
Iran J Pediatr. 2017 December; 27(6):e11726.

Published online 2017 November 1.

doi: 10.5812/ijp.11726.

Research Article

Dental Age Estimation in Southern Turkish Children: Comparison of

Demirjian and Willems Methods

Halenur Altan,1 Ahmet Altan,2,* and Ozlem Akinci Sozer3

1DDS, Ph.D, Assistant Professor, Department of Pediatric Dentistry, Faculty of Dentistry, Gaziosmanpasa University, Tokat, Turkey
2DDS, Ph.D, Assistant Professor, Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Gaziosmanpasa University, Tokat, Turkey
3DDS, Ph.D, Assistant Professor, Department of Orthodontics, Faculty of Dentistry, Mustafa Kemal University, Hatay, Turkey

*Corresponding author: Dr. Ahmet Altan, Gaziosmanpasa University, Faculty of Dentistry, Ali Sevki Erek Yerleskesi, 60100 Tokat, Turkey. Tel: +90-5057013189, E-mail:
dt.ahmetaltan@gmail.com

Received 2017 April 12; Revised 2017 September 04; Accepted 2017 September 24.

Abstract

Background: Age-related legal problems are particularly common in underdeveloped parts of Turkey. Age determination is impor-
tant in terms of both laws and penalties in the legal process.
Objectives: The aim of the present study was to compare the validity of the Demirjian and Willems methods in southern Turkish
children.
Methods: In this retrospective study, panoramic radiographs of 745 southern Turkish children (382 boys and 363 girls) aged between
4 and 15.99 years were examined by one investigator. According to Demirjian and Willems method, the mean difference between
chronological and dental age was calculated for each sex and age group. The Wilcoxon test was used to compare all data. Statistical
analysis was performed to test the validity of Demirjian and Willems methods by comparing the mean estimated and chronological
age.
Results: The Demirjian’s method overestimated age with a mean accuracy of 0.832 in females and by 0.923 in males, while Willems
method overestimated it by 0.202 in females and 0.434 in males.
Conclusions: The dental age estimation by Willems method was found to be more accurate than Demirjian method in contempo-
rary Turkish pediatric population.
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1. Background

Age determination is important in terms of both laws
and penalties in the legal process (1). It may be used to iden-
tify individuals particularly in cases in which identifica-
tion can not be performed. Age determination may also be
needed in cases of suspicious death, baby corpses, and in-
dividuals lacking mental health. Age determination is es-
pecially important for individuals living in developing soc-
ities where the records of citizens are not regularly kept.

In recent years, the war in Syria and influx of refugees
into Turkey (especially southern border region) has caused
an increase in the number of physical abuse and neglect
cases. Child abuse and neglect result in an increase in the
number of unidentified infant and child deaths.

Dental tissues are less affected by endocrine disorders
or by dietary differences compared to other tissues in the
body (2, 3). If one of the teeth is fully mineralized, its
form is stable, and developmental and retroactive varia-
tions in this status relate to chronological age (4). Hu-

man growth is a complex process that is mainly genetically
but also environmentally determined. The body growth
due to the proliferation of tissues is regulated by several
environmental factors. These factors can be affected ad-
versely by increasing consumption of processed foods, ad-
ditives, toxins, environmental pollution, insufficient sun-
light exposure, and inactivity (2). Adversely affected body
balance and chronic diseases (diabetes, thyroid disorders,
and heart disorders) that delay dental growth have been
observed among very young children.

Methods involving teeth for age estimation among
children were developed by Nolla in 1960 (5), Moorrees in
1963 (6), Haavikko in 1970 (7), and Demirjian in 1973 (8).
These methods are all based on morphological evaluation
of dental growth. The most frequently used method to
determine age according to dental growth is Demirjian’s
(8, 9). Dental growth in this method is described in eight
stages from A to H and evaluations are made on the left
lower jaw on seven molar teeth (except the wisdom teeth).
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A total score out of 100 for dental growth is determined by
checking the respective values of the table at the growth
stage of each tooth, and dental age can be estimated based
on the standards that have been created. As the estima-
tions using Demirjian’s method began to give overesti-
mated results than just the chronological age, Willems et
al. revised the method (10).

