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ABSTRACT

Background: Dental age estimation using radiographic
methods have gained considerable attention in the recent past.
Although several such methods exist, Demirjian’s method and
Willems’ method are very popular and have been used
extensively. Whether these methods are applicable to the
Indian population is not known.

Methods: A search of Pubmed, Embase and Google Scholar
search engines was done using specific keywords to identify
studies using Demirjian’s and Willems’ methods in the Indian
population. Studies published up to July 2018 were considered,
and after thorough review, 20 eligible studies were identified.
Meta-analysis of data obtained from these articles was
conducted on 3668 children for Demirjian’s method and 3144
children for Willems’ method. The weighted mean differences
for both of these methods at 95% confidence intervals were
assessed to identify the accuracy of each method in predicting
the chronological age.

Results: Demirjian’s method was found to consistently
overestimate the age in Indian population, irrespective of the
gender. The overestimation was in the order of few months.
Willems’ method resulted in underestimation of the age,
although this was comparatively minimal in the order of 30 to
40 days.

Conclusion: Willems’ method produced more accurate age
which was very close to the chronological age, both in boys and
girls. In contrast, Demirjian’s method suffered from marked
overestimation. Willems’ method appears to be more suited to
use in the Indian population.

INTRODUCTION

Age estimation in forensic odontology has received
considerable attention in the last few decades. Various age
estimation methods have been proposed in the past, although
only a few of these have gained widespread acceptance. A wide
range of criteria have been used for dental age estimation.
Some rely on histological characteristics in the teeth, while
many others rely on information obtained through radiographs.
The radiographic methods have a distinct advantage since the
technique is less invasive and can readily be used in live or dead
subjects. Radiographic methods of dental age estimation
include Demirjian’s method, Nolla’s method, Willems’ method,
Kvaal’s method, etc.r However, most of these methods rely on
the degree of mineralization of the developing teeth, and
accurate age estimation up to only around 21 years of age (the
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age at which most 34 molars completely
mineralize) is possible. Considering that forensic
age estimation is mostly used for determining the
age of minors for legal purposes, these
radiographic methods are still very relevant in
spite of this apparent limitation.

Among the various methods of radiographic
dental age estimation, Demirjian’s method? and
Willems’ methods are more commonly used. A
quick literature search will reveal numerous
studies using either of these two methods.
However, many such studies have noticed that
these age estimation methods are not applicable
worldwide and need further adjusting to suit the
population under investigation.4 Population
specific standards are therefore important. Since
the original Demirjian’s method and Willems’
method were introduced based on French-
Canadian and Belgian study populations
respectively, their applicability to the Indian
population needs to be verified. Various studies
from different parts of India have been reported
using these two age estimation methods in the
past. Therefore, a systematic collection of studies
published from India that used either or both of
these age estimation methods was conducted,
tollowed by a meta-analysis of the data.

METHODOLOGY

Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines
were followed.s A research question following the
PICO framework was first prepared as follows: Is
Demirjian method (intervention) more accurate
in estimating the age (outcome) when compared
with Willems method (comparison), in Indian
children (population)? This systematic review is
registered with PROSPERO International
prospective register of systematic reviews with
the registration number CRD42018110536. The
protocol can be accessed here: http://
www.crd.york.ac.uk/PROSPERO/
display_record.php?ID=CRD42018110536

The literature search was performed using
specific keywords (Demirjian, Willems, age
estimation, children) in different combinations in
Pubmed, Embase, Google Scholar, and Google
search engine. The keywords were intentionally
picked to be as inclusive as possible in order to
ensure that no relevant study would be missed
out. An example of a search strategy used in
Pubmed database is as follows: Demirjian{ All
Fields] OR Willems[All Fields] AND "age
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estimation"{ All Fields]. Websites of known forensic
odontology journals were also visited and the
archives searched using the same keywords. Cross
references from the included studies were also
searched. Only studies published in English
language up to July 2018 were included.

