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INTRODUCTION

The estimation of age has important medicolegpéets. Medical

men are sometimes called upon in the court to the& expert opinion

about the age of individuals, specifically boys ajuds within the first

two decades of life. The determination of age eceassary in the

following cases:

1.

2.

For identification of an individual, living oredd.

In criminal cases in connection with the offemoof rape,
Kidnapping, infanticide.

In criminal cases involving children, to detemsiwhether the
child has reached an age at which the law holdssponsible
for its acts, and if so, what sort of restraintdddoe imposed
upon it.

In civil cases in the making of wills, and empteent under the

Indian Factories Act.

. Sometimes to determine whether an employegyovarnment

or semi-government organization has reached the afge

superannuation.



VARIOUS METHODS OF AGE ESTIMATION

REVIEW OF LITERATURE

The principal means which enable one to form dyfaccurate
opinion about the age of an individual, especiallgarlier years, are:
1. Teeth
2. Ossification of bones
3. Height
4. Weight
5. Minor signs
1. Teeth: The tooth offer positive help in determinatidrage by:
(a) Stage of dentition: (1) EruptionT@mporary teeth.
(2) Eruption of Permanent teeth.
(b) Secondary changes due to wear and tear with
advancing years
2. Ossification of bones: This criteria is helpful for determining age
until ossification is completed. Tables have b@erked out for the ages
of appearance and fusion of epiphyses by diffevamrkers in different
parts of India. It has been found that the agevlath the union of

epiphysis takes place in Indians is about 2- 3 g/ezarlier than in



Europeans. It has also been reported that thehggal union occurs
earlier in females than in males.

In ascertaining the age of young persons radiograplany of the
main joints of the upper or the lower extremitybotth sides of the body
should be taken, and by comparing the ossificastatus with the
standard reference tables, an opinion can be gilbent the age. But too
much reliance should not be placed on this tablé merely indicates an
average and is likely to vary in individual casesreof the same province
owing to the eccentricities of development. Thegeof error may be up

to 3 years(Modi, N. J.,1979).

3. Height: In the first year after birth, body length ieases by about
50%; thereafter the annual increment decreasesghout youth, with the
exception of the adolescent spurt. The adolessgiemtt begins at about
10-11 years in girls and 12-13 years in boys andboth sexes lasts
approximately 2 years. After the conclusion of sipart, there is marked
slowing of growth: girls reach 98% of their finaight by the average of
16 years, whereas boys reach the same stage bgats. yUp to the time

of adolescence there is little difference in therage heights of boys and



girls, where as by the age of 14 years, the balaceversed (Osborn,

J.W. 1981).

4. Weight: Unlike growth in stature, the most rapid inceeasweight

occurs soon after birth. The rate very quickly rdases and in the
ensuing 20 years, the birth weight increases byes?rtimes. By the end
of the first year, the birth weight has tripleddasy the end of the second
it has quadrupled, subsequently settling downreaively steady annual
increase, until the adolescent spurt. Body wetlgi@gs not achieve adult
value until after stature has attained adult prbpos (Osborn. J. W.,

1981).

5. MINOR SIGNS: These signs do not pin point the age, but give a
rough idea.

These signs include the appearance of hair onub& pegion and
in the axillae, the development of breasts in gullsepening of voice in
boys, all these occurring during the adolescen€gertain signs like
graying of hair, arcus senilis, wrinkles on theefare signs of advancing

age (Modi, N.J., 1979).



RELATIONSHIP BETWEEN DIFFERENT
MEASURES OF AGE

During adolescence, there is a close correlatemvéen skeletal
age and the age at which secondary sex charagieesia There is also a
close correlation between the time at which secondax characters
appear and the height spurt. By contrast, thereelatively little
information for the pre-adolescent period. Infotima is particularly
lacking on the degree of correlation between deatal skeletal age

within any single chronological age group.

Height and skeletal age are not well correlateeeiwith each
other or with dental age. Nevertheless, people @ advanced dental
development (Particularly of the canines) in thengdiate pre-adolescent
years, generally have an early height spurt, eadgparche, early closure
of the tibial epiphyses and early growth of pubairh (Osborn, J.W.,

1981).



AGE ESTIMATION BASED ON DENTITION

The examinations of the stage of formation andptiogress of age
changes in the teeth constitute an important sowfcenformation
regarding age. Tooth formation is the standardoehfor estimating age
as it shows less variability than do other develeptal features (Stewart,
1963).

One of the earliest dental age estimations wasecaout in 1881
on teeth from victims of the fire in Vienna.

Information about age, as obtained from teeth, magend on
many factors with the result that investigations laeing carried out by a
number of methods, Anatomical, radiographical amenemicroscopical
examinations can be of value. The teeth may bengval in situ in the
jaw, or following extraction, either singly or tager with other teeth
from the same individual.

A great number of tooth changes take place, nedllpf which
have been utilized. Such changes are abrasiong $gmes of defects,
changes in the supporting tissues, and changdsipulp. In addition,
chemical changes in enamel and dentine have bedatedeto the

chronological age. The number of teeth and theates varies



considerably. All methods only permit estimatioo$e carried out when
the teeth are relatively intact, so that badlyaasior otherwise destroyed
teeth generally are of little value (Gustafson,1966).

Based on dental development, one can estimatevidlyeaccurate
results from some months in-utero up to the agavehty years. This
may be the case up to twelve years, but betweelnavamd twenty years
estimations are based only on the development efrdlot of the third
molars. Since these are more variable in develapmued eruption than
the other teeth of the permanent dentition therdess reliability in
assessment.

The accuracy of an age estimation obtained froam@xation of
the teeth varies with the age of the dentition udsessment. During the
development of the teeth, up to about 15 yeargef accuracies of about
plus or minus 1 year can be obtainable. Duringdady part of this
period in certain circumstances, microscopic exatmom of the
incremental patterns in the teeth may provide meainsbtaining an
accuracy of plus or minus a few days. After todgévelopment is
complete, the only methods available involve thé&negion of the

progress of ‘wear’ and ‘ageing’ processes in thethte These changes



proceed at varying rates, and when estimatinggleeodan adult dentition
the best accuracy that can be obtained, is to attian age as being in a
range of plus or minus ten years (Johnson, 1971).

Thus, during the early stages of development widny forming
tooth to act as ‘age markers’, age estimationshmmade to a higher
accuracy than later in life when only ‘age’ or ‘weghanges are available

(Cameron. J.M and Sims. B.G., 1974).



METOHDS OF DENTAL AGE ASSESSMENT

The chronological age of the children with uncertairth records
are often estimated by evaluating the individuadsnatic maturity.
Owing to a comparatively low variability of tootbrfnation in relation to
the chronological age, it seems that methods basedtages of tooth
formation are more appropriate in assessment afnciogical age than
those based on other indicators of somatic devedopriLewis. A.B.,
Garn.S.M. 1960)

The age assessment methods may be divided intogteops,
according to the state of development of the dentit One group of
methods suitable for the period spanning the dewveémt of the teeth, the
other group applicable to the adult fully formeahtitgon.

I. Age Assessment Methods Applied to theoFming Dentition:

a. The use of charts prepared from population sureys:

The deciduous dentition commences calcificatiob0aB0 weeks of
gestational age. Tooth formation continues utid tompletion of the

second deciduous molar, at about 31/2- 4 yeargyef &he permanent



dentition commences mieralization just before birgirogressively
replaces the deciduous dentition from 7 to 15 yemrd is itself complete
by 20 — 25 years of age. Thus at any time fromaiphe end of the
second decade the jaws contain one or more pantiyeld teeth. The
state of development of the forming teeth will eefl the age of the
individual. Hence an age assessment may be madednyination of the

degree of the tooth formation for all the teetlaigiven jaw.

In practice the jaws are radiographed and the sthtlevelopment
of the whole dentition compared with the stageswhon standard charts.
These charts are based on dental surveys of credsorss of the
population and show the progressive states of Hdatelopment for each

year of age.

1. Schour and Massler produced the first chart941] based on a
survey of jaw sections from thirty American childrearried out by
Logan and Kroffeld (1933). The Schour and Massherrt consists
of a series of drawings illustrating twenty-oneartological stages
of dental development spanning the period of foontins before

birth to twenty-one years of age. Radiographsrtakehe jaws for

1C



identification are compared with the chart, and dh&wing which
most nearly approximates to the stage gives arcation of age.
If the state of development shown in the radiogrigls between

two drawings intermediate age estimation is made.

