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Abstract

Objective: To evaluate the applicability of Demirjian and Nolla methods for northeastern Turkish population.
Material and Method: A retrospective study was performed on panoramic radiographs of 673 subjects aged 5-15.9
years. The mean dental age (DA) according to the Demirjian and Nolla methods were compared to the mean
chronological age (CA).

Results: The mean CA of the study sample was 10.37+2.90 and 10.03£2.81 years for females and males, respec-
tively. Using the Demirjian method, the mean estimated DA was 11.26+3.02 years for females and 10.87+2.96
years for males. For Nolla method, the mean estimated DA was 9.80+3.41 and 9.5343.14 years for females and
males, respectively. The mean differences between the CA and DA according to the Demirjian and Nolla methods
were 0.86 and -0.54 years for total study sample.

Conclusion: Nolla method was found to be a more accurate method for estimating DA in northeastern Turkish
population.
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Introduction

Chronological age (CA) is important in most societies
for school attendance, employment, social benefits and
marriage (1). However, there are many instances where
CA might not be known due to the undocumented or
missing birth data. One of the most accurate, reliable
and fast method of age determination especially in the
growing children is the dental method of age estimation
(2). Sexual maturation characteristics, height, weight,
and skeletal development have also been used to identify
stages of growth. Of them, it was shown that the skeletal
development was the most reliable method. The method
most widely used for skeletal development determina-
tion is the reference atlas Greulich and Pyle, since it has
the advantages of simplicity and availability of multiple
ossification centers for the evaluation of maturity (3).
On the other hand, the importance of dental age (DA)
has been emphasized in forensic dentistry and archeo-
logy (2,4). It can aid to the age identification of a de-
ceased child. They have also been proven valuable when
birth data are lacking or doubted in the management of
immigration to help to determine physiologic age (4).
Besides, in orthodontics and pediatric dentistry, more
attention is usually paid to the patient’s DA rather than
to their CA that both parameters do not always coincide
(5). Sukhia et al. (6) noticed that orthodontic treatment
might be started at a later stage in patients with delayed
dental maturity, thus leading to shorter treatment dura-
tion and a more stable result.

DA may be assessed either by tooth eruption dates or
by the progress of tooth calcification. Dental eruption
is influenced by various factors such as crowding, ex-
tractions, ankylosis, ectopic positions, and persistence
of primary teeth (7). In addition, tooth eruption dates
cannot be applied between the ages of 3 and 6 years, or
after the age of 13 years (8). Therefore, tooth calcifica-
tion is thought to be a more reliable criterion for deter-
mining the DA.

Several methods (9-12) have been used to determine the
DA according to the degree of the calcification observed
in radiographic examinations in permanent teeth. Many
authors (1,2,4,6,13-18) have tested the applicability of the
DA assessment methods in their populations and most of
them (2,6, 13-16,18) have reported significant differences
among the study samples and those methods. Willems
et al. (1) tested the validity of Demirjian’s method on
Belgian Caucasian population and observed consistent
overestimation of the dental age in both sexes. They
presented new tables for each sex with age score direct-
ly expressed in years. Chaillet et al. (19) conducted a re-
search with 9577 dental panoramic radiographs of eight
different ethnicities and implemented new international
dental developmental weighted scores and curves for
children with unknown ethnic origin. Cruz-Landeira et
al. (20) tested the applicability of Demirjian’s and Chail-
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let’s method for Spanish and Venezuelan populations.
They stated that the same method could produce a dif-
ferent result which means applicability of each method
varies with a population used.

The aim of this study was to evaluate the applicability of
Demirjian and Nolla methods for northeastern Turkish
population, since little is known about those methods’
applicability for this population.

Material and methods

The present study was a retrospective study conducted
on panoramic radiographs of 673 subjects. The sample
constituted of 342 males and 331 females with a mean
CA of 10.03+2.81 years for males and 10.374+2.90 years
for females. Panoramic radiographs from the subjects
attending to the Faculty of Dentistry of the Karadeniz
Technical University (Trabzon, Turkey) were included
in the study. Northeastern Turkish subjects aged 5-15.9
years with no prior orthodontic treatment history and
good quality of panoramic radiographs were included.
Distribution of the subjects by gender and age is shown
in (Table 1). Subjects with systemic diseases affecting
the growth and development of the teeth and tooth age-
nesis other than third molars were excluded.

Table 1. Age and gender distribution of the subjects included
in the study.