Studies were included if they met the following

criteria:

* Original research studies (cross-sectional or
non-cross-sectional in design)

* Studies using either or both the original
Demirjian’s method (1973) or original Willems’
method (2001

* Study relevant to the research question

* Full reports only (abstracts or conference
proceedings without full report were not
included)

* Study participants only less than 18 years of age
(those that included subjects beyond this age
were also considered for inclusion only if they
provided data according to different age
groups)

* Study population belonging to India

Studies were excluded if:

* the population being studied did not belong to
India

* the population being studied was medically
compromised or with developmental anomalies

* modified Demirjian’s or Willems’ methods were
used exclusively

* the data provided was insufficient to compute
statistics [mean, standard deviation (SD) and
sample size were not provided]}

* the language of publication was other than
English

Both reviewers (HP and NK) extracted essential

data from all the 20 selected studies,

independently, in a Microsoft Excel sheet. The
data that were extracted included first author
name, year of study, place of study, age estimation
methods used, sample sizes, chronological age of
the study population (mean and standard
deviation), and dental age of the study population

(mean and standard deviation). Wherever

available, the dental and chronological ages were

also recorded according to gender.

Based on the data tabulated from the selected

studies, the following comparisons were done:

* Mean difference in dental age (DA) versus
chronological age (CA) using Demirjian’s
method

* Mean difference in dental age (DA) versus
chronological age (CA) using Willems’ method
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The quality of the included articles was assessed
independently by another reviewer, using
QUADAS-2 (Quality Assessment Tool for
Diagnostic Accuracy Studies). QUADAS-2 uses a
set of questions divided under four domains
(patient selection, index test, reference standard,
and flow and timing) to assess the risk of bias and
applicability of each included study. All included
studies were found to have a low risk of bias.

STATISTICAL METHODS

The above outcomes were assessed
independently for the entire population, for boys
and for girls. Mean difference (MD) with 95%
confidence interval (CI) and p-values were
calculated for the data extracted, using Cochrane
RevMan vs5.3 software. Tau and I2 test were
performed in all the datasets to evaluate the
heterogeneity of the samples, based on which
either a random effects model or a fixed effects
model was used to compute the MD and CI. An
I> value greater than 50% or a significant Tau
value (p < 0.05) was considered suggestive of a
heterogenous sample, and random effects analysis
was used in such cases. For samples that were
homogenous, a fixed effects model was used to
determine the MD.

RESULTS

Our initial search resulted in the identification of
140 potentially valid citations. After duplicates
were removed (n=64), we were left with 76
citations. Full texts of these 76 citations were
accessed and both the reviewers (HP and NK)
went through the methodology in each of them
to assess their validity for inclusion in our study.
This screening resulted in the exclusion of 42
records, since they used either revised
Demirjian’s or revised Willems’ methods or
because the study population was not from India.
From the remaining 34 citations, another 14 had
to be finally excluded because they did not
provide enough data (mean, SD and sample size
were not provided) for inclusion in the meta-
analysis. The final number of eligible citations
was 20 (Fig 1).726

Five$91417.18 out of the 20 included studies had
data for both Demirjian’s method and Willems’
method, nine7ro13:151619.20 had data for Demirjian’s
method only, and six226 had data for Willems’
method only. Out of the 14 studies that had used
Demirjian’s method for age estimation, only 10
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73150709 had gender specific data. Similarly, out
of the 11 studies with Willems method of age
estimation, only 1089.14.7.2126 had gender specific
data. A summary of important findings from the
included studies is given in Table 1. Most studies
reported that Demirjian’s method significantly
overestimated the age in their sample.