. Moorrees, Fanning and Hunt (1963) publishedtshlbased on a
radiographic survey which give details of the depehent of both
the deciduous and the permanent dentition. Raalpdgr from 380
American school children were used in their stuithe permanent
dentition and from 246 children in their study bdketdeciduous
dentition. They divided the progress of tooth fation in to a

series of radiographic land marks. When the stddermation of

a tooth on the specimen radiograph is compared tiwétchart, not
only is the average for attaining the land markidatéd, but also
the range of two standard deviations representsagfgerange in
which 95 percent of the population would be expattereach the

appropriate developmental land mark.

11



3. Gustafson and Koch published a chart cited hadson (1971)

covering the development of the dentition from eiglonths before

birth to 16 years of age. The chart is based ahgglodata collected

from 19 sources published between 1909 and 196lidimg Ross

(1909), Logan and Kronfeld (1933), Schour and Mas§1941),

and Lysell, Magnusson and Thilander (1964).

Four land marks in the process of developmemrtach tooth

are recorded:

1.

The commencement of Mineralization,
The completion of Crown formation,
The completion of Tooth eruption,

The termination of Root formation.

Each land mark is represented graphically on tretdoy a small

triangle. The apex represents the average ageanfiag the land mark,

and the angles at the base indicate the earliesksest ages for the land

marks found in the survey (fig-1).

Of the three charts, the Schour and Massler tizarbeen in largest

use, but is open to criticism on the grounds thatas based on a small

12



group of children many of whom died of prolongddakses which may
have affected the chronology of tooth developme@arn, Lewis and
Polachek (1959) conducted a survey of the develaprokmandibular
premolar and molar teeth in 255 children and comeybaine finding with
the ranges indicated in the Schour and Masslert.chiBiney concluded
that the age range found in their survey for thaiminent of a particular
land mark was approximately three times that ineiddy the Schour and
Massler chart. Brauer and Bahadur (1942) in aesunf 415 children
found that a third of their sample fell outside #ge ranges shown in the

Schour and Massler chart.

The Moorrees, Fanning and Hunt chart provides nmdemation
on the individual stages of development for eadabtitpand have the

advantage of providing separate charts for each sex

On comparing the Schour and Massler, and the Mesrret al
charts, two differences can be made out. Firs, dlierage age for
attaining the land marks tends to be lower in treoMees et al chart than
in the Schour and Massler chart. Secondly, theragge for attaining a

land mark is larger in case of Moorrees chart. nGdrewis and

13



Polachek(1959) and Brauer and Bahadur (1942) alsodf that the range
of age for attaining a given land mark to be gnetitan that indicated by
the Schour and Massler chart.

The Gustafson and Koch chart cannot be used h&lptecision of
the other charts, because it records fewer staiggsvelopment for each
tooth than the other two charts. The informatioovmed by the
Gustafson and Koch chart which is not directly otsble from the
Schour and Massler or from the Moorrees, FanningHumt charts is the

age range for the eruption of the teeth.

b) Age Assessment from the weight of the Develofegtition.

Stack (1960) described this method, relying on phegressive
increase in weight of the growing dental tissuede dissected and
weighted the developing teeth from jaws of knowa,amnd constructed a
regression line of weight against age. When thightef the teeth from
a specimen of unknown age is compared with theessgon line an
estimate of age is obtained. The method, howasgeuseful only in

estimating the age of cadavers, only in the verlyeae group.
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c) Age assessment of Examination of Incrementatepatof Tooth
Formation:

This method involves a microscopic examinatiothefincremental
markings found in longitudinal ground sectionsloé teeth, and relies on
the identification of the neonatal line in teethiniing at birth. Starting
from the neonatal line, the number of small incretaklines that cross
the enamel prism are counted up to the edge dbtineing enamel front.
Each increment represents one day’s addition ahehahus the number

of increments represent the number of days of Bggde, 1963).

d) Age assessment by other methods of examinafiteeth.

Eruption and classification of dental tissues Ih&en used to
determine the dental age. Tooth calcification ugesior to tooth
emergence because emergence of a tooth is a {emtent and its precise
time is very difficult to determine where as catm@tion is continuous
process that can be assessed by permanent recolias X-ray films.
For this dental formation of -calcification which ia continuous
developmental process should be considered a beteasure of

physiological maturity than dental emergence. thsr dental age.

15



Determination from Othopantomograph using Denamrjmethod

Is very helpful. The other methods like Kusri'mhgle is helpful in age

estimation of children between 6 — 12 years (Fig ©0)

lI. Age Assessment Methods applied to Adult Denti@in

In the adult dentition age estimation techniqueslanited to the

assessment of the progression of ‘Wear’ and ‘Teaahges in the teeth.

Gustafson suggested the use of six of those @siyechanges as

a method for age estimation. They are:

1.

2.

Attrition

Peridontosis

Secondary Dentine Deposition
Root Resorption

Root Transparency

Cementum Apposition.

Using teeth of known age, he awarded a scale witpérom 0-3

for each of the six criteria to each tooth. Therensevere the age

16



changes, the higher the score. He constructedrasson line plotting

tooth points against age.

Teeth of unknown age are allocated a points sancewhen the
score is entered on the graph, the intercept whth regression line
indicates the estimated age. The average errohiftechnique is plus or

minus 3.6 years (Gustafson, 1950).

Johanson (1971) examined this method and repd@Edthe 95

percent confidence limit is approximately plus onuas 14 years.

A difficulty in the use of this technique liestime assessment of the
progress of ‘wear’ changes, as the allocation afitgsas on a subjective
basis and may vary from observer to observer. Atsoe of the criteria
are not true ‘age’ changes, for instance, the o@ttrition of the crown
may vary widely from individual to individual depéing on the diet and

chewing habits.

Of the six criteria used by Gustafson, the assestwof the area of
root transparency has proved the single most flelialge’ change (Miles

1963). The use of this age change has the adwatitagthe area of root

17



transparency may be directly measured by the useroicroscope thus
minimizing the subjective error in the estimatioBut, the use of this
single change has not proved more accurate thamsthef the method of

assessing all six changes together.

The Gustafson method has been modified by Johgdi€a3il) using
the same six changes. In this method the relag¢iN&bility of each of the
‘age’ change as an age marker is taken into accoGetven points are
awarded for each ‘age’ change, and a computer-baséle regression
technique is used to calculate the age estimatids.a result the 95%

confidence limit improved from 14 years#d. 0.3 years (Johanson 1971).
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STRUCTURE OF TOOTH

The human dentition as in all mammals is charasdr by
diphyodont, heterodont dentitions attached to #@nesjby gomphosis.
That is there are two dentitions, a deciduous andoeamanent
(diphyodont) and their morphology differs in diféet parts of the mouth,
(Heterodont) and they are attached to the jaws filgraus ligamentous
material which is embedded into the surface of ihet and into the
surface of the bone which envelopes the roots (gsig).

The tooth consists of the following component parts

1. Anenamelcrown, which is very hard.

2. Thedentine which forms the body of the tooth.

3. Thepulp which contains living cells, bolld vessels, andwvest
The pulp therefore is necessary for maintaining Yitality of
dentine.

4. The cementum which covers the roots of the teeth and which
provides a means of attaching the fibres which sttppe tooth in

the jaws.

18



. The fibres of theeriodontal ligament which are attached on one
side to the bone and on the other to the rootetdbth.

. Thealveolar boneof the jaws which encases the root, and

. The epithelium of the mouth which forms the junctional

waterproof seal around the neck of the tooth.

20



DEVELOPMENT OF TOOTH

Each tooth develops from a tooth bud that forragfthe lining of
the oral cavity. A tooth bud consists of threetqar
An enamel organ, which is derived from the orabdetm;
1. A dental papilla, which is derived from the madgyme ;
and
2. A dental sac, which is also derived from the enebyme.
The enamel organ produces the tooth enamel, th&aldpapilla
produces the tooth pulp and the dentin, and théatlsac produces the
cementum and the periodontal ligament.

Developmental stages (Fig. 2):

1. The Bud stage: The first sign of tooth develeptnis seen during
the sixth week of intra-uterine life. Certain selh the basal layer
of the oral epithelium proliferate more rapidly ththe adjacent
cells. An epithelial thickening arises in the ayiof the future
dental arch and extends along the entire free marfjthe jaws.
This is called the Dental Lamina. From the Deh&hina in each

jaw, round swelling arises at ten different poimstresponding to

21



the future position of the deciduous teeth. Thase called the
Tooth Buds which are the primordial of enamel oggan

2. Cap Stage: As the tooth bud continues to m@te it doesn'’t
expand uniformly. Unequal growth in the differgatrts of the bud
leads to formation of the cap stage, which is dttarzed by a

shallow invagination on the deep surface of the bud

The cells which line the convexity of the cap aa#ted the outer
enamel epithelium, and the cells which line thecamity are called

the inner enamel epithelium.

