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ABSTRACT: To date, there has been no chronological age estimation according to third-molar mineralization in eastern Turkish children and
adolescents. The aim of this study was to analyze the development of the mandibular third molar and its relationship to chronological age in subjects
aged 7–22 years according to Demirjian’s stages. The final sample consisted of 1348 [622 males (mean age, 12.72 € 3.14) and 726 females (mean
age, 12.92 € 2.89)] conventional orthopantomograms from eastern Turkish youths. An independent t-test was performed to evaluate the difference
between sexes. Regression analysis was performed to obtain regression formulae for dental age calculation with chronological age. In males, there
was a difference between males and females only at stage C (p = 0.03); females were advanced 0.37 years compared with males at the stage C.
Third-molar development among eastern Turkish children and youths occurs at a more advanced age than other populations for almost all stages.
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Economic globalization, European integration, and current armed
conflicts have led to an increase in cross-border migration in
Europe (1). Turkey is located within European borders and has
been making efforts to become a member of the European Union
(EU). There has been a continuous migration of Turkish citizens to
EU countries, especially Germany. The Turkish population abroad
increased from 600,000 in 1972 to 3,800,000 in 2004. Moreover,
studies have predicted a continuing flow of 1.3–2.7 million
migrants from Turkey to various countries, especially those within
the EU, up to 2030 (2).

The eastern region of Turkey has one of the lowest socio-
economic statuses for Turkey and for Europe. Therefore, it is one
of the areas most ripe for migration (3). Unfortunately, births are
not recorded regularly in Turkey, especially in rural regions. How-
ever, identification of age is very important in identifying criminal
and legal responsibility, and for many social events, such as begin-
ning a job, joining the army, and marriage. Turkish law defines
three legally relevant age limits: 12, 15, and 18 years (4), unlike
the legally relevant age threshold in most European countries which
range from 14 to 18 years old (5).

There are many skeletal indicators for forensic age estimation in
children and adolescents, such as hand-wrist examination, diaphy-
sis–epiphysis fusion, cervical vertebrae assessment, changes in sec-
ondary sex characteristics, fusion of cranial sutures—all of which
have their advantages and disadvantages (6–9).

Dental development based on age estimation is one of the most
reliable indicators of chronological age (10). Radiographic assess-
ment of the degree of third-molar formation is an important method
of forensic age estimation in adolescents and young adults, as all
other permanent teeth have finished their development in this age
group (11), and so third molars represent the only teeth still in
development.

There have been limited studies concerning how ethnic origins
can influence tooth mineralization (12,13). This, however, consti-
tutes a restraint on the reliability of age estimation, and hence on
the forensic value of information essential to legal security. After
reviewing the literature, there have been some reports on the
research of age estimation based on third-molar mineralization in
the western region of Turkey (2,9,14); however, there has been no
study for eastern Turkish children and youths. On the other hand,
the Eastern Anatolia Region is the largest geographical region
(21% of Turkey) (15) and has the lowest average temperature
()8�C in winter) of all Turkish regions. Additionally, socio-eco-
nomical status of this region is lower than the other regions of Tur-
key (16). The aim of the present study was, therefore, to establish
reference data on third-molar mineralization, evaluated according to
the eight stages proposed by Demirjian et al. (17), for eastern Turk-
ish children and youths.

Material and Methods

Samples

In this retrospective study, a total of 1423 conventional orthopan-
tomograms (OPTs) taken by the faculty of dentistry at Ataturk Uni-
versity, Erzurum were assessed. The patients’ names, sex, and birth
dates were recorded for each radiograph. Table 1 shows the age
and sex distribution of the sample sets.
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All data were obtained from the patients records including
medical, social, and dental anamnesis and radiographs (OPTs and
bitewings). Selection criteria included the following: (i) eastern
Turkish children and youths aged between seven and 22 years;
(ii) born after a normal gestation period and healthy; and (iii)
having normal growth, development, and dental conditions. Exclu-
sion criteria included the following: (i) image deformities affecting
third molars and (ii) OPTs showing obvious dental anoma-
lies ⁄pathologies of third molars. Nineteen films were excluded for
poor radiographic quality, and 56 films were excluded for agene-
sis of lower wisdom teeth. The final samples, therefore, consisted
of 1348.

Examination

The mineralization status of the third molars was assessed using
the formation stages described by Demirjian et al. (17) (Fig. 1),
based on eight stages of tooth formation. All assessments were
carried out by two well-trained investigators, in a darkened room
with a radiographic illuminator.

Reproducibility

Dental and skeletal maturation assessments were performed inde-
pendently by two investigators (one researcher in orthodontics, the
other in pediatric dentistry) without any knowledge of the children’s
chronological ages. To assess reliability, 120 randomly selected

radiographs were reexamined 30 days after the initial examination
by the same observers, and inter- and intra-observer agreement was
determined using the paired t-test.

