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Abstract

Introduction: Age estimation is a preliminary step in the identification of an individual.
Itis a crucial and often most critical step for forensic experts. The assessment has been
standardized utilizing common dental diagnostic x-rays, but most such age-estimating
systems are European population-based and their applicability has not been determined
in the context of the Indian population. Aims and Objectives: To assess the applicability
and to compare the methods of dental age estimation by Demirjian’s method and the
same method as modified by Willems (i.e. the Willems method) in Indian children of
the National Capital Region (NCR). Also, to find a correlation among skeletal maturity
using the Cervical vertebrae maturation index (CVMI), dental maturity, and chronological
age in the same population. Materials and Methods: This cross-sectional study was
conducted using dental radiographs of 70 orthodontic patients (37 males, 33 females)
in the age range 9-16 years selected by simple random sampling. pantomogram were
used to estimate dental age by Demirjian’s method and the Willems method using their
scoring tables. Lateral cephalograms were used to estimate skeletal maturity using
CVMI. The latter was compared with Demirjian’s stage for mandibular left second molar.
Results: Overestimation of age among males by 0.856 years and 0.496 years was found
by Demirjian’s and the Willems methods, respectively. Among females, both the methods
underestimated the age by 0.31 years and 0.45 years, respectively. Demirjian’s stage G
corresponded to CVMI stage 3 in males and stage 2 in females. Conclusion: In our study,
the Willems method has proved to be more accurate for age estimation among Indian
males, and Demirjian’s method for Indian females. A statistically significant association
appeared between Demirjian’s stages and CVMI among both males and females. Our
study recommends the derivation of a regression formula by studying a larger section of
the Indian population instead of applying the European system of age estimation directly
to the Indian scenario.
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situations or mass disasters but also for living individuals

in medicolegal/criminal cases such as rape, child labor,

child marriage, and accidents in cases of legal immigrants.
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In a forensic situation, age estimation is a preliminary
step in the identification of an individual. Dental records
when properly maintained with complete data can
help identification, e.g. through radiographs [such as
pantomogram and lateral cephalograms], casts, and
prostheses.

There are various age-estimating systems available for the
determination of chronological age, dental age, skeletal
age, and sexual age. Ideally, age estimation should be a
conclusion of the critical outcome of all the available possible
data put into the systems and considered separately, if the
forensic situation provides enough such evidence. Often,
dental age estimation is considered superior owing to its
lower variability, the ease of the procedure, and especially
when the availability of other evidence/remains is scarce.

There are various methods of dental age assessment, some
based on clinical eruption, such as Bean! 1914, Beik? 1913,
Cateli® 1928, Norms derived from Logan and Kronfeid’s
data™ 1933, Schour and Masler®® 1940, Hurme’s!®! 1946,
Clements, Davies Thomas and Pickett’s”! 1957, Nanda!®!
1960, Steggerda and Hill® 1942, and Stones et al.'” 1951.
Others are based upon association between emergence and
root formation, such as Brauer and Bahador™ 1942, Gran
and Lewis!'? 1957, Gleiser and Hunt™! 1955, Gron"4 1962,
Haaviko!" 1970, and Shumaker and El Hadary!"! 1960.

Demirjian’s!"”l method of age assessment is a popular
method, as it considers the developmental stages of
teeth, which are less likely to be affected by endocrinal,
systemic, or other factors that affect the eruption of teeth,
but it is based only on a French-Canadian population. On
the other hand, Willems®! modified the scoring system of
Demirjian’s!"”! method for a Belgian population by using
weighted analysis of variance (ANOVA).

The different stages of tooth development, i.e. dental
maturity, have been widely investigated” as an indicator
of skeletal maturity. The cervical vertebrae maturation
index (CVMI) is one of the easiest and most commonly
used skeletal maturity indices. To find out the same, skeletal

Figure 1: pantomogram exhibiting teeth in various stages of
calcification

maturity using CVMI has been assessed in our study to find
a correlation with dental maturity.

To the best of our knowledge, no studies had been conducted
for age estimation on the population in the Faridabad district
of Haryana, India. In our study, we used both the Demirjian’s
and the Willems methods to find their applicability for an
Indian population. In addition, CVMI was used to find a
correlation between skeletal and dental maturity.

