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ABSTRACT

Teeth are the most indestructible part of the human body and are resistant to almost all environmental conditions
like fire, desiccation, and decomposition. Hence teeth are the reliable source of forensic investigation. The
developmental stages of teeth are the key source for forensic odontologist to estimate the age. The methods of age
estimation are comparatively easier and developmental stages can be easily seen on radiographs followed by its
comparison with standard stages described by different authors. The present article summarizes different methods

of age estimation and their reliability to estimate the age.
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INTRODUCTION

The Forensic Odontology or forensic dentistry was
defined by Keiser-Neilson as “The branch of forensic
medicine which deals with the proper handling,
examination and presentation of dental evidence in the
best interest of justice. Saunders™” in 1837 first
published a study on 1000 children to define the
importance of dentition in age estimation. ‘“The sequence
of events that human dentition follows to complete
development is one of the methods of dental age
estimation.[**®! In Forensic Odontology, radiology plays
a vital role in age estimation. The radiology was first
used in forensic cases in 1986 to detect the bullet in the
head of the victim.®! The different imaging modalities
used in forensic odontology which help to detect
development sequences of dentition are intraoral
periapical radiographs, panoramic radiographs, lateral
oblique radiographs, digital imaging and advanced
imaging technologies.™"#!

The triad for dental age estimation can be listed as:**
1. The subject for age estimation

2. Appropriately chosen dental development survey
3. Legal consideration

The various features help to estimate the age with the

help of radiographs as follows:

e Jaw bones pre-natally;*5!

e Appearance of tooth germs; >

e Earliest detectable trace of mineralization or
beginning of mineralization;**>*!

e Early mineralization in various deciduous teeth

during intrauterine life;*5!

e  Degree of crown completion;t**2

e Eruption of the crown into the oral cavity;

e Degree of root completion of erupted or unerupted
teeth;[4’5’11’16]
Degree of resorption of deciduous teeth; ™!
Measurement of open apices in teeth; 34

e Volume of pulp chamber and root canals/formation
of physiological secondary dentine; %71

e Tooth-to-pulp ratio; 2

e Third molar development and topography;
and

e Digitization of the available radiographs for analysis
of images to obtain the dental information.["

[4,5,11,12]

[4,5,11,15,17]

The current article explains about the different methods
used to estimate age with the help of radiographs.

REVIEW OF LITERATURE

Nolla’s method (1960):"¥ Nolla evaluated the
mineralization of permanent dentition in eleven stages.
The method can be used to assess the development of
each tooth of the maxillary and mandibular arch. The
radiograph is then compared with Nolla’s chart to assign
scores for individual tooth for both maxillary (right or
left quadrant) and mandibular (right or left quadrant)
teeth. If the tooth shows a stage between any two stages
a score of 0.5 is added. After every tooth is assigned a
reading a total is made of maxillary and mandibular
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teeth. The total is compared to the Nolla’s age norms
given separately for boys and girls. The advantages of
this method are that it can be applied to an individual
with or without the third molar, and girls & boys are
dealt separately.

Table 1: Age norms for upper and lower teeth
including third molars by nolla’s method.

Boys Girls
Age Maxillary |Mandibular|MaxillaryMandibular|
(years)
7 54.2 49.5 49.5 455
8 59.5 57.0 55.1 51.8
9 66.7 62.0 59.7 57.3
10 67.5 66.6 63.5 61.8
11 70.0 68.3 66.7 65.6
12 72.6 73.2 69.8 69.3
13 74.7 75.4 72.3 72.2
14 75.9 76.5 74.3 74.4
15 76.7 77.1 75.9 75.9
16 77.5 78.0 77.3 77.7
17 78.0 78.7 77.6 78.0

Moorrees, Fanning and Hunt (1963)?% Method: In this
method, the dental development was studied in the 14
stages of mineralization for lower canine, first and
second premolar and for first, second and third molars.
Moorrees, Fanning and Hunt method used
Orthopantomographs for their study. The earliest age in
the survey was six months and the data also included the
development of the mandibular third molar. Notably,
female development was ahead of the male and the root
formation stages showed variation compared with crown
formation stages.