Chronological age Female Male Total (%)
5-5.9 15 17 32(4.8)
6-6.9 24 34 58 (8.6)
7-1.9 40 33 73 (10.8)
8-8.9 48 43 91 (13.5)
9-9.9 37 45 82 (12.2)

10-10.9 25 34 59 (8.8)
11-11.9 26 34 60 (8.9)
12-12.9 32 36 68 (10.1)
13-13.9 32 28 60 (8.9)
14-14.9 33 20 53(7.9)
15-15.9 19 18 37(5.5)
Total (%) 331(49.2) | 342 (50.8) | 673 (100)

All assessments were performed by one investigator in
a darkened room with a radiographic illuminator to en-
sure contrast enhancement of the tooth images. In order
to avoid the examiner bias at the time of collecting data,
CA was first recorded on a data collection sheet and the
DA scores were tabulated later on a separate sheet.
Chronologic Age

CA was calculated by subtracting the date of the birth
from the date of the panoramic radiograph after having
converted both to a decimal age.

Dental Age (Demirjian method)

The development of each left permanent mandibular
tooth, except the third molar, was rated on an 8-stage
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scale from A to H, and the criteria for the stages were
given for each tooth separately. Each stage of the seven
teeth was allocated a score, and the sum of the scores
gave an evaluation of the subject’s dental maturity,
measured on a scale from 0 to 100. The dental maturity
score of each subject was then converted to DA by us-
ing standard tables and/or percentile curves which were
given for each gender, separately.

Dental Age (Nolla method)

Each left permanent mandibular tooth was assessed and
assigned a stage of between 1 (no sign of calcification) and
10 (apical end completed). If the tooth was between stages
an appropriate fraction (0.2, 0.5 or 0.7) was added as re-
commended by Nolla. The sum of scores was compared to
the average sum for males or females and DA calculated.
Statistical Analyses

All descriptive and comparative statistical analyses
were performed using the SPSS software package (Sta-
tistical Package for Social Sciences, version 11.5, SPSS
Inc., Chicago, IL, USA). Kolmogorov-Smirnov test was
performed to test the normality of the data. Since the re-
sults of the Kolmogorov-Smirnov test showed non-nor-
mal distribution, nonparametric tests were performed.
The DA and CA were compared using the Wilcoxon
Signed Rank test. Besides, Spearman correlation coef-
ficients for males, females, and total study sample were
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performed for both methods. To assess reproducibility,
60 randomly selected radiographs were re-examined four
weeks after the initial examination by the same inves-
tigator. Examination of results using the Wilcoxon test
showed no statistically significant differences between
the two readings, indicating diagnostic reproducibility. A
P value less than 0.05 was considered to be significant.

Results

Differences between the mean CA and estimated DA
using the Demirjian method for different age groups
and total sample for males and females are presented
in (Table 2). Both genders were overestimated in den-
tal maturity when compared with the reference sam-
ples. The mean difference between the CA and DA was
0.89+1.15 and 0.84+1.36 years for females and males,
respectively. The mean difference between the CA and
DA ranged from 0.15+1.13 to 1.24+0.57 years in fe-
males. These differences in females between the CA
and DA were statistically significant in total (p<0.01)
and in all groups (p<0.05) except for group of 15-15.9
years (p>0.05). The mean difference between the CA
and DA ranged from 0.274+0.96 to 1.60+0.55 years in
males. These differences in males between the CA and
DA were statistically significant in total (p<0.01) and in
all groups (p<0.05) except for groups of 13—13.9 and 14-

Table 2. Differences between CA and DA determined by Demirjian’s method.

| Mean CA (SD) | Mean DA (SD) | DA-CA (SD) | P
Females
5-5.9 5.27+0.37 6.24+1.23 0.98+1.34 | 0.031
6-6.9 6.33+0.28 7.57+0.51 1.24+0.57 | 0.000
7-7.9 7.38+0.31 8.19+0.82 0.810.82 | 0.000
8-8.9 8.38+0.27 9.08+0.86 0.69+0.81 | 0.000
9-9.9 9.41£0.29 10.45+1.13 1.04+£1.10 | 0.000
10-10.9 10.34+0.29 11.36=1.51 1.02+1.49 | 0.003
11-11.9 11.39+0.29 12.59+1.68 1.21+1.59 | 0.002
12-12.9 12.35+0.31 13.24+1.26 | 0.89£1.25 | 0.000
13-13.9 13.32+0.27 14.43+1.46 1.12+1.36 | 0.000
14-14.9 14.35+0.29 14.98+1.06 | 0.63£1.02 | 0.002
15-15.9 15.38+0.38 15.53+1.10 | 0.15+1.13 | 0.084
Subtotal [ 10.37+2.90 11.26+3.02 | 0.89+1.15 | 0.000
Males
5-5.9 5.28+0.27 6.88+0.57 1.60+£0.55 | 0.000
6-6.9 6.38+0.32 7.55+0.69 1.17£0.58 | 0.000
7-7.9 7.39£0.30 8.18+0.82 0.79+0.80 | 0.000
8-8.9 8.37+0.32 8.92+1.18 0.54+1.22 | 0.003
9-9.9 9.34+0.32 9.96+1.81 0.63£1.82 | 0.037
10-10.9 10.24+0.29 11.38+1.34 | 1.14£1.27 | 0.000
11-11.9 11.39+0.30 12.29+1.48 | 0.90+1.38 | 0.000
12-12.9 12.39+0.29 13.54+1.47 1.14+1.48 | 0.000
13-13.9 13.24+0.29 13.71£1.89 | 0.47+1.95 | 0.142
14-14.9 14.29+0.29 14.79+1.38 | 0.51+1.52 | 0.135
15-15.9 15.32+0.30 15.59+1.06 | 0.27+0.96 | 0.036
Subtotal |  10.03+2.81 10.87+2.96 | 0.84+1.36 | 0.000
Total 10.20+2.86 11.06£2.99 | 0.86+1.26 | 0.000

