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ABSTRACT

Background: The Demirjian method is used in assessing the stages of growth and development of teeth to calculate a person’s
estimated age. In 1973, Demirjian identified the eight stages of tooth growth and development and their respective criteria.
Purpose: To analyze the validity of Demirjian’s method for estimating dental age among children aged 617 years old in Surabaya,
Indonesia. Methods: From August—October 2020, 162 panoramic radiographs of patients aged 6—17 years were taken at the radiology
department of Airlangga Dental Hospital. Data analysis was conducted using SPSS software for different tests, including a paired
t test. Results: Using the Demirjian method, there was no significant dissimilarity between chronological age (CA) and estimated
dental age (EDA) in the male group. However, a significant dissimilarity was found between CA and EDA in the female group.

Conclusion: Demirjian’s method can be used as a tool for estimating the dental age of males age 6-17 years old in Surabaya.
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INTRODUCTION

Indonesia is an archipelago of thousands of islands
connected by straits and seas located between the Asian
and Australian continents and the Indian and Pacific
oceans.! Indonesia is prone to natural disasters caused
by geographical conditions, climate and geology.? In the
case of a mass disaster, age estimation can simplify the
identification of victims and enable grouping by ages.’
An estimate of age can also be necessary for living
individuals involved in criminal or civil law cases, including
falsification of employment age, marriage, athletes, child
guardianship, immigration, or rape.* Legally valid evidence
of age is important to determine whether an individual is
legally a child or an adult, and there are differences in
legal and judicial processes for children and adults.’ Age
estimation is also valuable evidence when a birth certificate
does not exist or is in doubt.

The body parts that are generally used for age estimation
are skeletal and dental.® Skeletal maturation as a tool

for age estimation has limitations because age can only
be estimated within a certain range and with a large age
standard deviation. In comparison, teeth have several
advantages as an age estimation medium, including the
ability to estimate the age of an individual from prenatal
through to adulthood.”

Assessment of tooth growth and development can be
performed clinically or radiographically. The radiographic
method has advantages because it is easier than other
methods, is non-invasive, and can be performed on living
or dead humans. One of the radiographic methods used was
developed by Demirjian et al.® and groups tooth growth
and development into eight stages with their respective
criteria. The Demirjian method is used in assessing the
stages of growth and development of teeth to estimate
chronological age, but it can also be used to see how much
tooth development and growth has occured.’

In this study, panoramic radiograph images were used
to assess tooth growth and development via the Demirjian
method. Panoramic photos are easy to obtain and simple
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to perform, the dose of X-rays the patient is exposed to is
relatively low, and the photos can be used in patients with
trismus, are easier to apply to children, are relatively fast
and convenient, have minimal distortion, and provide an
overall picture of teeth and surrounding tissue.'®!!

Previous research on estimating dental age has found
that the Demirjian approach performs well in a variety of
populations. As Indonesia’s population has millions of
people from different cultural and religious backgrounds,
there is an urgent need for a reliable mechanism to identify
a range of victims in the event of a large-scale tragedy.'!
This study sought to evaluate the extent of applicability of
the Demirjian method for estimating the age of Indonesian
children and adolescents in Surabaya.

Prior to this research, there was no dental age estimation
method specifically for the Surabaya population and no
specific research on applying the Demirjian method in
Surabaya. The author carried out this research by adapting
an existing dental age estimation method. This study aimed
to analyze the accuracy of Demirjian’s dental age estimation
method for children aged 6-17 in Surabaya, Indonesia.

MATERIALS AND METHODS

This study was an observational analysis based on the
panoramic radiographs of a population of 162 Airlangga
Dental Hospital patients aged 6-17 years (80 males and
82 females) from the radiology department, Surabaya,
in August—October 2020. The sample for this study was
selected based on a purposive sampling technique with
key inclusion criteria, including the panoramic radiograph
used was not opaque, all parts of the studied teeth are
visible on the panoramic radiograph, and there are no
missing teeth in the studied region. The key exclusion
criteria were radiographs with pathological features on
teeth and surrounding tissues, patients using orthodontics
or denture appliances, and developmental anomalies.'?
Ethics approval for this study was obtained from the Ethics
Committee of the Indonesian Dental Hospital Airlangga
University Health Research (001/UN3.9.3/Etik/PT/2021).
All sample measurements were checked three times by a
single observer at one-week intervals.

