).

In their 1977 study of bhe Cree and Ojibwa of Norbhern Ontanio, which

Mayhall et al. also compared to Perreault ( 1974), they found no sig-

nificant differences in gingival emergence in the nandible except for

the fÍrst molar whieh was advaneed in the Indian sample. In the max-

illa, however, there were significant differences for both sexes, in

the emergence of several teeth. The first premolar and the first

molar were advanced, while the second premolar and the incisors r"¡ere

delayed in their emengenee ( 1978:8) in the Indian sample. Mayhall et

al. conclude that bhese differences are primarily genetic and not due

t,o high caries or extraction nates, as the nutrition of their sample

was high in calonic and protein intake, and bhe caries nate was low

( 1 928 2215) .
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Mayhall et al. ( tgZg) also compared the results for thein Inuib

and rndian samples bo the Pima rndian sample studied by Dahrbeng and

Menegaz-Bock (1958). They found that the maxillary canÍne of the

Cree-Ojibwa male emerges before that, of fhe Inuit,, but for atl the

other maxillary teeth, both male and female, the rnuit show an earlier

age of emergence. These differences tended to be greater between the

females than belween the males. rn the mandible, however, the rndian

sampres showed earlier emergence for several teeth, particularly the

first molar and the incisors (19782213).
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CHAPTER II

I'{ETHODS AND I,IATERIALS

THE SAMPLE

The sample for this cross-seclional sfudy consists of 236 Indian

children from several resenves in Manitoba, Saskatchewan, and nonth-

west Ontanio, and 149 Inuit children from several settlements in the

KeewaLin zone of the Nonthwest Territories.

Panoramic and intra-oral radiognaphs ane used in this study to

assess the caleification and enuption stages of all the permanent

teeth. The majoriby of these films were taken on the G.E. Panelipse

machine, with a small percentage taken on the S.S. Whibe Panorex and

Siemens Orthopantomograph machines. No new nadiographs were taken

specifically for this study, but all the available radiographs were

collected fnom private dental clinics throughout the province, and

were duplieated at fhe Universit,y of Manitoba, using Kodak X-Omat

duplicating film and the BXR MKII Duplicating Printer, to ensure con-

sistent quality.

The sample was not seleeted at randomr âs panonamic nadiographs

are not routinely taken for eveny Native dental patient. Thus the 385

radiographs used in this study represent a veny high percentage of lhe

fotal number of Native people in Manitoba and the Keewatin zone under

the age of 28 years who have ever had a panoramic nadiograph taken.

The Inuit sample is composed of children from seven different
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settlements in the Keewatin zone: Baken Lake, Chestenfield Inlet,

Conal Harboun, Eskimo Point, Rankin Inlel, Repulse Bay, and t'lhale

Cove. Alt of lhe Inuit ehildren had been patients at the Healfh

Centre in Churchill. The Inuit of this Central Aretic area are con-

sidered to be eulluratly distinct from the Aleuts of Alaska and the

Gneenland Eskimo. The Inuit sample Ís composed of 81 females and 68

males. The age range is from 2.03 years to 21.59 years, wibh a mean

age of 7.50 years. See Figure 1 for the age and sex distribution of

bhe Inuit sample.

The Indian sample is composed of children from many different

reserves throughout the province and eonsists of four major language

groups: Cree, Ojibwa (Sautteaux), and Sioux, who are all from the

Northwest Plains cultural region. A small pencentage ane Chipewyan,

from the Subaretie cultunal region. The Indian sample is composed of

128 females and 108 males. The age range is from 2.4J years to 27.81

yeans with a mean age of 10.21 years. See Figure 2 for the age and

sex distribution of the Indian sample.

The Inuit and Indian samples are considered separately in this

study because of physical differences between them. Current anthropo-

logical theory holds that Inuil and Indian populabions have been sepa-

rated for a long period of bime, except thab Athapaskan Sroups, such

as the Chipewyan, more closely resemble the Inuit than any of the

other Indian groups (Szathmany and Ossenberg, 1978).

No consíderation was made in this study of the amount on type of

dental tneabment receivedr op of bhe nutritional status of the two

groups. A recond was made of the extnaetions of deciduous and perna-

nent teeth, where this infonmation was available (Fig. 16 Appendix B).
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From my ou¡n personal obsenvations it seemed apparent that bhe Inuit

sample had received only emergency dental treatmenL except in t,hose

communities where there hras a dental therapist (Eskimo Point and

Rankin Inlet). The Indian sample received more nestorative and pre-

ventive treatment with slightly fewer extractions reconded. The dieb

of both samples appeared to be adequate, but considering the high

incidence of caries, partieularly in the Inuit sample, very high in

refined carbohydrates.

CALCIFICATION AND ERUPTION SCORÏNG STSTEMS

In the literature bhe most commonly used measure of dental age

has been secured by noting the eruption of the teeth clinically.

Although the erupt,ion of the teeth may differ greatly in the time of

appearance in the mouths of diffenent children, the majority of t,he

children exhibif some pattern in the sequence of eruption. A consid-

eration of erupt,ion alone, however, makes one aürane of only one phase

of the development of the dentition. A measure of calcification

(maturation) at differenb age levels provides a more precÍ.se index fon

determining dental age. As Moomees et al. state:

rrDental age can be determined by the emergence and by
t,he formation of bhe teeth. Toobh formation is superion
üo tooth emergence for assessing dental maturation,
because the majority of the teebh can be studied at eaeh
examination. In contrast, emergence is only a specific
phase of eruption, rarely observed for more than one or
two beeth at a time, if af all. Emergenee is also
influenced markedly by environrnental faetors sueh as
loss of deeiduous predecessors and the lack of space in
the dental arch, explaining some part of the variation
in noot length al emergence.rr (Moonrees et â1.,
19632 1 490 )
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A sunvey of bhe liberature nevealecl bhat many different,

categories have been used by various authors Lo assess the calcifica-

tion and eruption stages of a tooth. Twenty-two of these categories

were identified and then nanked in ascending order and assigned a num-

ber from 0 to 10 using Nolla's (1960) ctassification. The intenmedi-

ate stages lrere assigned a decimal number depending on thein proximit,y

to the next cabegory. This preliminary sconing system is summarized

in the following chart.

PRELIMINARY CALCIFICATION SCORING SYSTEM

Score

0

1.0

No change in bone density, and no cnypt visible.

The erypt is elearly visible, but there is no evidence of
cal-cification. The appearance of an almost cireular radiolu-
cent structure.

Initial cusp ealeification. The appearance of small tniangu-
lar radiopaque points close to the innen coronal border of
the crypt.

Coal-escence of at least two centres of ealeifieation.

The outline of the cusps (incisal nidge) is complete.

The crown is 1/4 complete.

The crown is 1/3 eomplete.

The crown is 1/2 compleLe.

The cnown ís 2/3 eomplete.

The crown i" 3/4 complete.

The crown is almost eomplete.

The erown is complete.

Initial or minimal root fonmation.

2.0

2.2

2.5

2.8

3.0

3.5

4.0

\.2

5.0

6.0

6.2



6.5

6.8

7.0

7.5

8.0

8"2

9.0

9"5

10.0
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Initial cleft formation in molars.

The root is 1/4 complete.

The root is 1/3 comptete.

The root is 1/2 eonplebe.

The root is 2/3 complete.

The root is 3/4 complete.

The root is almost complete wilh an open apex. The root
eanal is t,erminal-Ly divergent.

The root apex is 1/2 closed. The root canal is terminally
convengent.

The apical end of the root is completed.

very few of these caLegories have been welt defined by the

authors, but an attempt was made to eornelate sevenal selecLed scoring

keys for calcification with my preliminary scoring s5'stem (Table I).

RELIABILITY TESTS

A series of eleven radiographs were scored twice by the author,

and once by a second tnained observer, in orden to deternine bhe abil-

iby to identify each of the 22 eaLegories. The finst eight radio-

graphs selected did nob include very young individuals (between the

ages ofl 2-5 years), so an additional three radiographs were chosen

from this age group lo ensune that the lower age categories ( 0-4

years) were better represented. The eleven radiographs repnesented

individuals between the ages of 2-12 years.
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Intra-obsenver Rgl¿aÞllflf

0n the basis of 32 permanent teeth on each film, 352 observations

were made on each scoring of the eleven radiographs" The number of

ernors by more bhan one category (i"e., a category $¡as skipped on the

second observation of the same tooth) was 5.4f. The number of emors

where the next category (upward on downward) was selected on the sec-

ond observation was 51.4f.

Inter-observer Reliability

The same number of observations were made by bhe second observer.

The number of errors by mone than one categony was even higher, 12.7%,

while the number of ernors by one categony was slightly lowen, 48.61"

As a result of the eonsiderable error in scoring each toobh for

lwo adjacent eategories, it was detenmined that this fine a degree of

differentiation between calcification scones bras boo precise and could

not be aceurately used for cross-seebional data. f,lith longitudinal

data, one has the distinct advantage of the subsequent film' taken

probably six monbhs later, with whieh to compane. By eliminat'ing sev-

eral intenmediate calcification scones, i.e. ero!ùn 1/3 and 2/3 eom-

plete, root 1/3 and 2/3 eompleLe, 100f accuracy was achieved on both

intra-observer tests, and 95.5% accuracy on the inter-observer best.
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Reliability of Interpnetation from the Panoramic Radiognaph

The only studies that have been done on tooth development using

panonamic radiographs are Haavikko ( 1970) and Nevile ( 1973). Mattila

and Haavikko ( 1969), and Haavikko and Mattifa ( 1970) looked at the

reliability of using the orthopantomograph film for inLenpretation of

alveolan emergence and gingival emergence, companed bo the elinical

picture. Alveolar emergence was tested using skel-etal material and

gingival emergence was tested by clinÍcal examination, which was done

just prior to taking the radiograph. These evaluations were neconded

independently and by two investigators. The ineornect evaluations

made by the two investigatons were almost identicat (12 or 13 out of

283) witfr 9 of these ernors involving the same teeth in the same indi-

vidual (19T02192). More errors were made in evaluations of teeth in

the maxilla than the mandible. 0vera11, the pereentage error was 0.5

pereent. They conclude that the orthopantomographic appearance of a

permanent boofh corresponds very closely to the clinical picture for

bobh alveolar and gingival emergence, but for ffcritical casesrr (where

the tooth is less than 2 mm above or below the mucosa) the radio-

graphic ínterpretation tends bo be slightly ahead of the clinical

evaluation of gingival emergence (1970:193).

Film Emor

Anothen sounce

the patient sits

belween two latenal

of enron is the panonamic film itself. Ideally

in a standard chair and the head is positioned

head supports wilh the chin supported inferionly
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so that the Frankfort horizontal plane is paralrel to the floor.

within these constraints, however, there is room for approximabely 20

degrees variation in head posiLion, in both vertical and horizontal

planes, before the resulting exposure appears badry distorted. There

is a minimal amount of elongation and foneshontening with the pano-

ramic technique compared to the intna-oral lechnique, where the

patientrs head is not eonstrai-ned. As well, errors in scoring nesult

from viewing a toot,h that is inclined lingually or faciatly in the

alveolar bone" Since accunate determi-nation of crown and rool devel-

opment was not possible in these cases, these teeth were not sconed.

A test for different types of flil-m error was done t,o determj-ne

the effecb of differences in head positioning. A series of foun pane-

lipse films was taken using a metal skull, with anatomicatly corect

metal teebh, in the head holder" 0n the first film, the metal skull

was positioned as elose to the ideal as possibJ-e, wit,h the Frankfont

horizontal plane parallel to the floor. 0n the second film, the head

was tipped upwand at approximately 10 degnees to the Frankfort hori-

zonbaI plane. On the third fiJ-m, the head was tipped downward at

approximately 20 degrees bo the Fnankfont horizontal plane. For the

fourth film, the Frankfort honizontal plane was ret,urned to ideal

position, but the head was rotated horizontally to the left at approx-

imately 20 degrees. An additional film could have been taken wit,h t,he

head rotated lo bhe right, but bhis was felt to be unnecessany as the

result would have been comparable to the fourth film. To deviate any

more than 20 degnees in any direction from the ideal position was not

justifiedr âs the technieian would most certainly be awane of such a

severe malposition, and correct the head posture befone exposure. The
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distortion eaused by more than a 20 degree horizontal or vertical

rotatlon would be sufficient to make one-half of fhe film diagnosti-

cally unsultable.

Very little distortion l¡as found between the first and second

films, so that a verticaL error of 10 degrees was found to be accepta-

ble. The third film showed considerable distortion of the entlre den-

tal arch, and slight foreshortening of bhe nandibular anterior teeth.

The foreshortening was calibrated with a Boley Sauger and found to be

no more than 2 mn. This r¿as considered serious enough to affect the

scoring procedure, and nay account for some of the error in accurately

debermining the intermediate stages, i.e., between root 1/4 complete

and root 1/3 complete, the absolute difference in overall root length

may be as litble as 1 mm. Thus, a variation in the head positioning

would result in an error in scoring by one category or nore" The

fourth filn showed severe distorbion and overlap on the side of the

arch opposite to the direction of rotation. This would indicafe that

portions of both arches were no longer in the focal brough of the

machine. There vras a sinilar amount of foreshortening on t'he left

side of the film, and very slight elongation of a few teeth on the

rÍght side of the film.

Other sources of filn error were also found when viewing lhe

radiographs. Faulty lntensÍfying sereens, static, dirt on the film'

and especially, movenent by fhe patient, made accurate scoring diffi-

cult and, in some cases, impossible. These results agree with Garn et

al. (g57). In these cases, certain portions of the denbition were

not assegsed.

As a result of the reliability tests and the tests for film
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error, sevenal of the intermediate categories were found to be

unreliable and were collapsed. As well, however, it was decided t,o

add categories to assess the amount of resorption of the roots of

deciduous beeth. Four of the categories defined by Fanning (1961)

were selected.

The final scoring system selected is as follows:

Calcification Seores

SCORE 0 No change in bone density, and no crypt vÍsible. This cat-

egory is the same as that used by Notla.

scORE 1 The crypt is erearly visibte, but there is no evidence of

calcification. This category is the same as that used by

several authors.

scORE 2 rnitÍal calcifieation. coalescence of at least two een-

Ères. This category is a combination of three stages used

by Nolla, Moorees et a1., Fanning, and Gleiser and Hunt,

as it was found to be impossible to differentiate bebween

Ínifial calcification and partial eoalescence of cuspsr otr

a sÍngle radiograph.

SCORE 3 The cror.tn is 1/4 conplete with complete coalescence of the

cusps. This caüegory includes Nollars slage J.

SCORE 4 The crown is 1/2 comptete. This cabegory was used by

Moomees et al.

SCORE 5 The crown is 3/4 compleüe. The pulp chamber diverges

widely and prominent enamel extensions are evident. This

category corresponds to Nollars stage 4.



scoRE 6

SCORE 7

scoRE I

SCORE 9

SCORE 10

SCORE 1 1

SCORE 12

SCORE 13

SCORE 14

SCORE 15

SCORE 16

scoRE 17
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Crown completed. This categony is the same as that used by

several authors. It is marked by the bermÍnation of the

enamel at the eemento-enamel junction. Thus, it may

include very mÍnimal root formation. This category

includes Nollats stages 5 and 6.

The root is 1/4 complebe. Cleft, fornation is not necessar-

ily included in this category bub is recorded separately

for nolars. This category includes Nollars stage J.

The root is 1/2 complete. This category comesponds to

Nevilers stage G.

The root is 3/4 complete. This categony cornesponds to

Nollars stage 8, and Nevilets stage H.

This category is defined by initiation of apical closure,

with the root canal terminally convergent. Root lengbh was

found to be too variable to be accurately used. this cab-

egory includes Nollars stage 9 and NevÍlers stage I.

Conpletion of root developnent with apÍcal closure. This

category is used by several authors and comesponds to

Nollars stage 10.

Resorption of 1 /4 lo 1/3 of the deciduous root.

Resorption of 1 /2 of the deciduous root.

Resorption of 2/3 Eo 3/4 of bhe deciduous root.

Complete resorption of the deciduous rool.

Complete exfoliation of the deciduous looth.

ExbractÍon of the permanent or deciduous tooth. This cat-

egory is used when evidenee exists that bhe deciduous or

permanent tooth has been exùracted prematurely.
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SCORE 18 This categony is used when evidence exisbs that a toobh is

congenitally missing. Third molans are scored as n0rr

unless the child is over the age of 12 years, by which time

the third molars should have begun calcification.