Fourteen stages of tooth formation are:
Initial cusp formation (Ci)
Coalescence of cusps (Cco)

Cusp outline complete (Coc)
Crown half complete (Cr1/2)
Crown three-quarter complete (Cr3/4)
Crown complete (Crc)

Initial root formation (Ri)

Initial cleft formation (Cli)

Root length quarter (R1/4)

10. Root length half (R1/2)

11. Root length three-quarters (R3/4)
12. Root length complete (Rc)

13. Apex half closed (A1/2)

14. Apical closure complete (Ac)

©WooNoarWNE

In their results, they stated that initial crown formation of
lower first premolar occurred at 1.8 years, at 3 years for
the lower second premolar and at 3.5 years for the
permanent second molar. Crown formation was just
completed for lower second premolar and lower second
molar at 6 - 6.5 years. By 12 years of age all teeth except
third molar attain full root length. The time required for
complete crown formation for lower second molar was

2.8 years and 3.1 - 3.4 years for lower first and second
premolar. Root formation time was 4.8 years for lower
second molar and for both lower premolars was 4.6 — 4.9
years in females and 5.3 — 5.4 years in males.

Demirjian, H. Goldstein and J.M. Tanner (1973)1!
developed a new method for estimating dental maturity
by reference to the radiological appearances of the seven
teeth on the left side of the mandible (Teeth # 31, 32, 33,
34, 35, 36, 37). Orthopantomographs of 1446 boys and
1482 girls aged between two to twenty years of French
Canadian populations were used.

Each tooth was rated according to the eight
developmental stages, A to H starting from the first
appearance of the calcified points to the closure of the
apex. Once all teeth were staged, each tooth was
assigned a “self-weighted score” based on its staging
designation and gender of the individual. The seven self-
weighted scores from each tooth were then summed to
give a dental maturity score, which could be converted
directly into the dental age by cross-referencing in the
gender-specific tables. Four examiners rated the
radiographs whose results were then compared and
discrepancies were discussed. Disagreement between
examiners occurred in no more than 10% of subjects.

The analysis of the individuals’ ratings was done as
described in the table below (Table # 2 for boys and # 3
for girls). The analysis gives a set of scores, one for each
stage of each tooth. The score from all seven teeth are
then added together for a particular individual set, to give
a maturity score for that individual. This maturity score
may be converted directly into dental age either by
reading off on the horizontal scale of the centile curves
or by using the table (Table # 4 for boys and # 5 for

girls).

The maturity scores can be applied universally but
regression equation was derived to be used along with
maturity scores for different ethnic groups.

In females, the regression formula is:

Age = (0.0000615 x S°) — (0.0106 x S?) + (0.6997 x S) —
9.3178.

Where, S= Maturity Score.

In males, the regression formula is:

Age = (0.000055 x S% — (0.0095 x S?) + (0.6479 x S) -
8.4583.

Where, S= Maturity Score.