CA: Chronological age; DA: Dental age; SD: Standard deviation.
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14.9 years (p>0.05). The mean difference between CA
and DA was 0.86+1.26 years in total (p<0.01).

Differences between the mean CA and estimated DA ac-
cording to the Nolla method for different age groups and
total sample for males and females are presented in (Ta-
ble 3). Both genders were underestimated in dental ma-
turity as compared to the reference samples. The mean
difference between the CA and DA was -0.57+1.43 and
-0.50+1.38 years for females and males, retrospectively.
The mean difference ranged from -0.0142.17 to -0.93+0.65
years for females and from -0.0140.65 to -0.94+0.89 years
for males. The differences between the CA and DA were
statistically significant in total (p<0.01) and in 7-10.9 and
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12-12.9 year age groups (p<0.05) for females and in total
(p<0.01) and in 6-6.9 (p<0.05) and 8-11.9 (p<0.01) year age
groups for males. The mean difference between CA and
DA was -0.54+1.40 years in total (p<0.01).

The results of the Spearman correlation coefficients per-
formed for total male and female samples according to the
both methods are shown in (Table 4). Results showed a strong
linear correlation between CA and DA for both Demirjian
method (for females and males; 12=0.931, r2=0.913, respec-
tively) and Nolla method (for females and males; 12=0.928,
12=0.914, respectively). (Figs. 1 and 2) show the scatter plots
of DA versus CA for females and males according to Demir-
jian and Nolla methods, respectively.

Table 3. Differences between CA and DA determined by Nolla’s method.

| Mean CA (SD) | Mean DA (SD) | DA-CA (SD) | P value
Females
5-5.9 5.27+0.37 4.63+1.00 -0.64+1.06 0.056
6-6.9 6.33+0.28 6.02+0.92 -0.31£0.91 0.143
7-7.9 7.38+0.31 6.58+0.87 -0.80+0.88 0.000
8-8.9 8.38+0.27 7.45£0.71 -0.93%0.65 0.000
9-9.9 9.41+0.29 8.51+1.02 -0.90+1.03 0.000
10-10.9 10.34+0.29 9.62+1.56 -0.72+1.53 0.023
11-11.9 11.39+0.29 10.94+1.90 ~0.44+1.80 0.181
12-12.9 12.35+0.31 11.56+1.71 -0.79+1.68 0.006
13-13.9 13.32+0.27 13.31+2.29 -0.01+2.17 0.829
14-14.9 14.35+0.29 14.24+1.77 -0.11+1.72 0.845
15-15.9 15.38+0.38 15.18+1.56 -0.20=1.60 0.571
Subtotal | 10.37+2.90 9.80+3.41 0.57+1.43 0.000
Males
5-5.9 5.28+0.27 5.27£0.75 -0.01+0.65 0.955
6-6.9 6.38+0.32 5.94+1.08 -0.44+0.96 0.016
7-7.9 7.39£0.30 7.14£0.98 -0.26+0.98 0.181
8-8.9 8.37+0.32 7.65+0.99 -0.72+1.00 0.000
9-9.9 9.34+0.32 3.40+0.88 -0.94+0.89 0.000
10-10.9 10.24+0.29 9.62+1.29 -0.62+1.22 0.005
11-11.9 11.39+0.30 10.75+1.70 -0.64+1.59 0.005
12-12.9 12.39+0.29 12.13£1.93 20.27£1.91 0.486
13-13.9 13.24+0.29 12.63+2.14 -0.61+2.20 0.157
14-14.9 14.29+0.29 14.05+1.68 -0.24+1.88 0.844
15-15.9 15.32+0.30 15.17+1.54 0.16£1.42 0.393
Subtotal | 10.03+2.81 9.53£3.14 -0.50+1.38 0.000
Total 10.20+2.86 9.66+3.28 -0.54+1.40 0.000

CA: Chronological age; DA: Dental age; SD: Standard deviation.