Figure 1. PRISMA flowchart

Records identified through search of databases|
- 140

Irrelevant citations, duplicates, reviews
removed - 64

Records screened - 76

Modified Demirjian's or Willems methods, study
population not conforming to inclusion criteria - 42

Records remaining after screening process - 34

Insufficient data - 14

Final number of eligible records - 20

Meta-analysis was performed on the 20 included
studies with the data extracted. Age estimation
using original Demirjian’s method was done in a
total of 3668 children whose chronological age
was between 4 and 18 years. Of these, gender
specific data was available for 1722 boys and 1426
girls. The pooled sample size for age estimation
using Willems method was 3144 children ranging
from § to 17 years in chronological age. Gender
specific data was available for 1617 boys and 1415
girls in this population. It was found that the data
for Demirjian’s age estimation were considerably
heterogenous, so a random effects model was
used to compute MD. Data for Willems age
estimation were more homogenous, and hence a
fixed effects model was used to compute MD for
these values.
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Table 1. Key findings of all included studies
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1 3
Stud}.r Age estimation Sample details Age Key findings and
Study population A
from methodsused | o 1| Male  Female  Fange conclusions
Significant overestimation by
Demiriian's o Demirjian's method was
Chandramohan 20187 | Karnataka ) 200 | 95 10§ noticed in all age groups. A
method 16
correction factor of +/- 0.5 was
suggested.
Both methods showed
Demiriian's and overestimation of age, but
Grover 20128 Haryana e.m1r]1a'n S an 215 102 113 6 to 15 | Willems' method was more
Willems' methods P
accurate than Demirjian's
method in both genders
‘Willems' method was better in
Demirjian's and estimating the age of Indian
Gupta 2015° Haryana Willems' methods | 7° 37 33 91016 | les. Demirjian's method was
better for Indian females.
Demirjian method produced
o Demirjian's overestimation of dental age
Hegde RJ 2015 Maharashtra method 197 115 82 6 to 12 e D
girls.
Demirjian's
- All 4 methods produced
original and overestimation. Revised 7-
H u Rajasth i -tooth ’
egde S 2018 ajasthan ;(r:lx;se_ci gotttc})lot 1200 | 699 501 SO | method was most
me t;:o ds accurate of all.
Demirjian's method was more
] = Demirjian's accurate and consistent among
Jayaraj 2017 el method 30 5 5 Cltehs the 6-18 year old children living
in ore district.
Demirjiian's method was not
Demiriian' applicable in South Indian
Koshy 199813 Karnataka err}lllrgan s 184 93 91 5to 15 | children. Overestimation by
metho 3.04 years in boys and 2.82
years in girls was determined.
Demirjian's, Demirjian's method
Andh Willems', Nolla's overestimated age, while
Mohammed 20154 P o 4 ri and adopted 660 | 330 330 6 to 16 | Willems' underestimated. All
rades Haavikko's four methods were reliable in
methods estimating age.
Himachal Demirjian's Therewas good Cor'relatlon
Nanda 20175 100 49 5T 9 to 14 | between chronological age and
Pradesh method
dental age, especially in males.
estimation us
. Demirjian's Demirjian's method was found
16
Patel 2014 Cifjpent method 170 &5 & 4D to be accurate for the
population studied.
‘Willems' age estimation
Patel 201617 Gui Demirjian's and g p method proved to be more
5 ujarat Willems' methods | "°© 90 90 YO 17 | accurate and consistent than
Demirjian's method.
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Patnana 20148

Andhra
Pradesh

Demirjian's,
Haavikko's and
Willems' methods

102

NA

NA

6 to 14

Demirjian's method
overestimated age, while
‘Willems' underestimated.
Dental age estimation by
‘Willems' method found to be
most accurate.

Pratyusha 20179

Andhra
Pradesh

Demirjian's,
Cameriere's and
modified
Cameriere's
methods

60

30

30

9 to 14

Chronological age was close to
dental age in modified
Cameriere's method.

Sinha 201420

Uttar
Pradesh

Demirjian's and
Nolla's methods

300

150

150

6 to 15

Demirjian's method was
applicable to all age groups in
both genders with better
accuracy than Nolla's method.

