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ABSTRACT

Age estimation is an important process for identifying
individuals. In 2020, Duangto et al. estimated age by assessing
dental development according to the method of Demirjian on
permanent mandibular second molars using a panoramic radiograph.
They also developed equations and tested their accuracy in a
population of northern Thailand. However, several studies have
shown that age estimation methods vary in suitability and accuracy
depending on genetic and environmental factors within each
population group. Therefore, this research aimed to test the accuracy
of dental age estimation using the equations derived from panoramic
radiographs of permanent mandibular second molars in a population
of southern Thailand. A total of 224 radiographs of 112 males and
112 females aged 7-14 years were used for this study. The samples
were categorized into eight groups (28 radiographs per group). The
study identified tooth development in stages C-G that followed the
Demirjian method and converted these stages into numerical values
(3-7). The researchers tested these numerical values in the Duangto
et al. equations. The findings revealed that age estimation using the
Duangto et al. equations was not significantly different from
chronological age. The accuracy had a margin of error not exceeding
one year with 95% confidence intervals. In conclusion, the age
estimation equations of Duangto et al. can accurately estimate the
age of persons living in southern Thailand.
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INTRODUCTION

Age estimation is one of the most critical processes for human
identification in both corpses and living persons. Some examples include
identification of dead victims in mass disasters, living persons for adoption,
migrants, and people who lost birth certification (Olze et al., 2006).
Furthermore, age estimation is useful in clinical applications for medical
personnel in pediatrics, forensic sciences, orthodontics, and in criminal law
(Schmeling et al., 2007).

In children, several methods can be used to identify age such as physical
examination, skeletal maturity evaluation, and tooth development assessment
(Srisuwannachit, 2020). Among these methods, tooth development
assessment provides good unalterable evidence for age estimation that is
highly influenced by genetic factors rather than environmental and nutritional
factors (Garn et al., 1965b). A method to classify dental development is
preferred to estimate age. The various known dental age estimation methods
have used the tooth development classification of Demirjian et al. in many
studies (Lee et al., 2010; Feijéo et al., 2012; Almeida et al., 2013; Fins et al.,
2017; Guo et al., 2018; Esan and Schepartz, 2019; Duangto et al., 2020;
Theerasopon et al., 2022; Theerasopon et al., 2023). The Demirjian et al.
classification system uses dental radiographs to identify and evaluate dental
development, and it is a convenient non-invasive technique that clearly
identifies dental developmental stages and has good reproducibility (Duangto
et al., 2016).

The permanent mandibular second molar is the best in children to
estimate age because it develops in the growing years and is rarely congenitally
absent (Oziikog, 2022). Furthermore, the permanent mandibular second molar
has a lower incidence of extraction in children and young adults compared to
other molars (Al-Assadi, 2018). In a previous study, Duangto et al. estimated
dental age using dental developmental stages according to the Demirjian et al.
method on permanent mandibular second molars from panoramic radiographs
in a population of northern Thailand. Also tested was the accuracy in this ethnic
group (Duangto et al., 2020). However, several studies found that the
suitability and accuracy of each age estimation method depended on genetic
and environmental factors in each population (Garn et al., 1965a; Garn et al,,
1965b; Liu et al., 1998; Hilgers et al., 2006; Psoter et al., 2008; Almonaitiene
et al., 2010). Therefore, this study aimed to test the accuracy of the age
estimation equations of Duangto et al. using panoramic radiographs of
permanent mandibular second molars in a population of southern Thailand.

MATERIAL AND METHODS

The research protocol was approved by the Human Research Ethics
Committee of the Faculty of Dentistry, Prince of Songkla University, Songkhla,
Thailand (EC 6603-018). This study was performed on randomly selected
samples of digital panoramic radiographs taken from 224 Thai individuals (112
males and 112 females) aged between 7 and 14 years (Table 1). The sample
size was calculated by using G*Power software (Heinrich-Heine-Universitat
Disseldorf, Disseldorf, Germany) with an effect size of 0.5, significance of 5%,
and power of the study of 95%. The sample size required 210 samples. Thus,
this study set for 224 samples.