Materials and Methods

In this cross-sectional study, panoramic and lateral
cephalogram radiographs of 70 patients (37 males,
33 females) were obtained from their pretreatment records
after visiting the Department of orthodontics at the Sudha
Rustagi College of Dental Sciences and Research, Faridabad,
India. The study sample was selected by simple random
sampling.

The patients included were 9-16 years of age, with normal
overall growth and development, absence of any congenital
anomalies or bone lesions, no systemic illness, and no
previous extraction of permanent teeth.

Evaluation of dental maturity and dental age on
pantomogram

For estimation of dental age, left mandibular teeth were used
from central incisor to second molar.!"”! Teeth calcification
statuses as seen on OPG [Figure 1] were rated according to
the index described by Demirjian et al.'” [Figure 2], and each
tooth was assigned a letter between “A” and “H.”

The scores were added to obtain a dental maturity score,
which was later converted to dental age using the tables
given by Demirjian et al.”! The dental age thus obtained was
termed Demirjian’s age!"”! (DA). Similarly, dental age was
also estimated by the Willems method, using tables given
by Willems,"® and this age was termed Willems age (WA).

The Demerijian’s stage, i.e. between “A to H” for the
mandibular left second molar was also noted and termed
the Dental Index [Demerjian Index (DI)].

Evaluation of cervical vertebrae maturity on lateral
cephalogram
CVMI were evaluated by classifying the cervical vertebrae

Stage Characteristics

StageA Calcification of single occlusal points without fusion of different calcifications.

StageB  Fusion of mineralization points; the contour of the occlusal surface is recognizable.

StageC  Enamel formation has been completed at the occlusal surface, and dentin formation has commenced. The pulp chamber is curved,
and no pulp horns are visible.

StageD  Crown formation has by leted to the level of th junction. R ion has The pulp horns
are beginning to differentiate, but the walls of the pulp chamber remain curved.

StageE  The root length remains shorter than the crown height. The walls of the pulp chamber are straight, and the pulp homs have
become more differentiated than in the previous stage. In molars, the radicular biturcation has commenced to calcify.

StageF  The walls of the pulp chamber now form an isosceles triangle, and the root length is equal to or greater than the crown height. In
molars, the bifurcation has developed sufficiently to give the roots a distinct form.

Stage G The walls of the root canal are now parallel, but the apical end is partially open. In molars, only the distal root is rated.

StageH  The root apex is completely closed (distal root in molars). The periodontal membrane surounding the root and apex is uniform in
width throughout

Figure 2: Demirjian’s stages of tooth calcification
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into six groups according to their maturation stages as seen
on lateral cephalogram [Figure 3] using the classification of
Hassel and Farman®” [Figure 4].

Statistics

Statistical analysis was done using Microsoft Office Excel
2007 and SPSS software (version 15, SPSS Inc., Chicago,
IL, US). Descriptive analysis was done by determining
the means and standard deviation of the chronological
age [Table 1] and the estimated dental age [Tables 2 and 3]
for both males and females.

Instances of the difference between the chronological age and
the estimated dental age by both the methods (Demirjian’s
and Willems) were statistically tested by using the
student’s t-test [Tables 2 and 3]. The correlation between
chronological age and estimated dental age by the two
methods (Demirjian’s and Willems) was found using the
interclass correlation coefficient (ICC) [Table 4].

The dental and skeletal maturity was compared by using
Pearson’s Chi-square test [Table 5].

Results

Demirjian’s method

The mean age difference [Table 2] found using Demirjian’s
method was+0.856 years (SD=1.69) and -0.31 years (SD=1.55)
among males and females, respectively. The age difference
was statistically significant for males (P = 0.003) and
insignificant among females (P = 0.302).

Willems method

Themean age difference [Table 3] found using Willems method
was + 0.496 years (SD = 1.88) and -0.45 years (SD = 1.61)
among males and females, respectively. The age difference
was found to be insignificant among both males and
females, with P values of 0.085 and 0.173, respectively.

Comparison between the Demirjian’s method and the
Willems method

Statistically, nearly similar correlation was found among
males between the chronological age and the dental
age by both the methods (Demirjian’s and Willems). In
females, slightly higher correlation appeared between the
chronological age and the dental age by Demirjian’s method
than by Willems method [Table 4].