SCORE 19 This category is used for nissing permanent teeth where the

reason is unknown. The Looth may have been extracted or is

congenitally missing.

SCORE 98 This category is used if the tooth is obviously present but

an accurate determination of development is not possible

due to an abnormal inclination of the toobh.

SCORE 99 This category is used if the filr¡ is faulty, so that the

presence or absence of the tooth was unknown.

SCORE ItVn Cleft formation Ís recorded separately for the permanent

molars.

Eruption Stages

The term eruption refers to the movement of a tooth toward its

final occlusal positíon. Thus, eruption includes movenent within fhe

maxilla and mandible before energence, as well as movement toward the

final occlusal position afber emergence (Mayhall et at., 1978:211).

Massler and Schour ( 1941 2552) defined six stages of erupbion:

Stage I. Preparatory sbage (opening of bhe bony crypt).

Stage II. Migration of bhe tooth boward the oral epithelium.

Sbage III. Energence of bhe crown tips into the oral cavÍty.

Stage IV. First occlusal contact.

Stage V. Full occlusal contact.
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Stage VI. Continuous enupt,ion.

Enupbion vlas considered independently of calcification in t,his

study, due to the wide variation found in the libenature as to when

each stage of eruplion occurs. Shumaker, fon example, found that each

mandibular tooth studied rrstarts to move toward occlusion at approxi-

mately stage 6 or crown completionrr (1960:539). Carlson (1944), how-

ever, states lhat the pernanent teeth do not nove occlusally until

root formation has begun. Gleiser and Hunt, in theÍr study of the

mandibular first molar (1955) found that clinical emergenee occurred

when the roob was between 1/3 and 1/2 eonpleted, while Schour and

Massler (1940b) stated that "when the roobs are approximabely one-half

caleified, the teeth are ready bo assume their places in the nouthtl

( 1 940b z 1929) .

There is then, varied opinion as to the actual nelation bebween

calcification and eruption. The other problem taken into aecount by

consideri-ng eruption separately fron calcifÍeation, is the high inci-

dence in this sample of early emergence of the permanent premolans as

a result of prenature extraction of deciduous molars. According to

Feasby (1981¿557) there is a rrlow comelatÍon between the naxÍmum

eruption rate and the increment in root growth . . . (which) suggests

t,hat fhe eruption surge and root increnents lrere independent vari-

ables. rr

Four stages of eruption were used in this study:

STAGE I: Initial ErupbÍon (Massler & Schour, Stages I and II)

This initial stage of eruption, or movement toward occlusion, is

difficult to determine from a single radiograph, with no prior or sub-

sequent fÍIns to actually debermine that tooth movemenb is occurring.
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Therefore, eveny tooth that had reached Lhe calcification score of 6,

but had not yet pierced the alveolan crest, gras assigned the eruption

sbage I.

STAGE II: Alveolar Emergence

Alveolar emergence is defined as the elevation of the cusps above

the margin of bhe alveolus. The occlusal margin of the alveolus

(crypt) is clearly visible on the panoranic radiograph. If intra-oral

filns taken on the same date were avaÍlable, they were also used. If

there was evÍdence of the crypb oeelusal to the tooth cro$¡n, the toofh

was not assigned to this stage. It is possible that in a dry skull,

however, that one or more cusps of a molar would have piereed the

crypt, whÍle radiographically this would not be evident. No pnesunp-

tions were nade with regard to root calcifieation for this stage.

Thus, a looth could emerge through the alveolus with a calcification

score of between 6 and 1 1.

STAGE III: Gingival Energence (Massler & Schour, Stage III)

Gingival emergence is defined by Garn et al. (1957b:313) as the

energence of any portion of the toobh cro$rn through bhe gingiva.

Mayhall et al. also defined time of emergence as bhe rrnonent any por-

tion of the booth cro$¡n pierces ühe gingiva and Ís visible in bhe oral

cavityn (1977:8). Gron (1962:574) used bhe term gingival emergence

for rfa booth that had just pÍerced the gingiva but was no more than 3

mn above the gingival level, estimated fron the üip of the cusp or

from the lncisal margÍn. AccordÍng bo bhis definition, only one or

lwo cusps were visible for the molarstr.

The soft tissue is normally visible nadiognaphically. If there
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was evidence of soft tissue occlusal to the toot,h crobrn, bhe tooth was

nob assigned to bhis stage. Clinically, howeven, a booth could have

one cusp tip exposed which may not be evident radiographically. No

assumptions were made at this stage pertaining fo the amounb of root

calcifieation. Thus, a üooth could be erupting clinically anywhere

between lhe calcification scores of 7 bo 1 1.

STAGE IV: Aftainment of the Occlusal Level (Massler & Schour, Stage V)

FuIl occlusal contact was necessany for a tooth to be assigned to

bhis stage. In mosb panoramic radiographs, however, the teefh are

held apart by a cotton roll or a film holder. It was therefore neces-

sary bo look at the overalt tine of occlusion (Curve of Spee) and the

approximabion of conbact areas, in order to assess this stage accu-

rately. It is possible thaù if a tooth were malaligned, that only two

or three cusps of a molar, on only a porbion of the incisal ridge,

would be in occlusion.

Passive eruptÍon (Massler & Schour, St,age VI) was not consÍdered

in ùhis study as there would rarely be radiographÍc evidence of atbrÍ-

tion in individuals under the age of 28 years.

DEMAL CALCIFICATION INDEX

An index of dental maturity, using the mean age of each calcifi-

cation score for each toot,h has been calculated. Nevilets (1973:43)

formula for Denbal Ca1cÍfication Age was used:
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IXc
Dental Calcification Index =

N

where Xc is the sun of all the mean ages corresponding to the calei-

fication scores reconded for each tooth fon eaeh subject; and N is the

numben of teebh considered. The index was ealculated separately for

Inuit males and females, and for Indian males and fenales. For each

subject, bhe index was caleulated for each quadrant, for each arch,

and fon bhe entire dentition.

The Calcification Score 1 1 was not included in the calculation,

as apical closure is nelatively meaningless in a cnoss-sectional

studyr âs the apex may have been closed fon a significant period of

tÍme in eertain teeth at the time of bhe radiographic survey.

Sinilarly, the CalcificatÍon Score 0 for the bhird molar was excluded

because it begins calcification so late ( 10 to 12 yeans) t,hat it art-

ficially raises the dental age of the youngest individuals in the sam-

ple.

ALVEOLAR ERUPTION INDEX

In order to more precisely estinate the dental age from skeletal

naterial¡ âh index was calculated for the numben of teeth which had

energed bhrough the alveolar bone. This was done using the fonmula:

Ee
Alveolar Emergence Index = ---- x 100

N

where e is the sum of all the beeth erupted; and N is the tobal nun-
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ber of teeth observed. The resulting index ranges from 100 for an

indÍvidual with all teebh erupted, to 0 for an individual wit,h no

teeth erupted. These values for each sample were then plotted on a

scattengram against the chronological age (Figures 14 and 15).
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CHAPTER III

RESULTS

DENTAL CALCIFICATION

The nean age and standard deviation were computed for each calci-

fication score for eaeh tooth. The two samples, Inuit and Indian,

were kept separate as were the result,s for males and females, and the

teeth of each quadrant. These results are presented in Tables ïI to

XII. There !.rere no values for certain teeth before the Calcification

Score 6 because, for example, the first molar had already reached

crown eomplebion in most of the youngesb indivÍduals observed. Other

missing values are the result of inadequate sample size in that par-

ticular age range.

For certain teeth, there was a trend toward a younger mean age

fon fenales at each stage of calcification than for nales, particu-

larly in the Indian sample. The Inuit sample, however, showed no

clear trend toward earlier calcificabion among females. The canines,

premolars and second molars were more often laber in the females than

in the males. In several instances, however, fhe sample size was

inadequate to give a true picture. If the two female samples are com-

bined, and the two male sanples are combined, the females are clearly

ahead of the males for all teeth at eaeh ealcification seore, but

doing this obscures the fact that between the two samplesr Inuit and

Indian, there sras a deflnibe trend toward earlier caleification in fhe
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rnuit for all teet,h except the premolars and Lhe second molans.

The variance in attainment of calcificat,ion seones was the same

for rnales and femares. The range of variation, expressed by the plus

and minus one slandard deviation limits, was usually less than one

year for crovrn development (Tables III to VIII). The most variation
was found in the calcification of the third nolar where the standard

deviation was closer to two years for many of the calcification
scores. Individual variatÍon became more pronounced as root ealieÍfi-
cafion progressed. The standard deviations fon the mean ages of Score

9 and 10 (Tables XI and XII) were considerably greater than for cror¡¡n

calcification, generally between one and two years.

Garn et al- (1959) also found a much larger range of variabilit,y
than had been claimed by Logan and Kronfeld ( 1933). They state, how_

ever' that even wit'h this larger range of variability, tooth caleifi-
cabion çras considerably tess variable than estÍmates of variabilily
for other age-comparable developmental phenomena. Moorrees et al.
( 1963) found that root' calcifieation was considerably more variable

than crown calcificabioon, with the laber stages of root ealcifieation
varying by as much as 3-5 years (+ 2 S.D. ). At, apieal closure, the

variation r¡as even greater rabouü 6 years for prenolars and second

nolars, or as large as 8 years for the third molars." (1963:1492). My

sample did nob include enough individuars over twenty years of age to
give an accurate picture of the varÍability of t,he thÍrd molar during

the last scores of root, ealcificatÍon, but in fndian females at Score

10, bhe standard deviation was over 3 years.

Moorrees et al. ( 1963) also looked at the overall t,ime taken for
each toot'h to calcify. They found that cro$rn calcification took
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between 2.1 years fon the finst molar to 3.4 years fon the premolars.

Roob calcification took fron 3.3 years for the incisors in females to

6.2 years for the canines in males (1963:1494).

Schour and Massler ( 1940a) stated bhat bebween 3-6 years was

required for the eompletion of the cro$rns of the permanent teeth. The

first molar consumes the least time because of its rapid nate of cal-

cification, and t,he eanÍne consumes the longest tÍme because of its

long crown (194021925). They also found thaf the bime required for

root calcification depends on the rate of dentin formation and the

length of the root. The permanent teeth take between five and seven

years, with the canine taking the longest because of the length of its

root ( 1940:1925). Haavikko also found fhat root complet,ion took

between 6.2 years fon the first molar, and !.0 years for t,he canine in

males and between 5.2 years and 8.2 years respectively in females

( 1970:144).

Alt,hough a direct comparison was not done fon the Inuit and

Indian samples in this study, as complete results were not available

for all the teeth, it was found t,hat t,he time involved in cnohrn calci-

fication agrees faÍrly closely wibh the estimates of Moorrees et al.

The Inuit sample completed crown calcÍfication more quÍckly than the

Indian sample (Table XIII) for the maxillary central incisor, firsb

prenolar and second molar, and the mandibular first premolar. The

second premolars fook longer to calcify in the Inuif sample than in

ühe Indian sanple. It was found that root calcification took consÍd-

enably longer than the estimates of Moonrees et al., agneeing nore

closely with Schour and Masslen ( 1940a) and Haavikko ( 1970). The time

involved in root ealcification was found to be at least six years for
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nost teeth and appnoximately 8-9 years for the canines. Alt,hough the

rnuit sample reaehed crown complet,ion more quickly than the rndian

sampre, the opposite was true for root ealcificatÍon, taking more time

than for bot,h Indian males and fenales (Table XIII). The mean age for

root completion was thus earlier in the Indian sample for atl teet,h

except the incisors.

Tooth Sequence for CalcificatÍon

In both samples the sequence in whieh calciflication oceunned gen-

erally followed the most comnonly accepted sequence fon gingival emer-

gence. The first molars and the anterior teeth began calcification

considerably earlier than the prenolars, second molars and bhird

molars. The crown was conpleted (Seore 6) earliest for the naxillany

and mandibular first rnolars followed elosely by the nandibular central

incisor. The mandíbular lateral ineisor, canine, and maxillary cen-

tral, Iateral and canÍne reached crown completion one to two years

later. The maxillary and mandibular first premolars were very close

together, followed by the second prenolars and second molars. The

last tooth to reach crown completion r^ras Ínvariably the ühird molar.

At each caleifieation score, the sequence varied considerably not

only bebween Inuit and Indian, male and fenale, but also within a

gÍven denbit,ion. By the lime the roob length was completed, however,

the nandÍbular central lncfsor was consistently ahead of both the max-

illary and mandibular first nolars, simply because the central is a

smaller, shorter tooth so ùhat bhe calcificabion process hras of

shorler duration. Similarly, although the second molar nost often
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started calcifÍcation earlien than bhe second premolar, it, took longen

to complete its root length t,han the second premolar.

In general, the teeth in the mandibular areh began calcification

earlier than the teeüh in the maxillary arch, with the exception of

the third molar where init,ial calcification occurred in t,he maxÍllary

arch first. By the time of cror^rn completion, however, the naxillary

second molar was eonsÍstently ahead of the mandibular second molar in

both samples, males and females. By bhe tine the root length was half

completed (Score 8), the naxillary first premolar riras also ahead of

the mandibular firsb prernolar in both samples, males and females. In

the Indian sample, the maxillary first molar also moved ahead of the

mandibular first nolar toward the end of root caleificat,ion.

In most insbances, the Inuit sample, both males and fenales, $rere

ahead of the fndÍan sample in crolrn calcificafion by about one-half

the interval between scores. This difference represents a variation

of anywhere between 0.5 and 2.0 years, depending on the tooth in ques-

tion. l.lhen the sexes are conbined (Table XIII), this difference

between the two sanples becornes even more apparent.

The sequence for crown eompletion found in this study agrees

closeJ-y with Haavikko (1970) except that she found bhat bhe naxillary

and mandibular cenbral incisors neached cro$¡n completion ahead of bhe

first molars. The firsb premolars reached Score 6 at about the same

tine in bobh the Inuit and Indian samples, whereas Haavikko found bhe

mandibular first premolar reached crown completÍon almost one year

ahead of the naxÍIlary fÍrsü premolar (1970:143). Haavikko also found

bhat bhe firsb and second premolars reached erown completion ahead of

the second nolan, whereas in both arches of the Inuit sample the sec-
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ond molar is ahead of the second premolan at Scone 6 (Table VIII).

Garn et al. (1956) also found ühe second nolar to be ahead of the sec-

ond pnemolan during calcification.

Mean of Calcification, Sexes and Quadrants Combined

The nean age of calcificat,ion at each score for naxillary and

mandibular teeth !.ras conpared bo the results of a sinilar süudy by

Nevile (1973) using panoramic radiognaphs, for Caucasian children in

Manitoba. Males and females were combined fon each sanple and also

the corresponding teeth in t,he right, and left quadrants, in order that

the results would be comparable to Nevile (Table XIII). The scoring

system used by Nevlle includes ten of the twelve acores used Ín this

study. He did not include Seone 3 (crown 1,/4 comptete) or Score 5

(crown 3/4 complefe). Otherwise the scoring methods were the same.

In almost all instances where there $rere comparable scores avail-

able, lhe t'lhite sample had a consisbent,ly later mean age of calcifica-

tion than either the Inuit or bhe Indian sample. As previously men-

tioned, when females and males are combined, the Inuiü sample is

consistently earlien than bhe Indian sample.

Except for comparison purposes or because of snall sanple size,

the data for the rlghb and left quadrants and for fenales and males,

were treated separately in this study. The mean age of calcifÍeation

fon the antineres were found to be very close but in terns of eruption

stages bhere was considerable variation between right and left quad-

rants. Liliequisb and Lundberg ( 1971) found a very high conrelation

between the right and left quadrants for each calcification score

&
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(r=.99) and therefore limited their study to one quadrant. Denisch

and f'lartman (1956) found that, syrnmetry in the ealcification of third

nolars occurred in 711 of the cases and fhat, the difference ú,ras no

more bhan two scores (1956:465). There was found to be more asymmetry

in the third molar calclficati.on among the Inuit and Indian, however,

occasÍonally by as nuch as three or four scores. Three wisdon teeth

were found to have reached Score I or 4 by t,he time the fourth wisdom

footh began calcÍfication. This difference represented a dlfference

of as much as 2 years between the right and left quadrants.

