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ABSTRACT: In the literature, little is known about the applicability of this method in Turkish children. The aim of this study was, therefore, to
evaluate the reliability of Demirjian method of age estimation when used for eastern Turkish children. A retrospective study was performed on a
sample of panoramic radiographs taken from 807 healthy eastern Turkish children. The stages of dental maturity of the mandibular left seven perma-
nent teeth for each subject using the eight radiographic dental maturity stages demonstrated by Demirjian were evaluated. A paired t-test was used
for statistical analysis. The mean difference between the chronological and dental ages ranged from 0.2 to 1.9 years in girls and from 0.4 to 1.3 years
in boys. The differences between the chronological and dental ages were statistically significant in all age groups. The applicability of Demirjian
method is not suitable for eastern Turkish population.
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In dental and medical practices, age estimation is considered to
be of great importance. Dental maturity, expressed as a dental age,
is one of the age estimation methods (1). For both the pediatric
dentistry and the orthodontist, to be able to know a child’s growth
and developmental status is especially important in diagnosis and
treatment planning (2,3). Besides, the estimate of dental develop-
ment is one of the most reliable indicators of chronological age
and most widely used in forensic and legal dentistry (4). Age esti-
mation aids the identification of age at death of a deceased child
and also provides information about the physiological age when
birth data are lacking or doubted (3).

Several methods have been used to determine the dental age
according to the degree of the calcification observed in radio-
graphic examinations in permanent teeth (5–9). The Demirjian
method, widely used, is based on the observation of seven left-side
mandibular teeth in children of French–Canadian origin. Various
investigators have demonstrated differences between several ethnic
groups (1–3,10), as well as between geographical areas or cities
within the same country (1).

In the literature, little is known about the applicability of this
method in Turkish children. To date, it was only tested in a group
of 900 northern (1) and 419 northwestern (11) Turkish children.
The aim of this study was, therefore, to evaluate the reliability of
Demirjian method of age estimation when used for eastern Turkish
children.

Material and Methods

A retrospective study was performed on a sample of panoramic
radiographs taken from 807 healthy eastern Turkish children (441

girls and 366 boys) aged between 7.00 and 15.00 years. The radio-
graphs of the children were randomly selected from the subjects
attending to the Department of Orthodontics, the Faculty of Den-
tistry of the University of Ataturk (Turkey). All radiographs were
performed by an X-ray technician who had a minimum working
experience of 5 years as of 1996, using an orthopantomography
device (Planmeca Proline CC 2002, 60–80 kVp, 8–10 mA,
12.8 sec exposure time; Helsinki, Finland) with a magnification
factor of 1.2. Approval from the ethics committee was not required
for this retrospective study. Children were excluded from the study
including the followings: agenesis of teeth, systemic diseases affect-
ing the growth and development of the teeth, poor quality of pano-
ramic radiographs, or image deformity effecting mandibular
permanent teeth.

Chronological age was calculated by subtracting the date of the
panoramic radiograph from the date of birth after having converted
both to a decimal age. The stages of dental maturity of the mandib-
ular left seven permanent teeth for each subject using the eight
radiographic dental maturity stages demonstrated by Demirjian
et al. (6) were evaluated by the same investigator without prior
knowledge of age or gender of the children. Each stage of the
seven mandibular teeth was allocated a biologically weighted score,
and the sum of the scores provided an estimate of the dental matu-
rity, measured on a scale from 0 to 100. The overall maturity score
was then converted to a dental age by using available tables and ⁄ or
percentile curves (5,6).

Statistical Analysis

For each age and gender group, the mean differences between
the dental and chronological ages of the subject were calculated.
A paired t-test was used for statistical analysis. To assess the
reproducibility, 80 randomly selected panoramic radiographs were
re-evaluated 1 month after the first examination by the same
investigator. The percentage agreement of the two readings was
calculated by examining of the 80 radiographs of 560 teeth.
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The difference between the two readings was tested for significance
with Kappa test (0.87).

Results

Table 1 shows the distribution of the girls and boys into different
age groups: 441 (54.6%) were girls and 366 (45.4%) boys. Differ-
ences between the mean chronological ages and estimated dental
ages according to the Demirjian method are presented in Table 2.
Both genders were advanced in dental maturity when compared
with the reference samples. The mean difference between the chro-
nological and dental ages ranged from 0.2 to 1.9 years in girls and
from 0.4 to 1.3 years in boys. The differences between the chrono-
logical and dental ages were statistically significant in all groups.
The least differences between the chronological and estimated den-
tal ages were observed in the 8- to 11-year age groups in boys and
7- to 7.9- and 9- to 9.9-year age groups in girls.