Stage Characteristics
Stage 1 (initiation)

Very significant amount of adolescent growth expected (80% to 100%). Cz, Cs, and Cs inferior vertebral body borders
are flat. Vertebrae are wedge-shaped. Superior vertebral borders are tapered posterior o anterior.

Stage 2 (acceleration) ~ Significant amount of adolescent growth expected (65% to 85%). Concavities are developing in the inferior borders of
C, and Cs. The inferior border of C is flat. The bodies of C; and C are nearly rectangular in shape.

Moderate amount of adolescent growth expected (25% to 65%). Distinct concavities are seen in the inferior borders
of C; and Cs. A concavity is beginning to develop in the inferior border of C. The bodies of Cg and C, are rectangular

Stage 3 (transition)

in shape.

Stage 4 (deceleration)  Deceleration of adolescent growth spurt. Small amount of adolescent growth expected (10% to 25%). Distinct
concavities in the inferior borders of Co, Ca, and Cs. Cs and C, are nearly square in shape.

Stage 5 (maturation)  Final maturation of the vertebrae takes place during this stage. Insignificant amount of adolescent growth expected
(5% to 10%). Accentuated concavities of inferior vertebral body borders of Ca, Ca, and Cy. Co and Cy are square
in shape.

Stage 6 (completion)  Adolescent growth is completed (itle or no growth expected). Deep concavities are seen in inferior border of Cz, Cs,
and Cs. Cs and Cs heights are greater than widths.

Figure 3: CVMI stages as described by Hassel and farman

Correlation between dental and skeletal maturity
Highly significant correlation between dental and skeletal
maturity (P < 0.001) was found among both males and
females. CVMI stage 2 showed a 66.6% correlation with DI
stage G in males and 100% in females. CVMI stage 3 revealed
100% correlation with stage G in males and 66.63% in
females. CVMI stage 4 showed a correlation of 50% with
stage G and H in males and of 60% with stage G and 30%
with stage H in females [Table 5].

Discussion

In forensic situations, OPGs and lateral cephalograms can
serve as useful tools for age estimation because of their easy
accessibility (being the common radiographic investigations
in any dental problem). Also, these cannot be manipulated
or tempered, and are very easy to preserve for record
maintenance. Moreover, ease of recognizing stages of tooth
development and availability were the practical reasons for
utilizing OPGs and lateral cephalograms to assess dental age.

Numerous studies have evaluated various age estimation
methods on populations abroad and found Demirjian’s
method to be the most reliable due to its accuracy and
precision.?” Studies revealed statistically significant
differences between chronological age and dental age, with
differences of 0.73 and 0.51 years,? 0.68 and 0.62 years,*
0.4 and 0.6 years,! and 0.25 and 0.23 years®*! among boys
and girls, respectively.

In the present study, a mean difference of 0.8 years in
males and 0.3 in females between the estimated dental and
chronological ages was found, but the age difference was
found to be statistically significant in males and insignificant
in females. Thus, in accordance with our study, Demirjian’s
method should not be applied to Indian males.

Demirjian’s method has good reproducibility® and is based
on the stages of tooth development, which are unaffected by

il

Figure 4: Lateral cephalogram showing CVMI stage 3
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Table 1: The mean and standard deviations of age for hoth
males and females

Gender N% Mean (SD) P
Males 37 13.62 (2.17) 0.23
Females 33 14.31 (2.62)

Total 70 13.949 (2.40)

SD: Standard deviation

Table 2: The comparison between chronological age and dental
age estimated by Demirjian's method in males and females

Gender Mean Demirjian’'s  Mean age P
chronological age age (SD) difference

Males 13.62 14.47 (1.69) 0.856 0.003

Females 14.31 13.99 (1.55) —0.31 0.302

Table 3: The comparison between chronological age and dental
age estimated by Willems method in males and females

Gender Mean Willems Mean age P
chronological age age (SD) difference

Males 13.62 14.11 (1.88) 0.496 0.085

Females 14.31 13.86 (1.61) —0.45 0.173

Table 4: An agreement between chronological age and dental
age using Demirjian's method and the Willems method

Gender ICC® (95% CI) ICC" (95%Cl)
Males 0.789 (0.58,0.89) 0.78 (0.58,0.89)
Females 0.80 (0.60.90) 0.77 (0.54,0.88)