In this method, missing teeth from one side can be
replaced by those from the other side. If the first molar is
absent, the central incisor can be substituted for it as their
developmental age coincides.
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Table 4: Conversion of maturity score into dental age
A @ @ I/‘1\hzﬂdCu.S}'1 tips are calcified but have not yet (Seven teeth) for b0yS
B : Calcified cusps are united so an outlined Score Age Score Age Score Age Score Age Score Age
e 12.4]3.0|33.6|6.0| 83.6| 9.0| 94.0 [12.0[ 97.6 | 15.0
B ¢+ Enel fomsion s comgete t 129(3.1| 347 |6.1| 84.3|9.1| 94.2 (12.1] 97.7 | 15.1
] e e (P 135[3.2| 35.8|6.2| 85.09.2] 94.4 [12.2[ 97.8[ 15.2
wmn;eneced-Theouﬂinesofpulpchamberare 14.0{3.3| 36.9|6.3| 85.6 | 9.3| 945 (12.3| 97.8 | 15.3
funet 145(3.4]| 38.0|6.4| 86.2|9.4| 94.6 |{12.4| 979 | 154
‘ D : Crown formation is complete to- the 15.0{3.5| 39.2|6.5| 86.7 | 95| 94.8 |12.5| 98.0 | 15.5
e i e 15.6|3.6] 40.6 | 6.6] 87.2] 9.6] 95.0 [12.6] 98.1| 15.6
toward the cervical region. In the molar pulp 16.2(3.7| 420 |6.7| 87.7 | 9.7| 95.1 |12.7| 98.2 | 15.7
’ Kbl A T Pl 17.0[3.8] 43.6|6.8] 88.2]9.8] 95.2[12.8/ 98.2| 158
is seen 17.6(3.9| 451 |6.9| 88.6|9.9| 954 (12.9| 98.3 | 15.9
X . 18.214.0| 46.7 | 7.0| 89.0 {10.0] 95.6 |13.0] 98.4 | 16.0
E ot g ' ety v g, 18.9[4.1| 48.3| 7.1] 89.3 |10.1 95.7 |13.1
radicular bifurcation i vible n molars. 19.7]4.2]50.0 | 7.2 89.7 [10.2] 95.8 [13.2
ﬁ !".Thcw?lls of the pulp chambc‘r form an 20.414.3|52.0|7.3]| 90.0{10.3| 95.9 |13.3
F @ ;;0{;';1;‘;;;5'j;mz,‘:;j;‘h{““lﬁ'ji;;j;ﬁ;‘;g 21.0]4.4] 543 |7.4| 90.3(10.4] 96.0 [13.4
funnel shape. In molars 1tilueybimrca(ion has 21.7|45|56.8|7.5| 90.6 |10.5| 96.1 |13.5
ﬁ R A L b o 22.414.6(596(7.6]91.0[10.6] 96.2 [13.6
1stinct outiing wil nnel sape €N mgs.
6 ‘ 23.114.7|625|7.7]|91.3|10.7| 96.3 |13.7
;i;;’l“i:;;’st‘l?l‘;;ﬁ‘i;lf;ﬂp:eP“‘e“e' s 23.8|48|66.0|7.8| 91.610.8| 96.4 |13.8
246(149|69.0(79| 91.8|10.9| 96.5 |13.9
' (] mmmsess o | [25.450[ 706 [80] 920110/ 966140
v roct acd the e, 26.2[5.1]735[8.1] 92.2[11.1] 96.7 |14.1
—————————...| 27.0/5.2|75.1|8.2| 925|11.2| 96.8 |14.2
Fig. 1. Tooth calcification stages according to the |27.8|5.3| 76.4|8.3| 92.7 (11.3) 96.9 [14.3
method described by Demirjian’s. 28.6|5.4|77.7]8.4]929[11.4/ 97.0 |14.4
29.5|55|79.0(85]| 93.1|11.5| 97.1 {145
Table 2: Demirjian’s Self-weighted scores for Seven [303[56| 802 | 8.6| 93.3 |11.6| 97.2 |14.6
Left Mandibular teeth (Boys). 31.1|5.7|81.2[8.7| 935 |11.7| 97.3 |14.7
olATBlIcIDIE F G H 32.6|59|82.0(8.8| 93.7(11.8| 97.4 |14.8
M2 10.0(2.1/3.5|5.9(10.1|12.5/13.2(13.6|15.4
M1 001801961123117.0/193 Table 5: Conversion of maturity score into dental age
PM2 [0.0|1.7|3.1|5.4| 9.7 |12.0[ 12.8| 13.2 | 14.4 (seven teeth) for girls.
PM1 00/34]70]11.0/123]12.7/135| [score[Age [Score [Age [Score [Age [Score [Age [Score [Age
C 0.0{3.5|79]100]11.0/119] [137 3.0 [38.0 [6.087.2 (9.0 |96.3 [12.0]99.2 [15.0
12 0.0{3.2|52|7.8 |11.7|13.7] [14.43,1[39.1 [6.187.8[9.196.4 [12.1[99.3 [15.1
11 0.0/19]41]82|118] [151(3.2]40.2 [6.288.3[9.2 96,5 [12.2]99.4 [15.2
158 |3.3 |141.3 |6.3 88.8 {9.3 |96.6 (12.3]|99.4 [15.3
Table 3: Demirjian’s self-weighted scores for seven [166 (3.4 | 425 (6.4 | 89.3 |9.4 | 96.7 |12.4| 995 [15.4
left mandibular teeth (girls). 17.3 (35439 [6.5]89.8 [9.5 |96.8 [12.5]/99.6 [15.5
Tooth Stages 18.0 [3.6 [ 45.2 [6.6 [90.2 [9.6 |96.9 [12.6]99.6 [15.6
olAIBIcIDIETETGIH 18.8 |3.7 | 46.7 |6.7 | 90.7 |9.7 | 97.0 [12.7] 99.7 (15.7
M2  10.012.713.916.9/11.1/135/14.2[14.5/15.6 19.5 3.8 |148.0 |6.8|91.1 |9.8 |97.1 |12.8|99.8 [15.8
M1 00/45162190(14.0[16.2 20.3 3.9 495 |69 [91.4 [9.9 |97.2 |12.9]99.9 [15.9
PM2 10.0/1.813.416.5/10.6/12.7/13.5/13.8/14.6 21.0 |4.0 |51.0 |7.0 | 91.8 |10.0| 97.3 |13.0|100.0 16.0
PM1 00[3.7175 111.8/113.1113.4]14.1 21.8 {41529 |7.1|92.1 [10.1]|97.4 |13.1
C 00/381731103/11.6/12.4 225 (4.2 |555 |7.2 923 |10.2]97.5 |13.2
12 00/32156180(12.2[14.2 23.2 |43 |57.8 |7.3|92.6 [10.3]|97.6 |13.3
11 00124151193 [129 24.0 |44 |161.0 |7.4 929 |10.4|97.7 |13.4
248 |45 (650 |75]93.2 [10.5|97.8 {13.5
256 |46 |68.0 |7.6 | 93,5 [10.6|98.0 {13.6
264 (4.7 | 718 |7.7 |93.7 [10.7|98.1 ({13.7
272 148|750 |7.8|94.0 (10.8|98.2 ({13.8
280149 (770 |79 |94.2 (10.9|98.3 {13.9
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28.9 |5.0 | 78.8 |8.0]945 |11.0/98.3 |14.0