Hegde 2016

Rajasthan

Willems' method
(original and
modified)

1200

699

501

5to 15

Original Willems method was
more accurate in estimating
age of boys, while modified
‘Willems was better in girls.
Both methods were

appropriate to use.

Kapoor 20172

Himachal
Pradesh

Willems' method

55

30

25

6 to 14

‘Willems method was more
accurate than skeletal age
estimation method. Willems
method can be accurately
applied to estimate
chronological age.

Mohammed 20142

Andhra
Pradesh

Willems' method

332

166

166

6 to 16

‘Willems method
underestimated age of males
by 0.69 years and females by
0.08 years. Willems method
can be used to generate dental
age in individuals with
unknown chronological age.

Priya 201524

Tamil Nadu

Willems' method

60

30

30

13 to
15

Underestimation was observed
when Willems method was
used, both in males and
females. Willems method may
be suitable in the studied
population.

Rajeev 2018%

Kerala

Willems' method

60

30

30

8 to 16

Significant correlation was
noticed between dental age
and chronological age. Willems
method was better applied for
males than females.

Sathawane 201726

Chattisgarh

Demirjian's 8-
tooth method and
Willems' method

210

103

107

7 to 16

Overestimation by Willems
method, and underestimation
by Demirjian's 8-tooth
method was observed.
However, both methods
showed close correlation with

chronological age.
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Meta-analysis of studies using Demirjian’s
method of age estimation

When the overall population of 3668 children
was considered, it was observed that most of the
studies showed an overestimation of age by
Demirjian’s method (Chronological age lesser
than Dental age; CA-DA in negative values). The
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study by Jayaraj et al.2 was significantly different
in that it reported a marked underestimation of
age by Demirjian’s method. The overall weighted
mean difference (WMD) was found to be -0.45
years, indicating that the Demirjian method
overestimated the dental age by nearly 5.5 months
as compared to the chronological age (Fig. 2).

Figure 2. Comparison of Demirjian's dental age with the chronological age of the entire population

Chronological Demirjian Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chandramohan 2018 138 145 200 1424 1.5 200 7.4% -0.44[0.73,-0.15] R
Grover 2012 1056 288 215 1116 28 215 71% -0.60[1.14,-0.06] |
Gupta 2015 13.949 2.4 70 14.244 1.632 70 68% -0.29[-0897, 0.38] —]—
Hegde RJ 2015 8731 182 197 8771 182 197 73%  -0.04[-0.40, 032 B
Hegde S 2018 10075 272 1200 11.44 008 1200 7.5% -0.69[0.84, -0.54] b
Jayaraj 2017 13.281 2.057 30 12.373 2.352 30 B1% 0.91 [-0.21, 2.03] E
Koshy 1998 9.899 0295 184 12976 1.308 184 7.4% -3.08[3.27,-2.88) >
Mohammed 2015 12.455 2335 660 1255 2798 660 7.4% -010[0.37,018] =
Nanda 2017 1152 1586 100 11.385 2111 100 7.2% 0.13 [-0.38, 0.65] e [
Patel 2014 11137 3.018 170 11.372 3052 170 7.0% -0.23[088 0.41) ==
Patel 2015 11.239 2839 180 11.812 2647 180 71% -0.57[1.15000] o]
Patnana 2014 1227 167 102 1281 181 102 7.2% -0.54[1.02,-0.06] = o
Pratyusha 2017 11.4 1.1 60 1185 1.73 60 7.2% -0.45[0.97 0.07] e
Sinha 2014 1094 288 300 1092 284 300 7.2% 0.02 [-0.44, 0.48] =
Total (95% CI) 3668 3668 100.0%  -0.45[-1.09, 0.20]

Heterogeneity: Tau®=1.45; Chi*= 609.42, df=13 (P < 0.00001); F= 98%
Testfor overall effect Z=136 (P=017)

In boys, it was found that the WMD was -0.74
years, suggesting that Demirjian’s method
overestimated dental age by almost 9 months in
male children. With the exception of Mohammed
et al.+ and Hegde et al.’o, all the remaining
studies individually reported similar
overestimation by Demirjian’s method (Fig. 3).