The mesenchyme, partly enclosed by the invaginadetion
of the inner enamel epithelium proliferates, tonfothe dental

papilla.

The dental sac is a condensation in the mesenchyme,
surrounding the enamel organ and the dental papilla
3. Bell Stage: As the invagination of the epitheli deepens and its

margins continue to grow, the enamel organ assanbedl shape.

22



During this stage, the inner enamel epitheliumtstar produce enamel.
The dental papilla produces dentin. The dentalpgaduces cementum
and periodontal fibers. The dental lamina, in akth except the
permanent molars, proliferates at its deep endve gse to the enamel

organs of the permanent teeth (Sicher. H, & BhaSkd. 1972).

The deciduous dentition: Calcification of the deciduous teeth
begins about the fourth month of foetal life: néla@ end of the sixth

month all of the deciduous teeth have begun toldpve

The deciduous mandibular central incisors appedhe mouth at
the age of approximately six months. They areofeid a month or so
later by the maxillary central incisors. About twoonths later, the
maxillary lateral incisors appear. The mandiblgéeral incisors usually
emerge a little earlier than their maxillary courgarts. At the age of one
year or so, the first deciduous molars erupt. Teeiduous canines
appear at about sixteen months. When the chiiasor two and a half

years of age, all of deciduous teeth are expectéeé in use.

23



Thus the usual order of apperance of the decidtesihl in the mouth :

1.

2.

Central incisors.

Lateral incisors

First molars

Canines

Second Molars.

However, there is considerable variance in the usece.

Sometimes, infants are born with erupted mandibcgaitral incisors. In

some cases, babies are seen displaying four mdadiimgisors and no

maxillary teeth at all.

Permanent Dentition :

The permanent teeth fall in two groups:

1. Succedaneous teeth:

Teeth which take the place of their deciduous ¢@cedsors.

The permanent incisors, canines and premolargntalithis category.

24



2. Teeth which are not preceded by deciduous teeth:

These are the three molars.

The eruption of the permanent teeth closely follcive
resorption of the root of the deciduous predecedsading to its
exfoliation. The permanent tooth in its follicldeanpts to force its
way into the position held by its predecessor. piessure brought
to bear against the deciduous root causes resorpticoot which
continues until the deciduous crown has lost itxhanage,

becomes loose and finally exfoliated.

The non succedaneous teeth, the molars, requiréhér
eruption, their position being posterior to thetres the teeth,

sufficient jaw growth to allow the space.

The usual order in which the permanent teeth appear
1. First molars
2. Mandibular central incisors and lateral incisors
3. Maxillary central incisors
4. Makxillary lateral incisors

5. Mandibular Canines

25



6. First Premolars
7. Second Premolars
8. Maxillary Canines
9. Second Molars

10.Third Molars.

Kocher.R., Richardson.A (1997) in their study sast 6 months
interval from age 5 to 15 years the results shovwingmature loss of
primary antecendents delayed the eruption of peemtansuccessors
except for the upper premolars which were accldrat&he difference
relating to upper first premolar and lower caninerevnot statistically
significant. Each lower tooth erupted before pper counter part except
for the premolars, there was no significant diffexe in the age for
eruption between right and left sides. The mostgudent orders of
eruption were unique to the subject. These ocdunr2% of upper and
33% of lower arches, and the classic sequencerstf fnolar-central
incisor-lateral incisor-first premolar-canine-sedonpremolar-second
Molar (M1-11-12-PM1-C-PM2-M2) in the upper arch ant-M1-12-C-
PM1-PM2-M2 in the lower arch occurred in only 16806 the upper

arches and 13% of lower arches. Males adherdukettekt book sequence

26



(20% upper, 17% lower) more than females (12% upgrlower). In
the upper arch of the females the order M1-I11-121PRM2-C-M2 in
10% of subjects was almost as frequent as theiclssguence. Although
the exclusive Caucasian sample made the data quetase, the age
ranges and orders of eruption found in this stugyraore reliable than
many which are frequently quoted on account ofatgyitudinal nature
and the fact that the effect of premature loss rohary antecedents is
taken in to the account. Wedl| JS, Schroder.V, 8IBR, Schmelzle R,
Friedrich RE. (2002) in Turkey found in their stuithat the tooth eruption
in the lower and upper jaw of male and female pnollsaare symmerrical.
In comparing the upper and the lower jaw of bothdgzs, it becomes
evident that there is a tendency for earlier toartinptions in the lower
jaw. In respect to the tooth eruption sequenahamge was noted in the
upper jaw. Contrary to the reports of other awthtite second premolar
has changed places with the canine and erupts faritris tooth. The
computed differences of the tooth eruption as anmedue calculated
over all teeth, was +/- 1 tear at maximum, comparedtudies from

different continents.
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FACTORS INFLUENCING DENTAL
DEVELOPMENT

1. Biological Variations :

1. Race: Adler (1959) observed that different sabave different
mineralisation and different eruption dates. Hufi@57) suggested
that the eruptive process occurs from one-halfrte and half years
earlier in the Negro than in the European or Anariwhite. There
did not seem to be any striking difference betwedntes and
Japanese, But the Maxillary canine is found to gmegarlier in
Japanese than in White people. Hussanali J, Odimiavw (1980) in
their cross sectional study found in African andafschildren that
except for the premolars, the mandibular teethtediparlier than the
maxillary ones in both races. The mandibular imk€sand canines
erupted earlier by 0.9 — 1.1 year in Africans an@-@M8 year in
Asians and the molar by 0.2-0.4 years in both racéke females
were ahead of males in both races. In Asiansiibs frequent order
iIs Mand M1, and Mand 11, or Max M1, 11 and Mandbi2ween 6-8

years.
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2. Sex : Sexual Dimorphism refers to those diffiees in size, stature
and appearance between male and female that capdied to dental
identification because no two mouths are alike $kieil990). Girls tend
to be earlier with regard to the eruption of perardrieeth (Stones et al
1951; Sutow et al, 1954). This was Confirmed byrGet al (1958 a)
For white children of European ancestry the avessgedifference in the
time of eruption is 0.45 year with a maximum of 3.9ear for the
mandibular teeth. The sex difference in erupt®msmallest in the first
permanent molars and greatest in the canines. B&ulPathank RK
(1987) studied 1137 Punjabi school children aged46years in
Chandigarh, India, and in that cross sectionalysthdy found an error of
about 13 to 34% of median age for males and ab&uto135% for
females. Kaul SS, Patnaik RK, Santhosh (19919 psebit analysis in
312 children aged 4 to 31 months and found femiaildren are found to
be advanced with respect to tooth emergence tlenrtiale counter parts
regarding to the deciduous teeth. Sharma K, Migain 2001 in
Chandigarh studied in cross- sectional sample 8fct8ldren from 6 to
13 years of age and it was found females were rdgrkedvanced in

permanent tooth emergence times over males, bsticio sex differences
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were observed in sequence of emergence. Diffesebeaveen median
emergence times of right and left side were sigaift for only for 4 to 28
instances (14.29%) namely central incisors, mardibfirst molars in
males and lateral maxillary incisors in femalesi general mandibular
teeth except premolars tended to emerge earliar thair maxillary
counterparts. Weld JS, Schrooder V, Blake FA, S#hie R, Friedrich
RE (2002) in Izmir, Turkey studied in 2101 subjediB846 boys and 1055
girls) excluding the third molar and the timeda@dth eruption is earlier
in females than males and entire tooth eruptiorcgse of the second
dentition occurs in females earlier than in mal@$ie tooth eruption in
the lower and upper jaw of male and female probamdgmmetrical. In
comparing the upper and lower jaw of both gendéefsgcomes evident
that there is a tendency for earlier tooth eruptiorthe lower jaw. In
respect to the tooth eruption sequence, a changenoiad in the upper

jaw.

3. Season: Even seasons are observed to exertisthn®mce on tooth

eruption. Adler (1959) found a variation in toothugtion between

summer and winter.
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4. Socio-economic: Early eruption is also conngcteith the

economic status, for the teeth in children of weido families

erupt earlier than those children from poor familjRose).

Urban vs. Rural: Urbanization has caused aelaction of the

eruption of the permanent teeth.

General Physical Development: There is an iinrelationship
between growth and tooth eruption. In a study miagd eslie
(1951), there was a clear difference between tleedasgribution of
the permanent teeth in New Zealand as compared tivthsame
teeth in children from England and the U.S.A. T™ew Zealand
children showed earlier eruption. It was foundttNaw Zealand
children were advanced in physical development,ghteiand

stature, as compared with English children.