In their study, the authors concluded that male subjects

29.7 151 [80.2 |8.1]94.7 |11.1|984 141

were advanced at all stages of all six teeth except for the

30.5 (5.2 812 |8.2]94.9 |11.2|985 |14.2

later stages of formation of the third molars. Other than

31.3 5.3 [82.2 |83]951 |11.3|98.6 |14.3

the third molar, the sex difference in age increased with

32.1 541831 84953 |11.4|98.7 |144

the successive stages of mineralization. The mandibular

33.0 [55[84.0 |85]954 |11.5/98.8 |145

canine showed the greatest difference. The difference

34.0 |5.6 | 84.8 |8.6|95.6 |11.6|98.9 |14.6

was progressively less for each tooth farther away from

35.0 [5.7 1853 |8.7]95.8 |11.7|99.0 |14.7

the canines. Variability was greater among the males

36.0 [5.8 86.1 |8.8]96.0 |111.8]99.1 |14.8

than females for the incisors and canines at all stages.

37.0 |59 ]86.7 |8.9]96.2 111.9]99.1 |14.9

The centile curves were plotted exponentially. This
signifies that as the maturity score on Y-axis increases
the age of the person also increases on the X- axis. The
centile curves were not symmetrical at either end. The
centile lines have visible space between each other. The
centile lines also showed symmetrical distribution upto
seven and half years of age in both genders.

This study was based entirely on French Canadian
population. The dental maturity score for given
chronological age may well be greater or less for other
populations, according to whether they are dentally more
or less advanced during growth. The author says it seems
reasonable to assume however that the pattern of
development of teeth will not vary very much in different
populations. The author therefore recommends that this
maturity system can be used as valid measuring tool
universally.

D. L. Anderson, G. W. Thompson, F. Popovich
(1976)”2 used mineralization stages of all teeth
including third molars of all four quadrants. It was
scored by using the method of Moorrees, Fanning and
Hunt (1963)! using lateral cephalographs from the age
of three to eighteen in one hundred and twenty-one boys
and one hundred and eleven girls of Anglo-Saxon origin.
When there was one stage change from one record to the
next, it was calculated that the change had taken place
halfway between the first and second records. The
midpoint between the chronological ages of the first and
second records was taken as the age of the first
appearance of that particular tooth stage. When there was
a two-stage change between records, the interval
increment was taken as one third of the difference
between the first and second records. In this way it was
possible to derive a chronological age for the first
appearance of two different stages for any tooth. The
same method was used when there were several stage
changes between records. The mean age and standard
deviation for each available stage of mineralization of
each of the sixteen teeth was determined for each sex.