The aim of the present study is to compare the validity
of the Demirjian and Willems methods, which are used in
dental age estimation, in healthy Turkish children living in
the south of Turkey.

2. Methods

In this retrospective study, digital panoramic radio-
graphs of 745 southern Turkish children were collected
from Faculty of Dentistry, Mustafa Kemal University in
Hatay, Turkey. It consisted of 363 girls and 382 boys of 4
to 15.99 years old in both sexes (Table 1). The panoramic
radiographs were selected from patients who underwent
radiological examination during the dental treatment pe-
riod. All radiographs were obtained using PantOs DG XP
ceph (Blue-x Imaging S.r.I., Assago, Italy).

Table 1. Distribution of Age and Gender in Study Population

Age Female Male Total

4 - 4,9 8 12 20

5 - 5,9 21 27 48

6 - 6,9 24 26 50

7 - 7,9 28 31 59

8 - 8,9 34 28 62

9 - 9,9 32 39 71

10 - 10,9 40 42 82

11 - 11,9 45 48 93

12 - 12,9 44 49 93

13 - 13,9 28 31 59

14 - 14,9 25 26 51

15 - 15,9 34 23 57

Total 363 382 745

Participants were selected from Turkish citizens born
in Hatay, Turkey. Only digital panoramic radiographs of ad-
equate quality were selected. The patients with congeni-
tal anomalies, previous orthodontic treatment, history of
dental trauma, hypodontia of permanent teeth except 3rd
molars, deformities, pathological conditions (odontoma,
cysts etc.) were excluded.

The chronological age of each subject was calculated
by subtracting the date of the orthopantomographic ex-
amination from the date of birth after converting both to a
decimal age. The panoramic radiographs were assessed in
order to determine the developmental stages of the teeth
according to the methods of Demirjian and Willems. The
overall maturity score was then converted to a dental age
by using these methods. The investigator did not know
the chronologic age of subjects when assessing the radio-
graphs. The differences between chronological and dental
age were also analyzed to clarify the accuracy of the two
methods.

To assess the repeatability of our analysis, 75 orthopan-
tomographic radiographs (10% from each age category)
were randomly selected and reassessed by the same inves-
tigator three months after the first assessment. To evaluate
intra-observer agreement, Cohen’s Kappa test was applied.

2.1. Statistical Analysis

Statistical analysis was performed using statistical
package for social sciences (SPSS) for Windows 21.0 soft-
ware. Continuous variables for normality the Kolmogorov-
Smirnov test was used. The test rejected the assumed nor-
mal distribution and nonparametric tests were required.
The Wilcoxon test was used to compare all data accord-
ing to gender and age groups. The Wilcoxon test was also
used in evaluation of overestimation produced by Demir-
jian and Willems methods. In all analyses P-value of less
than 0.05 was considered significant for all statistical data.

3. Results

After applying Demirjian method (Tables 2 and 3), the
Kolmogorov-Smirnov test indicated an abnormal distribu-
tion. The Wilcoxon test showed no statistically significant
difference between chronological age and dental age in
females in the 9-9.99 and 15-15.99 age group, but a sta-
tistically significant difference was found in all other age
groups (P < 0.05). Similarly, a statistically significant dif-
ference was found in all age groups among males (P <
0.05).

The Wilcoxon test applied after the Willems method
showed no statistically significant difference between the
chronological and dental ages in the 5-5.99, 6-6.99 and 9-
9.99 age groups in females. But there was a statistically sig-
nificant difference in all other age groups (P < 0.05). Sim-
ilarly, while no difference was observed among males in
the 5-5.99, 12-12.99, 13-13.99 and 14-14.99 age groups, a statis-
tically significant difference was observed in all other age
groups (P < 0.05) (Tables 2 and 3).