. Pathological Variations :

General Factors:
1. Heredity may have certain influence on the eompof teeth

(Gustafson).
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2. Nutritional Deficiency: Under- nutrition mayde to delayed
teeth eruption. Specifically vitamin D deficienisyblamed
to affect teeth development. Triratana T, Hemindra
Kiatiparjuk C. studied in Bangkok in 1990 for abct@0
children aged between 6 to 16 years. The resudta the
study showed that there were significantly delayinme of
eruption of permanent teeth in malnutrition groupew
compared to the normal group of other study, aritepaof
permanent dentition in malnutrition group coincidetth
those normal group of other study.

3. Endocrine Disturbances : Generalised retardati@ruption
may be caused by hypopituitarism or hypothyroidishere
there is a retardation of somatic growth.

Local Factors:

1. Caries: In the case of high caries incidenaié deciduous
dentition the loss of the diseased teeth may bkeednan
normal so that the permanent teeth may also erupt

prematurely.
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Alternatively, the premature loss of deciduousheeay be
followed by closure of the space by a shift of the
neighbouring teeth leading to retardation of themament
tooth eruption.

Trauma: Severe acute trauma may result inregstaof
active tooth eruption if the periodontal ligameftle tooth
has been injured. Resorption of the root may enswae is
deposited in the spaces opened by resorption lgadiran
ankylosis by fusion of alveolar bone and root. The
movement of the tooth is arrested, while the ottesth

continue to erupt.
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ERUPTION TIMES AS A GUIDE TO AGE
ESTIMATION

Among the various techniques suggested for thenason of age
based on the land marks of tooth development, tieebmsed on tooth
emergence into oral cavity has certain advantagé® identification of
the other phases of tooth development require tgquke like
radiographic examination, histological examinatafrthe removed tooth
which are difficult and can only be applied in stleases. An
examination of the eruption or noneruption of vasideeth is very easy;
no special techniques injurious to the subjectrageded and involves
least disturbance to the person examined. The adeth equally

applicable to the living person as well as the daatle given age range.

In order to utilize data on dental eruption foreagssessment,
certain standards have to be developed regardmgrtte of eruption of
the various teeth. Itis a question whether tlearebe universal standards
for eruption times which can be applied to persalhver the world,

belonging to all races and both sexes.
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There is sufficient evidence to show that dene&aliopment is
considerably influenced by race, geographic charaatlimate, sex,
nutrition, genetic and socio-economic factors. isltobvious that there
can’t be uniform standards, which are applicableensally. Thus there

Is a need to develop specific standards for eactpgseparately.
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EARLIER WORK ON ERUPTION TIMES

Among the earlier works, only Gustafson, and Kobkhrt provides
the age range for eruption of teeth. But the diaathge of their work is
that they used many different sources to compiér tbthart. They have

recorded four land marks in the process of devetynaf each tooth.

1. The commencement of Mineralization,
2. The completion of Crown Formation,
3. The completion of Tooth Eruption and

4. The termination of Root Formation.

Each land mark is represented graphically on tietdoy a small
triangle. The apex represents the average agtanfiag the landmark,
and the angles at the base indicate the earliesthenlatest ages for the
landmarks found in the survey.

Schour and Massler; and Moorrees et al also hewmaded charts.
But they worked on only the radiographic signsaafth development. So

these charts are not applicable in the presenegbnt
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Logan and Kronfeld (1933) have given ranges far tarious
landmarks of the dental development (Fig. 3)

In India, few attempts are made at fixing the @nrptimes of
various teeth. One of them is the work done by.Sayak and S.Patel
who studied the age of eruption of permanent taatibng the Tibetan
Refugees. They have examined 236 males and 13aldsmand
calculated mean eruption times for all permanegthtéor each sex. The
limitations of their work are that their subjecte &ibetans, and that the
size of their sample is small for such types ofigtu

In the state of Tamilnadu, no reliable large sciat is available to
determine the age of eruption of permanent teedls. it has been felt
already that regional standards have to be develape the age of

eruption of teeth, the present study was undertaken
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INTRODUCTION

The value of tooth in estimation of age is wellageized. The
various stages of development of teeth and thenskeey ‘wear’ changes
are the basis of age estimation. Tooth undergaesies of changes from
womb to tomb. Thus tooth acts as a guide to agstsnation at any
phase of life from fetal life to old age. The ass®ment during the later
years of life is less accurate than during theieayears, when the teeth

are developing.

Among the various stages of dental developmemt,athly stage
which is visible to naked eye is the emergenceootht into oral cavity.
The other stages require radiography for their destration. Thus to
observe the eruption or non-eruption is easiersamgler than to observe

the various radiological signs of tooth development

To determine the age of an individual by noting #ruption of
teeth, the standard eruption times must be kndtvs.an established fact
that the standard eruption times cannot be unillgigaplied and regional

standards have to be developed. Such standardsiesént are not
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adequate. In order to meet the necessity to dpubkese standards, the
present study was undertaken. In some of the gue\studies elsewhere,
the techniques for the estimation of age of erupti@re based on crude
graphical methods which are partly subjective iture@and that too on
small sample data. The present study, attemptsver ocome these

deficiencies.
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AIM OF THE STUDY

The present study aims to determine the medjareeuption of

the permanent teeth.

The age of range of eruption of the above testlbe

expressed.

The study aims to fine whether any differencethe age of

eruption can be found between the lower and u@ves.j

The study also aims to determine the normal afjesuption
with their ranges for each tooth among males andhles and

find the differences if any.
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MATERIAL AND METHODS

The present study was carried out on 290 childcensisting of

200 boys and 90 girls. The age of the subjectgemifrom 6 years to 16
years. The study of eruption time &t Bolar teeth is not included in the
present work. Care was taken to see that the asbgre uniformly
distributed between these two ages. The subjettsted were school
children from Kindergarten to fGtandard. A school in Madurai city was
taken up for the study, and as many children asibleswere examined.
The subjects represented mostly the middle socoanic with few

from lower socio-economic group.

While examining the subjects, certain cases wgemeted from
the study, where there is crowding of teeth, supmerary teeth, trauma
to teeth, caries because these factors hamper trenah tooth
development.

The information noted from each subject was:

1. Name of the Student:
2. Sex:

3. Marks of Identification : 1) 2)
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4. Parent’s Name :

5. Address:

6. Occupation of Parent :

7. Age of Student as per School Records :
8. Date & Place of Examination :

9. Consent of Parent :

10. Signature of person :

PHYSICAL EXAMINATION.

1. Height
2. Weight :
3. Chest circumference at the level of nipples :
4. Abdominal Girth at the level of Umbilicus :
5. General, Build and Appearance :
6. Voice:
7. Onset of Puberty :

A) Date of Menarche

B) Regularity of Menses

42



7. Teeth : Permanent Tooth :

Rt. 58 57 56 5554 535251 ‘ 61 62 63 64 65 66 67 68 Upper jaws

Lt. 8887 86 8584 838281 ‘ 717273747576 77 78 Lower Jaws

P-Permanent

The subjects were examined in day time only. Waosleatulae
were used to open the mouth correctly so as tore&ske eruption of the
posterior teeth. A tooth was considered to havepteds only when a
portion of the crown of the tooth, however smakdhpenetrated the
gingival. The teeth which satisfied this requisitere registered. For
registration, the modified M.D.I notation systemdafsignation was used.
In this system the teeth are divided into four qaats dividing upper jaw
from lower jaw, and right side from left side.
The quadrants were represented as :

5 = Right Upper

6 = Left Upper

7 = Left Lower

8 = Right Lower
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The different categories of teeth were denoted aslfows:
1) =the central incisor
2) =the lateral incisor
3) =the canine
4) = the first pre-molar
5) =the second pre-molar
6) = the first molar
7) =the second molar

8) = the third molar

The modified M.D.l. notation system was used.

Date of birth of the subjects were obtained frdma institutional
records. The age of each individual was calculaedon the date of

examination of the subject.

The subjects were grouped into various age graguh of the
magnitude of a half-year. Thus, there were 20 gsdupm 6 years to 16

years of age. Each age group contained an avefddgeboys and 5 girls.
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STUDY DESIGN

To determine the ages at the time of eruption afious teeth
conventionally the procedure would be to followahaert of children of
age four over a period of thirteen years till dlitlms cohort develop the
third molars. In such a cohort study, examinahas to be done for each
child at small periodic intervals to observe antertbe age at the time of
eruption of various teeth. The difficulties assted with this type of
study are :

1. The prolonged duration of follow up (about l&ags) of each of
the group of children under study.

2. ltis very likely that most of the children wike lost for follow-up,
at various ages due to change of address, or eaath.d

3. Repeated examinations over these 13 years falljpweriod, will

result in a lot of problems and the results cakro®vn only after a

prolonged period of study.