In girls, the difference between chronological age
and Demirjian dental age was comparatively less

-4 -2
Chronological Age DemirjianAge

than in boys. However, Demirjian’s method
still overestimated the dental age by almost 6
months in girl children (WMD = -0.51 years).
Similar findings were noticed in the
individual studies, although Gupta et al.9,
Nanda et al.s and Pratyusha et al.”9 reported
either an underestimation or no difference in
DA as compared to CA in female children
(Fig. 4).

Figure 3. Comparison of Demirjian's dental age with chronological age in boys

Chronological Age Demirjian Age

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chandramohan 2018 138  1.34 95 149 1.54 95 102% -1.10[1.51,-0.69] -

Grover 2012 10.27 28 93 1093 268 93 97% -066[1.45013] =

Gupta 2015 1362 2207 37 1447 169 37 96% -0.85[1.74,0.04] =

Hegde RJ 2015 8973 187 115 8969 1892 115 101% 0.00 [-0.48, 0.49] *

Hegde 5 2018 10.81 26 699 11.44 011 699 104% -063[0.82 -0.44]

Koshy 1998 989 031 184 131 123 184 104% -3.21[3.39,-3.03]

Mohammed 2015 12.53 24 330 1229 292 330 10.2% 0.24 [[0.17, 0.65] g

MNanda 2017 11.41 1525 49 11.575 2.009 49 99% -016[-0.87, 0.54] B

Patel 2015 10836 2.802 90 11.623 2.409 90 98%  -0.69[1.45 0.08] =
Pratyusha 2017 11.45 1:2 30 1168 1.79 30 98% -0.23[1.00,0.54] L

Total (95% Cl) 1722 1722 100.0% -0.74[-1.71,0.24] &>
Heterogeneity: Tau®= 2.38; Chi*= 557.79, df= 9 (P < 0.00001); IF= 98% _150 55 110

Test for overall effect: Z=1.48 (P=0.14)

L -

Chronological Ad

1
@
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Figure 4. Comparison of Demirjian's dental age with chronological age in girls

Chronological Age Demirjian Age Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chandramohan 2018 13.8 1.55 105 1428 146 105 104% -0.49[-0.90, -0.08) S|
Graover 2012 1081 2.94 113 11.37 29 113  96% -056[1.32,020] =3
Gupta 2015 1431 262 33 13989 155 33 8.8% 0.32[-0.72,1.36] b
Hegde RJ 2015 8.391 1.705 82 8491 1.686 82 10.2% -010[-0.62, 042 i B
Hegde 5 2018 1068  2.87 501 11.42 014 501 106% -0.74[-0.99,-0.49) =
Koshy 1998 991 028 91 1275 1.38 91 10.6% -2.84[3.13,-2.59) =
Mohammed 2015 12.38 2.27 330 1281 265 330 105% -0.43[-0.81,-0.05) =
MNanda 2017 11.63 1.654 51 11188 2.216 a1 9.6% 0.44 [[0.32,1.20] o
Patel 2015 11.541 3.055 90 12.001 2.867 90  9.3%  -0.46[-1.33, 0.41] o
Pratyusha 2017 11.34  1.01 30 1134 1.1 30 10.2% 0.00[-0.51,0.51] e
Total (95% CI) 1426 1426 100.0% -0.51[-1.23,0.21] R
Heterogeneity: Tau®=1.25; Chi®= 223.24, df= 9 (P < 0.00001); I*= 96% 54 12 D é j‘

Test for overall effect: Z=1.39 (P =0.16)

Meta-analysis of studies using Willems
method of age estimation

The overall sample size for Willems method of age
estimation was 3144 children.