This study revealed that the dental age using Demir-
jian method was estimated by 0.832 in females and by 0.923

2 Iran J Pediatr. 2017; 27(6):e11726.

http://ijp.tums.pub


Altan H et al.

Table 2. Comparison of Chronogical Age and Dental Age According to the Demirjian’s and Willems’ Methods Among Girls by Age Categories

Chronological Age Range Dental Age

Demirjian’s Method Willems’ Method

Mean Age Minimum Maximum SD P Value Mean Age Minimum Maximum SD P Value

4.00 - 4.99 5.275 4.40 6.70 0.757 0.012a 4.555 4.34 5.00 0.235 0.012a

5.00 - 5.99 6.267 4.80 7.10 0.635 0.000a 5.130 4.15 5.84 0.489 0.384

6.00 - 6.99 7.096 6.60 7.40 0.240 0.000a 6.047 5.37 6.87 0.419 0.547

7.00 - 7.99 7,703 7,10 8,20 0,303 0,000a 7,422 6,31 8.15 0.529 0.001a

8.00 - 8.99 8.626 8.00 10.10 0.601 0.000a 8.322 7.83 9.64 0.467 0.006a

9.00 - 9.99 9.240 5.60 11.60 1.024 0.067 8.841 7.83 10.67 0.685 0.080

10.00 - 10.99 11.222 9.10 13.70 1.010 0.000a 10.600 9.02 12.88 0.883 0.000a

11.00 - 11.99 12.076 9.60 15.00 0.759 0.000a 11.512 9.71 13.84 0.675 0.000a

12.00 - 12.99 12.995 9.10 16,00 1,159 0,000a 12,303 9,71 15,79 1,032 0,011a

13.00 - 13.99 14,107 12,30 16,00 0,922 0,000a 13,395 11,99 15,79 0,978 0,025a

14.00 - 14.99 14,656 13,10 16,00 0,720 0,000a 13,724 11,49 15,79 0,866 0,001a

15.00 - 15.99 15,053 13,70 16,00 0,745 0,639 14,500 12.88 15.79 1.009 0.000a

All 10.980 4.40 16.00 3.029 0.000a 10.351 4.15 15.79 3.024 0.000a

a Statistically significant difference.

Table 3. Comparison of Chronogical Age and Dental Age According to the Demirjian’s and Willems’ Methods Among Boys by Age Categories

Chronological Age Range Dental Age

Demirjian’s Method Willems’ Method

Mean Age Minimum Maximum SD P Value Mean Age Minimum Maximum SD P Value

4.00 - 4.99 5.617 4.50 7,00 0,779 0,002a 4,699 3.96 5.95 0.629 0.009a

5.00 - 5.99 6.396 5.60 6.70 0.257 0.000a 5.179 4.41 5.74 0.372 0.109

6.00 - 6.99 7.192 6.20 8.00 0.401 0.000a 6.675 5.13 7.96 0.630 0.000a

7.00 - 7.99 8.029 7.00 8.50 0.400 0.000a 7.828 6.21 8.42 0.574 0.000a

8.00 - 8.99 8.875 7.90 10.70 0.681 0.000a 8.770 7.91 10.54 0.651 0.000a

9.00 - 9.99 9.623 8.50 12.30 1.111 0.008a 9.498 8.42 11.95 0.919 0.003a

10.00 - 10.99 10.857 8.80 12.80 0.927 0.000a 10.497 9.09 12.38 0.777 0.001a

11.00 - 11.99 11.891 8.70 14.00 1.042 0.000a 11.495 8.62 13.11 0.959 0.002a

12.00 - 12.99 12.871 9.60 15.80 1.286 0.000a 12.312 9.60 14.34 0.973 0.356

13.00 - 13.99 13.745 12.50 15.80 0.987 0.000a 13.040 11.90 14.34 0.741 0.798

14.00 - 14.99 14.804 12.50 16.00 1.234 0.002a 14.015 11.90 16.03 1.245 0.451

15.00 - 15.99 15.80 14.40 16.00 0.451 0.000a 15.303 13.59 16.03 0.947 0.042a

All 10.815 4.50 16.00 2.997 0.000a 10.327 3.96 16.03 2.988 0.000a

a Statistically significant difference.