Because of these practical problems, not manyiegucbuld be

conducted in this regard.
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In the present study attempt has been made txawerthe above
problems by means of a study design using the tgabnof ‘Probit
Analysis’. This technique was in vogue especiailybiological assays
based on quantal responses. Broadly, the ageedubject was taken as
the dose, the eruption or non-eruption of eachhtawds taken as the
guantal response and ‘dose-response’ curve hasdosstructed. Some
workers have used this technique by visually detarmg the dose-
response line by a graphical technique. As thithoekis likely to give
differing results because of the subjectivenessthid observer in
visualizing the response curve, in the presentystinel method suggested

by D.J.Finney has been adopted. (Probit Analy$is}-Finey 1971).

Subjects have been classified into half year ageigs starting
form the age of 6 years to 16 years. At least®bintlividuals are studied
in each age group. In each age group and for teath, tables have been
prepared which give the number of the individualswhom the specified
tooth has erupted. From this information by foliogv the standard
technique of probit analysis, the various paransetée percentile values,
the median age of eruption have been worked owtielv of the vastness

of the calculations involved, computer techniquagehbeen employed.
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OBSERVATIONS

THE AGE DISTRIBUTION OF ERUPTION

The age distribution of eruption of the permartesth is shown in
tables 1 to 14, each table representing an indalitboth in either sex.
These tables show the total nhumber of subjects memimin each age
group and the number and percentage of subjectgisfpohe eruption of

the particular tooth.

90 boys of the age group of 6.0 to 10.5 years wraenined for the
eruption of the central incisor and the proportadrthe subjects in each
half year age group showing the eruption in upper, jower jaw and in
all 4 quadrants is given in table 3. Similar data30 girls from 6.0 to 9.0

years of age is shown in table 4.

130 boys of the age group 6.0 to 12.5 years wesenmed for the
eruption of lateral incisor and the proportion loé tsubjects in each half
year age group showing eruption in upper jaw, loyagr and in all 4
guadrants is shown in table 5. Similar data fogbts from 6.0 to 11.5

years is shown in table 6.
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140 boys of the age 8 to 15 years were examineithéoeruption of
canine and proportion of subjects in each half yegg group showing
eruption in upper jaw, lower jaw and in all 4 quads is shown in table

11. Similar data for 70 girls from 7.0 to 14.0 sees shown in table 12.

130 boys of the age 7 to 13.5 years were exanforetthe eruption
of the first pre-molar and proportion of subjeatseach half year age
group showing eruption in upper jaw, lower jaw amall 4 quadrants is
shown in table 7. Similarly the data for 65 girlstbe age 6.0 to 12.5

years is given in table 8.

140 boys of the age 7 to 14.0 years were exanforetthe eruption
of the second pre-molar and proportion of subjettsach half year age
group showing eruption in upper jaw, lower jaw amall 4 quadrants is
shown in table 9. Similarly the data for 65 girlstbe age 7.0 to 13.0

years is given in table 10.

40 boys of the age 6.0 to 8.0 years were exanfmethe eruption
of the first molar and proportion of subjects ircledalf year age group

showing eruption in upper jaw, lower jaw and indljuadrants is shown
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in table 1. Similarly the data forl5 girls of thges6.0 to 7.5 years is given

in table 2.

160 boys of the age 8.0 to 16.0 years were examfoe the
eruption of the second molar and proportion of sctsjin each half year
age group showing eruption in upper jaw, lower g in all 4 quadrants
Is shown in table 13. Similarly the data for 70gof the age 8.0 to 15.0

years is given in table 14.

THE PERCENTILE VALUES

The percentile values of the age of eruption facherooth are

presented in tables 15 to 21.

The percentile values were obtained for :
1) Eruption in Upper Jaw.
2) Eruption in Lower Jaw.
3) Eruption in all 4 Quadrants.
The percentile values for each tooth are showanseparated table.
Each table provides a comparison of the perceméllaes of males and

females, as well as a comparison between uppeloarst jaws.
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An observation of 50 percentile gives the age ranges in which
50% of the population would be expected to havegaeicular tooth
erupted.

THE MEDIAN ERUPTION TIMES

Table 15 - 21 shows the median eruption times alem and
females.

The median ages of eruption are also demonstmatdte form of
bar diagrams in fig. 4,5,6.

Fig. 4 provides a comparison of the median ageemiption
between upper jaw and lower jaw in males. Fig.révigles a similar
comparison in females. Fig. 6 gives a comparidadh@median eruption
ages between males and females.

Central Incisor :

Males: The median age of eruption (P50) in upper ja@.&years,
and for lower jaw 8.4 years. The lower jaw shows\yeeruption of 4
months. P50 for eruption in all 4 quadrants 9.4&ye

Females: The median age of eruptions(Pin upper jaw is 7.5
years, and for lower jaw 7.3 years. The lower gnows early eruption of

2 months. B, for eruption in all 4 quadrants 8.2 years.
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Sex difference:Central incisor eruption in upper jaw is about 13
months earlier in females, whereas, in the lower famales have early
eruption time by 9 months.

Lateral Incisor :

Males: The median age of eruptions(Pin upper jaw is 8.6 years,
and for lower jaw 9 years. The upper jaw showsyearuption of 4
months. B, for eruption in all 4 quadrants 9.5 years.

Females: The median age of eruptionsffin upper jaw is 8.5
years, and for lower jaw 8.7 years. The upperghows early eruption of
2 months. B, for eruption in all 4 quadrants 9.3 years.

Sex difference:Females show earlier eruption than males in both
upper (1 month) and (2 months) lower jaws.

Canines :

Males : The median age of eruptions(fin upper jaw is 11.6
years, and for lower jaw 11.9 years. The upperghews early eruption
of 3 months. B for eruption in all 4 quadrants 12.35 years.

Females :The median age of eruptions(Pin upper jaw is 10.6
years, and for lower jaw 11.2 years. The upperghews early eruption

of 6 months. B for eruption in all 4 quadrants 12.45 years.
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Sex difference:Canine eruption in upper jaw is earlier in females
than in males by a period of 10 to 12 months wlermedower jaw the

eruption is earlier in females than in males byonths.

FIRST PRE — MOLAR':

Males : The median age of eruptions( in upper jaw is 10.3
years, and for lower jaw 10.7 years. The upperghews early eruption
of 4 months. B for eruption in all 4 quadrants 11.4 years.

Females :The median age of eruptions@Pin upper jaw is 9.6
years, and for lower jaw 10.4 years. The upperghews early eruption
of 8 months. B for eruption in all 4 quadrants 10.7 years.

Sex difference :Eruption of first pre-molar is earlier in females |

both upper (4 to 7 months) and lower (3 monthskjaw

SECOND PRE-MOLAR:

Males : The median age of eruptions{(Pin upper jaw is 11.3
years, and for lower jaw 11.5 years. The upperghews early eruption

of 2 months. Rfor eruption in all 4 quadrants 11.8 years.
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Females :The median age of eruptions(Pin upper jaw is 10.0
years, and for lower jaw 9.6 years. The lower gnows early eruption of

4 months. B for eruption in all 4 quadrants 10.75 years.

Sex difference :Eruption of second premolar in upper and lower

jaws is earlier in Females than in Males by a geerceeding 12 months

FIRST MOLAR:

Males : The median age of eruptions(Pin upper jaw is 7.4 years,
and for lower jaw 7.1 years. The lower jaw showsyeeruption of 3

months. B, for eruption in all 4 quadrants 7.45 years.

Females :The median age of eruptions@Pin upper jaw is 6.9
years, and for lower jaw 6.6 years. The lower gnows early eruption of

3 months. B, for eruption in all 4 quadrants 7.2 years.

Sex difference :Eruption of first molar in upper jaw is earlier in
Females than in Males by 5 months whereas in tse o lower jaw,

eruption is earlier in Females than in Males bydnths.

53



SECOND MOLAR:

Males : The median age of eruptions(Pin upper jaw is 13.2
years, and for lower jaw 12.9 years. The lower gwows early eruption
of 3 months. Rfor eruption in all 4 quadrants 13.4 years.

Females :The median age of eruptions(Pin upper jaw is 12.4
years, and for lower jaw 12.0 years. The lower gows early eruption
of 4 months. B for eruption in all 4 quadrants 13.0 years.

Sex difference :Eruption of second molar is earlier in Females

than in Males in both upper (8 months) and lowam{ths) jaws.

AGE RANGE OF ERUPION (Psq)

Central Incisor (Table 16) :

In males, 50% of the population will have the cahtincisor
erupted in all quadrants only after 9.45 yearsgef. a

In females, 50% of the population will have thentcal incisor
erupted in all quadrants only after 8.2 years & ag
Lateral Incisor (Table 17) :

In males, 50% of the population will have the cahtincisor

erupted in all quadrants only after 9.5 years & ag
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In females, 50% of the population will have thentcal incisor
erupted in all quadrants only after 9.3 years @f ag
Canine (Table 20) :

In males, 50% of the population will have the cahtncisor
erupted in all quadrants only after 12.35 yearag#.

