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Abstract
Background: The applicability of dental age estimation has been expanded to meet a variety of medico-legal
needs, law enforcement, and disaster victim identification. The objective of this study is to examine the applicability
of the Willems method for Indonesian children.
Material and method: A total of 110 panoramic radiographs of the patients (6–14 years old) who met the
inclusion criteria were obtained from the Department of Forensic Odontology and Department of Radiology,
Universitas Airlangga, Indonesia. Estimated dental age (EDA) was assessed using the Willems method by two
blinded examiners. The statistical analysis was carried out using IBM® SPSS® Statistics version 23.0 (IBM, Armonk, NY,
USA).
Results and discussion: The mean of the chronological age (CA) in this study is 11.30 ± 1.43 years (boys) and
11.65 ± 1.55 years (girls). The overall mean difference between CA and EDA for boys and girls is − 0.08 ± 0.76 and −
0.31 ± 0.97, respectively. This study showed that the mean age difference in girls was more significant than in boys.
The growth spurt timing between boys and girls might cause a difference in dental maturation, whereas the onset
of the pubertal growth spurt in girls is about 2 years earlier than in boys. In general, girls start and finish their dental
development earlier than boys end.
Conclusion: The present study suggests that the dental age estimation methods proposed by Willems can be
considered as an applicable method for the children population in Surabaya, both boys and girls. However, a
detailed study may be required while applying this approach to the 11–14-year-old girl population in Surabaya, as a
substantial underestimation was observed in this community.
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Introduction
Indonesia is a huge archipelagic country located in the Ring
of Fire, which is vulnerable to catastrophes such as volcanic
eruption, earthquakes, floods, and tsunamis (Geographic
2019). The National Disaster Management Agency (Badan
Nasional Penanggulangan Bencana) has announced that
709 disasters occurred in Indonesia between January and
February 2019, with over 396,000 refugees and 130 deaths
(Badan Nasional Penanggulangan Bencana (BNPB) 2019).
* Correspondence: arofi.kurniawan@fkg.unair.ac.id
1
Department of Forensic Odontology Faculty of Dental Medicine, Universitas
Airlangga, Jalan Mayjend, Prof. Dr. Moestopo 47, Surabaya 60132, Indonesia
Full list of author information is available at the end of the article

For over 250 million of the population with a diversity of
culture and religions, a suitable identification method is urgently needed to be adopted at an event of a mass disaster
in Indonesia (Sahelangi and Novita 2012). Age estimation is
one of the ways to identify an individual by classifying the
victim according to their estimated ages. Age estimation is
also required in the fields of law enforcement, immigrant
cases (Pradella et al. 2017), sports competition (Timme
et al. 2017), and marriage (Islam 1984).
The value of teeth in assessing individual age is widely
accepted in forensic sciences and numerous areas of
human life, such as socioeconomic, legal aspects, and
dental treatment planning (Koshy and Tandon 1998;
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Franco et al. 2013). Several studies have been performed
on the estimation of human biological age (Cameriere
et al. 2004); most of those are focused on skeletal
markers (Priya 2017) such as epiphyseal and cranial
suture fusions (Ebeye et al. 2016), hand-wrist bones
(Benjavongkulchai and Pittayapat 2018), sternoclavicular bones (Ufuk et al. 2016), and dental maturation
(Manjunatha and Soni 2014).
The previous studies have demonstrated that the
radiograph of hand-wrist and dental development is the
most reliable method of assessing the biological age for
children and adolescents (Greulich 1959). This study
was proposed to analyze the applicability of the Willems
dental age estimation method applied in Indonesian children, which is categorized as Mongoloid race.

Tandon 1998; Willems et al. 2001; Franco et al. 2013). Two
observers assessed the tooth developmental stages on panoramic radiographs during two different periods.
All data, both CA and EDA, were then tabulated and
analyzed using IBM® SPSS® Statistics version 23.0 (IBM,
Armonk, NY, USA). Analysis of the discrepancy between
CA and EDA of each group was investigated using
paired sample t test, with a confidence interval of 95%.

Material and methods
The present study was conducted under the approval
from the Ethics Committee of the Faculty of Dental
Medicine, Universitas Airlangga, Indonesia (permit number: 48/KKEPK.FKG/IV/2016). Panoramic radiographs
were collected from 110 patients (46 boys and 64 girls;
6–14 years old) who met the following inclusion criteria:
 Clear panoramic radiographs
 Date of birth and date of the radiographic recording

were available
 Chronological age between 6 and 14 years old
 Indonesian descendants (parents are of the same

ethnicity)
The exclusion criteria of this study were as follows:
 Patient with orthodontics appliances
 Bilateral tooth extraction
 Developmental abnormalities or disorders

The subjects were then divided into two groups of age
(6–10 and 11–14 years old) in both sexes.
The developmental stage of all seven left mandibular
teeth was determined according to the Demirjian classification. If a mandibular tooth on the left side is missing, the
corresponding tooth on the right side is used as a substitute. The stage of each tooth was then converted to scores
using the Willems score chart and summed up to calculate
an estimated dental age (EDA) of the subject (Koshy and