in males more than chronological age, and using Willems
method by 0.202 in females and by 0.434 in males. A com-
parative analysis was performed to identify the overesti-
mation between the Demirjian and Willems methods and
found no statistically significant difference in the 15-15.99
age groups among males. but a significant difference was
observed in all other groups in females and males (P <
0.05). (Tables 4 and 5).

4. Discussion

Families who become homeless after migration or live
as refugees are vulnerable to external threats in uncon-
trolled migration-receiving countries or cities. In addition,

these areas may have families with severe economic prob-
lems, broken families, increasing the number of extra-
marital orphaned children, and child employment, which
cause increase in the number of physical abuse and ne-
glect cases. Therefore, age determination methods have
become important to be indicative of actual development
age to be able to manage the legal process properly. To find
a more appropriate method for this, the validity of Demir-
jian (8) and Willems (11) methods were compared in chil-
dren living in this region. The study found that the Willems
method provided more accurate results.

The Demirjian’s method is one of the most widely
known and used methods (12). The original and revised
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Table 4. Comparison of Under/Overestimation Age According to the Demirjian’s and Willems’ Methods Among Girls by Age Categories

Chronological Age Range Age Under/Overestimation

Demirjian’s Method Willems’ Method Demirjian’s vsWillems’ Method

Mean Age Minimum Maximum SD Mean Age Minimum Maximum SD P Value

4.00 - 4.99 1.275 0.40 2,70 0,757 0,555 1.00 5.55 0.235 0.017a

5.00 - 5.99 1.266 -0.20 2.10 0.635 0.130 -0.85 0.85 0.489 0.000a

6.00 - 6.99 1.095 0.60 1.40 0.240 0.047 -0.63 0.87 0.419 0.000a

7.00 - 7.99 0.703 0.10 1.20 0.303 0.422 -0.69 1.15 0.529 0.000a

8.00 - 8.99 0.626 0.00 2.10 0.601 0.322 -0.17 0.32 0.467 0.000a

9.00 - 9.99 -0.158 -3.40 2.60 1.024 -0,158 -1,17 1,67 0,685 0,001a

10.00 - 10.99 1,222 -0,90 3,70 1,010 0,600 -0,98 2,88 0,883 0,000a

11.00 - 11.99 1,075 -1,40 4,00 0,759 0,512 -1,29 2,84 0,675 0,000a

12.00 - 12.99 0,995 -2,90 4,00 1,158 0,303 -2.29 3.79 1.032 0.000a

13.00 - 13.99 1.107 -0.70 3.00 0.922 0.395 -1.01 2.79 0.978 0.000a

14.00 - 14.99 0.656 -0.90 2.00 0.720 -0.276 -2.51 1.79 0.866 0.000a

15.00 - 15.99 0.052 -1.30 1.00 0.745 -0.499 -2.12 0.79 1.009 0.000a

All 0.832 -3.40 4.00 0.896 0.202 -2.51 3.79 0.838 0.000a

a Statistically significant difference.