We found that among the 11 studies that had
included Willems age estimation method, six
reported overestimation, while the other five
reported underestimation of dental age. The
weighted mean difference determined using
statistical methods was +0.09 years, indicating that
Willems method underestimated the dental age
by about 1 month (Fig. 5).

When boys were considered alone, the WMD
was +0.1I years, which suggests that there was an
underestimation by about 40 days using Willems

Chronological age Demirjian Age

method. Most of the studies included in the
meta-analysis had similar findings of marginal
underestimation or no difference in Willems DA
as compared to CA, except Mohammed et al., '+
who reported a marked underestimation in both
of their studies (Fig. 6).

Among girls, the WMD was almost o, which
suggested that Willems DA was as close as
possible to CA. Although some of the included
studies showed a much higher variation in
Willems DA, these studies had small sample sizes
and carried less weightage when the WMD was
calculated for the entire population (Fig. 7).

A summary of the findings of our meta-analysis is
given in Table 2.

Figure 5. Comparison of Willems dental age with chronological age in the entire population

Chronological Age Willems Age Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Graver 2012 10.86 28 215 1056 288 215 52% 0.30[-0.24, 0.84)
Gupta 2015 13.945 24 70 13892 175 70 31% -0.05[0.74, 0.65)
Hegde 2017 1075 272 1200 1084 283 1200 304% -0.09[0.31,0.13] —&—
Kapoor 2017 989 146 55 996 1.46 55 5.0% -007[-062 048]
Mohammed 2014 11.92 263 332 1153 291 332 84% 0.39[0.03 081) ) N - E—
Mohammed 2015 12,455 2335 660 12055 2736 660 199% 040[0.13 067] CEE T
Patel 2015 11.239 2939 180 11.286 2749 180 4.3% -0.06[-0.64,053]
Pathana 2014 1227 1.67 102 12.06 1.8 102 66% 0.21[0.27 069 e =
Priya 2015 13.82 0.805 60 14.08 1.506 60 8.0% -0.26[-0.69,017] . P
Rajeev 2018 11.7 2.2 60 11.2 1.8 B0 29% 050022 1.22) >
Sathawane 2017 11.83 2464 210 11863 2717 210 61% -013[0.63, 0.36] o
Total (95% Cl) 3144 3144 100.0% 0.09[-0.03,0.22] P

Heterogeneity: Chi*=15.46, df=10(P=0.12); F= 35%
Test for averall effect Z=1.48(P=0.14)

-05 0 05
Chronological Age Willems Age

-1
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Figure 6. Comparison of Willems dental age with chronological age in boys

Chronological Age Willems Age Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Grover 2012 1064 273 102 1064 273 102 52% O0.00[}0.75 0.79] 3 =
Gupta 2015 13.62 217 37 1362 217 37 3.0% 0.00[-0.99, 0.99]
Hegde 2017 10.81 26 699 109 266 699 38.1% -009[-0.37,0.19] ——
Kapoor 2017 97 1.27 30 1003 15 30 5.9% -0.33[1.03,0.37] D T
Mohammed 2014 1198 271 166 11.3 29 166 7.9% 069[0.09, 1.29] — =
Mohammed 2015 12.53 2.4 330 1184 273 330 18.8% 0.69([0.30,1.09 S T
Patel 2015 10,936 2.802 90 11.051 2.392 90  50% -0.12[-0.88, 0.65] .
Priya 2015 1379 0722 30 14.02 1.572 30 7.6% -023[-0.85 039 T
Rajeev 2018 11.28 1.9 30 1095 1.86 30 3.2% 033[-0.621.28)
Sathawane 2017 11.791 2,565 103 11.945 2757 103 55% -0.15[-0.88, 057] — =

Total (95% CI) 1617 1617 100.0% 0.11[-0.06, 0.28] ?
Heterogeneity: Chi*=17.81, df= 9 (P = 0.04); F= 49%
Test for averall effect: Z=1.27 (P=0.21)