DENTAL CALCIFICATION INDEX

The estimated age derived fron the Dental Calcification Index for

eaeh sample, combining males and fenales, and left and right quad-

rants, Iñtas plotted against the chronologieal age for each subject on a

scattergram (FÍgures 3-6). The correlation between the estimated age

and the chronological age was found t,o be very high:

Inuit sanple, Maxillary arch

Mandibular arch

Indian sample, Maxillary arch

Mandibular arch

r = .gg7

t = .976

r = .957

r = .949

As a measure for determining the dental age of an ÍndÍvÍdual, lhe

Dental Caleification Index appears to be of significant value. The

radiograph of an individual of unknown age could be scored and

assigned a calcification age whieh would be very close to the chrono-

logical age.

The various methods of derÍving a denbal age using the different
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stages of calcifieation have alneady been mentioned (Nolla, 1960;

DemirJian et al. , 1973; and Nevile, 1973). Noltafs ( 1960) method of

adding the calcification values together fon each tooth in the areh

and then comparing the sum to a t,able of age norms r¡ras rejected

because it presunes bhaù the ten stages are equivalent t,o each other

and of equal duration. rt has been shown by schour and Massler

(1940a), Moorrees et al. (1963), Haavikko (1970) and others bhat cal-

cificatlon does not progress at an equal rate for all beeth or v¡ithin

any given toolh. Nollafs nebhod does not take this into account.

Demirjian et al. (1973) gave each tooth a rrbiological weightil at

each calcification score. This presumably takes into account this

vaniation, but I was unable bo deternine from any of their work, how

ühey amived at their weighting system. Therefore, this system was

not applied to fhis study.

As sbated previously, the fornula for deriving the Dental

Caleification Index used in t,his study is basically the sane as bhat

used by NevÍle (1973:43). Nevile did nob calculate the corelation

between hÍs Dental CalcifÍcation Age and chronological age. He pres-

enüs his results in terns of the nean dental age for each age class

(1970:64), NevÍlers table reveals thab the mean dental age slighùly

overestÍmates the age class up to 126 months (10.5 years). After bhis

âB€r the dental age slighüly underestÍmates the chronological age.

After 162 months (13.5 years) the chronological age is greatly under-

estÍmated by a year or more. Nevile did noü include the third molar

in his study so that after the age of 13.5 years, the finst molars and

mosb of fhe incisor teeth would have completed calcification, and the

canines, premolars and second molars would be completely calcified a
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year on bwo later.

In the present study lhe correlation with ehronological age

remains consbant up until the age of 18 years as a resurt of the

inclusion of t,he third molars. As the other teeth are completing

their development, ühe t'hird molar is Just beginnÍng to calcify. Even

though ühe third molar has been found bo be the most variable of all

Þhe teeth, Ít Ís stiil worthwhile t,o include it in the deternination

of fhe dent'al age. The mean age for the Calcification Score 0 was not

included for the third molar, however, as it artifically raises the

dental age of individuals under the age of 10 years. By not including

a value for Score 0, congenitally nissing third molars would also not

affect the resulfs by artifically lowerÍng the dental age of an indi-

vidual over the age of 12 years.

ENUPTION STAGES

The mean age for Stage I, II and III of eruption are given in

Tables XIV, XV, XVI. The mean age at Stage I for each tooth nerely

indicates that, t,he cror^rn is conplete but bhat the tooùh has nob

emerged above the alveolar bone. This Stage does not truly indicate

whether bhe tooth has actually begun to erupt. This fact could only

be determined in a longitudinal study where each booth could be fol-

lowed ührough the later stages of eruption.

The nean ages of alveolar energence (Stage II) are shown in Table

XV. As r¡as found with calcificafion, the mean age of energence in the

Inuit sanple is generally earlier than in the IndÍan sample for nost

beeth. Discrepancies most often occur where the sarnple size is very
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Again, the females are ahead of the

Sequence of Energence, Stages II and III

After conbining the nean age of emergence for the righü and reft

quadrants, the sequence of alveolar and gingival emergence was deter-

mined for each arch for both samples, males and fenales. The most

commonly found sequences are as follows:

STAGE II STAGE III

Inuit FenaLes Max. 612 4jT3 I 612 4573 I
Mand. 612 3475 8 612 4537 8

Inuit ltliales Max. 612 4( 573 ) I 612 435T I
Mand. 612 7354 I 612 5437 I

Indian Fenales Max. 612 43$7) I 61 2 4573 I
Mand. 612 3(475) 8 612 4375 I

Indian Males Max. 612 (43)57 I 612 4537 I
Mand. 612 3475 I 612 4375 I

Invariably the first molar was followed by bhe central incisor

and then the lateral incisor. In no Ínstance does the central incisor

emerge bhrough bhe alveolar bone or the gingiva ahead of the first
molar. For the second gt"oup of beeth (canine, fÍrst pnenolar, second

premolar, and second molar) quite a bit of variation is found. The

teeth enclosed in brackets may exchange places. For alveolar emer-

gence, the sequence is the same for the maxillary arches of Inuit

females and males. The sequence in the mandibular arch varÍes, how-
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ever, between females and males. rn the rndian sample, the sequence

fon the maxirrary arches of females and males is the same, and t,he

sequence for the nandibular arches of fenales and males is lhe same.

The sane consistency does not apply to gingivar emergence, where there

is even more variability, wiùh only the Indian sample showing the sane

mandibular sequence for females and males.

The sequence of emergence also changes between Stage II and Stage

III for both arches of both sanples, males and fenales. The mandibu-

lar second nolar is always ahead of the second premolar at alveolar

emergence, but for the Inuit sample this changes at gingival emer-

gence, i"e. the second premolar is ahead of the seeond molar. In t,he

naxillary arch, the second prenolar is ahead of the second molar at

both stages of erupbion for both samples, nales and females. The

ùhird molar is ínvariably the last toobh to emerge at both the alveo-

lar and gingival stage in both samples.

Schour and Massler (1941) state thaf the norrnal sequence of gÍn-

gival emergence in fhe maxillary arch is 6 1 2 4 3 5 7. This sequence

was the most conmon only for Inuit males. The most common sequence in

the naxillary arch according to Lo and Moyers ( 1953) Ís

6 1 2 4 5 3 7. This sequence $¡as conmonly found in Indian males. For

the mandibular arch bhemost eommon sequence Ís 6 1 2435 7 (Schour

and Massler, 1941) or 6 1 2 3 4 5 7 (Lo and Moyers, 1953). Neither of

these sequences v¡as conmonly found in either the Inuit or the Indian

sample.

Mayhall et al. (1978:212) found the nost eonmon sequence of gin-

gival energence in ühe maxilla, for both Inuit males and females, was

6 1 24537, and in themandible; formales 6 1 2347 5and for
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females 6 1 2 3 4 5 7. Boesen et a1., however, found that bhe most,

conmon sequence in the naxilla, for both Inuit sanples and sexes, ¡ras

6 1 2 4 3 5 T and in the rrndrbr" 6 1 2 3 4 T 5 (1976:246). Steggerda

and Hill ('1942) found no significant differences in the order of ener-

gence with each of lheir samples showÍng great varialion. They there-

fore conclude bhat the sequence of emergence appears to be the same in

all populations (1942:369).

f'lhen comparing the nany different sequences which have been com-

monly found in Inuit or Indian populations, there appears to be no

overall concensus. The only trends which do oceur are fon delayed

emengence of the maxillary and mandibular canine and the mandibulan

second premolar in the Inuit and Indian samples. The teeth in the

mandibular arch emerge ahead of ùhe comesponding teeth in the maxil-

lary arch in nost instances for both Stages II and Stage III. The

most notable exeeptions are the prenolars at alveolar emergence, in

both samples, both nales and fenales. The firsL and second prenolars

in the maxillary arch emerge ahead of the corresponding premolar in

the mandibular areh. This also occurs at gingival emergence in the

Indian sample, females and males, but not in the Inuit sample. The

earlier energence of bhe naxillary prenolars al Stage III is in agree-

ment with several other sbudies (Iletm and Seidler, 1974; Pereault et

al., 1974; l,fagnusson , 1976; Mayhatt et aI. , 1977; Masson, 1980). As

well, in the IndÍan sample the naxillary first nolar emerged ahead of

the mandibular at Stage II ln males and at Stage III in females.
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- Inuit

For the Inuit sample the results of this study were compared bo

the only available studies on gingival emengence in Inuit populations:

the work of ldayhall et al. ( 1978) in the Foxe Basin and that of Boesen

et al . (1976) in East, and f,lest Greenland (Figures 7 and 8). There is

a high degree of concordance for mean age of energence for certain

teeth. However, because many of lhe children in ny sample had suf-

fered extensive destruction of the deciduous teeth and numerous

extraetions before Lhe age of 5 years, there is delayed emengenee of

the canines i-n both arches in females, and early eruption of both man-

dibular prenolars in females. For Inuit males (Figure 8) only the

nandibular canine is delayed in its energence, and the naxillary lat-

eral incisor and the mandibular prenolars are early in their emer-

gence. My sample size was too small to give a true result for bhe age

of enengence of the maxillary second premolar and second molar for

Inuit males, which were both delayed in Lhe individuals observed.

Emergence was found to be earlier in Inuit fenales only for certain

teefh. The males were ahead for the incisors, maxillary canÍne, man-

dibular second prenolar and second nolar.

Garn and Moorees (1951) found in their study of Aleut children

thaü gingival emergence was markedly and significantly earlier in

Aleut children (19512267) conpared with the mean age of emergence

given by Hurne ( 1949) for llhite children. They also noted thab fhe

younger children appeared to be more advanced and t,hab bhe older chil-

dren were closer to Hur¡ners standards. The maxillary and the mandibu-

lan teeth of the Aleut children were equally advanced in emergence
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(Moorrees , 1957:105).

The lgloolik-Hatl Beach Inuit children studied by MayhalL (1972)

also showed advaneed emergenee for the maxillany incisors, first pre-

molar, mandibulan central incisor, and mandibular canine in the nales.

the females, on the other hand, nore closely resembled European f.lhite

populatÍons but were still slightly advanced in the timing of emer-

gence (1972:25) - Mayhall et at. ( 1978) also noted that for the teeth

energing first (Uhe fÍrst molars and the nandibular incisors), there

were no significant differences in the tining of emergence between

males and females, but bhat females were significantly advanced in

energence timing fon the canines, pnemolars and seeond molars. The

results of the present study were not as clear: the fenales were

found lo be advanced in emergence tirning for the maxillary central,

first prenolar, first nolar and second molar and the nandibular cen-

tral incisor, canine, first premolar, and firsb nolan; with the males

acluatly ahead of bhe fenales for the laberal incisors, maxillary

canine, mandibular second premolar and second nolar.

Boesen et al. (1976) found thab bhe two InuÍt samples fron Easb

and l'lest Greenland showed very similar rnean ages at gingival ener-

gence. Bobh sanples were advanced conpared with other Caucasian and

Indian samples. They concluded thaü the two Inuit sanples are nore

similar to each other than to any of the other samples, both in terms

of timing and seguence of energence (19762247).

4ge of Gingival Emergence - IndianMean

For the IndÍan sanple I compared the results of bhis study bo the
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only other studies available for Indian populations in North Amenica:

Mayhall et at. (1977), Dahlbeng and Menegaz-Bock (1958), and Steggenda

and Hilt (1942). These three other studies were done either by clini-

cal examination or wÍbh dental casts. Despite the differences in

nethodology, there is considerable agreement in terns of mean age of

gingival energence for most teeth. The high incidence of premature

extracüion in ny sample results in delayed energence of the maxillary

canine and the mandibular second prenolar in Indian fenales

(Figure 9). A similar picture exists for Indian males (Figure 10).

There is delayed emergence of the mandibular laberal incisor, and

early emergence of the mandibular central incisor and first molar com-

pared wibh the other studies. As in studÍes of l'lhite populations, the

nandibular teeth usually erupt earlier than the maxillany teethr and

fenales are advanced over males in terms of the timing of gingival

emergence.

Mayhall et al. ( 1978) compared the results of their study on the

Cree-Ojibwa to their sludy of the Inuib of the Foxe Basin (1977 ) and

to the work of Dahlberg and Menegaz-Bock (1958) on the Pima Indian.

Mayhalt et al. conelude that fhe rnaxillary canine of the male

Cree-Ojibwa emerges before that of the Inuit, but in all obher naxil-

lary teeth, both male and fenale, bhe Inuit show an earlier mean age

ab gÍngÍval emergence. These differences tend bo be greater between

the female groups than the male. In the nandibular arch, however, the

Indian samples show earlier emergence of several teeth, Ín particular

the fÍrsb molar and the incisors.
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- ïnuit and Indian compared to frlhites

t'lhen the results of this study are compared to studies of !,thit,e

and Negro populations (Garn et al., 1gT2; perreault et aI., 1gT4),

fhere are eonsi.derable differences in the nean age of gingival emer-

gence (Figures 11 and 12). Indian females (Figure 11) show delayed

elnergenee of both the naxÍIlary and nandibular canines. Inuit females

show delayed emergence of only the naxillary canine, and early emer-

genee of the mandibular first molar, first and second premolars. The

early enengence of the bhird molars for Inuit females was due to the

extraction of the permanent first nolar in the cases observed.

simirar results are seen for males (Figure 12). rndian males

show earry emergence for t,he mandibular first and third molars, and

delayed emergence of the maxillary eanine and both maxillary and man-

dibular laleral ineisors. The Inuit males show early emergence of the

mandibular premolars, and delayed emergence of the naxillany seeond

premolar and second molar.

Mayhall et al. (1978) also eompared theÍr nesults to Perreaultrs

(1974) study. They found that both Indian fenales and males showed a

statistically significant difference in emergence timÍng in the mandi-

bular arch fon the fÍrst, molar, which was advanced. The rndian nales

showed significant advancement of fhe maxillary first prenoÌar, but a

significant delay in the emergence of the second pnemolar and the max-

illary laberal i.ncisor. In the females, the maxillany ineisors were

delayed compared to bhe French-canadian sample, and bhe premolars and

first molar are advanced. In the mandibular arch the females show
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advanced emengence times except for the second molan.

found, however, thaf bhe canine and second molars erupt

Indians than among the l'lhites, but thab the other teeth

the same time.

Hrdlicka ( 1908)

earlier in the

enupt at about

Fron the resurts of this part of my study, fhe differences in t,he

timing of gingival emergence may be explained either in terms of

genetic dÍfferences or as a result of local factors. Fnon rny study of

the carcÍfication stages, it would appear thab bhere is a genetic dif-
ference in terns of the nean age at each score of crown and root cal-

eification, with the rnuit appearing to be slight,ly advanced in their

development of eertain beeth. The differences in the time of emer-

gence, however, are primarily due to local factors; infecti.on, caries,

and premature loss of deciduous teeth.

THE RELATIONSHIP BETI.¡EEN ROOT CALCIFICATION AND EMERGENCE STAGES

Alveolar Emergence

the number of indÍvÍduals having atlained each caleifieation

score at alveolar emergence ürere counted for each pair of teeth (right

and left, quadrants). The percentage of teeth at each calcification

score was calculaùed. These results are shown in lable xvrr. For

most teeth, the root was at least one-harf compreted (score 8) by the

üime of alveorar emergence. rn bhe najority of rnuit fenales, bhe

maxillany central incisor and the mandibular first, premolar emerged

before Score 8. The canines and mandÍbular premolars most often

showed three-quarters root completion (score 9) in the rnuit nales.
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rn the rndian sample, almost half of the teeth had reached score 9

befone alveolan energence. Only the mandibular central incisor

emerged with less than one-half root conpletion in the Indian females.

The only other sfudy that I am av¡are of that looks at root calci-
fÍcation in relation to alveolar energence is Haavikko ( l97O). She

also found that' the majonity of the teeth emerge through the alveolar

bone when the roob is approximat,ely one-half completed. The first

molars, however, emerge with t,he root only one-quarter complete, foL-

lowed by the naxillary Íneisons which emerge with between one-quarter

and one-half of their roots eompleted. Haavikko also noted that the

canines and the bhird molars energe when noot ealcification is aL

least three-quarters complete ( 1970: 159) "

Gingival Emergenee

The same calculations were done as for alveolar emergence. These

results are gÍven in Table xvrrr. The results for the rnuÍt and

Indian samples are compared bo Gronrs (1962) study of I'lhÍbe children

in Bosbon. rn arl three sanples, mosü teeth emerge through bhe gin-

gÍva with root carcification three-quarters eomplete (seore 9). rn

the Inuit sample, the maxillary first prenolar and mandibular first

nolar energe earlier for both sexes, and the maxillary lateral inei-

sor, nandibular thind molar later (Score 10) in the males. In t,he

rndian sample, the maxilrary and mandibular central incisor, and the

mandibular first molar emerge earlier (Score 8) in males. The mandi-

bular third molar emerges later (Score 10) in Indian females. Gron

only reported statfstics for the maxillary central and lateral inci-
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sors and for seven beeth in the mandibte. In the mandibulan arch she

also found thaf bhe firsb nolar, as well as the central incison,

emerged with less than one-half root completion.