Statistical Analysis

The Kolmogorov–Smirnov test was used to test the normality of
distribution of the developmental stages of both mandibular third
molars in each sex and age group. An independent t-test was per-
formed for sex and age to determine the relationship between tooth
developments. Linear regression analysis was performed to obtain
regression formulae for dental age calculation with chronological
age and to determine the coefficient of determination (r2) for each
sex. Statistical analysis was performed using the SPSS 15.0 pack-
age (SPSS Inc., Chicago, IL) for Windows.

Results

Repeated scorings of a subsample of 120 radiographs indicated
no significant intra- and inter-observer differences (p > 0.05). Intra-
and inter-observer consistencies were rated at 93% and 91%,
respectively.

The mean age was 12.83 € 3.01 years, made up of 622 males
(mean age, 12.72 € 3.14) and 726 females (mean age, 12.92 €
2.89).

The mean mineralization ages and standard deviations for the
Demirjian stages of third molars are shown in Table 2. There was
a difference between males and females for stage C (p = 0.03).
Females were advanced by 0.47 years more than the males at stage
C. In addition, a slight delay was observed in females for stage A
(p = 0.06).

Third-molar crypt formation was observed in 3.8% of patients
aged 7 years. It was also seen that third molars had reached com-
plete crown calcification at age 13 years, ranging from 10.4 to
15.9 years (Table 2).

Linear regression coefficients were used to assess the correlation
between third-molar development and chronological age. Statistical
analysis showed a strong correlation between age and third-molar
development for males (r2 = 0.57) and females (r2 = 0.56). The
new equations were the following:

Males: Age = 9.54 + 1.08 Development stage
Females: Age = 10.01 + 0.93 Development stage

Discussion

Dental age estimation is an important method in forensic age
diagnosis (18). From a forensic odontology perspective, sufficiently
precise and reliable determination of age using third-molar mineral-
ization is crucially important because it has been one of the param-
eters proposed for aiding in determining the age of unidentified
cadavers and human remains; moreover, third-molar mineralization
can also determine the age of living persons for purposes of differ-
entiation between juvenile and adult status in criminal law cases to
determine whether a suspect without valid identification documents
has reached the age of criminal responsibility and whether general
criminal law in force for adults is to be applied. Additionally, it is
also useful for estimating chronological age in relation to school
attendance, social benefits, employment, and marriage (1,9,13).
There are various methods for dental age estimation through evalu-
ating the chronological age of tooth mineralization. These methods
were presented by Moorrees et al. (19), Kvaal et al. (20), Gleiser
and Hunt (21), Kullman et al. (22), and Paewinsky et al. (23).
However, different results were found using these methods, partly

TABLE 1—Distribution of age and sex of the sample.

Age (years) Male Female Total

7 28 38 66
8 29 36 65
9 42 47 89

10 33 48 81
11 65 83 148
12 61 71 132
13 72 79 151
14 53 63 116
15 46 49 95
16 25 33 58
17 28 32 61
18 26 25 51
19 18 21 39
20 25 24 49
21 33 34 67
22 38 43 81
Total 622 726 1348

FIG. 1—Mineralization status of the third molars based on eight stages of
tooth formation.
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because some results were too subjectively evaluated to be com-
pared directly (24).

Demirjian et al. (17) presented a classification distinguishing four
stages of crown development (stages A–D) and four stages of root
development (stages E–H). Olze et al. (25) and Dhanjal et al. (26),
assessed the reproducibility of different radiographic stage assess-
ment of third molars and concluded that the method of stage
assessment of third molars developed by Demirjian et al. reported
the most accurate results. Because of the fact that all other perma-
nent teeth have finished their development in this age group (11),
especially during adolescence, the left third molar is the sole vari-
able dental indicator (27), the present study was based on third-
molar mineralization proposed by Demirjian.

So far, several studies have been carried out in the Turkish pop-
ulation to define chronological age using the third-molar minerali-
zation method proposed by Demirjian (2,9,14). Orhan et al. (2)
studied 839 mandible molars and 625 molars of western Turkish
people. They reported that there was statistically no difference
between males and females. On the contrary, we found statistical
differences between males and females at stage C (p = 0.03) for
eastern Turkish people. According to their findings, the western
Turkish population reached stage H (complete root development,
according to Demirjian’s stages) at a mean age of 20.10 years for
males and at a mean age of 20.00 years for females (2). We
observed that the eastern Turkish population reached stage H at a
mean age of 20.43 years for males and at a mean age of
20.43 years for females. The dental mineralization age of eastern
Turkish youths was advanced at stages D–G, but delayed at stage
H compared with western Turkish youths. Uzamis et al. (14)
examined 400 panoramic radiographs of western Turkish children
and adolescents (188 females, 212 males). They reported that the
mandibular third molars began to calcify between ages seven and
nine. Sisman et al. (9) noticed the third molar begin to calcify at

aged eight. However, we found third-molar crypt formation to be
observable at as early an age as seven in both males and females.
This diversity could be explained by differences in the selected
region.