Teeth with similar ages of mineralization in order from
youngest age to oldest were first molars, mandibular
incisors, maxillary incisors, canines and premolars,
second molars and third molars for the male subjects.
The order of mineralization for female subjects was
incisors and first molars, canines and first premolars,
second premolars, second molars and third molars.

The gender differences in variability of age were greatest
for the first premolars. The male and female subjects
were similar in variability of age for the first molar
stages from seven to twelve, but variability was greater
among males at stages thirteen and fourteen. The male
and female subjects were similar for the second molars,
but variability of age of the third molars' stages tended to
be greater among the females.

When gender is unknown, the stages of the canines
would be the least accurate for age determination
because the sex differential in age is greatest for these
teeth. More accurate age estimation can be achieved by
choosing teeth that show the least variability in age. The
mandibular central incisor and first molar showed the
least variance.

Balwant Rai and S.C. Anand (2006)! conducted a
study to determine the accuracy of five methods of dental
age estimation. The study included panoramic
radiographs of seventy-five healthy individuals (forty
boys and thirty-five girls) aged between five to fourteen
years. The panoramic radiographs were assessed to
determine the developing stages of teeth according to
Nolla (1960), Haaviko (1970), Demirjian (1973),
Williams (2001) and Cameriere (2006) methods. Dental
age for each method was compared with chronological
age for each subject. The significance of the difference
between chronological and dental age was tested using
Student’s t-test (SPSS 7.0).

Table 6: Mean accuracy of estimated dental age (in
years) for each method for children aged 5-14 years.

Sr

No Methods Sex |N [Mean | S.E. | S.D.

1 |Nolla (1960) 40 [ 0.29 [+0.07 [+0.44

35| 0.27 |+0.08 |+0.40

35| 0.12 |+0.03 |+0.15

40 | 0.18 |+0.07 |+0.45

3 |Demirjian(1973) 35 0.15 |£0.00 |20.44

40 | 0.25 |+0.03 |+0.18

4 |Williams (2001) 25 [ 0.24 |£0.04 |20.20

40 | 0.20 |#0.05 |+0.31

5 |Cameriere(2006)

iR

35| 0.18 |+0.04 |+0.20

Williams (2001) method was found to overestimate age
with a mean accuracy of 0.25 year and standard
deviation of + 0.18 for males. The mean accuracy for
females was 0.24 year and standard deviation of + 0.20.
The difference between chronological age and estimated
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dental age for both males and females was significant
and showed p<0.01. Accuracy using William’s method
was better for males. William’s method was found out to
be most accurate followed by Haavikko (1970) method
which yielded a mean estimation of 0.13 years with
standard deviation £ 0.25 for male subjects. The mean
accuracy for females was 0.12 year and standard
deviation of £ 0.15 for female subjects. The accuracy
between male and female was significantly different with
p<0.01 followed by Cameriere (2006) method which
yielded a mean estimation of 0.20 with standard
deviation +0.31 for male subjects. The mean accuracy
for female subjects was 0.18 years with standard
deviation of +0.20.The accuracy between male and
female subjects were significantly different with p<0.01.

Nolla (1960) yielded a mean estimation of 0.29 with
standard deviation £ 0.44 for male subjects. The mean
accuracy for female subjects was 0.27 years with
standard deviation of £ 0.40. Nolla’s method showed
significant difference from chronological age with
p<0.01. Demirjian (1973) method vyielded a mean
estimation of 0.18 with standard deviation + 0.45 for
male subjects. The mean accuracy for female subjects
was 0.15 years with standard deviation of + 0.44.this
method showed no significant difference between male
and female subjects. The results of student’s t-test
showed William’s method was the most accurate,
followed by Haavikko, Cameriere, Nolla and lastly
Demirjian.

Abou El-Yazeed, Abou Zeid, Tawfik W. (2008)24
studied three hundred and seventy- eight Egyptian
subjects (one hundred and eighty-six were boys and one
hundred and ninety-two were girls) to estimate dental
maturation norms of permanent dentition. The samples
were divided into nine groups.

1) Firstgroup : - Six years to less than Seven years

2) Second group: - Seven years to less than Eight years
3) Third group : - Eight years to less than Nine years

4) Forth group : - Nine years to less than Ten years

5) Fifth group : - Ten years to less than Eleven years

6) Sixth group :- Eleven years to less than Twelve years
7) Seventh group:- Twelve years to less than Thirteen
years.