Nanda and chawra (1966), using intra-oral radiographs, also

looked at roob calcifieation at gingival emergence. They found that

all of the teeth emerged with less than three-quarters of the root

complete excepb for the mandibular canine. Both maxillary and mandi-

bular first prenolars emerged wibh the root only one-half complete,

and the naxillary central incisor and first molar had less than one-

half the noot complete at gingival emergenee.

Figure 13 depicts the relationship between root ealcificat,ion and

the two stages of erupt,ion (alveolar and gingival emergence), with

bolh the Inuit and Indian samples and sexes combined. The tine inter-

val can be seen between the mean age for each successive score for

roob calcificabion and also the time Ínterval between the nean age of

alveolar and gingival energence.

The time interval between Scone 6 and 7 of root calcifÍcation is

about equal for all the teeth except the incÍsors, especially the man-

dÍbular central which reaches Score 7 very quickly after crown comple-

tion. Between Score 7 and 8, the first molars ealcify more quickly

than the rest of bhe teeth. This is in agreement with the results of

Mooruees et al. (1963:1496). The interval between Score I and 9 is

also of fairly equal length for all teefh except bhe canine which

takes longer to reach Score 9. The canine also takes the longest bime

for its root to reach conpletion which is sinply due to the fact that,

the canine has the longest root in the entire dentibion. In gen-

eral fhen, root calcification appears to progress at a fairly equal
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rate for all of the teeth exeept fon the finsl three beeth; the finst

molan, central incisor, and lateral incisor, which calcify mone

quickly. The duration of each quanter of root calcification is also

fairly regular except for bhe canines as already mentioned.

From the two tables showing the mean age of alveolar emergence

(lable XV) and the mean age of gingival emergence (Tabte XVI)r the

time lag between these two stages of eruption was plotted with both

samples and sexes combined. In Figure 13 it can be seen lhat bhere is

considerable variation in the time it takes each tooth to emerge

bhrough the gingiva once ib has emerged through the alveol-ar bone. As

we1l, there is no consistent bime interval that can be applied to all

the teeth. Thus, it would be very misleading for anthropologists and

forensic pathologists to use clinical standards of gingival emergence

bo predict dental age from alveolar emergence in skelebal material.

Haavikko (1970) is the only author to have done a similar compar-

ison bebween alveolar and gingival emergence. Her results are sunna-

rized in Table XïX. Haavikko found bhat the interval between the

stages vras shorter for bhose teeth with decÍduous predecessors than

for those teeth not, preceded by a deciduous toofh. She also found

t,hat the mandibular incisors and eanines pass through bhis stage twice

as rapÍdly as the maxillary anterior beeüh. 0n the other hand, the

maxillary premolars progress more rapidly bhan bhe mandibular premo-

lars. There v¡ere no clean differences between bhe maxillary and man-

dibular molars, except thal bhe first nolar noves more rapidly bhan

the second or third molan. Haavikko concludes that while the results

for the rapid emergence of the incisors appeans to be realistic, the

accelerated or delayed emergence of the premolars may be due to pnema-
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ture extraction of the deciduous pnedeeessors ( 19702157).

ALVEOLAR EMERGENCE INDEX

In order to better predict dental age fron skeletal materÍal, the

Alveolar Emergence Index was developed by Dr. 9lade and rnyself.

Figures 14 and 15 show the resulbing scattergrams when the Index is

plotted against the chronological age for the Inuit sample (Figure 14)

and the Indian sarnple (Figure 15), with the sexes cornbined. There is

a high conrelation between the Alveolar Emengence Index and the chro-

nological age in bofh samples. For the Inuit sample, r = 0.907, and

for the Indian sample, r = 0.879.

No st,udies have been found that, calculat,ed an eruption index

based on alveolar emergenee. Bean, 1914; Matiegka, 1921; Catt,ell,

1928; and Steggenda and HilI, 1942, al.L used the mean age of gingival

emergence to calculate an eruption index. Because the timing of gin-

gÍval emengence is so highly variable, the use of alveolar emergence

would seem worthwhile as Ít is less affecüed by external factors such

as prenafure loss of deciduous leeth. The Alveolar Emergence Index

can also be calculated for both clinical patients and for skelebal

material provided that a radiograph is available.

The Alveolar Emergence Index would also be a much more meaningful

and accurate method for deternining the dental age of Inuit or Indian

populations bhan uslng similan standands for hlhite populations or by

using standards of gingival emergence.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

The purpose of this study to investigate the timing and

sequence of dental development in Inuit and Indian children and to

determine whether there were significant differences between these

populatÍons and other Native and non-Native populabÍons which have

been studied. This study !{as done cross-sectionally using panoranic

radiographs which were available in various centres in Manitoba.

All of lhe permanent and deciduous t,eeth were sconed in each

radiograph. Each toot,h was assigned a ealcifieation score, from 0 to

11, and an eruption stage, fron 0 to 5. Attention was focused on the

mean age ( + 1 S.D. ) for each calcifieatíon score and on Stage II and

III of eruption (alveolar emergence and gingival emergence) for the

permanent dentibion.

The analysis of the mean age of calcification for each stage of

each tooth showed that there were definÍle dlfferenees between the two

sanples. In general, bhe Inuit sanple reached each successive cal-ci-

fication score ab an earlÍer mean age than the Indian samples. For

each tooth, each calcification score occurred earlier in the mandibu-

lar arch than in the maxillany arch, except for the third molar.

Overall, fenales achieved each calcification score earlier fhan did

males, particularly in t,he Indian sample.

In order to determine the dental age of an individual fron the

calcification scores, a Dental Caleification Index was formulated.

The esbÍmated age was found to have a high conrelation wÍth the chro-
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nological age.

Most of the studies lhat have been done on eruption have concen-

trated on one particular stage of eruption, namely gingival emergence.

The tining and sequence of gingival energence has proven lo be highly

variable between populabions and withÍn populations. In this study it
was found to be extremely variable, primarily because the sanpres

included many individuals who had suffered fron rampant caries, dental

infection and subsequently, premature ross of t,he deciduous teeth.

Alveolar emergence was also studied because Ít was thought to be

less variable than gingival energence and thus a better measure of

dental maturity. The timing of alveolan emergence is also extremely

useful in the determination of age in skeletal material for anthropo-

logical and forensic purposes. rn order to more accurately predict

the denfal age fron alveolar energence, an Alveolar Emergence Index

was formulabed based on the number of teeth whieh have emerged. The

estimated age derived fron bhis fndex hras found to correlate very well

wÍth fhe chronological age.

Although the results of ühis study clearly show that there are

definite differences in the calcifÍcation and eruptÍon of the perma-

nent dentition in rnuib and Indian populati.ons, the nature of these

differences is more difficult, to assess. In order to collect an ade-

quate sample of radÍographs it was necessary to include in each sanple

individuals who had experienced extractions of deciduous or permanent

feebh or who were congeniùally missing pernanent teeth. The effect of

these missing t'eeth is most clearly evident on the mean age of gingi-

val emergence for certain beeth. Premature extraction of deciduous

morars has been shown to dÍrecüly affect the eruption of the premo-
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lans, eithen by accelerating on delaying their novement through the

alveolar bone and the gingiva. The delayed energence of the naxillany

and mandÍbular eanine and second molars may be direetly attributable

to early loss of the deciduous predecessor and to the resulting toss

of space in the arch. on the other hand it may be that the finst pre-

molar is erupting early due to genetic infruences or to the loss of

fhe deciduous molar at a tÍme when the firsù premolar was in the pro-

cess of eruptÍng.

If the differences in the üiming and sequence of eruption were

due primarily to genetic influenees, one would assume that the

sequence of emergence would be fairly symmetrical between right and

left sides; that the amount of root calcification at energence for

each tooth would be reasonably constant; and that lhe correlations

between related individuals and small isolated populations would be

fairly high. In many studies of f.lhite populations, a fairly high cor-

relation exists between right, and left quadrants but there is still

tremendous variabitity. Bobh the Inuit and Indian sanples showed a

wide nange of variation in t,he timing of eruption bebween rÍght and

left sides, and highly variable root calcification al energence.

Although the Indian populations are widely dispersed throughout

Maniboba and the Inuit population are from faÍrly small isolated con-

munities, bobh samples showed an equally hÍgh amount of variability in

terms of gingival energence.

Despite the variabiliLy in both the tining and the sequence of

gingival emergence, both t,he Inuit and Indian sanples clearly exhib-

Íted earlÍer emergence bhan has been found in f'lhife sanples. If the

comnonly accepted standards for emergence in Caucasian populations are
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used to assess the dental age in rnuit children in particular, bhe

Inuit chÍldren would consistent,ly have fheir chronological age overes-

timated by several months for t,he anterion teeth and by more than a

year fon the posterior teeth. The differences in the fiming of emer-

gence are much less in bhe rndian sample, as they nore closely approx-

imate the mean ages found in t'lhite populabions.

The tining and the sequence of gingival emergence is important in

forensic studies, in growth and development studies, but also in terms

of bhe delivery of dental services, particularly orthodontics. The

early emergence of the mandiburar first premolars for example may

result in Lhe mandibular canine being blocked out, while the eanly

emergence of bhe mandibular seeond molar can cause the second premolar

to be delayed in its emergence if there is a loss of space in the

arch. In the naxillary areh a loss of space will most oflen affect

the emergence of the canine. Almost fift,y years ago price (1934)

noted bhat with a change in diet fron native foods to nodern foods,

and a resulting increase in dental caries, dramat,ic facial changes

occurred in bofh the Inuit and Indian populations he observed

(1934:68). Price observed that 'rbhe Eskimos who are living in iso-

lated districts and on native foods have produced uniformly broad den-

tal arches and bypical Eskimo facial patterns. Even t,he first genera-

bion forsaking that diet and using bhe nodern dieb, presents large

numbers of individuals wilh narked changes in facial and dental arch

fornrr (1934:70). Curzon and Curzon (1970) reported a similar deterio-

rafion in t,he dental health of Inuit children in the KeewatÍn zone

with the adoption of a high carbohydrate diet. Mayhall eb al. (1978)

concluded, however, that the early emergence 1n the InuÍt was due pni-



_ 7L -

manily to heneditary factors and not to the prematune extnaction of

bhe deciduous teeth, as the canies incidence $ras low in the Foxe Basin

region ( 1978 2215).

Considering the high caries rate among the Inuit and Indian sam-

ples in this study, I would conclude that alfhough there are genetÍc

differenees which result in earlien tooth emergence anong Inuit and

Indian children, these differences are greatly exaggerated by bhe

effecbs of a high caries incidence: lhe premature loss of deciduous

teeth which resulüs in accelerated or delayed emergence of the perma-

nent teebh, and certain types of malocclusions which usually involve

crowding of the beeth.

Alveolan emergence was found to be mueh less variable and a beb-

ber indicator of dental matunity bhan gingÍval emergence. Alveolar

emergenee is also influenced by local factors such as premature loss

of the deeiduous tooth or infection, but to a lesser degree than gin-

gival emergence. Alt,hough the biming of alveolar emergence Ís a beb-

ter predictor of dental age than gingival energence, the sequence of

energence appears to be just as variable. The only instance where the

entire sequence remained unchanged between alveolar and gingival emer-

gence was in the maxillany arch of Inuit females. This discrepancy

has also been reported by Hunt and Gleiser (1955) and Garn and Lewis

(1963). Garn and Lewis observed (1963:55) that although in nearly 40

percent of American f.lhite chÍldren the mandibular second molar is

ahead of the second prenolar (M2 P2) at alveolar emergence, the majon-

ity of these same children have the second premolar emerge ùhrough bhe

gÍngiva ahead of ühe second molar (P2 M2). The M2 PZ sequence occur-

red in the mandibular arch of both samples Ín this study ab alveolar
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emergence but ib occurred only in the rndian sample, males and

females, ãL gingival emergenee. Hrdlicka (1908), Koski and Garn

(1957) and Dahlberg and Menegaz-Bock (1958) also neported that MZ pz

was the most eommon mandibular sequenee for gingival emergence Ín the

Pima Indian. It, is possible that there is a genetic difference in the

erupbion sequence between Indian and f'lhite populations. Further study

of bhis probren is required bul it appears fron this süudy, however,

that environmental factors, and primarily local factors, exert a very

strong effect, on the eruption of the penmanent dentition.

Caleification of the teeth is bhe least influenced by local fac-

tors. Nutritional- deficiencieso honmonaL disonders, on ot,her systemic

diseases can affect, both the quarity and the quantity of tooth forma-

tion, however. Assessment of dental maturity from tooth formation is

much more accurate than the emergence of the beeth ührough the gin-

giva. Studies of the mean ages of ealcification would be a far more

reliable vray of comparing different populations.

Hunt a¡rd GleÍser ( 1955) compared different mebhods of estinating

dental age in skeletal naterial. They report,ed that a study of calci-

ficabion has many advantages over eruption. one of these advantages

is that sex differences in dental maturation are far less than those

occurning in the skeleton. Garn et al. ( 1958) found similar results.

Hence, estimates of dental age from skeletal material would be more

neliable than estimates of age from osseous maturation, when the sex

of the individual is unknown.

In terns of their overall dental development, I would conclude

that both Inuit and Indian populations are advanced oven f'lhite popula-

tions. This difference is genetieally based but is exaggerated by
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envÍnonmental faetors. Further work needs to be done to betten

determine the t,otal effect of these factors. rf a ranger sample was

available, then variables such as extraction of deciduous teeth could

be controlled. Longit,udinal studies of the sequence of calcification

and eruption would be of value in determining whether bhere are

genetic differences between populations and how large a part they play

in dental naturation. Standards for dental maturity related to skele-

tal maturity also need to be developed for both rnuit and rndian popu-

lations in order to aid the anühropologist in the assessment of popu-

lation differences and to aid the dentist and the orthodontist in the

treatment of dental disease and maloeclusions.
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TABLE I

Selected Keys for the Scoring of Calcification

A Trodden (preliminary scoring key)

B NolIa (1960), Bradley (l96t)
C Gìeiser and Hunt (1955), Nanda and Chawla (ì966)
D Demisch and !,Iartman (ì956)

E Garn, Koski and Lewis (.l957)

F Fanning (ì96.l )

G Moorrees, Fanning and Hunt (1963)

H Demirjian, Goldstein and Tanner (1973)
I t{eviìe (1973)

A B c D E F G H I

0
I
2
2.2
2.5

2.8
J

3.5
4
4.2

5

6
6.?
6.5

6.8
7

7.5
I
8.2

9

9.5

l0

0
ì
2

3

4

5

6

7

8

9

l0

I
II

III
IV

VI

VII
VIII

IX
X

XI
XII
XIII

xlv

XV

0
I
2
3
4

5

6
7

I

II

III

0
LI

Cco
Coc

ci t/2
ci 2/3

Cic
Ri
cli
Cle

R r/4
R t/3
R t/2
R 2/3
R 3/4

Rc
1/4
t/?
3/4
Ac

A

A

A

ci
Cco
Coc

ci 1/?

ci 3/4

Cic
Ri
cìi

R t/4

R t/2

R 3/4

Rc

A t/2

Ac

A

B

c

D

E

F

G

H

B

c

D

E

F

G

H

I

J
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Table II

- Absence of Crypt (Calcification Score 0)

l8
17
'16

ì5
t4
i3
l2
il
2l
22
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4l
42
43
44
45
46
47
48

INUIT

Femal es l4al es

i s. D. N x S. D. N

5. 49
3. t0

3.99
3. 55

3.55
3.t0

3. l0
5.54

ì .83
0. 57

ì .07
0. 00

0. 00
0.70

0.57
I .83

62
4

6
I

I
3

4
59

5.4?
3.ì2

3.4ì

¡.ìr
2.97
5. 33

2.'t9
0.72

0.85

o.es

0.6.|
2.il

52
8

J

3

7

5l

5.32
2.77

3.38
3. s5

3. 55
3. 39

2.77
5.49

I .60
0.67

0. 73
0.00

0. 00
0. 75

0.67
t.83

59
3

7

I

I
7

3
62

s. 33
2.89

3._¡5

3. 83

2.7s
5.38

2.16
0.66

0._70

o.ìo

0. 67
2.t8

52
5

I

4
53

INDIAN

Femaì es Mal es

X s. D. N r s. D. N

6.93
3.1I

,.:,

3. 38

3. 05
6.74

2.30
0.3.|

0._2s

0. 95

0.24
?.25

57
6

:

5

6
53

6.97
?.57

2.57

z.it
2.57
6. 90

?.39
0.20

o.:o

o.io

0.20
2.25

52
2

:

2

2
47

6 .49
2.85

t.:,

2.97

2 .85
6. 65

2 .08
0. 00

o.:u

o. zs

0. 00
2.28

49
2

:

4

2
50

6.75
2.57

z.s7

2.-57

2.57
6.34

2.28
0. 20

0 .20

0.20

0. 20
2.t5

43
2

2

?