Results
Out of the 110 subjects, 64 were girls and 46 were
boys, 6–14 years old. The inter-examiner agreement
test was calculated to attain the reliability of the data,
with Cohen’s kappa coefficient < 0.05. The ShapiroWilk test was also performed to explain that the data
is normally distributed and is adequate for further
statistical analysis, p > 0.05.
The independent sample t test was used to calculate
the mean age difference between boys and girls, with
p = 0.198. The overall mean difference between CA
and EDA for boys and girls revealed an underestimation of − 0.08 ± 0.81 and − 0.20 ± 1.00, respectively.
Subsequently, the difference between CA and EDA in
boys’ and girls’ group was analyzed using the paired
sample t test, p = 0.513 for boys and p = 0.121 for girls
(Table 1). This result suggests that in general, the
underestimation of age was not significant in boys
and girls (Table 2).
Further analysis was done by classifying the age groups
to 6–10 and 11–14 years old. Overestimation of age was
observed in 6–10 years, both boys and girls, without a
significant statistical difference, p > 0.05. Underestimation of age was described in 11–14 years, in both sexes.
The age difference between CA and EDA in boys was
not significant in all ranges of age, whereas in girls, a
significant underestimation of age was observed in the
range 11–14 years, p = 0.002.
Discussion
Estimating a person’s age is one of the most important
aspects of human identification (Ubelaker and Khosrowshahi 2019). Dental age estimation significantly narrows
the search possibilities of the suspected victim into the
estimated ages and gender (Krishan et al. 2015). This
study took place in Surabaya, East Java, Indonesia. We
evaluated the applicability of the Willems method for

Table 1 Statistical analysis of CA and EDA of the total subjects (in years)
Gender

N

Chronological age (CA)
Mean

SD

Mean

SD

Mean

SD

Sig.

Remarks

Boys

46

11.02

1.72

10.94

1.69

− 0.08

0.81

0.513

Underestimate

Girls

64

11.08

1.81

10.88

1.80

− 0.20

1.00

0.121

Underestimate

Total

110

11.05

1.77

10.91

1.75

− 0.15

0.92

Estimated dental age (EDA)

Age difference

Underestimate
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Table 2 Statistical analysis of CA and EDA of the age group in boys and girls (in years)
Gender
Boys

Girls

Age
group

Chronological age (CA)

Estimated dental age (EDA)

Age difference

Mean

SD

Mean

SD

Mean

SD

Sig.

Remarks

6–10

9.45

1.28

9.61

1.68

0.16

0.88

0.431

Overestimate

11–14

12.13

0.95

11.88

0.87

− 0.25

0.73

0.088

Underestimate

6–10

9.60

1.03

9.72

1.42

0.13

0.99

0.472

Overestimate

11–14

12.65

0.89

12.11

1.27

− 0.54*

0.91

0.002*

Underestimate*

*Significant difference

Indonesian children, which are classified as the Mongoloid race, whereas the population of the established
method was Caucasian.
In the scope of dental age estimation, the previous
study by Olze et al. had reviewed various methods of
dental development staging and found that the Demirjian method can define the chronological age accurately
(Olze et al. 2005). In spite of that statement, another
study suggested that the modification of the Demirjian
method proposed by Willems showed higher accuracy in
estimating age and has been tested in various populations (Willems et al. 2001, 2012; Grover et al. 2012;
Ambarkova et al. 2014; Ye et al. 2014). The Willems
method was considered to be applied in the Indonesian
children population because of its accuracy, and there
was no established dental age estimation method for
Indonesian children.
The previous study in Malay children (Mongoloid
race) found that the Willems method showed overestimation in age groups of 5 and 15 years, and underestimation in age groups of 10 years in both sexes, without a
significant statistical difference (Ismail et al. 2018). Unlike the results of the previous study in Malay children,
there was an underestimation of age observed in the
present study, both boys and girls. Further statistical
analysis suggested that there was no significant difference between CA and EDA in the boys’ group. However,
a significant difference was observed in the girls’ group.
The differences in dental maturation between boys
and girls that might cause significant mean age difference are more visible in the girls’ group, whereas girls
experience earlier growth spurt phase than boys. The
growth spurt phase in girls occurs in early birth periods,
6 until 7 years, and 12 to 14 years old. Some literature
has discussed that the mean difference of the onset of a
pubertal growth spurt in boys and girls is about 2 years
earlier for girls (Burstone 1963; de Souza Araujo et al.
2011). A study by Nola (1960) stated that there are remarkable differences in the distribution of tooth calcification and mineralization between sexes. In general,
girls begin and end their dental development earlier than
boys (Nolla 1960; Chertkow 1980).
A study by Willems in 2001 confirmed the substantial
overestimation of the dental age in Belgian Caucasians

using the original methods by Demirjian. It claimed that
significant overestimation is due in theory to the different rates of dental development in different populations
(Willems et al. 2001). Evaluation of dental development
was considered as a reliable method for predicting age,
as maturation events associated with tooth formation are
less variable, and the mineralization of teeth is not affected by the external factors, such as crowding, retention, or early extraction of deciduous teeth (Chertkow
and Fatti 1979; Maia et al. 2010; Latić-Dautović et al.
2017). As a developing country with a huge population,
socioeconomic and nutritional status may affect the
skeletal and dental growth of children in Indonesia
(Cameriere et al. 2007).
Routine radiographs for dental treatment such as
panoramic and periapical may be used as evidence in the
forensic fields. Estimating the dental age in children can
be done by defining the calcification and mineralization
of teeth. Some combined methods, such as hand-wrist
radiograph, might be necessary for further consideration
and investigation of the dental age estimation.

Conclusion
The results of this study suggest that the dental age estimation method proposed by Willems can be applied accurately to the boy population in Surabaya, as there was
no significant statistical difference. However, a thorough
analysis might be necessary while applying this method
to the girl population in Surabaya. A small number of
subjects have been thought as one limitation in this
study; hence, further studies with more samples will improve the reliability of the Willems method in Indonesia.
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