Table 5. Comparison of Under/Overestimation Age According to the Demirjian’s and Willems’ Methods Among boys by Age Categories

Chronological Age Range Age Under/Overestimation

Demirjian’s Method Willems’ Method Demirjian’s vsWillem’sMethod

Mean Age Minimum Maximum SD Mean Age Minimum Maximum SD P Value

4.00 - 4.99 1.616 0.50 3.00 0.777 0.699 -0.04 1.95 0.629 0.002a

5.00 - 5.99 1.396 0.60 1.70 0.257 0.179 -0.59 0.74 0.372 0.000a

6.00 - 6.99 1.192 0.20 2,00 0.401 0.675 -0.87 1.96 0.630 0.000a

7.00 - 7.99 1.029 0.00 1.50 0.400 0.828 -0.79 1.42 0.574 0.000a

8.00 - 8.99 0.875 -0.09 2.70 0.681 0.770 -0.09 2.54 0.651 0.035a

9.00 - 9.99 0.623 -0.50 3.30 1.111 0.498 -0.58 2.95 0.919 0.042a

10.00 - 10.99 0.857 -1.20 2.80 0.927 0.497 -0.91 2.38 0.777 0.000a

11.00 - 11.99 0.891 -2.30 3.00 1.042 0.495 -2.38 2.11 0.959 0.000a

12.00 - 12.99 0.871 -2.40 3.80 1.286 0.312 -2.40 2.34 0.973 0,000a

13.00 - 13.99 0.745 -0.50 2.80 0.987 0.040 -1,10 1.34 0.741 0,000a

14.00 - 14.99 0.803 -1.50 2.00 1.234 0.015 -2.10 2.03 1.245 0.000a

15.00 - 15.99 0.800 -0.60 1.00 0.451 0.303 -1.41 1.03 0.947 0.301

All 0.923 -2.40 3.80 0.936 0.434 -2.40 2.95 0.861 0.000a

a Statistically significant difference.

form of this method has been applied and tested in dif-
ferent populations for years (13). The dental age estima-
tions performed using the Demirjian method in Turkish
children living in different geographical locations usually
overestimated chronological age (9, 11, 13, 14). Willems et
al. (10) published their revised maturity scores almost 25
years after Demirjian et al.’s study (8). In the 25-year in-
terval, dental maturation has changed rapidly due to re-
fined food, immobility, and decreased exposure to sun-
light. Therefore, Willems et al.’s maturity scores more ac-
curately reflect conditions of the present time than Demir-
jian’s method does. In the current study, the overestima-
tion of chronological age in different regions of Turkey was

observed, but the Demirjian’s method also overestimated
the dental age estimation.

This study is the first to compare Demirjian’s and
Willems’ method for age estimation in southern Turkish
population. Willems method provided an accurate age in
the 5 - 5.99, 12 - 12.99, 13 - 13.99, 14 - 14.99 age groups in males
and in the 5 - 5.99, 6 - 6.99, 9 - 9.99 age groups in females
in children living in the south of Turkey. The Demirjian’s
method was only valid in females in the 9 - 9.99 and 15 - 15.99
age groups. In Turkey, sexual abuse of children is observed
in all age groups, it is most commonly seen between 4 - 8
years of age. The abuse ratio decreases with age in males
(15) and there are more cases during puberty (9 - 18 years)
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than in other age groups in females.
In different populations, Almotairy and Pegelow (16)

compared the chronological and dental age in healthy and
non-syndromic Caucausian children with unilateral cleft
lip and palate obtained byWillems and Demirjian meth-
ods. It was reported that Willems method had greater ac-
curacy in estimating chronological age than Demirjian’s
method in both groups. Hegde et al. (17) tested applica-
bility of four different age estimation methods in Indian
children. It was reported that age estimated with Willems
method was the most accurate followed by Demirjian’s
method. Similar to previous studies, in this current study,
Willems method can be used to estimate the dental age of
Southern Turkish children.

4.1. Conclusions

Childhood abuse and neglect have become universal
problems and dental age estimation is a very important is-
sue in determining child abuse and neglect cases. Child
age is required in the implementation of penalties. This
study is the first to compare Willems and Demirjian meth-
ods for age estimation in southern Turkish population.
This study contributes to the literature because it provides
an appropriate method to quickly and accurately deter-
mine the age of children who have suffered abuse and ne-
glect.
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