2
42
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Tabìe III
l'lean Age in Years - Crypt Visibìe (Caìcification Score l)

l8
17
l6
l5
l4
l3
12
ll
2l
22
23
24
25
26
27
28

38
37
36
35
34
33
32
3ì

4l
42
43
44
45
46
47
48

INDIAN

Females I Mates

Í s. D. N r s. D. N

8.4ì
3.18

3.22
2.82

2.83
3.22

8. 30

0.00
0.00

0.05
0.00

0 .02
0. 05

0.ì5

l
I

2

I

2
?

2

3.20

3.20

0 .00

0. 00

I

'|

9.26
3.ì5

3.26
2.85

2.85
3.26

3.15
8. 93

I .10
0. 23

0.00
0.00

0. 00
0 .00

0.23
I .3t

9
4

l
ì

t
I

4
I

8._44

8.92

,.:t

0.80

-,

i

I NUIT

ema l es Maì es

x s. D. N x s. D. N

s.ìs

3.92
2.29

3.99

,.:t

o.ìr

0.53
0.00

0. 65

0._00

,
3

I

J

l

I I .45

3.84
2.43

?.64
3 .68

0._00

0. 66
0.00

0.30
0. 7l

l
5
I

2
6

9.63
3.29

3. 43

s. sz

3.35
8.60

ì .45
0.42

0. 28

o. g¡

0.43
0.00

2
I

:

3

9
I

8.09
3. 46

3 .41
2.43

2.43
3. 48

3 .48

0.00
0.45

0. 73
0. 00

0.00
0.83

0.25

I
5

9
I

I
n

4
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Table IV

Mean Age in Years - Initial Calcification (Calcification Score 2)

TOOTH

F.D.I.

NUMBER

TNUIT

Femal es Mal es

1 S. D. N Í s. D. N

7 .84
4. l8

3.85
3.48

2.29
4.20

3. 94
7 .84

8.95
4.20

4.ì l
3.44

3.44
4.20

4 .68
7.08

r.07
0.54

0 .00
0.00

0.00
0 .49

0. 35
I .07

2.64
0.49

0.68
0.05

0.05
0.80

0.t9
0 .00

2
4

I
I

I
2

4
2

2
2

4
2

2
3

2
I

8. 99
3 .88

3.20
3.98

3.98
3 .63

3.93

s.8o

3.88
2.44

2.61
3.64

3.85
8.99

0. 00
0.30

0 .84
0.00

0. 00
l.ì0
0._30

0.42

0.91
0.59

0.83
0.81

0.36
0. 00

I
5

3
l

ì
4

3

6
2

2
6

4
I

l8
17
l6
t5
ì4
t3
t2
tl
2l
2?
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4t
42
43
44
45
46
47
48

INDIAN

Femal es I'lal es

X S. D. N i S. D. N

n.:u

4.37
3.t5

3.3ì
4.58

9.67

9.-56

3.56
2.8?

2.82
3.56

3. 54
8.79

0._93

t.l7
0.26

0. 06
0.87

I 35

I :,
0. 38
0.00

0 .00
0. 38

0 .00
0.98

3

2

3

2
2

i

-'

3
I

l
3

I
5

9.21
3.20

3._56

3.16

3.20
9.92

9.1l
3 .60

3 .45
2.57

2.57
3.18

3 .60
8. 9t

1.45
0 .00

0.56

0.00

0. 00
1 .32

0 .64
0. 56

0.47
0.20

0.20
0. 03

0. 56
t.t7

7

I

:

I

'I

9

5
2

3
2

?

2

?

6



l8
t7
l6
t5
ì4
l3
12
'I I

?1

22
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4t
42
43
44
45
46
47
48
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Table V

Mean Age in Years - Crown I ComRlete (Caìcif.ication Score 3)

INUIT

Femal e Maì es

r s. D. N r S. D. N

10.77
4.70

4.04
4.0.l

3.63

3.63

4.3l
4.29

4.76
10.77

0.00
0. 69

0.34
0.76

0. 00

0. 00

0. 59
0.57

0. 66
0. 00

I
6

3
4

1

ì

3
4

7

l

l0.t9
4. 06

4.34
3.62

2.43

2.43

3 .56
4.04

4.22
'10.06

0.46
0.8ì

0. 75
0.57

0. 00

0. 00

0.48
0.77

0. 64
O. BB

3
12

3

3

l

I

4
2

'10

5

10.77
4.20

4. 50
3.02

3. 02
4. 58

4.20
10.77

0.00
0 .53

0.t0
0.68

0.68
0.t5

0. 53
0 .00

I
3

2
3

3
3

3
ì

10.04
3.97

3.96
3.47

3.47
3 .96

4.ì4.l0.26

0. 65
0.72

0. 33
0. 36

0. 36
0.33

0.47
0. 38

5
'tì

5
5

5
5

ì0
3

INDIAII

Females Mal es

X s. D. N x s. D. N

9.78
3.93

o.:,

s.9o

3. 93
9.r6

t .0t
0.04

'i'

o.ìo

0.04
0. 90

4
2

ì
2

4

I 0.46
3.16

4.58

2.42

2.42

4.29

.3.93
II.63

ì .65
0.00

0.00

0.00

o. oo

0.40

0.00
0.00

2
I

I

ì

i
2

ì
l

I0.56
4.58

5.12
3.31

3. 3t
5 .03

4.58
I 0.64

1.48
0.87

0.1l
0.06

0.06
0.00

0.87
0.79

6
2

2
2

2
I

2
6

10.45
4 .51

o.:,

qio

4.24
0.45

0.84
0.5l

0.43

0. 28

0.9s
0 .84

5
3

:

4

3
5
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Table VI

Mean Age in Years - Crown I Comntete (Caìcification Score 4)

INDIAN

Femal es Mal es

x s. D. N r S. D. N

il.09
s.'t 2

6.35
3.36
2.85
3.02

3.02
2.8s
3.57
6.35

5.1 2

I I .05

I .0t
0.t l

0.00
0.25
0.00
0._23

0.23
0.00
0.54
0 .00

0.1I
1.03

9
2

I
2
'I

:

2

I
2
I

2

9

ll.2B
4.57

5.04
3.79

2.42

2-.42
?.71
3.74
s .04

4.72
l t.01

I .4s
0.36

0.38
0.79

0.00

o.io
0. 00
0.95
0. 38

0.23
I .50

o

4

5

4

I

i
I
J
5

3

9

t0.53
4.47

5.12
3.57

3.?6
3.s7
5.1 5

4.59
'I 0. 56

1.25
0.79

1 .72
o'i'o

0. 00
0.54
1.22

0. 60
I .19

7

2

2

i
2
3

3
9

11.22
4 .84

5.19
3.72
2.57
2.42

2.57
3.7s
5.19

4 .5ì
lt.3l

0 .63
0.00

0.29
0.44
0.20
0.00

0.20
0.47
0.29

0. 38
0 .65

7

l

4
3
2
ì

2

3
4

3
I

INUIT

:emal es Males

x s. D. N X S. D. N

4.82

4.96
3.78
3.57
3.48

3.48
3. 57
3. 78
4.7s

5.06

0.6r

0. 64
0.t2
0.08
0._00

0.00
0. 08
0.t2
0.42

0. 30

5

5

4
3

i

I
3
4
3

3

0.34
5.03

5.2t
4.04
3.02
3.60
2.43

2.43
3.60
3.02
4.0t
5.32

4 .48
0 .46

0.1ì
0.50

ì .01
0.56
0.42
0.22
0.00

0 .00
0.2?
0.42
0 .46
0. 90

I .3.l
0.22

2

4

5

9
5

5

I

I
5

5
7
5

5

3

4.87

4.94
3.82
3 .60

3 .60
3.82
4.99

4.89
t 5.17

0.54

0.53
0. 57
0._00

0.00
0. s7
0. 5l

0.54
0. 00

ñ
7

4

l

I
4
8

t2
I

10.26
5 .05

4.90
4.02
2.82
2.0?

?.02
2.82
4.0?
4.90

4.6s
10.34

0.00
0. 35

0.36
0. 32
0. 73
0.00

0.00
0. 73
0.32
0.36

I .02
0.1ì

I
6

5
I
3
l

I
3
8
5

I
2

l8
't7

l6
l5
l4
ì3
12
ll
21

22
23
24
25
26
27
28

38
37
36
35
34
33
3?
31

4l
42
43
44
45
46
47
48



TOOTH

F. D. I.

NUMBER_-_-

21
22
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4l
42
43
44
45
46
47
48
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Table VII

Mean Age in Years - Crown f; ComOtete (Calcification Score 5)

INUIT

Femal es f''lal es

X s. D. N r s. D. N

5.57
4. 88
3 .44
3.86
2.88

It o. 
'oI 5.t4

2. 88
2.86
3.43
4.88
5.70

5. l4
I 0.94

0.00
0. 56

0.74
0.42
0. 96
0. 86
0.84

0.84
0.86
0.83
0.44
0.80

0. 56
0 .00

I
I

'll
l0

4
6
2

2
6
5
9

'14

I
l

s. ze

5.80
4.75
3.88
4.04
3.33

3. 33
3.98
3.88
4.8t
5.80

5.78

0.89

0.62
ì .15
0. 3s
0. s5
0.30

0 .89

0.30
0. s6
0. 35
I.t4
0.62

;
5

12
'10

9
I
8

l0
l0
12

5

7

4.62
5.95

5.29
4.76
4.12
3 .06
2.49

2,49
3.06
4.12
4.79
5.42

5.92
11.72

0.77
0.77

0.74
0.64
0.95
0. 54
0.00

0.00
0.54
0.95
0. s9
0.92

0.81
2. 08

2
I

l6
12
t3
6
ì

I
6

l3
t5
t6

I
3

2.49
3.59
3. 73
4.29
6. 04

5.85

6.30
4.21
3.73
3.59
2.49

6 .05

o.ig

1.24
0.86
0.51
0. 64
0.66

0.66
0.64
0. 53
0.84
0.99

0.92

7

t2
t4
l5

9
2

2
9

l4
t3
ì0

6

INDIAN

Femal es I Nul 
",

X s. D. N r s. D. N

110.98
I s.zs
I

5.46
4.44
3.23
3.39
3.24

3.24
3.35
3.3t
4.71
5.44

5.70
t0.95

t.48
0. 9t

0.65
0. 93
0.26
0.41
0 .4.|

0.4t
0.46
0.41
ì.ì2
0. 7t

0 .86
I .43

l3
7

7

6
5
5
6

6
4
5

7
6

I
l4

ll.99
5.39
2.71
5. 83
5.52
4.12
4.12
3 .49

3.49
4.12
3. 96
5.4t
5.83
2.71
5.39

H.6l

1 .72
0.41
0. 00
0. 50
0. 59
0 .80
0.80
0.99

0.99
0 .80
0.68
0.70
0. 50
0.00
0 .4t
I.t7

'n
7
'|

tì
t3

6
6
6

6
6
6

l4
lt
ì
7'n

lt.s4
5 .80

5.74
4 .55
3.43
3. 09

3.ì7
3.47
4.5t
5.7t

6.12
ll .63

1.32
0.80

0 .94
t.il
0.80
o.:o

0.28
0.80
t.ì9
0.89

0.84
ì .3ì

17
l0

9
I
I
:

6

I
7
9

9
l5

il.9t
5 .84

s.eg
5.03
3.98
3.26

3.29
3.98
5 .03
s.72

5.89
I .90

I .43
0.86

0. 9t
0.73
0.72
0._51

0. 63
0.8t
0. 73
0. 69

0.83
I .5t

tì
l3

ì3
ìt

6

:

3
5

ll
12

ll
ì0



Mean Age in Years
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Table VIII

Crown Complete (Calcification Score 6)

TOOTH

F.D.I.

I'IUMBER

INDIAN

:emal e Mal es

x S. D. N r s. D. N

l3.l l
7.21
3.23
7 .14
6.57
5.02
4.72

4.72
5.02
6.52
7.05
3.23
7.26

I2.88

'l .27
0.92
0. 39
0.73
0.7 4
0 .64
o'],

0. 7t
0.64
0.78
o.79
0 .39
0.94
t.08

il
24
I

l6
l6

8

:

3
I

l4
17
I

25
l0

t3.65
7 .24
3.20
6.92
6.38
5.71
5. 59
5. s0

5.50
5.54
5.66
6.38
6.68
?.93
7.?4

I3.86

I .03
I .33
0. 64
0.97
0.98
0. 63
0.62
0.71

0.71
0.60
0.63
0.98
I .04
0 .43
ì .33
't.18

9
20

4
I
9

t4
o

2

2
9

l5
9
7

3
?o
t0

13.72
7 .49
3.12
6 .88
6.49
5.18
3.57
3..l5

3.ìs
3.57
5.18
6.29
6.92
3.t2
7 .4s

13.77

2.14
0.91
0.28
0 .64
0.74
0.74
0.62
0 .43

0.43
0.62
0.74
0.83
0.62
0.28
0.91
2.04

t0
27

7
t4
t5
I
3
6

6
3
9

l4
t5

7
25
il

I 3.66
7 .39
3.ì0
7.t3
6.??
5 .45
s.l ì
3.s2

3.s2
4.72
5 .45
6 .08
7.24
3..l0
7.34

13.66

1.25
t.45
0. 59
'I .33
0.83
0.47
0.67
0.74

0.74
1.04
0.47
0. 70
1.27
0. 59
ì .4ì
I .2s

lì
ì5

5
7

1?
t3

4
5

5
5

t3
ìl
I
5

t6
ll

INUIT

emal es I'lal es

x s. D. N r s. D. N

I 3.81
6.28
3.18
6.58
5.98
5.1 1

4.78
4.28

4.28
4.76
s.ì3
6.1 I
6.76
3 .49
6.29

I 2.60

I .84
0. 83
0. 5t
0. 39
0.74
0.89
0.72
0 .86

0.86
0.74
0. 90
0.75
0.50
0.96
0.8s
3.42

6
22
12
12
l8
?6
'¡5

7

7

l4
25
l9
l2
12
?1

7

'I 3.50
7 .06
3 .43
7.23
6.39
4 .88
5.25
4.13

4 .06
5.36
4.88
6.39
7 .40
3.43
7 .06

0.00
I .08
0.51
I .05
0 .82
ì .01
0 .84
0 .43

0.4?
0.8.l
l.0t
0.82
ì .0t
0. sl
I .08

I
l0
12
I
8

14
ll
I
7

t0
t4
I
I

t2
t0

12.46
6.24
3. t8
6.70
5.82
4. 54
4.62
3.34

3.29
4.62
4.56
5. 69
6.67
3.t8
6.24

13.?2

I .38
0.88
0. 5t
0. 53
0.80
0.84
0.77
0.51

0. 54
0.77
0.77
0.76
0.49
0. 5l
0.88
0. 60

3
17
12'n
l5
12
12

7

6
t2
t4
l4
ìì
12
17

2

13.50
7.08
3.22
6.70
6.26
4.73
4.07
3.62

3. 65
4.07
4.67
6.27
7 .17
3.22
7 .08

15.36

0.00
l.t4
0.62
0.92
I .02
0 .96
0.70
0.54

0.52
0. 70
0. 96
t.06
I.t7
0.62
I .14
?..62

I
il
ìl

5

l3
ls
ll
12

t3
ìt
l6
12

7
u
ìl

2

2l
22
23
24
25
26
27
28

38
37
36
3s
34
33
32
3l

4l
42
43
44
45
46
47
48



lvlean Age in Years noot I
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Table IX

Compìete (Calcification Score 7)