ICC: Interclass correlation coefficient, ICC®: Agreement between chronological age
and dental age using Demirjian’s method, ICC": Agreement between chronological
age and dental age using Willems method, Cl: Confidence interval

Table 5: An association between dental index and cervical
vertebrae maturation index for both male and females

CcvmI | Males n (%) Females n (%)

DI — E F G H F G H

1 1 (33.33) 2 (66.66) 0 0 0 0 0

2 0 3(33.33) 6 (66.66) O 0 4 (100) 0

3 0 0 9 (100) 0 0 7(63.63) 4 (36.36)
4 0 0 5(50) 5(50) 1(10) 6(60) 3(30)

5 0 0 0 41000 0 1(25) 3 (75)

6 0 0 0 2(1000) 0 0 4 (100)
P value <0.001 <0.001

DI: Dental index, CVMI: Cervical vertebrae maturation index

systemic or endocrinal factors,!” thus making it a relatively
reliable study adopted for age estimation.

The Willems method is a modification of Demirjian’s
method and has been found to be more accurate!™ than
the latter. Willems et al.,"® modified Demirjian’s method by
creating new tables, from which a maturity score could be
directly expressed in years. This made the method simpler,
yet retaining the advantages of Demirjian’s technique.
Also, the Willems method reduced the overestimation of
dental age, which was not statistically different from zero
in a Belgian population.'® Maber ef al.,*! also found the

estimated dental age by using the Willems method to be
more accurate than Demirjian’s method. Thus the former
became a second method of choice for age estimation.

Using the Willems method, our study revealed an
overestimation of age by 0.4 years among males and an
underestimation of 0.4 years among females. The age
differences among both males and females were found to
be statistically insignificant, thus the Willems method is
applicable to both Indian males and females.

A statically higher correlation between the dental age and
the chronological age by Demirjian’s method was found
among females, therefore, we consider Demirjian’s method
over the Willems method for the estimation of age in Indian
females.

Although both the methods (Demirjian’s and Willems)
revealed a similar correlation with chronological age
in males, but the age difference between chronological
age and estimated dental age by Willems method was
insignificant. Therefore, the Willems method is considered
over Demirjian’s method for the estimation of age in Indian
males.

Various studies®**! have reported high correlations
between the stages of tooth calcification and skeletal
maturity indicators, which would probably allow the
forensic odontologist or dentist to assess age using
lateral cephalograms also. On the other hand Lewis and
Garn,P* Garn ef al.,B" and Tanner® reported insignificant
correlations.

There are many studies that have used the mandibular
canine or the third molars for dental age assessment,-*
but these have a few limitations. Root formation and apex
closure of mandibular canines are completed by 13 years
of age, but active skeletal growth is exhibited till the 16-17
age range in children.” The third molars are common
congenitally missing teeth in human dentition.”® Thus,
these teeth are less reliable for age estimation.

In our study, the mandibular second molars were used to
assess dental maturity, as its development continues for a
long period and apex closure occurs by the age of 16 years
in normal children.®® In addition, the estimation errors are
less frequent in the mandibular molars than in the maxillary
molars as maxillary molar roots generally overlap with
anatomic structures such as the zygomatic arch, maxillary
sinus, or inferior border of zygomatic process, which makes
the observation of roots difficult.??%1

Studies®#*31 have exhibited that CVMI stages appear
earlier in girls than boys,*™ and a similar trend was seen
in the present study as well. It revealed a statistically
significant correlation between CVMI and DI in both males
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and females. The DI stage G corresponded to CVMI stage
3 in males and stage 2 in females.

The significant finding in our study was the correlation
between the DI stage G and CVMI stage 3 in males and
stage 2 in females. It implies that the lateral cephalograms
can also be used to help assess the dental maturity and thus
give an idea of the age of an individual.

The limitation of the present study includes limited sample
size, which is why further study is recommended to find
better correlation between the skeletal, chronological, and
dental ages. Further, the study recommends the derivation
of the regression formula separately for males and females
by studying a larger size of the Indian population instead
of applying European systems of age estimation directly to
Indian children and adolescents.

Conclusion

The Willems method estimated age more accurately in
Indian males, while Demirjian’s method appeared more
accurate in Indian females in the NCR. Correlation between
the skeletal maturity and the dental age was reflected by
the association of DI stage G with CVMI stage 3 in males
and 2 in females.
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