The radiographs were generated using the GXDP-700 PANOREX + cone
beam machine (Gendex Dental Systems, Hatfield, PA, USA). The selected
radiographs were recorded at the Dental Hospital of the Faculty of Dentistry,
Prince of Songkla University, Songkhla, Thailand from 2015 to 2021. The
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demographic data of samples (names, sexes, dates of birth, and dates of
radiographs) were recorded confidentially. The exclusion criteria for this study
were as follows: non-Thai individuals, unclear radiographs, missing permanent
mandibular second molar teeth, and radiographs with pathological conditions
of the jaw. The chronological age was calculated from the birth date and the
radiograph date and expressed as years with two decimal places.

Digital panoramic radiographs of the permanent mandibular second
molars (teeth 37 and 47) were evaluated at tooth development stages C to G
(Figure 1) according to the Demirjian classification (Demirjian et al., 1973).
Each developmental stage was converted into a development score (C = 3,
D=4,E=5 F=6,and G = 7). Finally, the development score was substituted
into the age estimation equations according to Duangto et al. (Duangto et al.,
2020) (Table 2). Testing the age estimation equations was analyzed by
evaluating the mean difference between the dental age and the chronological
age and a 95% confidence interval (95% CI).

A month after the first assessment of all samples by the first researcher,
50 radiographs were randomly selected from all samples to test for intra- and
inter-observer agreements. The radiographs were evaluated by the first
researcher to test for intra-observer agreement and by the second researcher
to test for inter-observer agreement. Cohen’s kappa test was used to analyze
the observer agreement.

Descriptive statistics were calculated that included the mean and
standard deviation of the chronological age. The Wilcoxon signed-rank test was
used to compare the developmental stages between teeth 37 and 47.
The independent t test was used to compare the mean age between males and
females. A significance level of 0.05 was used in the hypothesis testing.
All statistical analyses used the SPSS software package (SPSS for Windows,
version 20, Chicago, IL, USA).

Table 1. Distribution of samples by age and sex.

Age (year) Male (n = 112) Female (n = 112)
7.00-7.99 14 14
8.00-8.99 14 14
9.00-9.99 14 14
10.00-10.99 14 14
11.00-11.99 14 14
12.00-12.99 14 14
13.00-13.99 14 14
14.00-14.99 14 14

=FTT.

Figure 1. Drawing pictures of tooth development stages (C-G)
according the Demirjian classification (Demirjian et al., 1973)
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Table 2. Age estimation equations according to the Duangto et al. (Duangto

et al., 2020).
Sex Equations
Male y = 2.951 + 1.178x + 0.052x2
Female y = 7.097 - 0.606x + 0.214x?

Remarks: y = the dental age, x = the developmental score

RESULTS

The Kappa values were 0.942 (tooth 37) and 0.916 (tooth 47) for
intra-observer agreement, and 0.971 (tooth 37) and 0.858 (tooth 47) for
inter-observer agreement. These values indicated almost perfect agreement
according to the Landis and Koch guidelines (Landis and Koch, 1977).
Moreover, the developmental stage between teeth 37 and 47 was analyzed
using the Wilcoxon signed rank test. The results showed no significant
differences between teeth 37 and 47 in both males (P = 0.414). and females
(P =0.052). In addition, descriptive statistics of the chronological age in stages
C to G compared between males and females for teeth 37 and 47 are shown in
Table 3. No significant differences in the chronological age in each
developmental stage were observed, except for stage G of tooth 37, which
found statistically significant differences between the males and females

(P = 0.041).
Table 3. Descriptive statistics of the chronological age between males and
females.
Males Females
Tooth Stage (n=112) (n=112) P-value
Mean SD Mean SD
C 7.48 0.35 7.38 0.27 0.619
D 8.33 0.79 8.42 1.04 0.830
37 E 9.27 1.02 8.92 0.92 0.218
F 11.22 0.98 10.78 1.30 0.203
G 13.31 1.00 12.80 1.43 0.041%*
C 7.50 0.32 7.27 0.22 0.243
D 8.43 0.75 8.32 0.99 0.750
47 E 9.39 1.11 9.07 0.91 0.285
F 11.10 1.05 10.94 1.21 0.643
G 13.28 1.00 12.93 1.40 0.153

Remarks: n = number of samples, Mean = mean age, SD = standard deviation, * statistically significant difference using the
independent t test

Finally, our results showed that the mean difference values were 0.50-
0.53 years in males and 0.27-0.40 years in females. Moreover, the 95% CI
showed the lower bounds and upper bounds in teeth 37 and 47 (Table 4).
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Table 4. Mean difference (DA-CA) values and 95% confidence interval (95% CI) using the
difference values between dental age (DA) and chronological age (CA) in teeth 37 and 47
for males and females.