All digital panoramic radiographs were scored using
the Demirjian method, and the calcification stage of the
seven left mandibular teeth was assessed. The radiographic
images were used to categorize tooth development into the
eight stages (A to H), and Figure 1 illustrates the particular
parameters required for each stage for single-rooted
and multi-rooted teeth.'* The score for every tooth was
converted into a table based on gender (Table 1),13 and the
scores for the seven teeth were added up by the observer to
identify the estimated age.
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Figure 1. Dental development stages A to H for single and
multi-rooted teeth. '

Table 1. Maturity score for each stage by Demirjian et al.'?
Stage

Sex Tooth A B c D E E G H
M2 2.1 3.5 59 10.1 12.5 132 13.6 15.4
M1 8 9.6 12.3 17 19.3
P2 1.7 3.1 5.4 9.7 12 12.8 13.2 14.4
Male P1 7 11 12.3 12.7 13.5
C 3.5 7.9 10 11 11.9
12 32 52 7.8 117 137
I 1.9 4.1 8.2 11.8
M2 27 39 6.9 11.1 13.5 14.2 14.5 15.6
M1 4.5 6.2 9 14 16.2
P2 1.8 34 6.5 10.6 12.7 13.5 13.8 14.6
Female P1 37 7.5 11.8 13.1 134 14.1
C 3.8 7.3 10.3 11.6 124
12 32 5.6 8 12.2 14.2
8l 24 5.1 9.3 129
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Chronological age (CA) was defined as an individual’s
date, month, and year of birth, and was calculated by
subtracting the patient’s recorded date of birth from the date
the panorama photo was taken. The estimated dental age
(EDA) was the age determined using Demirjian’s method
and applied on an orthopantomograph with each gender
calculated independently.'®

To extinguish bias, data calculations were performed
three times at weekly intervals by a single observer.
Samples were analyzed by statistical tests using IBM®
SPSS® Statistics version 26.0 (IBM, Armonk, NY, USA).
The reliability of each variable was tested using Cronbach’s
alpha, the normality test was done using the Kolomogorov-
Smirnov test, and the homogeneity test used Levene’s test.
Variables showing p > .05 are detailed using the paired ¢
test for the comparative test.

RESULTS

Cronbach’s alpha was used to measure inter-examiner
agreement in the grading stages of tooth development
(00=.975). With a p value greater than .05, the Kolmogorov-
Smirnov test result indicated a normal distribution of data
which was suitable for further statistical analysis. The
paired ¢ test was employed to examine the significance of
differences between CA and EDA.

Table 2 provides a summary of the statistical analysis of
CA and EDA by subject totals. The general mean difference
between CA and EDA was -0.05 + 1.31 for males and -0.72
+ 1.15 for females. The paired ¢ test for Demirjian’s method
showed no significant dissimilarity amongst the CA and
EDA for males (p > .05). The opposite result was found for
the female group, with the paired 7 test showing a significant
dissimilarity between the CA and EDA (p < .05).

Table 3 shows the statistical analysis of CA and EDA
by age group. For the 6-11-year-old group, the mean
difference between CA and EDA was -0.17 + 1.00 and
-0.46 = 0.76 for males and females, respectively. In the
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12-17-year-old age group, the mean difference between
CA and EDA was 0.08 + 1.60 and -0.96 + 1.39 for males
and females, respectively. The p value for males in the
6-11-year-old group and 12—17-year-old group showed
that there were no significant differences amongst dental
age estimation and chronological age (p > .05). In contrast,
the p value for females aged 611 years and 12—17 years
showed that there was a significant dissimilarity between
EDA and CA (p <.05)

DISCUSSION

The Demirjian approach assesses chronological age by
using the calcification sequence of a person’s teeth as an
indicator of age. There is disagreement amongst researchers
about whether Demirjian and dental age estimation
methods can be applied to all types of populations, as
different populations can yield different results between
investigators.'?

The comparative test conducted in this study showed
no significant dissimilarity between the CA and the EDA
of males across all age groups using the Demirjian method.
This agrees with previous research conducted by Sinha et
al.,'* Zhai et al.,'® and Bagherian and Sadeghi'® that there is
no significant dissimilarity between chronological age and
estimated age found using the Demirjian method.