Table 4. Results of the Spearman correlation coefficients performed for total
male and female samples according to the both method.

Mean CA Mean DA Correlation P
(SD) (SD) Coecfficient | value
Demirjian method
Females | 10.37+2.90 11.26+3.02 0.931 0.000
Males 10.03+2.81 10.87+2.96 0.913 0.000
Total 10.20+2.86 11.06+2.99 0.921 0.000
Nolla method

Females | 10.37+2.90 9.80+3.41 0.928 0.000
Males 10.03+£2.81 9.53+3.14 0.914 0.000
Total 10.20+2.86 9.66+3.28 0.920 0.000

CA: Chronological age; DA: Dental age; SD: Standard deviation.
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Fig. 1. The scatter plot dental age according to the Demirjian method versus chronological age for males and females.
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Fig. 2. The scatter plot dental age according to the Nolla method versus chronological age for males and females.

Discussion

DA assessments involve the use of radiographs and dif-
ferent types of radiographs have been used to investi-
gate dental development. Panoramic radiographs have
been adopted by most authors due to their accessibility
and the possibility to visualize all teeth (2). Panoramic
radiographs are also considered to be the best tool for
age estimation in children, since intraoral radiographs
are difficult to obtain without image distortion as dis-
tortion can lead to inaccuracy of findings (21). Thus,
panoramic radiographs were used in this study to deter-
mine estimated DAs.

There have been several different methods to determine
DA. Among all methods used to assess DA, the methods
of Demirjian et al. (11) and Nolla are commonly used
in teaching and clinical practice (4,21,22), hence these
two methods were the obvious methods for the present
study.

The method of Demirjian et al. (11) is one of the sim-
plest, most practical, and widely employed methods to
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predict age and maturation (23,24). It is to determine
the beginning of mineralization up to the end of root
formation. The authors (11) looked at eight minerali-
zation stages for premolars and molars (A—H) and six
steps (C—H) for incisors and canines. However, it was
based on a large sample of 1446 males and 1482 females
of French-Canadian origin. They reported then that the
possibility that the standards they obtained may not be
valid in other populations and that perhaps adaptations
should be made for other samples. Thus, numerous
studies (1,2,6,7, 13-15, 18,25,26) have been conducted
to determine the applicability of Demirjian’s method in
a particular population. In the present study, both gen-
ders were overestimated in dental maturity for all age
groups studied with a mean difference of 0.89 years
in females and 0.84 years in males. Results from other
studies that used the Demirjian method showed an ave-
rage overestimation in dental age ranging from 0.02
to 3.04 years (13-15, 18,21,25, 27-29). This wide range
might be due to the ethnic differences, climate, nutri-
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tion, socio-economic level, urbanization age structure
of the study samples, sample size, statistical methods
(4,14). In agreement with our findings, eastern Turkish
children (18) were found to be dentally advanced and
the differences were statistically significant in all age
groups for both genders. Tunc and Koyuturk (15) evalu-
ated the applicability of this method for DA estimation
in northern Turkish children aged 4-12 years and found
that the mean difference between DA and CA for males
and females varied from 0.36 to 1.43 years and from
0.50 to 1.44 years, respectively. In this study, the mean
difference between DA and CA for males and females
was found to be varying from 0.27 to 1.60 years and
from 0.15 to 1.24 years, respectively. In addition, the
difference between DA and Ca was over 1 year for the
ages 5-6.9, 9-11.9, 13-13.9 year old females and 5-6.9,
9-11.9, 13-13.9 years for males. However, the authors
(15) noticed that it was over 1 year for the ages 5-6.9,
12-12.9 for females and 5-6.9 years for males. The dif-
ference between our findings and the authors’ findings
might be due to the geographical differences and age
range of the study sample.

Nolla method evaluates 10 mineralization stages of
each tooth, two more degrees of mineralization of the
crown than the more frequently used method according
to Demirjian et al. (10,30). Maber et al. (4) compared the
Nolla, Haavikko, Demirjian and Willems methods on a
sample of children of Bangladeshi and British Caucasian
ethnic origins. They found that Nolla method under-es-
timated age by -0.87 years for males and -1.18 years for
females; also significantly different from chronological
age (P < 0.01). Search of published reports showed that
only one study (5) on dental age estimation according
to the Nolla method among Turkish children has been
reported. Miloglu et al. (5) noticed that the accuracy
of the Nolla method was suitable for eastern Turkish
males. They found an underestimation of a rate by 0.5
and 0.2 years for females and males, respectively. How-
ever, the mean difference between the CA and DA ac-
cording to the Nolla method, in this study, was -0.57
and -0.50 years for females and males, respectively. The
difference between our findings and their findings might
be due to the differences between geographical areas as
stated by several investigators (5,15).
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