In females, 50% of the population will have thentcal incisor
erupted in all quadrants only after 12.45 yearag#.
First Pre-molar (Table 18) :

In males, 50% of the population will have the cahtincisor
erupted in all quadrants only after 11.4 yearsgef. a

In females, 50% of the population will have thentcal incisor
erupted in all quadrants only after 10.7 yearsgef. a
Second Pre-molar (Table 19) :

In males, 50% of the population will have the cahtincisor
erupted in all quadrants only after 11.8 yearsgef. a

In females, 50% of the population will have thentcal incisor

erupted in all quadrants only after 10.75 yearag#.
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First Molar (Table 15) :

In males, 50% of the population will have the cahtncisor
erupted in all quadrants only after 7.45 yearsgef. a

In females, 50% of the population will have thentcal incisor
erupted in all quadrants only after 7.2 years & ag
Second Molar (Table 21) :

In males, 50% of the population will have the cahtincisor
erupted in all quadrants only after 13.4 yearsgef. a

In females, 50% of the population will have thentcal incisor

erupted in all quadrants only after 13.0 yearsgef. a
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DISCUSSION

Tooth formation is the standard choice for estioratage as it
shows less variability than do other developmefeakures (Steward,
1963).

There are three periods in life, each differingrétation to tooth
development. The first period is from in-uterctite time of eruption of
the first teeth. The second phase is the ageuptien of the first teeth to
about twelve years. The third phase follows frévaréon, when almost
all the permanent teeth are already present imtingh.

One can estimate age with accurate results fromesmonths
in-utero upto the age of twenty. Between 12 andye@érs of age, the
estimations are based only on the development efrdlot of the third
molars. Since these are more variable in developied eruption than
the other teeth of the permanent dentition, therdess reliability in
assessment (Gustafson.G.,1966).

Heredity, environment, endocrine reactions, andritmn are
undoubtedly among the possible factors influendimg development of

teeth (Brauer and Bahadur,1942).

57



In 1935 Kronfeld made histological serial sectimhmore than
thirty human jaws in the age group from birth titelen years. He studied
the exact position, state of development, and @egfeclassification for
each tooth in different ages.

Stack(1960) has worked out an interesting methddage
assessment on developing teeth using the increasissue thickness,
weights and volumes. He found that the weigh@drgfimineralized tissue
gave the best expression of growth.

Kraus (1959) studied tooth development in 95 fsetu and
recorded the chronology of the early stages irfdhmation of deciduous
dentition.

Miles (1958) developed a method of age assessthueinty an early
phase of tooth development by measuring the thgkioé dentine.

Schour and Massler (1941) produced a referencd ohnadental
development, based on a survey of jaw sections fBEmAmerican
children carried out by Logan and Kronfeld (193@)e chart consist of a
series of drawings illustrating 21 chronologicalaggds of dental

development spanning the period of four months feebarth to twenty-
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one years of age. This chart suffers the drawloheksmall sample size,
and radiographs have to be taken in order to usekiart.

Moorrees, Fanning and Hunt (1963) published chaatsed on a
radiographic survey which gives details of the depment of dentition.
Their sample size is relatively larger (Radiogramis380 American
School children). Their chart shows the ages alirattent of a series of
radiologic landmarks. The specimen radiographgdas compared with
this chart, in order to estimate age.

Gustafson and Koch published a chart cited by dedra (1971)
covering the development of dentition. The chautased on pooled data
collected from 19 sources published between 19089 H®64. The
landmarks of tooth development recorded in this richare the
commencement of mineralisation, the completionrofvn formation, the
completion of tooth eruption and termination of rdormation. The
advantage of this chart is that it has eruptiorslatThe drawback is that
it is based on pooled data from various workergsddrover a long period
of time.

Clements, Davies — Thomas the Pickett (1953a, 4,98%57a,

1957b) studied the timing and sequence of eruptibthe permanent
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dentition in British school children. They obsaivihe trend towards
earlier eruption in children of superior socio-espmc environment
corresponding to the trend towards earlier devekgshown by over all
body growth.

Nolla (1960) surveyed the development of the paenadentition
in a sample of 25 American boys and 25 Americais gising serial
annual radiography. She suggested that the develapof the teeth
should not be thought of as an isolated processgane which relates to
other development processes.

Adler (1959) indicated some reasons for differsnoghe eruption
times of permanent teeth. According to him thera \&riation between
summer and winter. In the south the eruption cc@arlier than in the
north. A variation may also be found in differeountries. Urbanization
has caused an acceleration of the eruption. f@ifteraces have different
mineralization and eruption dates. Tooth in clufdvell-to-do families
erupt earlier than those in children from poor fgsi(Bose 1909).

It has been mentioned that there is a markedrdiife in eruption

time among countries situated in diverse partshefworld (Gustafson,
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1966). New Zealand children were found to havdiexagruption dates
than English children (Leslie, 1951).

Scott (1954) states that the third molar erupti®rerratic, and
absence of these teeth cannot be used as a bhaagefestimation.

Stones et al (1951), and Sutow et al (1954), oleskthat girls tend
to be earlier with regard to the eruption of perardnteeth. This was
confirmed by Garn et al (1958a).

Glaiser and Hunt (1955), who studied mandibulast fimolar
development in 25 boys and 25 girls from 18 month&0 years of age,
found that female tooth development occurs eatthian in males.

Cohen (1928) pointed that there was a clear diffee in the
eruption times between the upper and lower jawise [bwer permanent
Incisors erupt about one year earlier than do ¢gneesponding teeth in the
upper jaw. The same applies to the pre-molars arldrm

Brues (1958) found that since there is an indialdariation in the
rate of development of the dentition, with the theef some children
erupting earlier than normal and those of othengpteng later than
normal, there is a degree of inaccuracy annount@rgpout a year and a

half by the time the age of twelve is reached.
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Kocher. R., Richardson.A. (1997) found that eactvelr tooth
erupted before its upper counterpart except forptieenolars, there was
no significant difference in the age for eruptiogtvieeen right and left
sides. The most frequent orders of eruption werngue o the subject.
These occurred in 22% of upper and 33% of lowenescand the classic
sequence of first molar — central incisor — lat@nalsior — first premolar
— canine — second premolar — second molar (M1-4BNPL-C-PM2-M2)
in the upper arch and [1-M1-12-C-PM1-PM2-M2 in thewer arch
occurred in only 16% of the upper arches and 13%eflower arches.
Males adhered to the text book sequence (20% uf@és, lower) more
than females (12% upper, 8% lower). In the uppehn af the females the
order M1-11-12-PM1-PM2-C-M2- in 10% of the subjeatsms almost as
frequent as the classic sequence. The differenle¢ing to upper first
premolar and lower canine were not statisticaliyngicant.

Wedl| JS, Schroder V, Blake FA, Schmelzle R, FredRE, (2002)
in Turkey found in their study that the tooth eraptin the lower and
upper jaw of male and female probands are symnaérricn comparing
the upper and the lower jaw of both genders, ibbexs evident that there

Is a tendency for earlier tooth eruptions in th@dojaw. In respect to the
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tooth eruption sequence, a change was noted inpper jaw, contrary to
the reports of other authors, the second premaisichanged places with
the canine and erupts prior to this tooth. Themated differences of the
tooth eruption as a mean value calculated oveeath, was +/- lyear at
maximum, compared to studies from different conttee

The need to develop specific norms and standaodsdéntal
eruption for each population has been well empledsiy Gustafson. It
Is evident that available charts of the eruptiometican be used only for a
particular race and a particular country and aredwvanly for normal
children (Gustafson, 1966).

The present study attempts to fulfill the aboveddéor regional
observations specifically coming from the stat§ amilnadu.

The present study confirms the opinion of Rose0@)}%hat the
range of variation is least in the first permanemars and greatest in
canines and second molars.

The sequence of eruption as observed in the presety is M1 ,11
12 ,PM1 ,PM2 , C M2 which corresponds closalythe sequence
shown in the Logen Kronfeld table (1933) and thiiNayak.SK, and

Patel.S (1977), Kocher.R., Richardson.A (1997).
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The mean eruption times of this study are more less
approximating the mean eruption ages of the earpters among the
British children as mentioned by Clement et al (@95Wedl JS,
Schroder,Blake FA, Schmelzle. R, Friedrich RE.(2002

When the sexual dimorphism is considered the pteseudy
confirms the earlier observations that in fematesgermanent teeth erupt
earlier than the males.