In a study conducted by Sinha et al.,'* the mean
difference between CA and EDA was 0.02 + 0.31 with p
=.245, which indicated that Demirjian’s method could be
used for age estimation among the population of Northern
India. This is also in line with research conducted by
Zhai et al."” about the population of Northern China. In
the current study, the mean dissimilarity between CA and
EDA was 0.47 + 1.21 with a p value of .072 in the male
group. Research by Bagherian'® on the population in Iran
also showed similar results, with the mean dissimilarity
between CA and EDA equal to 0.15 + 0.51 with a p value
of .075 for the male group.

Table 2. Statistical analysis of CA and EDA by subject totals
CA EDA Age Difference
Gender N Mean SD Mean SD Mean SD p value Remarks
Male 80 11.41 3.43 11.35 3.45 -0.05 1.31 0.700 Underestimated
Female 82 11.79 3.39 11.07 3.26 -0.72 1.15 0.000* Underestimated
Total 162 11.60 3.41 11.21 2.35 -0.39 1.27 0.000 Underestimated
Paired ¢ test (*p < .05)
Table 3. Statistical analysis of CA and EDA of the age group
Gend Age CA EDA Age Difference
ender Group Mean SD Mean SD Mean SD p value Remarks
Male 6-11 8.72 1.79 8.54 1.41 -0.17 1.00 0.250 Underestimated
12-17 14.54 1.86 14.62 1.86 0.08 1.60 0.749 Overestimated
Femal 6-11 8.75 1.44 8.28 1.07 -0.46 0.76 0.000* Underestimated
emate 12-17 14.69 178 1372 227 -096 139 0.000* Underestimated

Paired ¢ test (*p < .05)
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These three studies had a p value greater than .05 which
indicates no significant dissimilarity between CA and EDA
using Demirjian’s method.!" These results are consistent
with the findings of this study that the Demirjian method can
be applied to the population of Surabaya in Indonesia as the
method showed no significant dissimilarity between CA and
EDA. In comparison, research by Kurniawan et al.!” and
Agitha et al.* showed that Willems’ dental age estimation
method was applicable to the Surabaya population, with no
significant dissimilarity found between CA and EDA.

Differences in the determination of age estimates can
reflect a child’s general developmental shift and various
factors that contribute to changes in dental development.'®
An individual’s growth and development depend on intrinsic
and extrinsic factors. For example, variations in nutritional
selection can significantly alter individual growth.” Few
studies have considered the timing of relationships of
tooth formation which can vary widely among population
groups. Previous studies have consistently overestimated
age-related changes, and this suggests that genetic and
environmental factors may influence variation in the timing
of tooth development.'?

The age difference found between the male and female
samples in the current study may be due to gender-specific
factors, and adjustments made for other maturation
parameters in female developmental stages, such as sexual
maturation, skeletal development and height.?’ The growth
spurt process causes an acceleration of tooth maturation and
is often associated with a spike in tooth age within one age
group. Growth spurts occur early after birth and again at
the age of about 67 years, and last for approximately 3—4
months. However, there are differences in the later growth
spurts of males and females. Accelerated growth occurs
in females at approximately 12 years of age and at age 14
years in males. There is also a large variation in growth
acceleration, with a standard deviation of one year, and
sometimes growth spurts occur in males over the age of
16 years.”!

Estimates of dental age must be as detailed as possible
to undertake forensic examinations.® Based on the results
of this study, Demirjian’s method showed no significant
dissimilarity in the EDA and the CA of males therefore, it
could be used in Surabaya as a method for estimating the
age of children and adolescents aged 6—17 years.

If the result of the difference between CA and EDA
is closer to zero, the higher the precision of age estimate
for that method when applied to certain populations. In
addition, the use of the mean error prediction, which shows
a maximum result of 1, can be considered accurate.??
The process of age identification can be done using a
combination of several methods, such as teeth and bones.
This can increase the reliability of age identification for
more accurate results than using only one method.?

Maber et al.2* and Liversidge'! highlight that research
results can differ based on variations between the sample
population and general population standards, such as age,
sample size, sample bias, sample population biological

variations, environment, eating habits, and accuracy in
evaluating the method used. Although there are differences
in the results of this study, the difference between
chronological age and dental age in each age group is still
within the limits determined by forensic anthropology,
which is between = 0.5 years to + 1 year in adult and child
populations.?*

In conclusion, the Demirjian method can be utilized
to calculate the estimated dental age of children from
Surabaya, Indonesia; however, further research is needed
for females in this population. The results obtained in this
study may differ when applied to other populations due to
various factors. Further explorations with larger sample
sizes will strengthen the reliability of using the Demirjian
approach in Indonesia.
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