TOOTH

F. D. I.

NUMBER

ì8
17
l6
t5
ì4
t3
12
il
21

22
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4t
42
43
44
45
46
47
48

INUIT

Fenaì es Mal es

Í S. D. N r S. D. N

ls.ì2
7.44
4.77
7 .28
6.77
6.46
6.18
5.02

5.02
6.¡0
6.46
6.85
7.12
4.76
7.44

15.ì2

0.00
0.83
0. 59
0.57
0 .40
0.75
0.76
0.8t

0.8t
0.80
0.75
0.36
0.48
0. 68
0.83
0. 00

I
6
5

6
6
7

t3
20

20
il

7
6
5
4
6
I

t7 .21
8. 39
4.12
7.88
7.98
6.38
5.ì9
s.09

5.09
s.l9
6. 50
7.98
7 .88
4.12
8.8t

I s.36

0. 00
0.51
0. 85
0. 3ì
0.65
I .09
I .63
t.09

ì.09
1 .63
ì.il
0.6s
0. 3t
0 .85
0.92
2.62

I
3

l3
2

5

il
7

l6

l6
7

t2
5
2

ì3
4
2

I 6.80
7 .32
4.83
7.06
6.92
6.14
4.68
4. s8

4. s8
4.67
6.t4
6.94
7.04
4.83
7 .32

17.09

2.03
0.8t
0.81
0. 57
0.52
0.82
0.79
0.60

0.60
0.74
0.82
0. 50
0.61
0.66
0.81
2.78

3
7
3
I

l5
l4

9
t5

¡5
t0
l4
t6

7
4
7
2

17.30
9.49
4.30
8.25
7 .77
6.69
4.92
4. s4

4.54
4 .86
6.77
7 .77
8.54
4.30
9. 05

17.39

0.12
I.t9
0. 59
0.67
0. 30
0.84
ì.t5
0.90

0. 90
ì .21
0.85
0. 30
0. 63
0.59
0.97
0. 00

2
4

l5
3
5

t0
t0
t3

t3
9

il
5
2

l5
3
I

INDIAN

Femal es f'lales

x s. D. N r s. D. N

.l5.5t

8.76
4.5s
8.52
7.90
6.77
6 .40
s.ìì

5.tI
6.21
6.86
7 .96
8. 36
4.55
8. 76.ls.49

0.77
0.92
0 .66
0.80
0.62
0 .9.|
0.77
I .94

2.09
0.77
0. 9t
1.02
0.88
0.s7
0.9 t

0.77

7

t6
2

17
17
l5
l9
I
8

ì5
l6
ì8
l8

2
l6
8

14.67
9.23
4.90
8.8t
8. s2
7 .22
6.36
5.56

s.56
6.20
7.31
8.67
8.79
4.89
9.?3

14.67

3 .06
1.49
0.70
0 .87
1 .20
I .37
0. 86
0.6t

0. 6t
0 .7t
'l .34
I .23
0. 96
0. 7l
ì.49
3 .06

3

20
I

ì5
9

ì0
ll

9

9
l0
tl
t0
17
I

20
3

t4.53
8.87
4.3s
8. 28
7.88
6.79
5. 37
4.77

4.77
5.37
6.79
7 .79
8.28
4.35
8.8s

15.02

2.20
0.80
0.73
0.46
0.89
0.57
0.71
0.52

0,52
0.7t
0.57
0.89
0.46
0. 73
0.77
2.04

3
l3

3
t9
24
l5
I
6

6
8

l5
25
l9

3
l4

4

t 5.94
9 .35
5.02
I .95
8.66
6,70
5 .40
5.42

5.4?
5.40
6.70
8. 60
8.82
4 .90
9.35

ì6.34

0.48
0. 38
0.74
I .07
ì.t9
0 .70
l.ì0
I .7t

I .86
t.t0
0.67
1.23
I .08
0.74
0. 38
0.48

3
17

7

l5
ì5
I

ìl
7

7
il
I

l6
l5
I

t7
4



l8
17
l6
ì5
l4
l3
12
ll
21

22
23
?4
25
26
27
28

38
37
36
35
34
33
32
3l

4t
42
43
44
45
46
47
48
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Table X

Mean Age in Years - Root I Comntete (Calcification Score B)

INUIT

:emal es Mal es

r s. D. N X s. D. N

I8.21
10.55
4.97.l0.t8

9.t9
7 .64
6. 68
6.29

6.24
6.65
6. 93
8.40

.l 
0.18
4.97

10.55
I8.21

0.82
0. 36
0.72
0.92
3.21
2.64
0.30
0.67

0.7ì
0. 30
0.57
I .64
0.92
0.72
0. 36
0.82

3
3

t8
5

8
t3
I
8

7

9
12

6
5

't8

3
3

t7 .37
10.13
4.99

t0.ì3
9.59
8.76
8.tl
6.73

6.73
8. 04
8.76
9.78.l0.34

4.99
10.ì5
17 .37

0.03
0. 57
t .17
0 .86
I .07
0.82
0. 70
0. 97

0.97
0.62
0.82
I .06
0.86
t.ì7
0.62
0.03

2
8

'10

I
5

4
4
6

6
5

4
6
6

t0
7

2

t6.59
t0.55
4.77

10.55
ì0.82
6. 9t
5.89
5.61

5. 6t
5. 89
6. 9l

10.82
I 0.55
4.77

I 0.5s
t6.91

1.22
0. 36
0.40
0.36
0. 00
0. 55
0.79
0.44

0.44
0.79
0. 55
0 .00
0. 36
0.40
0. 36
1.27

4
3

t7
3
I

t3
9
6

6
9

t3
I
3

t7
3
3

t9.lI
ì0.20
4.75
9.95
9.60
8.22
6 .63
5.66

5. 66
6.63
8.55
8.96

I 0.00
4.75

10.29
t9.l I

2.50
0 .83
'1.14

1 .21
I .06
0. 58
0.85
0. 95

0.95
0.8s
0.52
0.85
t.il
I .14
0.79
2. 50

2
6
I
6
5
4
5
4

4
5
4
3
7
I
7

2

INDIAN

Femal es Maì es

r s. D. N X s. D. N

t 5.76
t0.05
5.52
9.72
8.60
8.22
7.89
6.76

6.76
7 .71
8.22
8. 55
9.73
5.52

'I 0.05
t 5.75

1.45
0. 97
0.78
0.90
0.67
0. 64
I .05
0. 65

0. 65
0.98
0.65
0 .70
0. 94
0. 78
0.97.¡.45

3
20
o

't6

9
23

7

t5

l5
9

22
I

t4
8

20
3

17.33
'I 0. 74
5.53

10.37
9.35
8.85
8. 09
6.85

6.85
8.05
8. 90
9.34

10.42
5. 53.l0.74

t 7.33

0. 00
0. 95
0.60
l.ì6
I .03
0.69
t.lì
I .38

I .38
1.il
0. 69
I .08
l.?4
0.60
0. 9s
0. 00

l
17
I

20
17
l5

7

l3

ì3
7

l4
t5
l9
8

t7
l

16.23
t0.ts

5 .49
9.77
8.92
8.r7
6.78
6.tI

6.tI
6.72
8.17
9 .0ì
9.94
5 .49

t0.03
t 5.23

2.06
0.93
0.73
I .07
0.79
0. s8
0. 57
0. 58

0.58
0.63
0.58
0.84.l.33

0.73
0.94
0. 54

4
t7

9
ì4

9
17

7
6

6
7

17
ìt
12

9
l4

3

5.73
6. 66
8.69
9 .6ì

I 0.30
s.53

ì 0.63
ì 7.04

17 .21
10.63
5.53
9.95
9. 66
8 .69
6.66
5.73

0.40
0.91
0 .60
l.ì4
1.22
0.85
0.48
0.4s

0.45
0.48
0.85
I .3r
I .09
0.60
0.9t
0.40

3
17
I

t5
ì6
l4
I
6

6
I

l4
ì3
ls
I

17
2
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Mean Age in Years

Table XI

noot f; Complete (Calcification Score 9)

l8
17
l6
l5
l4
l3
1?
ll
21

22
23
24
25
26
?7
28

38
37
36
35
34
33
32
3l

4l
42
43
44
45
46
47
48

INUIT

emal es Mal es

Í s. D. N r s. D. N

16.32
I 2.4s
6.42

I 3.59
1 0.2.|
ì0.84

7 .94
6. 95

6.93
7.96

I 0.84
1t.98.l3.61

6.43
'l t .4t
16.32

I .33
2.45
0.70
3.74
I .07
I .63
1.26
0.50

0.48
l.ì5.l.63

2.97
2.64
0.72
3.36
I .33

3
5

21

2
4
7

6
l0

ll
7

7

5
3

20
6
3

20.27
11.39
7.02

I0.60
'¡ 0.44
10.t9
9.52
8. 07

8. 07
9 .43

10.21.¡0.44
.l0.19

7 .02
'¡l .39
20.89

0.86
0.07
ì .08
0.67
l.0t
0 .80
0 .87
0.62

0.62
0.92
0.86
t.0t
0. 97
ì .08
0. 07
0. 00

2
2

l3
3
5
9
7

5

5
6
I
5
4

l3
2
I

12.02
6. 39

10.24
10.82
I 0.33
6.85
6. 60

6.60
6.85

I 0.33
t0.82
t 0.0ì
6.40

12.02
1s.63

I .69
0. 73
l.l0
1.79
0.89
0.40
0.67

0.67
0.40
0.89
1.79
1.22
0 .71
ì.69
0.00

5

20
4
6
6

t5
ì3

l3
t5

6
6

3
21

5
I

'r 
0 .88
7. 0ì

10.45
10.3t
10.16
7.70
6.89

6.89
7 .70

10.28
I 0.34
10.50

7 .0t.l0.88

0.64
t.0l
0.62
0.92
0.8ì
0.89
0.76

0. 76
0.89
0.69
0. 7l
0.71
l.0t
0.64

1
l4

5
5
9
6
6

6
6
9
I
4

t4

:

INDIAN

Femal es Maì es

i s. D. N r s. D. N

t7 .45
11 .85
7.02

il.2ì
10.62
ì 0.58
8.55
8.33

8.33
8.62

10.58
I 0.66
il.25

7 .09
11 .77
17.45

l.ìì
I .00
0.66
1.07
I.t4
1 .24
0.92
0.66

0. 66
0.87
1.24
l.t3
t.0l
0. 75
0. 99
l.lì

5
l5
ì6
t9
29
35
24
20

20
?3
35
28
t9
l6
t4

5

17 .95
12.25

6 .49
11.67
ìt.t4
11 .22
9.47
8.9s

9.07
9 .3ì

lì.t7
il.ì0
1.l .49
6.59

12.26
17.95

I.t2
0 .98
0.87
'I .31
r.05
I .30
0.95
t.ll
1.03
0.82
I .20
l .l6
l .l0
0.87
0.92
t .l2

5

9
l0
l5
24
39
22
l8

17
2l
37
23
l3
ì0
l0

5

17.09
il.65

7 .16
I I .09
I 0.79
l0.t 4
7.64
6.83

6.83
7.72

10.18
10.8ì
I 0.79

7 .16
lt.5t
t 7.4s

0.50
t.t0
0.78
l.ì4
0. 99
1 .27
0.98
0.64

0.64
0.92
I .28
I .00
t .07
0. 78
t.t0
0. 99

5
17
t7
24
27
36
20
t2

12
l9
37
26
24
t7
?0

6

t 8.64
12.17
6.74

It.7ì
11.44
I 0.87
8.98
7 .67

7 ,67
9 .01

I 0.90
11.24
It.58
6.74

1.l .94
18.64

0.98
I .05
0.87
ì .38
r .04
1 .25
I .05
t.8t

ì.81
1.00
1.26
I .09
t.48
0.87
0.78
0.98

4
lt
12
?2
24
39
12
l3

t3
l3
38
24
23
12
l0

4
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Table XII

Root Complete - Open Apex (Calcification Score l0)

-ooill

F.D.I.

NUI4BER

l8
17
l6
'15

t4
l3
12
ìl
21

22
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4t
42
43
44
45
46
47
48

INUIT

Femal es Mal es

T s. D. N r s- D. N

20. 83
15.48

7 .87
I4.09
r ì .87
't4.53
I 0.86
I 0.08

t0.08
I I .43.l4.78

12.60
t 4.55

7 .87
ì5.48
20.83

0. 00
I .93
1 .97
4.69
I .31
?.36
I .9r
2.07

2.07
I .48
2.24
t .57
3.4ì
1 .97
1.76
0.00

I
6
4
2

2

6
6
9

9
5
7
3
3
4
7

I

17 .99
t 5.36

9 .8t
I6.23
'17 .21
14.?8
I I.92
10.9t

'I 0. 9ì
I I .92
14.28
17 .21
t 6.23
9.77

ì 5.36
I 7.99

0.00
2.62
I.t7
2.40
0. 00
4.l s
2.63
2.24

2.24
2.63
4.15
0. 00
2.40
1 .27
2.62
0.00

I
2
7

3
I
2

6
lì
ll

6
2
I
3
6
2
t

20. 83
ì5.84
7.68.l4.94

13.40
I 4.66
9.40
7 .s4

7 .2s
9 .40

'14.66

ì4.56.l3.54

7.46
t5.s2
20.83

0.00
I .81
| .79
1 .73
2.19
2.17
I .66
I .56

I .35
1.66
2.17
2.87
1 .92
t.68
I .64
0.00

I
6
5

6
4
7
7

t0

9
7
7
4
5
6
6
I

ì 7.99
17 .21
9.8]

15.36
14.28
14.28
9.92
8.83

I .83
9.92

14.28
t4.02.l5.36

9.8ì
1s.36
ì 7.99

0.00
0. 00
I.t7
?.62
4.t5
4.t5
t .l3
1.46

ì .45
l.ì3
4.15
2.97
2.62
I.t7
2.62
0.00

I
I
7
2
2
2
I
7

7

I
2
3
2
7
2
I

TNDIAN

Femal es Mal es

r s. D. N x s. D. N

2ì.33
13.62
8.46

13.28
12.52
t3.ls
1 0.65
I0.31
.l0.25

I 0.65
t3.ì5
12.54
t3.07
8.41

t3.58
20.25

3.02
r .37
l.t0
t.36
I .36
'l.s3
I .04
I.t9
t.2ì
I .04
1.53
1.3ì
t.l4
I .10
I .34
1.06

7
l5
24
l5
ì5
l8
22
29

30
22
t8
l6
t4
25
t6

6

20.96
13.94
9.t7

13.22
t 3.16
14.00
I I .48
il.01

il.01
11.48.l3.58

12.67
12.97
9.17

14.05
?0.96

2.60
ì .64
1.il
1 .27
r .35
1.12
'I .07
I .2s

1.25
I .07
1 .72
ì .64
I .43
l.lt
I .65
2.60

2
l6
23

B

9
7

24
30

30
24

9
il
ll
23
ì5

?