Mean 959% CI (year)

Sex Tooth MeanDA  MeanCA ., -\ SD

(year) (year) (year) Lower Upper
Mal 37 11.55 11.02 0.53 0.71 0.39 0.66
ale
47 11.52 11.02 0.50 1.03 0.31 0.69
37 11.43 11.03 0.40 1.27 0.16 0.64
Female
47 11.32 11.03 0.27 1.21 0.04 0.50
DISCUSSION

Age estimation from dental development is a popular and reliable method
that is currently used in forensic sciences, clinical medicine, and clinical
dentistry (Theerasopon et al., 2023). A tooth or several teeth have been used
in equations for age estimation. The third molar is commonly used for age
estimation (Theerasopon et al., 2022). However, this tooth has a high incidence
of congenital absence (Oziikog, 2022) and may be extracted due to pain in
children or adults (Al-Assadi, 2018), which makes it unsuitable for age
estimation. The same applies to the first molars that are the first permanent
teeth that erupt into the mouth and have the highest incidence of extraction
due to dental caries (Skeie et al., 2006). On the other hand, the second molar,
which is the adjacent tooth with a lower likelihood of extraction, has a
development period in childhood that can be used for age estimation.

Age estimation from teeth can be done through various methods that
include visual, biochemical, and radiographic methods. Age estimation through
radiographic methods is a non-invasive technique. There are several
classifications of radiographic methods, such as the Schour and Massler, Nolla,
Moorees Fanning and Hunt, and the Demirjian method (Demirjian et al., 1973;
Harris and Buck, 2002; Nandlal et al., 2014).

Age estimation based on dental development using the Demirjian
method, which uses panoramic radiographs, is a precise and widely used
technique that identifies developmental stages in each phase. Moreover, this
method has shown excellent reproducibility for intra-observer and inter-
observer agreements that were similar to this current study. Age estimation
using the Demirjian method is categorized into eight stages: A to H (Demirjian
et al., 1973). However, this current study did not employ stages A, B, and H
since our sample population was 7-14 years old, which was the same age group
used to develop the original equations by Duangto et al. The age range of
7-14 years is a period when crown formation begins but root formation is not
complete. Additionally, it serves as a control variable to test the accuracy of
age estimation in the Duangto et al. equations (Duangto et al., 2020).

The present study discovered that the developmental stages of teeth
37 and 47, as classified by the Demirjian method, were not significantly
different between males and females. These results were consistent with the
results reported in the populations of northern Thailand (Duangto et al., 2020),
northern China (Guo et al., 2018), Brazil (Almeida et al., 2013), and Korea
(Lee et al., 2010). Therefore, using either 37 or 47 could be used for age
estimation.

The main findings of this study were the differences between dental age
and chronological age for the permanent mandibular second molars as
measured by the mean error in both males and females. The mean errors for

Open access freely available online NAT. LIFE SCI. COMMUN. 2024. 23(3): E2024030




NLS %,/ Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th _

tooth 37 and tooth 47 in males and females were 0.53 and 0.40 years and 0.50
and 0.27 years, respectively. Therefore, the dental ages were slightly higher
than the chronological ages but were within the age range of £1 years (Nayak
et al., 2014). These results indicated the dental ages did not significantly differ
from the chronological ages, which was also similar to the results found in
northern Thailand (Duangto et al., 2020), Malaysia (Dewi Ardini et al., 2013),
and Portugal (Fins et al., 2017).

The chronological age compared between males and females at each
dental developmental stage revealed that dental development progressed
faster in females than in males, which was consistent with Spanish (Feijoo
et al., 2012), Brazilian (Almeida et al., 2013), northern Chinese (Guo et al.,
2018), and southern African populations (Esan and Schepartz, 2019).
However, it is important to note that no statistically significant differences were
observed except in stage G in tooth 37.

CONCLUSION

The age estimation equations developed by Duangto et al. are valid to
estimate the chronological age of both males and females in the population of
southern Thailand.
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