Different results were obtained by different authors studying the
chronological age of different ethnic groups using the classification
method proposed by Demirjian. Willershausen et al. (28) assessed
1202 OPTs for three ethnic groups (Central European, South-East
European, Turkish), and additionally one undefined ethnic group,
and reported that there were no significant growth rate differences
in various ethnic groups. However, Olze et al. (13) examined a
total of 3652 OPTs from Germans (1430), Japanese (1597), and
South Africans (584) and reported that there were significant differ-
ences between Germans and Japanese at stages D–G for females
and at stages D–F for males. Additionally, they found significant
differences between South Africans and Germans at stages E and
G for females and at stages D and E for males.

Prieto et al. (29) analyzed 1054 OPTs of a Spanish population
between 14 and 21 years of age. In comparison with this study, in
stages C–G, the eastern Turkish sample was 1.18–3.37 years earlier
for females and 0.70–2.87 years earlier for males. However, these
developmental advances of eastern Turkish subjects continuously
diminish in the following stages. At stage H (apex closure), Span-
ish females and males complete wisdom teeth mineralization 0.81
and 0.69 years earlier than the eastern Turkish sample, respectively.
This difference may be attributed to their study sample being limited
to 21 years of age compared to our sample (limited to 22 years of
age). When our findings are compared with previous studies
(Table 3), eastern Turkish male individuals were 2.27–3.38 years
earlier in stages D–H than German samples, and eastern Turkish
female individuals were 2.20–4.5 years earlier in stages D–H than
German samples (13). Eastern Turkish females and males were
1.93–4.85 years and 2.27–4.95 years earlier than their Japanese

TABLE 2—Statistic data of chronological mineralization age of 38.

Stage

Male Female

p-ValueMean SD Min Max Mean SD Min Max

A 9.22 1.72 7.3 14.5 9.61 1.56 7.3 13.9 0.06
B 10.87 1.63 8.2 13.8 10.68 1.43 8.9 14.1 0.37
C 12.09 1.34 9.5 14.2 11.62 1.27 9.9 15.0 0.03*
D 13.23 1.17 10.7 15.9 13.30 1.36 10.4 15.9 0.62
E 14.19 0.84 12.7 15.5 14.18 0.99 12.5 15.9 0.93
F 15.66 0.95 12.8 20.1 15.65 0.85 13.0 21.2 0.94
G 17.22 0.97 15.3 21.5 17.20 0.92 15.1 18.0 0.90
H 20.43 0.87 18.0 22.4 20.47 0.84 18.2 22.5 0.72

*p < 0.05.

TABLE 3—Mean age and standard deviation in years in different populations, based on Demirjian’s method.

Stage Gender

German, Olze
et al. (13)

Japanese, Olze
et al. (13)

South African,
Olze et al. (13)

Western Turkish,
Orhan et al. (2)

Eastern Turkish,
Our study

Mean Mean Mean Mean Mean

D Male 16.30 18.20 15.08 14.50 13.23
Female 15.50 18.00 15.11 15.20 13.30

E Male 16.70 18.50 15.20 15.60 14.19
Female 16.80 18.60 15.90 16.10 14.18

F Male 18.30 20.40 18.70 16.90 15.66
Female 19.10 20.50 21.30 17.00 15.65

G Male 20.60 21.80 20.80 17.90 17.22
Female 21.70 21.80 19.80 17.90 17.20

H Male 22.70 22.70 22.60 20.10 20.43
Female 23.00 22.40 22.40 20.00 20.47
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counterparts, respectively (13). Eastern Turkish samples were 1.01–
5.65 years earlier than the South African samples.

We observed a faster development of third molars in eastern
Turkish males only at stages A, C, and D as described by Demirj-
ian et al. (17). In contrast, some previous studies (11,27,29,30)
reported faster development of third molars in males than females
for all stages. Arany et al. (30) reported that males entered the
stages earlier than females; a significant sex difference was
observed in stages D, E, and G in the Japanese population. Prieto
et al. (29) found a significant sexual dimorphism in stages E–G,
with males reaching the stages earlier. Levesque and Tanguay (31)
reported that Franco-Canadian males reach Demirjian’s stages ear-
lier than girls in stages F–H.

Statistical analysis shows almost the same correlation for males
(r2 = 0.57) and females (r2 = 0.56). In agreement with our data,
Liversidge (32) found that the mean age for most stages between
Bangladeshi boys and girls was similar, except for crypt. On the
other hand, Prieto et al. (29) and Sisman et al. (9) found stronger
correlations for males (r2 = 0.54; r2 = 0.65, respectively) than for
females (r2 = 0.45; r2 = 0.61, respectively). This diversity could be
explained by the differences in the selected age range of the study
populations. Additionally, a newly prepared equation for eastern
Turkish children and adolescences using linear regression, proposed
by Demirjian, will be very useful for forensic age determination
through third-molar mineralization.
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