4 05 0 05 1
Chronological Age Willems Age

Figure 7. Comparison of Willems dental age with chronological age in girls

Chronological Age Willems Age Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Grover 2012 11.06 286 113 1081 294 113  62% 0.25[051,1.01]
Gupta 2015 1431 262 33 1386 1.61 33 32% 045060, 1.50]
Hegde 2017 1068 2.87 501 1076 3.04 501 265% -0.08[-0.45, 0.29) =
Kapoor 2017 939 0493 15 989 1.43 15  4.8% -0.50[1.36,0.36)
Mohammed 2014 11.84 255 166 11.76 29 166 103% 0.08[0.51, 067
Mohammed 2015 1238 227 330 1227 273 330 242% 0.11[0.27, 049 =
Patel 2015 11.541 3.055 90 11.54 3.058 90 44% 0.00[-0.89, 0.89)
Priya 2015 13.85 0.892 30 1414 146 30 95% -0.29[-0.90,0.32)
Rajeev 2018 1207 235 30 11.47 1.7 30 3.3% 0.60[0.44, 1.64]
Sathawane 2017 11.868 2.374 107 11.98 2691 107 7.7% -0.11[0.79, 057)

Total (95% CI) 1415 1415 100.0% 0.00[-0.18, 0.19] ?
Heterogeneity: Chi*=5.24, df=9{(P=0.81); F=0%
Test for overall effect: Z=0.04 (P =0.97)

4 05 0 05 1
Chronological Age Willems Age

Table 2. Summary of key findings of our meta-analysis

Population Demirjian Willems

Boys Overestimation (0.74 years) Underestimation (o.11 years)

Girls Overestimation (0.51 years) Negligible difference

Overall Overestimation (0.45 years) Underestimation (0.09 years)
DISCUSSION
Growth is an important indicator of the health ubiquitously for several decades. Different
and nutritional status of an individual, skeletal age estimation methods include the
particularly a child. The physiological age, Greulich-Pyle (GP) Atlas method, the Tanner
therefore, is deemed to be more important than Whitehouse 2 (TW2) method and the Gilsanz-
the chronological age of an individual. The Ratibin (GR) Atlas method.2? However, it has
concept of physiological age is based on the been recognized that skeletal maturation is far
degree of maturation of various tissue systems.> more influenced by external environmental
Although many methods of physiological age factors and hormonal influences than dental
determination exist, skeletal age has been used maturation is. Therefore, interest in dental age
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estimation as a reliable method has been on the
rise in the past few decades.

Dental development and maturation, like skeletal
development and maturation, shows variations
between populations. Some of the commonly
used dental age estimation methods have been
proposed on the basis of standardizations derived
from non-Indian population data. It is therefore
questionable whether these methods hold good
for the Indian population. Hence, we performed
a systematic review and meta-analysis of all
published data that used two popular dental age
estimation methods (Demirjian’s method and
Willems’ method) in the Indian population.

The findings of our review suggest that the
original Willems’ method gave dental ages that
were very close to the chronological ages of the
subjects. Although Willems method
underestimated the age, especially in boys, this
underestimation was marginal. In contrast, the
original Demirjian’s method produced a
significant overestimation in the Indian
population. It is our opinion that the original
Willems method may be used for age estimation
for forensic or anthropological purposes in the
Indian population, if the levels of accuracy
reported here are acceptable.

Both Demirjian’s and Willems’ methods have
been revised in the past to improve accuracy of
age estimation. The original Demirjian’s method
uses seven mandibular teeth on the left side for
dental age estimation. Chaillet and Demirjian
modified the original method to incorporate the
use of 34 molars and published regression
formulae for dental age estimation.28 Acharya,
however, determined that this 8 teeth method
was also inaccurate for the Indian population,
and derived new regression formulae to suit the
Indian population.?9 Similarly, the original
Willems method used the seven mandibular left
teeth and had gender-specific data for dental
maturity scores. Willems et al revised the same in
the year 2010 and published new charts with
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