21.52
t3.73

8 .35
13.24
t2.6t
12.94

9 .36
8.26

8.26
9 .36

13.0t
12.63
13.28
8.3t

t3.62
21.s2

3.25
ì .40
I.t6
1.37
I .18
ì.49
l.t6
0.80

0.80
I.t5
t.50
l.l4
1.27
ì.18
1.37
3.25

6
l6
21

l5
ì3
21

?6
20

20
26
20
l4
l6
20
t5

6

22.80
13.90
9.?4

13.53
t3.t6
t3.99
10.46
9.16

9.t6
10.46
r3.99
13.13
13.62
9.24

13.93

0.00
I .6s
I .08
1.44
1.60
I.ì9
I .56
ì.t2

I.t2
I .56
I .19
I .46
I .35
1.il
t.60

t
l6
20

7
6

l0
24
17

17
24
ì0

7
I

ì9
17
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Table XIII

Mean Age in Years for Each Calcification Score by Tooth Type

(Males and Females Combined)

* llevile (1973)

INUIT

S. D. N

2.43
3.24
4. t9
5.06
6 .48
7.31

t0.54

0.00
0.42
0.64
0.93
0.8t
0.74
2.13

2

20
29
7?
27
3l
40

3. 04
3 .59
3.96
5.00
s.80
7 .16
8.72

il .54

0. 70
0.20
0 .66
0 .80
1.20
0.80
1.27
2.14

4
12
3l
50
38
26
26
?3

3.23
3.74
5.04
6.45
7 .66

t 0.49.l4.58

0.42
0. 57
0. 93
0.95
1.83
1 .24
2.42

l6
29
79
37
33
3t
17

INDIAN

r S. D. N

3.37
5 .50
5 .3s
6.8ì
8.65

I 0.66

0.72
0.59
0. 70
1.03
0.93
1.27

24
4

34
56
75

ìì9

2.82
3.80
5 .35
6. 3l
7 .92
8.98

tì.09

0. 34
0.74
0. 70
0.86
1.02
0.97
I .13

6
21
23
55
30
90
92

2.43
2.8t
3 .70
5. 45
7.00
8.48

I 0.9t
ì 3.35

0.00
0.08
0. 69
0.69
0. 99
0 .73
I .28
I .5.|

2
3

22
45
5t
74

t46
52

CALCI FI CAT

SCORE

ON

Maxi I I ary
Central
Incisor

4
5

6
7
I
9

t0

Maxi ì ì ary
Lateraì
Incisor

2
3
4
5
6
7
8
9

t0

Maxi ì I ary
Cani ne

2
3
4
5
6
7
I
9

l0

l.lHITE*

r s. D. N

5.26
5.79
6.77
8.s2

1.l .26

0.83
0.68
0.63
0.81
l.s3

7

5

7
't5

40

3.08

3.81

5.73
6 .68
8. 07
9.05

11.22

0.00

0.81

'¡ .19
1 .29
0.9t
0.68
'I .38

'I

I
l5
1?
14

8
46

3.08

4 .55

5.92
7 .02
8.92

10.70.l3.58

0. 00

l.t4
l.4l
1 .25
0. 98
I .04
ì .70

2

21

'18

23
24
33
5ì
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Table XIII (Cont'd)

Calcification Score by Tooth

Females Combined)

Typel'Þan Age in

* Nevile (.1973)

Years for Each

(Males and

I NUIT

X s. D. N

3.55
2.50
3 .44
3.87
3.95
4.83
6. 16
7 .35
9.23

ì 0.80
'13.7.|

0.00
0.25
0.80
0.62
0.43
0.88
0.77
0.77
2.07
I .78
2.64

2

4
4

t4
24
43
53
22
25
t9

7

3 .59
3 .83
3 .64
4.20
5.r0
5.69
6.93
7.39

10.21
1l .72.l5.39

0.9t
0 .6ì
0.86
0.54
0.77
0. 7ì
0.78
0. 54
0.83
2.38
2.80

15
17
l0
12
ì8
35
40
t5
24
12
il

Maxi ì ì ary
Fi rst

Premol ar

Maxi I ì ary
Second

Premol ar

DIAN

X s.D N

2.83
3.22

3 .66
s.t8
6.49
8.t7
9.09

I 0.86
t2.68

0 .02
0.2t

0.66
0.87
0.83
ì .0ì
0.99
l.t4
I .39

il
40
48
54
49

t04
5t

3
5

3.01
3.22
4 .03
4.34
s.27
5. 70
7 .04
B .6ì

l0.l t
il.39
13.t4

0.67
0.04
0.87
0.47
0.60
0. 58
0.82
0.88
l.t2
1.il
| .27

l3
6
7
6

1?
35
48
67
69
66
48

I.IHITE*

Y S. D. N

3.08
3 .48

4.78

6 .95
8.41

10.03
II.57
13.94

0.00
0.62

0 .73

't .12
I .00
t.t7
I .73
't .33

I
9

24

25
?4
23
30
38

3.s4
3.88
5 .08

5 .89

7 .72
9.43.l0.76

tì.73
t4.ì7

0.56
0.78
0.67

0.94

0.98
| .47
I .44
I .45
ì .55

ll
5

1?

18

27
20
23
2?
4t
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Table XIII (Cont'd)

Years for Each Calcification Score by Tooth

(t4ales and Females Combined)

l4ean Aç¡e in

* Nevile (.l973)

INDIAN

r s. D. N

2.7?
3..l9
4.83
5.53
6 .88
8.80

0. 00
0.43
0 .69
0.67
0.79
I.ts

2
23
?0
32
52
95

2.96
3.t9
3 .2t
3 .8ì
4.8ì
5.57
7.25
9.02

10.37
il.99.l3.80

0.33
0.00
0.00
0.3?
0. 34
0.68
t.il
I .23
ì .0ì
0.98
t.49

ì6
ì
2
6

ìt
29
89
72
74
4B
62

INUIT

x s. D. N

3.39
4.29
4.98
6. 66
9.06

0. 65
0.83
0.88
0.90
I .70

48
35
56
67
21

3.07
2.87
3.98
4.36
4.81
5 .45
6.54
7 .88

I 0.26
il.76
I 5.46

0.60
0.67
0. 36
0. 75
0.80
0.77
0.97
0.96
0. 54
?.46
| .79

23
3

t9
35
17
30
63
l9
2l
t5
t7

I'laxi ì I ary
Fi rst
Mol ar

|\'laxi I I ary
Second
Mol ar

4
5

6
7
I
9
0

I,JHITE*

Ã s. D. N

3.4?

3.76
5.t9
5.8s
7 .61

10.22

0. 56

0.64
0. 90
0. 9t
l.l0
I.s9

6

l0
l4
t9
23
60

3.49
4.17
4.80

s .48

6.98
9. 00

10.39
12.42
14.53

0.9ì
0.t3
0.55

0.62

I .43
I .30
0.8t
1 .37
I .69

il
6
7

ì6

23
39
?1

ì3
54
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Table XIII (Cont'd)

Years for Each Calcification Score

(l'lales and Femaìes Combined)

by Tooth TypeMean Age in

* tlevile (1973)

INU IT

X s. D. il

?.49
3.53
4.56
5 .63
6.70
8. 0l

0.42
0. s3
0.74
0 .63
0.69
I .57

6
38
56
20
38
33

2. 03
3.38
4. 36
4.79
6.ì6
7 .09
9.68

0. 00
0.64
0.77
0.96
0.85
0.68
I .35

2
30
46
38
28
42
30

3.02
3.92
4.64
6.40
7.26

10.27
t4.58

0.66
0.76
0.88
0.86
0.83
0.77
2.32

8
55
57
49
34
30
t8

CALCI FICAT ION

sc0Rt

4
5
6
7

B

9
ì0

I'landibular
Central
Inci sor

l.landi bul ar
Lateraì
I nci sor

I'landi bul ar
Cani ne

II{DIAN

1 s. D. N

3 .33
5.'l2
5.9?
7 .27
8.68

0.58
0 .57
0. 53
t.40
1.05

22
26
24
50
74

?.43
3.t9
4.37
5 .40
6.71
8.20
9.90

0.00
0.37
1.00
0.52
0.s2
I.t6
I .46

I
l8
ì5
38
30
64

100

2.71
3.67
5.34
6.76
8.41

l0 .54
I 3.31

0.34
0.79
0.59
0. 62
0. 75
I .3t
I .46

5
27
44
46
62

ts0
6t

I.JH I TE*

r s. D. N

3.08

3.87
4.75
5.41
6.95
9.23

0.00

0 .54
0.t3
0. s3
0. 58
t.33

6

7

6
l4
tì
46

3.23

3.88
5.25
6.12
7.56
9.66

0.38

0. 5s
0 .64
0. 94
0. 65
I.t4

7

7
17
l4
lt
40

3.08

3 .68

4.65
5 .66
7.73
9.80

12.74

0.00

0.87

0. 58
0.80
0.80
0 .90
1.73

I

l3

9
28
25
36
39
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Table XIII (Cont,d)

Years for Each Caìcjfication Score by Tooth

(Maìes and Females Combined)

TypeMean Age in

* Nevile (.l973)

INU IT

r S.D. N

3. 55
2.43
2.99
3.31
3. 96
4.52
6.00
7 .14
9. 66

10.57
14.04

0. 00
0. 00
0. 63
0. 50
0.40
0.77
0.93
0. 59
ì .06
I .30
2.53

2

2
I

't6

24
54
54
4ì
l0
25
l3

3. 38
3.47
3.9t
4..l6
4.94
5.70
6 .80
7 .39.l0. l6

10.33
14.59

0. 69
0.70
0. 78
0. 39
0.44
I .03
0.74
0.8ì
0. 96
0. 83
I .93

ì8
25
t9
l5
25
54
34
20
l9
l6
l5

Handi bul ar
Fi rst

Pren¡ol ar

Mandi bul ar
Second

Premol ar

I NDIAN

r s. D. N

?.85
2.66
3. 3t
3.68
4.83
6.29
8.15
9.37

ì I .06
12.80

0.00
0.t8
0. 0s
0.41
0.92
0.77
I .03
I.t3
ì .06
1.26

2
6
4

l0
37
52
80
49

l0ì
40

2.84
3.?6
3.47
4.50
5.ì8
5.78
7.00
8. 56

I 0.00
I I .29
13.37

0.29
0. 00
0. 36
0. 5l
0.74
0.83
0.89
0. 9ì
I .14
ì .31
I .3t

12
2

lt
9

t3
43
44
68
56
93
46

I.IH I TE*

x S. D. N

3.28

4 .43

5.55
7.33
9.02

'I 0.89
12.24

0.39

0. 68

0. 65
0.69
0.97
I.t9
1 .32

9

l4

26
t8
34
33
32

3 .48
3. 95
5.29

5. 65

6.95
8.68

10.49.lt.68
13.4ì

0. 50
0. 90
0.73

0.78

'I .04
0.84
I .37
t .30
I .33

7'tl
ìì

t6

22
26
?1

28
28
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Tabìe XIII (Cont'd)

Years for Each Calcification Score by Tooth

(Maìes and Femaìes Combined)

Mean Age in

* Nevile (1973)

I NDI AI{

Y s. D. N

3.12
4.79
5.5t
6. 99
8.78

0 .4t
0. 70
0. 67
0.82
1 .21

24
21
34
58
80

2.71
3.,l6
3 .59
4 .46
4.57
5 .9.|
7 .44
9. t4

ì0.38
ì1.75
ì3.80

0.tB
0.22
0.40
0.68
0.47
0.82
ì.lr
0. 99
0 .95
I .05
t.49

I
8
5

t0
9

43
83
6t
65
58
64

INUIT

Y s. D. N

3. 2l
4.40
4.77
6.65
8.82

0.55
0.63
0.69
0.89
| .76

46
37
50
69
25

2.81
3.38
4. 05
4 .09
4.86
5.95
6.57
7 .99

r0.35.¡.l.70

ls.74

0.60
0.40
0.47
0. s8
0.64
0 .83
t.05
I .28
0 .67
1.45
1.69

l5
26
il
27
38
29
56
21

t9
ì4
l5

Mandi bul ar
Fi rst
Itlol ar

l,lH I TE*

r s. D. N

3.23
4.28
s.3l
7 .20
9.83

0.32
0.2t
0 .49
0 .8s
I .34

l0
l0
22
26
58

4.46
3.s8
4.71

5.33

6.51
8.70
9 .82

I ì .96
'14.51

0.18
0. 55
0.t8

0.35

0. 90
'I .16
0.88
I .16
I .49

4
ì6
4

't0

?6
30
28
24
54
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Table XIV

Mean Age in Years of Stage I of Eruption (Pre-eruption, Crown Complete)

I NDIAN

emal es Males

Í s. D- N r s. D. N

14.70
8.07
3 .48
I .49
7 .40
7 .45
6.04
s.76

s.58
6.07
7.53
7 .41
8. 3l
3 .48
8.07

ì 4.4t

2.42
1 .25
0. 68
ì .54't.r3
I .63
1 .24
L0t

0. 98
1.22
ì .79
1.24
1.62
0. 68
1.26
2.0t

23
47
t0
48
37
55
23
l4

12
?4
56
35
5t
l0
46
22

'I 3.95
8.47
4.09
9.06
8.l s
8.25
6.03
6.1l

6.08
6.t4
7 .98
8.39
9.06
4 .09
8.48.l3.73

1 .75
ì.82
0.97
I .64
I .70
2.39
0.83
1.60

I .64
0. 9s
2.03
1 .79
l.6l
0.91
1 .79
't.23

12
44
t0
39
27
53
21

20

l9
22
5?
30
39
'10

45
12

'14.30

7 .97
4.78
8.41
7 .70
7 .26
5.t6
3.96

3.96
5.?3
7.26
7.68
8. 3l
5 ,01
8. 02

14.21

I .98
t.l4
0. 52
r .4t
1 .27
t.4l
t.t6
ì .09

I .09
ì .14
1.42
I .40
I .5t
0.77
I.t3
I .94

17
40

6
49
48
46
ì4
ìì
'n
15
47
47
45

7
4l
17

14.38
8.53
3.91
9.12
8.26
7 .59
5.59
4.50

4. sì
5.52
7 .58
8.23
9.23
3.9.l
I .49

14.t3

l.B0
ì .68't.04
I .56
r .78
'I .88
0.66
I .09

I .04
0.87
I .94
t.83
t.70
r .04
I .70
I.s7

15
32
'10

39
40
45
l8
tì

12
20
44
38
39
l0
33
'14

INUIT

emal e Mal es

r s. D. N X S. D. N

14.52
6.68
3.67
7 .37
6.36
6. 36
5 .43
5.00

5.04
s.55
6.09
6. 40
7.36
3.82
6.70

'13.23

2.20
't.22
0 .82
I .42
l.lB
2.15
I .04
0.99

t.0t.¡.08

I .5t
I.t8
I .5.l
0. 95
1 .24
3.21

B

29
t9
22
25
50
34
34

35
34
47
26
21

t8
28

9

'I 6. 02
8.00
3 .78
B.l t

6.70
6.92
5.71
4.98

4.92
5.73
6.82
7 .14
8.38
3.78
7 .87

16.02

2.18
t.Bt
0.74
ì .85
1.25
2.29
I .53
'l .26

1.22
1 .47
2.23
I .47
ì.89
0.74
1.76
2. t8

3

l9
25
ì6'll
38
21

?5

25
21

37
t4
l9
25
l8

3

14.23
6.74
3 .45
7.tt
6 .36
s.73
4.96
4. 4l

4 .4ì
4. 93
5.71
6. 38
7.03
3.39
6. 58

'I 5.03

2.76
1.49
0. 68
I .38
I .20
t.t9
0 .99
0 .89

0.87
0. 94
ì.18
I .23
1.07
0.65
1.28
?.20

9
26
l6
22
28
34
3l
27

28
33
37
26
t9
l5
25

6

't5.36

7.70
3.78
8.65
6 .85
5.99
4.75
4.l s

4.15
4.75
5 .82
7.05
8. 75
3 .69
7.09

15.36

2.7I
1 .62
0.74
I .78
L30
I .64
1 .25
0. 9l

0.89
1 .2s
I .59
I .48
1 .77
0.71
ì.t4
2.79

5
l4
25
'ts

t9
30
24
26

27
24
30
t9
l6
23
il

5

21

22
23
24
25
26
27
28

38
37
36
35
34
33
32
3ì

4t
42
43
44
45
46
47
48
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Tabìe XV

of Stage II of Eruption (Alveolar Emergence)

ì8
t7
l6
t5
t4
t3
12
ìl
21

22
23
24
25
?6
27
28

38
37
36
35
34
33
32
3l

4ì
42
43
44
45
46
47
48

INUIT

Fema l es Mal es

r s. D. N X s.0. N

17 .37
t0.41
4.96
9.35
7 .67

14.07
6.76
6.55

6.96
6.79

10.73
7 .45
9.20
5.0]

10.41
ì 8.12

I .7ì
0. 39
0 .41
1 .84
0.7 t
0.00
0.27
0.59

0 .00
0.34
0. 05
0.82
2.05
0 .44
0.39
0 .69

3

2

ì6
2

4
I
)
2

ì
3
2
5
2

17
2
4

r0.46
4.79
9.30
8.24

7 .16
6.00

5.4t
7 .99

ì 0.7ì
8.83

10.62
4.77

I 0.45
17 .39

I .04
'I .04
I .38
ì .19

1 .27
I .45

0.00
0.t8
0.00
I .75
0.27
t.il
0.93
0 .00

5

9
3

6

5

J

l
3
'|

5
2
o

6
I

6. 04
6.21
7 .89
7 .70

10.71
4.88
9.8ì

1 9.12

16.51
8.60
4.97

10.66
7 .89
7 .72
6.08
5 .81

I .33
0.00
0.41
0. 00
'I .7t
1.62
0.23
0.84

0. 70
0.44
I .75
1 .79
0.06
0. 36
t.08
2.41

4
ì

l4
I
5

6
3

4

4
3
5
5

3
ì5

3
2

20. 89.l0.05

4. sì
ì 0.80
ì0.38
I 0.63
6.68
5 .4t

4. 95
6.68
9.81

t0.73
10.09

4 .56
9 .89

20.89

0. 00
I.t2
1.r7
0.7 6
't.26
0. 73
0.31
0. 00

0.00
0. 3l
0.74
0.69
1.74
I .00
0.97
0.00

I
I
6
2

3
3
?
ì

l
2
3
3
3
I

l0
I

I NDI AN

Femal es Maì es

Í s. D. N X S. D. N

17 .44
'I 

0 .66
5.34

r 0.10
8.89.l0.03

7 .55
7 .36

7.50
7 .61
9.?1
8.95

t0.82
5.32

t0.61.l8.40

0.09
t.t5
0.78
0. 90
0.57
I .06
0.90
0. 53

0.64
0.89
0.90
0.77
I .28
0.70
I .38
0 .95

2
l9

5

9
6
6
9
3

6
9
5

l3
I
6

20
J

17.76
11.23
5.55

I0.97
9.73

ì 0.84
7 .89
6 .95

7 .17
7.53

'¡ 0. 47
t 0.6.|
ll.8t

5 .43
Iì.61
17.86

r.00
1 .23
0.57
ì .39
I .45
0.60
0.62
0.00

0 .85
0.82
0.83
I .39
I .06
0.47
1 .22
0.94

6
l8
l0
t0
ö
6
4
ì

2
2
I
5

4
9

l9
7

r 9.08
10.34
4.77

1.¡ .07
9.92
8.78
6.74
4 .84

5.02
6.74

l0.l2
t0.63.l0.52

5.0ì
10.53
t8.59

3.97
| .17
0.52
1 .47
1 .27
ì.tl
0. 55
0.00

0. 25
0. 55
3.81
4.42
t.43
0.76
I .09
4.55

7
t8

6
5

4
t0

2
I

2
?