8) Eight group:-Thirteen years to less than Fourteen
years
9) Ninth group:- Fourteen years to less than Fifteen years

The dental calcification was rated according to Nolla's
(1960) technique in which eleven stages of calcification
(1 to 10) were described for each tooth. In order to obtain
an appraisal of the development of a particular tooth, the
radiograph was matched as closely as possible with the
comparative figure. When the radiograph reading lay
between two grades, this appraisal was indicated as the
value of 0.5. When the radiograph showed a reading that
was slightly greater than the illustrated grade, but not as
much as halfway between that stage and the next, the
value 0.2 was added. When the development was slightly
less than the grade indicated, the value of 0.7 was added.
After assigning the grade to each tooth, data for all teeth
were summarized to gain the average level of the tooth's
development at each age for boys and girls separately
both for maxillary and mandibular arches. Statistical
analysis and interpretation were done using SPSS
program version 11 of UCLA (University of California
at Los Angeles).

The central and lateral incisors showed significant
differences for girls while for boys the significance was
shown only in group I and IV. The canines also showed
significant difference throughout most age groups for
both sexes however it started earlier in females. As
regards the premolars, the first premolars showed no
significance in all age groups for both sexes, while the
second premolars showed sporadic significance in
different age / sex groups. The first molar showed a
significant difference only in the first group in both sexes
and second group of females. Significant difference for
the second molar appears only in first group in females
and in third group in males. The third molar showed
significant difference in third and fourth groups in
females and only in the third group in males.

The means and standard deviations of the sum of
developmental scores for all maxillary and mandibular
teeth (excluding the third molars) and their combined
total scores were calculated (Table # 7 & 8).

Table 7: Nolla’s scores for maxillary and mandibular teeth of egyptian boys and girls (excluding third molars).

Age Group Mean + S.D. (Girls) Mean + S.D. (Boys) Mean = S.D. (Both)

Maxillary | Mandibular | Maxillary | Mandibular | Maxillary | Mandibular

I 451+ 2.7 47.1+28 441+16 | 4494337 |92.2+5.2 | 89.0+4.7

1 54.8 £ 1.8* 56.4+29 |522+3.1%7 | 54.1+4.0 |111.3+4.5 | 106.3 +6.8}

1"l 58.8+2.9 59.5+4.0 |55.7+2.3*7| 57.3+3.2 |118.2+46.3 | 112.945.1}

v 62.2+2.7 62.2+2.1 |59.8+1.21 | 60.5+2.51 |124.9+4.6 | 120.3 +2.9}

vV 64.2 £ 2.9* 64.8+2.9 63.6+27 | 63.7+25 |1289451| 127.4+5.1

VI 66.7+1.9 66.9+1.6 65.3+2.8 | 65.5+1.7f |133.5+3.3 | 130.9 £3.9+

\il 67.6+2.3 67.8+19 |66.2+15f | 66.6+1.5f |135.3+4.2 | 132.8+2.6}

Vil 68.2+1.5 69.0+ 1.0 675+14 | 67.6+24f |137.2+1.2 | 135.2 2.7}

IX 68.4 £ 1.3* 69.3+0.6 68.1+3.3 | 68.5+0.8f |137.7+1.6 | 136.6 +3.5¢
*Denotes significant difference between upper and lower scores at P < 0.05

+ Denotes significant difference between males and females at P < 0.05
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Table 8: Nolla’s scores for maxillary and mandibular teeth of egyptian boys and girls (including third molars).