The present study confirms the observation of @Gofi®28) and
others that the permanent teeth erupt earlierendtver jaw than in the
upper jaw. The maximum difference in the eruptiones between the
upper and lower jaws is found in the case of Cénbeisors. All the
remaining teeth except first and second premolars lateral incisors
exhibit early eruption in lower jaw. Conspicuousbgth the premolars
and lateral incisors are erupting later in thedoyaw both in males and

females with canines in males only.
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SUMMARY

290 school children were examined for the eomptof

permanent dentition. There were 200 boys and 9. gir

The median ages of eruption of all the permatesth except

the third molar were determined by the method afbpr

analysis.

The fiftieth (Ro) percentile values of the ages of eruption were

estimated for each permanent tooth.

Standard charts for easy reference to the afgesuption of

various teeth in males and females have been cmestt.

It has been found that in both sexes the emp$scearlier in

the lower jaw than in the upper jaw .
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The sexual dimorphism reported in the literathes been
upheld by the present study. It has been fountfémales

have earlier eruption times than males.

It has been recommended that studies of simdarre have to
be conducted on samples from various geographesaaad
various socio-economic strata. It has also beggested that

the influence of nutrition on the development ohtiteon has

to be investigated.
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eruption, or the completion of tooth formation. For each land mark the apex of the triangle represents the average age, and the
upper and lower angles the oldest and youngest ages encountered in the study.



Fig. 3 : Chronology of human dentition™

Tooth Formation of enamel Amount of enamel matrix Enamel Emergence Root [
matrix and dentin formed at birth completed into oral completed
| begin - cavity |
Primary Maxillary | Central incisor 4 mo. in utero Five-sixths 1%2 mo. 7Y mo. 1% yr. |
dentition Lateral incisor 4% mo. in utero Two — third 2mo. 9 mo. 2yr. |
Canine 5 mo. in utero One — third 9 mo. 18 mo. 3%yr. |
First Molar 5 mo. in utero Cusps united 6 mo. 14 mo. 22 yr.
Second Molar 6 mo. in utero Cusps tips still isolated 11 mo. 24 mo. 3yr.
Mandibular Central incisor 4% mo. in utero Three — fifths 2% mo. 6 mo. 1V yr.
Lateral incisor 4% mo. in utero Three — fifths 3 mo.. 7 mo. 1% yr.
| Canine 5 mo. in utero One — third 9 mo. 16 mo. 3%ayr.
First Molar 5 mo. in utero Cusps united 5% mo. 12 mo. 2% yr.
Second Molar 6 mo. in utero Cusps tips still isolated 10 mo. 20 mo. 3yr.
Primary Maxillary | Central incisor 3-4 mo 4-5yr. 7-8yr. 10 yr
dentition Lateral incisor 10—-12mo 4 -5 yr. 8-9yr 11 yr
Canine 4—-5mo 6 =7 yr. 11 =12 yr. 13-15yr
First premolar 1% - 1% yr . 56 yr. 10 - 11 yr. 12-13yr
Second premolar 2-2%yr R 6 =7 yr. 10-12yr. 12 -14 zr
First Molar At birth 2Va =3 yr. 6 -7y 9-10yr
Second Molar 2% -3yr 7 -8 yr. 12 - 13 yr. 14 =16 yr
Third Molar 7-9yr 12 =16 yr. 17 =21 yr. 18 - 25 yr
Mandibular Central incisor 3-4mo no 4 -5 yr. 6-—7yr 9yr
Lateral incisor 3-4mo 4-5yr. T =B 10 yr
Canine 4-5mo 6 =7 yr. 9-10yr. 12-14yr
First premolar 1% -2 yr : 56 yr. 10=12 yr. 12-13 yr
Second premolar | 2% —2%zyr SesTe Ba s Hrer 6 -7 yr. 11-=12yr. 13- 14 {/r
First Molar At birth 2% =3 yr. 6-7yr 9-10yr
| Second Molar 2% -3yr 7 -8 yr. 11 =13 yr. 14 -15yr
{ Third Molar 8—-10yr 12 16 yr. 17 =21 yr. 18 -25yr

* From Logan, W.H.,M and Kronfeld, R., J. Amer. Dent. Ass. 20:379, 1933; slightly modified by McCall and Schour.
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Table No.1 Age distribution of Eruption of First Molar in Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SI.No | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 10 4 40 2 20 1 10
2 6.5-7.0 10 6 60 4 40 3 30
3 7.0-7.5 10 7 70 6 60 5 50
4 7.5-8.0 10 10 100 10 100 10 100




Table No.2 Age distribution of Eruption of First Molar in Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SI.No | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects
1 6.0-6.5 5 3 60 2 40 2 40
2 6.5-7.0 5 4 80 3 60 2 40
3 7.0-7.5 5 5 100 5 100 5 100




Table No.3 Age distribution of Eruption of central Incisor in Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SI.No | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 10 2 20 2 20 1 10
2 6.5-7.0 10 2 20 2 20 2 20
3 7.0-75 10 6 60 4 40 3 30
4 7.5-8.0 10 7 70 6 60 4 40
5 8.0-8.5 10 7 70 6 60 4 40
6 8.5-9.0 10 8 80 6 60 5 50
7 9.0-9.5 10 8 80 7 70 8 80
8 9.5-10.0 10 9 90 8 80 8 80
9 10.0-10.5 10 10 100 10 100 10 100




Table No.4 Age distribution of Eruption of Central incisor in Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SI.No | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 ) 2 40 2 40 1 20
2 6.5-7.0 5 2 40 2 40 2 20
3 7.0-7.5 5 3 60 2 40 3 60
4 7.5-8.0 5 3 60 3 60 3 60
5 8.0-8.5 5 4 80 3 60 4 80
6 8.5-9.0 5 5 100 4 80 4 80
7 9.0-9.5 5 5 100 5 100 5 100




Table No.5 Age distribution of Eruption of Lateral Incisor in Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SI.No | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 10 1 10 0 0 0 0
2 6.5-7.0 10 2 20 1 20 0 0
3 7.0-7.5 10 2 20 1 20 1 10
4 7.5-8.0 10 3 30 3 30 2 20
5 8.0-8.5 10 4 40 3 30 2 20
6 8.5-9.0 10 4 40 5 50 3 30
7 9.0-9.5 10 5 50 6 60 4 40
8 9.5-10.0 10 6 60 6 60 5 50
9 10.0-10.5 10 7 70 6 60 6 60
10 10.5-11.0 10 8 80 7 70 7 70
11 11.0-11.5 10 9 90 8 80 8 80
12 11.5-12.0 10 10 100 9 90 9 90
13 12.0-12.5 10 10 100 10 100 10 100




Table No.6 Age distribution of Eruption of Lateral Incisor in Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 5 1 20 1 20 0 0
2 6.5-7.0 5 1 20 2 40 1 20
3 7.0-7.5 5 1 20 3 60 2 40
4 7.5-8.0 5 3 60 4 80 3 60
5 8.0-8.5 5 3 60 4 80 3 60
6 8.5-9.0 5 3 60 4 80 3 60
7 9.0-9.5 5 4 80 4 80 4 80
8 9.5-10.0 5 4 80 4 80 4 80
9 10.0-10.5 5 5 100 5 100 4 80
10 10.5-11.0 5 5 100 5 100 5 100
11 11.0-11.5 5 5 100 5 100 5 100




Table No.7 Age distribution of Eruption of First Premolar in Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 10 0 0 0 0 0 0
2 6.5-7.0 10 0 0 0 0 0 0
3 7.0-7.5 10 0 0 0 0 0 0
4 7.5-8.0 10 0 0 0 0 0 0
5 8.0-8.5 10 1 10 1 10 0 0
6 8.5-9.0 10 1 10 1 10 1 10
7 9.0-9.5 10 1 10 2 20 1 10
8 9.5-10.0 10 2 20 3 30 2 20
9 10.0-10.5 10 4 40 5 50 4 40
10 10.5-11.0 10 6 60 7 70 5 50
11 11.0-11.5 10 8 80 8 80 6 60
12 11.5-12.0 10 8 80 8 80 8 80
13 12.0-12.5 10 9 90 9 90 8 80
14 12.5-13.0 10 10 100 10 100 10 100
15 13.0-13.5 10 10 100 10 100 10 100




Table No.8 Age distribution of Eruption of First Premolar in Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 6.0-6.5 5 0 0 0 0 0 0
2 6.5-7.0 5 0 0 0 0 0 0
3 7.0-7.5 5 1 20 1 20 0 0
4 7.5-8.0 5 1 20 1 20 0 0
5 8.0-8.5 5 1 20 2 40 0 0
6 8.5-9.0 5 2 40 2 40 1 20
7 9.0-9.5 5 2 40 3 60 1 20
8 9.5-10.0 5 2 40 3 60 2 40
9 10.0-10.5 5 3 60 4 80 3 60
10 10.5-11.0 5 3 60 4 80 3 60
11 11.0-11.5 5 4 80 4 80 4 80
12 11.5-12.0 5 4 80 5 100 4 80
13 12.0-12.5 5 5 100 5 100 5 100