Discussion

Several methods for the determination of dental development
have been carried. Demirjian eight-stage method is one of the prin-
cipal methods used for dental age estimation. It is one of the sim-
plest, practical, and widely used methods (12). Numerous studies
(1–4,10,12) have been carried out for other populations, showing a
great variability in the dental maturation process. Several authors
(1,13–15) showed that the results are less accurate if another popu-
lation is computed with Demirjian standards. This shows the neces-
sity to create representative databases for each population to reach

a better comprehension of human dental maturation. Tunc and
Koyuturk (1) stated differences between geographical areas or cities
within the same country. However, such research had not been
taken up in East Anatolian, yet. For this reason, the aim of this
study was to assess the applicability of Demirjian method in an
eastern Turkish population and thus the comparing of the dental
maturity with that of other populations.

The mean differences between the chronological and dental ages,
in a recent study published in northern Turkish population, ranged
from 0.5 to 1.4 years in girls and from 0.4 to 1.4 years in boys (1).
Additionally, Mentes et al. (11) found delayed dental maturity in
northwestern Turkish population. In agreement with those reports
(1,11) published in Turkish populations, our study showed signifi-
cantly more advanced dental maturity. However, the largest mean
difference found in this study was 1.9 years, compared with 1.4 (1)
and 0.7 (11) years reported in different parts of our country. The
difference might be because of the sample sizes examined in differ-
ent regions.

A common finding in reports published in different populations
is that the Demirjian method for dental age estimation does not
accurately estimate the dental age of examined subjects. Although
some reports (16,17) showed an underestimation of the dental age,
others (2,3) reported overestimation of dental age. In the present
study, the use of Demirjian method for dental age estimation led to
an overestimation in the dental development in eastern Turkish
children. As a group, eastern Turkish children were dentally
advanced compared to French–Canadian standards by 1.0 year. The
mean delay in girls was 1.1 year and in boys 0.9 year. The differ-
ences were statistically significant in all age groups for girls and
boys. In agreement with our results, the mean difference was
greater in the Swedish sample (18). The Swedish boys differed by
0.4–1.8 years and the girls by 0.5–1.8 years. On the other hand, the
mean difference for Dutch boys was 0.4 years and for girls
0.6 years (19). In the sample of Norwegian children, the mean dif-
ference was smaller; it was 0.2 years for boys and 0.3 years for
girls (20).

It was also previously stated that sex differences do exist and
need to be taken into account. With most maturational events, the
tempo of maturation is faster in girls (21). This is in agreement
with the findings of this study where girls were dentally more
advanced than boys for the dental age. H�gg and Matsson (22) sug-
gested that Demirjian method affords a high degree of reliability
and precision, particularly in younger children. This result was in
agreement with our study. The least differences between the chro-
nological and estimated dental ages, in this study, were observed in
the 8- to 10.9-year age groups in boys and 7- to 7.9- and 9- to 9.9-
year age groups in girls.

Conclusion

Eastern Turkish children are significantly more advanced in den-
tal maturity compared to Demirjian French–Canadian sample.
Therefore, the applicability of Demirjian method is not suitable for
eastern Turkish population.

Conflict of interest: The authors have no relevant conflicts of
interest to declare.

References

1. Tunc ES, Koyuturk AE. Dental age assessment using Demirjian’s
method on northern Turkish children. Forensic Sci Int 2008;175:23–6.

2. Koshy S, Tandon S. Dental age assessment: the applicability of Demirj-
ian’s method in south Indian children. Forensic Sci Int 1998;94:73–85.

TABLE 1—Age and gender distribution of the subjects examined.

Chronological Age Female Male Total (%)

7–7.9 18 17 35 (4.3)
8–8.9 34 37 71 (8.8)
9–9.9 45 39 84 (10.4)
10–10.9 103 73 176 (21.8)
11–11.9 108 72 180 (22.4)
12–12.9 48 64 112 (13.9)
13–13.9 45 32 77 (9.5)
14–14.9 40 32 72 (8.9)
Total (%) 441 (54.6) 366 (45.4) 807 (100)

TABLE 2—Differences between chronological ages and dental ages
determined by Demirjian method.