Age Group Mean £ S.D. (Girls) Mean £ S.D. (Boys) Mean £ S.D. (Both)
Maxillary | Mandibular | Maxillary | Mandibular | Maxillary | Mandibular
I 451+£29%| 471+28 | 441+16 | 449+33% | 92.2+£52% | 89.0+4.7
1 55.0+2.0%| 56.7+3.2 | 53.1+3.5*r| 55.0+5.0 | 111.7+5.0 | 108.1+8.3
1"l 50.7+3.8 | 61.5+51 | 57.1#33*f| 59.8+43 | 121.2+7.8 | 1169+7.1
v 63.7+35 | 647+29 | 624+28 | 63.3+27 | 1284+6.1 | 1257144
vV 67.3+45 | 683+32 | 67.1+36 | 67.1+38 | 1356+7.2 | 1341+7.1
VI 70.7+33 | 70.9+35 | 69.0+4.1 | 69.6+30 | 1416+6.5 | 138.6+6.4
VI 72.7+44 | 729+38 | 70.0£3.3f | 70.7+3.3}f | 145.6+7.9}| 140.8+5.9
VIII 744+24 | 756+22 | 734+16 | 73.7+3.0f | 150.0+3.5 | 147.1+3.0
IX 754+38 | 76.6+13 | 747+33 | 7484211 | 152.0+4.4 | 1495+3.8
*Denotes significant difference between upper and lower scores at P < 0.05
1 Denotes significant difference between males and females at P < 0.05

This study clearly shows the advancement in
development of lower teeth over upper ones individually
and collectively.

Rajan S.Y, Nandita Mathur, Prabhuraj B. Kambalyal,
Vikas Punia (2010)®!studied the developmental stages
of mandibular third molar for age estimation. Their study
included one hundred and eighty subjects in the age
group of eight to twenty-five years. The study population
was divided into six groups with a difference of three

years i.e.
Group | : - Eight to ten years
Group Il : - Eleven to thirteen years

Group Il : - Fourteen to sixteen years

Group IV : - Seventeen to nineteen years
Group V : - Twenty to twenty-two years
Group VI : - Twenty-three to twenty-five years.

Different stages of the tooth development were assigned
with grades and then converted into maturity score as
described by Demirjian’s method. The mean of the
maturity score for that particular stage of tooth
development was calculated and designated as Dental
Age for that respective stage of the tooth development
(Table # 9). The study observations were evaluated
statistically using student ‘T’ test.

Table 9: Comparison of chronological stage of third
molars development with actual age (in years).

Table 10: The mean of c.a. corresponding to the
different stages of third molar development.

Average C.A. in Average C.A. in
Stages
Years Years
(Males) (Females)
o] 10.2 11.0
A 10.0 10.8
B 12.0 13.0
C 12.8 12.5
D 15.0 14.3
E 16.1 15.6
F 17.5 17.1
G 19.0 20.9
H 22.3 22.0

C.A. :- Chronological Age

o Minimum Maximum Mean

ages age age

’ (In Ygears) (In Ygears) (Dental age)
0) 8.1 13.1 10.6
A 9.1 12.5 10.8
B 115 15.1 13.3
C 11.2 15.4 13.3
D 12.1 15.8 13.9
E 14.2 16.7 15.4
F 15.4 19.7 17.5
G 19.1 22.7 21.2
H 19.1 25.6 22.3

The study observations were evaluated statistically using
student ‘T’ test. The first objective of the study was to
evaluate the reliability of chronology of stages of the
tooth development in predicting the age of study
population. The outcome revealed that, the stages of the
tooth development are statistically significant.

The second objective of the study was to statistically
evaluate the significance of the dental age in male and
female participants of the study. The outcome reveals
that the chronological stages of third molar development
are statistically significant in all groups of the study
population except groups B and C. but the combined
result of these two groups yielded highly significant
results for a Dental age of 12.5 years.

The results were evaluated further to find out the
specificity of study results. This was evaluated by
comparing the score of each chronological stage with
rate of incidence of rarities and absence of the tooth. The
outcome of the evaluation indicates that, the study results
are highly specific as the rate of incidence of any
particular stage of tooth development is uncommon in
other age groups. The study results were significant for
the entire group but for stage ‘F’, as the rate of incidence
of stage ‘F’ in the age groups other than expected group
was 20%.
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DISCUSSION

The radiological methods are the most convenient among
all the methods used for age estimation. It doesn’t
require tooth extraction and preparation like biochemical
and histological methods. The radiological methods are
fast and non-invasive whereas histological methods are
time consuming. Different age estimations methods are
used and they give us information about the sequence of
development and the estimate of time period at which
these events occur. As stated by Ciapparelli L.." the
calcification of teeth varies from individual to individual
and population to population. Due to the variability of
developmental status of dentition in each individual, the
reliability of any method depends upon its careful
selection. The method should be chosen wisely and
needed to be accommodated by the regional population.
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