Table No.9 Age distribution of Eruption of Second Remolar in Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 7.0-7.5 10 0 0 0 0 0 0
2 7.5-8.0 10 0 0 1 10 0 0
3 8.0-8.5 10 1 10 1 10 0 0
4 8.5-9.0 10 2 20 2 20 0 0
5 9.0-9.5 10 2 20 3 30 1 10
6 9.5-10.0 10 3 30 4 40 2 20
7 10.0-10.5 10 4 40 4 40 3 30
8 10.5-11.0 10 4 40 5 50 5 50
9 11.0-11.5 10 5 50 6 60 5 50
10 11.5-12.0 10 5 50 7 70 6 60
11 12.0-12.5 10 7 70 8 80 7 70
12 12.5-13.0 10 8 80 8 80 8 80
13 13.0-13.5 10 8 80 9 90 9 90
14 13.5-14.0 10 10 100 10 100 10 100




Table No.10 Age distribution of Eruption of Second’remolar in Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 7.0-7.5 5 1 20 1 20 0 0
2 7.5-8.0 5 1 20 1 20 0 0
3 8.0-8.5 5 1 20 2 40 0 0
4 8.5-9.0 5 2 40 2 40 1 20
5 9.0-9.5 5 3 60 2 40 2 40
6 9.5-10.0 5 3 60 3 60 2 40
7 10.0-10.5 5 4 80 3 60 2 40
8 10.5-11.0 5 4 80 4 80 3 60
9 11.0-11.5 5 4 80 4 80 3 60
10 11.5-12.0 5 4 80 5 100 4 80
11 12.0-12.5 5 5 100 5 100 5 100
12 12.5-13.0 5 5 100 5 100 5 100




Table No.11 Age distribution of Eruption of Caninein Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 7.0-7.5 10 0 0 0 0 0 0
2 7.5-8.0 10 0 0 0 0 0 0
3 8.0-8.5 10 0 0 0 0 0 0
4 8.5-9.0 10 1 10 1 10 0 0
5 9.0-9.5 10 2 20 1 10 0 0
6 9.5-10.0 10 2 20 2 20 1 10
7 10.0-10.5 10 3 30 3 30 2 20
8 10.5-11.0 10 4 40 3 30 3 30
9 11.0-11.5 10 4 40 5 50 4 40
10 11.5-12.0 10 5 50 5 50 5 50
11 12.0-12.5 10 7 70 6 60 6 60
12 12.5-13.0 10 8 80 7 70 7 70
13 13.0-13.5 10 9 90 8 80 7 70
14 13.5-14.0 10 9 90 9 90 8 80
15 14.0-14.5 10 9 90 9 90 9 90
16 14.5-15.0 10 10 100 10 100 10 100




Table No.12 Age distribution of Eruption of Caninein Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 7.0-7.5 5 0 0 0 0 0 0
2 7.5-8.0 5 0 0 0 0 0 0
3 8.0-8.5 5 1 20 1 20 0 0
4 8.5-9.0 5 1 20 2 40 0 0
5 9.0-9.5 5 2 40 2 40 1 20
6 9.5-10.0 5 2 40 2 40 1 20
7 10.0-10.5 5 2 40 3 60 2 40
8 10.5-11.0 5 3 60 2 40 2 40
9 11.0-11.5 5 3 60 3 60 3 60
10 11.5-12.0 5 3 60 4 80 3 60
11 12.0-12.5 5 4 80 3 60 3 60
12 12.5-13.0 5 4 80 4 80 4 80
13 13.0-13.5 5 5 100 5 100 4 80
14 13.5-14.0 5 5 100 5 100 5 100




Table No.13 Age distribution of Eruption of Secondviolar in Males.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 8.0-8.5 10 0 0 0 0 0 0
2 8.5-9.0 10 0 0 0 0 0 0
3 9.0-9.5 10 0 0 0 0 0 0
4 9.5-10.0 10 1 10 1 10 0 0
5 10.0-10.5 10 1 10 2 20 0 0
6 10.5-11.0 10 1 10 2 20 1 10
7 11.0-11.5 10 2 20 3 30 1 10
8 11.5-12.0 10 3 30 4 40 2 20
9 12.0-12.5 10 4 40 4 40 3 30
10 12.5-13.0 10 5 50 5 50 4 40
11 13.0-13.5 10 6 60 5 50 5 50
12 13.5-14.0 10 7 70 6 60 6 60
13 14.0-14.5 10 8 80 7 70 7 70
14 14.5-15.0 10 9 90 9 90 8 80
15 15.0-15.5 10 10 100 10 100 9 90
16 15.5-16.0 10 10 100 10 100 10 100




Table No.14 Age distribution of Eruption of SecondMolar in Females.

ERUPTION
Lower Jaw Upper Jaw All the 4 teeth
SILNo | Age group No. of No. of |Percentage No.of |Percentage No.of |Percentage
(year) Subjects | subjects subjects subjects

1 8.0-8.5 5 0 0 0 0 0 0
2 8.5-9.0 5 0 0 0 0 0 0
3 9.0-9.5 5 0 0 1 20 0 0
4 9.5-10.0 5 1 20 1 20 0 0
5 10.0-10.5 5 1 20 1 20 1 20
6 10.5-11.0 5 1 20 2 40 1 20
7 11.0-11.5 5 2 40 2 40 2 40
8 11.5-12.0 5 2 40 3 60 2 40
9 12.0-12.5 5 3 60 3 60 3 60
10 12.5-13.0 5 3 60 3 60 3 60
11 13.0-13.5 5 4 80 3 60 4 80
12 13.5-14.0 5 4 80 4 80 4 80
13 14.0-14.5 5 5 100 5 100 4 80
14 14.5-15.0 5 5 100 5 100 5 100




Table No. 15 Median Eruption Times (P 50) in years First Molar.

SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 7.10 7.40 7.45 6.60 6.90 7.20
Table No. 16 Median Eruption Times (P 50) in years Central Incisor.
SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 8.40 8.80 9.45 7.30 7.50 8.20
Table No. 17 Median Eruption Times (P 50) in years Lateral Incisor.
SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 9.00 8.60 9.50 8.70 8.50 9.30




Table No. 18 Median Eruption Times (P 50) in years First Premolar.

SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 10.70 10.30 11.40 10.40 9.60 10.70
Table No. 19 Median Eruption Times (P 50) in years Second Premolar.
SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 11.50 11.30 11.80 9.60 10.00 10.75
Table No. 20 Median Eruption Times (P 50) in years Canine.
SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 11.90 11.60 12.35 11.20 10.60 12.45




Table No. 21 Median Eruption Times (P 50) in years Second Molar.

SILNo. | Percentage Males Females
Lower Upper | Allthe 4 teeth| Lower Upper All the 4 teeth
1 Pso 12.90 13.20 13.40 12.00 12.40 13.00
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APPENDI X

THE TECHNIQUE OF PROBIT ANALYSIS

Problems of quantification in biomedical reseaccmcerning the
relation between a stimulus (a drug, an etiologie&tor, a mode of
therapy etc.) and a response (change in a patipatameter, occurrence
or non-occurrence of a disease, alteration in tlognosis of a patient
etc.,). The problem gets complicated when theaesp is not exactly
determined by knowledge of the stimulus and relpatst of experiments
or observations for the fixed dose of the stimaasot all give the same
magnitude of response. Quantitative measuremeamt@$ponse is almost
always to be preferred when practicable. Howexvertain types of
responses do not permit quantification and can dmdyexpressed as
‘occurring’ or ‘not occurring’ of a particular evenvhich is called quantal
response. The use of the statistical techniquémibit analysis’ of
biological data began about 1935, and has beenlynased in drug
assays.

The present problem can be viewed as a biologissdy where the

response is quantal in nature. In the ‘stimulusesponse’ (or Dose-



Response) terminology mentioned above, the proloi@mbe reduced to
finding the relation between the age of the sulf@ge is the stimulus at
different doses namely different age groups) aral eéhuption of the
various teeth (the response is taken as the erugtionon-eruption, a
guantal response).

In such studies the choice of the dose spectrumafae) is very
important. The general principle is to start vilik dose that produces the
least or no response and to study up-to-the doat gloduces the
maximum or 100% response. Accordingly, from thdlected data,
suitable tables have been constructed for each toh the appropriate
age range, which obviously differs from tooth tottoand from male to

female.
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