9
7

5
7

ì4
6

'I 
8 .63

10.27
5.59

12.'t6.¡0.49

10.t9
6.21
6.ì3

6.08
6.59

l0.l I
10.27
lì.29

5 .46
r0.74
18.20

'1.00

0.85
0.63
I .56
ì.84
0 .98
'1.05

0 .40

0.47
1.42
0.77
0.69
I .93
0.69
t.40.¡.08

4
ì4
I
3

4
7

3

3

3

J
7

7

I
9

17
6
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Tabìe XVI

III of Eruption (Gingivaì Emergence)

INDIAN

emal es Mal es

r s. D. N X s. D. N

20. 5l
1.l.34
s.6t

I 0.94
9.74

I ì .48
8.43
7 .24

7.06
8.37

il.68
9. 65

10.3ì
5 .63

il .05
I 9.80

3.59
0 .89
0.5ì
0.62
I.t5
ì .37
0 .80
0. 85

0 .8.¡
0. 63
2.26
1 .32
I .04
0. 00
I .00
I .99

7
Ã

2

o

t3
o

t3

12
5

t6
5

3

1

5
3

12.22
6.02

ìì.9t.l0.85

l1 .58
8.83
7.83

7 .83
9.08

II.81
9.39

II.41
6.29

1.l.63

L07
0.73
I.s9
I.s4
I .35
0. 84
0.48

0. 59
'I .00
'I .25
ì .06
2.01
0.77
0.40

5

4

7

lì(
5

4
9

9
5
5

5
3

20.19
10.55
5.76

11 .66.l0.04
.l0.52

6.99
6.37

6. 46
7.20

t0.82
9. 93

I I .6t
s .43

I I .02
t 9.09

I .81
0.37
0.53
I .68
0.98
2.8?
0. 63
0.85

0 .83
0.54
2.37
ì .20
3 .6t
0.27
0. 78
I .90

4
3

3
9
6
3

I
9

7
7

6
6
I
2

4
3

.¡7.06

1.l.96
4.81

l1 .90
ì1.01
11.39
8.00
5 .85

5.86
9.29

ll.l6
11.33
n .53
5.25

n.t8
17 .37

0.42
I .37
0.28
ì.8s
r .00
ì.t2
0.31
0.68

0.67
3.30
ì.46
ì .67
I .95
0.00
1 .47
0 .00

2
7

2
lt
l0
ì0

2
8

I
2
9
I
9
l
4
l

INUIT

:emales Mal es

r s. D. N X S. D. N

.l6.66

11.75
5.87

B. B7
10.77
8.49
7 .04

7.01
7 .75

I4.07
9 .8t

5. 70
ì1.75
I5. s5

L69
'I .64
0.76

I .84
0. 00
2.60
0. 66

0.70
0 .60
0. 00
'I .39

0.54
'I .64
0.t2

2
3

5

6

l
6

t0

l0
4
I
4

4
3

2

ì9.ì4

6.92
t 0.02
10.16
ì0.80

7.8.|

7 .28
7 .33

I0.26
10.42
17 .99

6 .43
ì 7.39
20.89

2 -47

0.74
0.00
0.73
0.76

I .38

ì.t7
0 .00
0. 00
0.39
0.00
t.ts
0. 00
0. 00

2

3

l
5

2

3

6
I
l
3
'|

4
l
I

I I .qe
4. 90
8.60
8. 60
9 .8.¡
7.23
6.57

6. sì
7 .20
I .60
8.t7
9.37
5.ìl

10.66
16.74

I .89
0. 3l
0.00
0.00
I .08
0.35
0.84

0.88
0.31
0. 00
0.60
I .08
0.48
0.00
I .57

3
3
'|

I
3
4
9

9
5

I
2
2
4
I
2

15.55
10.71
5.6.|

9.83
'10.35

6. 95
6.64

6.72
7 .63

I0.s3
9.1I
8. 99
5.6t

11 .02
17.99

o.iz
0.49
I.t6
I .03

0.85
ì.43
0.74
I .08
0. 00
0.77
0.44
0 .00

0.12
0.00
0.77

2
I
3

4
4
2
7

I
3
4
3
I
3
2
I

TOOTH

F. D. I.

NUMBER

]B
t7
l6
t5
l4
t3
l2
ìl
21

?2
23
24
25
26
27
28

38
37
36
35
34
33
32
3l

4t
42
43
44
45
46
47
48
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MEAN AGE OF GINGIVAL EMERGTI{CE

INUIT FEMALES (Compared

I'laxi ì I ary

A = Trodden

B = I'layhal I (1978) Foxe Basin

C = Boesen (ì976) East Greenland

D = Boesen (I976) llest Greenland

to Other Native Samples)

Mandi bul ar

tl
É.
U

U(5

l3

'12

tl

t0

9

I

7

6

5

FIGURE 7
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MEAN AGT OF GINGIVAL EI'IERGENCE

INUIT MALES (Compared

Maxi I I ary

[ = Trodden

B = Mayhall (1978) Foxe Basin

C = Boesen (1976) East Greenland

D = Boesen (1976) l.lest Greenland

FIGURE 8

to Other Native Samples)

Mandi bul ar
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MEAN AGT OF GINGIVAL EMTRGEilCE

INDIAN FEI4ALtS (Compared to 0ther Native Samples)

Maxillary Mandibular

t/,d,
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z.

t!(.'

l3

12

lì

io

9

I

7

6

5

A = Trodden

B = l4ayhalì (1977) Foxe Basin

C = Dahlberg (t958) Pima

D = Steggerda and Hill (1942) Navajo

FIGURE 9
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MEAN AGE OF GINGIVAL EMERGENCE

INDIAN MALES (Compared to 0ther Native Sampìes)

Maxiì |ary Mandibular

It

ãrou
z.

u9(9

I

[ = Trodden

B = I'layhaìl (1977) Cree and 0jibwa

C = Dahlberg (1958) Pima

D = Steggerda and Hiìl (.l942) Navajo

FIGURE IO
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MEAN AGE OF

FEMALES (Compared to

Maxìììary

Bì 92

-LI7*

GINGIVAL IMERGENCT

0ther tlon-l,lati ve Sampl es )

82

c

Mandibuìar

Bì 82

Garn (.l972) l,lhite

Perreauìt (.l974) Fr.-Can.

25
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17

ì6Ø
É,
U
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=
u(5

ì3

12

l1

7
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Al = Trodden-lndian
A2 = Trodden-lnuit
Bl = Garn (.l972) Negro

FIGURI I I
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MEAN AGE OF GINGIVAL EMTRGENCE

MALES (Compared to Other Non-llative Sampìes)

Maxi I I ary

BI

Mandibular
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Table XVI I

Root Calcifjcation Attained at Alveolar Emergence

Maxillary Arch

I'l

F

t4

F

TI

F

t4

F

M

F

M

F

M

F

M

F

N

Sc6

I
7

lt
4

17
33

5

4

ì0
9

l
J

7

6

4

3

Percentage o

Sc7

I NUIT

Sc8

Indiv

t8

20

20

t4

00
71

46
00

76
79

60
50

40
45

Sc9

t2
1?

50

30
33

duals

Sc 10

29

36

12
9

20

l0
22

100
67

29
17

Sc ll

t4
50

?5
67

N

43
33

75
33

l3
5

37
40

t9
lt
l4
17

t3
t8

ì4
ìt

6
t7

1

9

Sc6

Percentage of Individual s

INDIAN

Sc7

33

l5

3

12

21

t8
29
12

3l
44

2

Sc8

l5

65
58

68
82

?t
4l
23
28

9

30

34
67

Sc9

70
80

24
28

lt

50
4l
46
?8

100
9l

ì00
35

a)

22

Sc I0 Sc l1

20

B

6

tì

35

33

1

ts
F

I



Tabìe XVII (Cont,d)

Root Calcification Attained at Alveolar Emergence

l'landi bul ar Arch

N

Sc6

2

3

l8
4

t4
?9

5
4

6
l0

6
ll

4

6

2

B

Pe rc

Sc7

INUIT

tage of Indi

ScB

16

33
50

36
t4

60

9

50
67

50
12

100
68

50
50

64
83

20
25

17

Sc9

dual s

Sc l0

20

17

3

80
75

83
20

83
l8

Sc ll

t6

N

17
73

50
33

50
50

ì0
l3
3l
3l

t7
l3
ll
ì0

1t'll
'14

t9

6
4

6
3

Sc6

Pe rce

INDIAN

Sc7

tage o

3B

t0

t3
t0

35
3l
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FIGURE I3

DURATION OF ALVEOLAR-GINGIVAL EMERGENCE

AND ROOT CALCIFICATION SCORES FOR INUIT AND INDIAN,
SAMPLES AND SEXES COMBINED.
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Table XIX

from Al veolar Emergence

Emergence in Years

TOOTH

FI NN I SH*

FEMALES MALES

lllax'il I a II

J
U

PMI

PM2

Ml

N2

0.6

0.8

1.3

0.3

0.7

l.l
2.1

0.7

1.0

0.9

0.4

0.3

l.l
1.4

I'iandi bl e II

f
C

PMr

Pl'12

Mr

142

0.4

0.3

0.4

0.6

0.9

1.3

1.5

0.4

0.4

0.6

0.7

0.8

1.0

1.4

* Haavikko (.l970)
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RESEARCH NIJì,fBER

TJNIVERS ITY OF I'IANITOBA

ANTHROPOLOGY DEPARTMENT

B.J. Troddeu - M.A. Thesis Research
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FIGURE 16: Char! DaEa Recording Form



tüüúgus
Z. 23 2+ 25 zc 27 28

+7 41 +s *l l¿ ,tz uiu ,2 3t 3l ts s. J7 Jg

ffiffiîîf fr¡r flfllffiffiffi
!

^L28-

RADIOGRAPHIC DATA

RESEARCH NTJMBER

gI)UÙA
'l¿ ts /4 t5 t?

A
53

t3

o
l/

AA
t8 t'l

+8

ffi

o
i
Ð
sà
Ël¡oñ

Qd
d

ÊXooÉt
(ú
É,
!
o

Êi

sg
55 6+

tt ,4

ffiffi

øÉ50
od
JU.ct.i
.d!
Uq
oo
âA

o.d
u
i
!

ok
A(Ú

dua
É.oor
ÉE(úÉ
É(Út¡t
OJù

a

a

a
a

FIGUR-E 17: Recordfng Forn



-L29-

TOOTH DTVELOPMENT SCORING SYSTEM

Calcification Scores

R A æf SCORE 4 The crown is l/2 complete. The center crown
has depth, but no dentin formation.

tr â r^^r sc'RE u Tl',iliii.:'il3 ilii'31å;,.1 lii::,:l Í:':"
wide arc. Prominent enamel extensions are
evi dent.

cco
ooo
oee

n ñtr1

Roffi

W WM

SC0RE 0 No change in bone density, and no crypt
visible.

SC0RE I The crypt is clearly visible, but there is
no evidence of calci fication.

SC0RE 2 Initial calcification and coalescence of
cusps.

SC0RE 3 Compìete coalescence of the cusps. The crown
is l/4 compìete with little depth in the center
of the crown.

SCORE 6 Crown completed. Termination of the ename'l at
the cemento-enamel junction is visible. The
pulp chamber is converging.

SCORE 7 Root calcification is l/4 compìete. The root
length is ìess than the crown height. Inter-
radicular ceìft formation may be evident in
mol ars.

SCORE B Root caìcification is ì/2 complete. The root
length is more than equaì to the crown height.
Interradicular cleft formation is usuaììy
present in molars.

FIGURE IB
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TOOTH DEVELOPMENT SCORING SYSTEM

SCORE 9 The root calcification is 3/4 complete. The
root length is greater than the crown heìght.
The root apex is widely divergent.

SC0RE ì0 Root ìength is completed with the apex convergent.
Initiation of apicaì closure.

SCORI I I

m0m

V f,M

VVW

v0R
m0R

00ffi

SCORE I 2

SCORE ] 3

SCORE ì 4

SCORÊ I 5

SCORE

sc0Rt

SCORE ] 8

Termìnation of root
cìosure complete or

calcification with apicaì
almost complete.

Re so rpt i on
root.

Resorption
root.

of l/4 of at least one Deciduous

of 1/? of at least one Deciduous

Resorption of 3/4 of ail the Deciduous roots.

Conrpìete resorption of the Deciduous root(s).

ì6

17

mO0 Compìete exfoliation of the Deciduous tooth.
(Eruption Stage V. )

l,lhere evidence exists that the Permanent or
Deciduous tooth has been extracted. (Eruption
Stage V. )

l,lhere evidence exists that a tooth is congenìtalìy
missìng, (if over 2.0 years for the first moìar,
incisors and canines; if over 4.0 years for the
premolars and second molar; if over .l2.0 

vears
for the third molar) (Eruption Stage 0.) -

FIGURT ìB (Cont'd)
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TOOTH DEVELOPMENT SCORING SYSTEM

SCORE l9 Missing Permanent teeth where the reason is unknown. The tooth has
probably been extracted, but it may be congenitaììy missing.
(Eruption Stage V. )

SCORE 98 If the tooth is obviously present but an accurate determination of
calcification is not possibìe due to an abnormal incìination of the
tooth, or movement during exposure of the radiograph. Where possible,
the Eruptìon Stage is assessed.

SC0RE 99 Where the presence or absence of the tooth is not known dur to a faulty
radi ograph.

SCORE "V" Interradìcular cleft formation .is recorded separately for the Permanent
moìars.

ERUPTION STAGES

STAGE 0 A zero is recorded either if the tooth is congenitaììy missing or has
not reached the Caìcification Score of 6.

STAGE I Initial stages of tooth movement. Every tooth that has reached the
Calcification Score of 6, but has not pierced the aìveolar crypt. The
crypt margin (lamina dura) appears unbroken, or there is evidence of
the crypt occlusal to the tooth crown.

STAGE II Aìveolar emergence. The elevation of the cusps, or incisaì ridge, above
the margin of the alveolar crypt, and if the occlusaì margin of the
crypt appears to be broken.

STAGE III Gingival emergence. The ernergence of any portion of the tooth crown
through the gingiva. No evidence of soft tissue occìusal to the tooth
crown.

STAGT IV Attainment of the occìusal level. Full occìusaì contact as determined
by the overalì line of occlusion (Curve of Spee), and the approximation
of the contact areas. If a tooth is maìaligned, only a portion of the
occlusaì (incisal ) surface may be in occlusion.

STAGT V Missing teeth. If the tooth has been exfoliated (Score 16), extracted
(Score l7), probably extracted (Score ì9), or if the presence or absence
of the tooth is unknown (Score 99).

FIGURE l8 (Cont'd)



Fi GUR E Inuit male, 2.26 years
(Case No. 694)

I

ts
u)
T.J

I



F]GURT Indian female, 5.90 years
(Case No. 079)
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FIGURE 2l: Inuit male, 10.02 years
(Case No. 675)
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F] GURE Indi an femal e, 1 
'l .38 years

(Ca se I'lo . I 33 )
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