Age Mean CA Mean DA
Mean Difference

(DA-CA) p-Value

Female
7–7.9 7.6 7.8 0.2 0.045
8–8.9 8.5 9.8 1.3 0.000
9–9.9 9.4 10.1 0.7 0.003
10–10.9 10.4 11.6 1.2 0.000
11–11.9 11.4 12.7 1.3 0.000
12–12.9 12.4 14.3 1.9 0.000
13–13.9 13.5 15.1 1.6 0.000
14–14.9 14.4 15.2 0.8 0.000
Male
7–7.9 7.7 8.6 0.9 0.000
8–8.9 8.7 9.1 0.4 0.000
9–9.9 9.3 10.0 0.7 0.001
10–10.9 10.5 11.0 0.6 0.002
11–11.9 11.5 12.8 1.3 0.000
12–12.9 12.6 13.7 1.1 0.000
13–13.9 13.4 14.6 1.2 0.000
14–14.9 14.3 15.2 0.9 0.004

CA, chronological age; DA, dental age.

CELIKOGLU ET AL. • DENTAL AGE ASSESSMENT IN TURKISH CHILDREN S221



3. Maber M, Liversidge HM, Hector MP. Accuracy of age estimation of
radiographic methods using developing teeth. Forensic Sci Int 2006;159:
68–73.

4. Reventlid M, Mornstad H, Teivens AA. Intra- and inter-examiner varia-
tions in four dental methods for age estimation of children. Swed Dent J
1996;20:133–9.

5. Demirjian A, Goldstein H. New systems for dental maturity based on
seven and four teeth. Ann Hum Biol 1976;3:411–21.

6. Demirjian A, Goldstein H, Tanner JM. A new system of dental age
assessment. Hum Biol 1973;45:211–27.

7. Gustafson G, Koch G. Age estimation up to 16 years of age based on
dental development. Odontol Revy 1974;25:297–306.

8. Haavikko K. The formation and the alveolar and clinical eruption of the
permanent teeth. An orthopantomographic study. Suom Hammaslaak
Toim 1970;66:103–70.

9. Nolla CM. The development of the permanent teeth. J Dent Child
1960;27:254–66.

10. Loevy HT, Goldberg AF. Shifts in tooth maturation patterns in non-
French Canadian boys. Int J Paediatr Dent 1999;9:105–10.

11. Mentes A, Ergeneli S, Tanboga I. Applicability of Demirjian’s standards
to the Turkish children’s dental age estimation. J Marmara Univ Dent
Fac 2000;4:63–8.

12. Garamendi PM, Landa MI, Ballesteros J, Solano MA. Reliability of the
methods applied to assess age minority in living subjects around
18 years old. A survey on a Moroccan origin population. Forensic Sci
Int 2005;154:3–12.

13. Willems G, Van Olmen A, Spiessens B, Carels C. Dental age estimation
in Belgian children: Demirjian’s technique revisited. J Forensic Sci
2001;46:893–5.

14. Chaillet N, Nystrom M, Kataja M, Demirjian A. Dental maturity curves
in Finnish children: Demirjian’s method revisited and polynomial func-
tions for age estimation. J Forensic Sci 2004;49:1324–31.

15. Rozylo-Kalinowska I, Kiworkowa-Raczkowska E, Kalinowski P. Dental
age in Central Poland. Forensic Sci Int 2008;174:207–16.

16. Liversidge HM, Speechly T, Hector MP. Dental maturation in British
children: are Demirjian’s standards applicable? Int J Paediatr Dent
1999;9:263–9.

17. Mitchell JC, Roberts GJ, Donaldson AN, Lucas VS. Dental age assess-
ment (DAA): reference data for British caucasians at the 16 year thresh-
old. Forensic Sci Int 2009;189:19–23.

18. Mornstad H, Reventlid M, Teivens A. The validity of four methods for
age determination by teeth in Swedish children: a multicentre study.
Swed Dent J 1995;19:121–30.

19. Leurs IH, Wattel E, Aartman IH, Etty E, Prahl-Andersen B. Dental age
in Dutch children. Eur J Orthod 2005;27:309–14.

20. Nykanen R, Espeland L, Kvaal SI, Krogstad O. Validity of the Demirj-
ian method for dental age estimation when applied to Norwegian chil-
dren. Acta Odontol Scand 1998;56:238–44.

21. Blankenship JA, Mincer HH, Anderson KM, Woods MA, Burton EL.
Third molar development in the estimation of chronologic age in ameri-
can blacks as compared with whites. J Forensic Sci 2007;52:428–33.

22. H�gg U, Matsson L. Dental maturity as an indicator of chronological
age: the accuracy and precision of three methods. Eur J Orthod
1985;7:25–34.

Additional information and reprint requests:
Dt. Mevlut Celikoglu
Department of Orthodontics
Faculty of Dentistry
Ataturk University
Erzurum 25240
Turkey
E-mail: mevlutcelikoglu@hotmail.com

S222 JOURNAL OF FORENSIC SCIENCES


