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Abstract: Radiographs of developing teeth are
commonly used to assess dental maturity. The method
for assessment of dental maturity first described by
Demirjian is widely used and accepted. The aim of
this study was to assess the accuracy of the Demirjian
method in an Iranian population in order to compare
the difference in dental maturity between these children
with the data obtained in Canadian children and to
determine whether there is a correlation between dental
maturity and BMI-for-age. In this study, the
orthopantomographs of 519 healthy children (264 boys
and 255 girls) aged 3.5-13.5 years were reviewed and
the dental age was determined by the Demirjian
method. The chronological ages of the children were
obtained by subtracting their birthdates from the date
of taking the radiograph. Height and weight
measurements were also recorded and the data were
analyzed using SPSS-16 software. The Demirjian
method overestimated the age by 0.15 and 0.21 years
in boys and girls, respectively. Paired t-test analysis
showed that these differences were statistically
significant (P = 0.001). The increase in mean age
difference initiated from the underweight group towards
the overweight group, but this correlation was not
statistically significant (P = 0.094). Based on the amount
of differences between estimated dental age and
chronological age in this investigation, the Demirjian

method seems to be clinically applicable in the Iranian
population. (J Oral Sci 53, 37-42, 2011)

Keywords: Demirjian method; chronological age;
dental age; BMI-for-age index; Iranian
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Introduction
Dental age assessment has an important role in forensic

medicine, pediatric dentistry and orthodontic treatment
planning (1). Orthodontists use such knowledge to predict
the timing of particular treatments and pediatricians may
be interested in knowing whether the dental maturity of a
child with a certain disease has been delayed or advanced
(2-4). Although there are skeletal, dental and sexual
maturity indicators, dental maturity indicators have received
more attention because they exhibit less variability
compared with sexual and skeletal age estimation methods
that are more affected by the endocrine and nutritional status
of children and adolescents (5-7). Dental age can be
assessed mainly by two methods: I) according to the status
of tooth emergence in the oral cavity, and II) according to
the stages of tooth formation observed in radiographs.
The first method is not preferred because it cannot be
used in children with a complete primary dentition who
have not yet reached a mixed dentition. On the other hand,
the second method can be used over longer periods of time
and is less affected by local factors such as premature loss
of deciduous teeth, ankylosis or arch size deficiency for
permanent teeth (6,8).

In 1973, Demirjian introduced a dental age assessment
method (9) based on the stages of tooth development in
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panoramic radiographs. This method has been widely
used in different populations (1,6,8,10-16). Mani et al.
employed the Demirjian dental age estimation method in
7- to 15-year-old Malays and reported that this method
overestimated the age by 0.75 and 0.61 years among boys
and girls, respectively. They recommended further
modification of the Demirjian method for the Malay
population (6). Hegde et al. evaluated dental age in 6- to
13-year-old children from Belgaum, India by the Demirjian
method and reported a weak overestimation of 0.14 and
0.04 years for boys and girls, respectively and concluded
that this method was applicable in Belgaum children (12).

Bagherpour et al. (17) recently assessed dental age
using the Demirjian method among Iranian children and
found that this method overestimated the age of boys by
0.34 years and girls by 0.25 years. The aim of this study
was to assess the Demirjian method in a larger sample size
with greater age range of an Iranian population in order
to compare the difference in dental maturity between these
children and the data obtained in French-Canadian children
by Demirjian (18) and also to determine whether there is
a correlation between dental maturity and BMI-for-age.

Materials and Methods
In this cross-sectional study, 519 children (264 boys and

255 girls) were selected from children referred to the Oral
and Maxillofacial Radiology department of Rafsanjan
Dental  School  to  take  panoramic radiographs
(orthopantomographs). The protocol was reviewed and
approved by the Medical Research Ethics Committee of
the Rafsanjan University of Medical Sciences.

The inclusion criteria were:
• Age between 3.5 to 13.5 years-old
• No history of congenital and systemic disorders
• Resident of Rafsanjan City
• No missing left permanent mandibular teeth
• Parental permission (written informed consent)
All orthopanthomographs were scored by one examiner

using the Demirjian method (9) to obtain dental age. Fifty
subjects were re-examined after 2 weeks by the examiner.
Intra-examiner reproducibility was assessed using the
Cohen’s Kappa statistics for repeated maturity scores and
was found to be 0.95.

In this method, seven left permanent mandibular teeth
were scored “0” for lack of calcification and “A” to “H”
depending on the stage of calcification. Standards were
given for each sex separately and the sum of scores of dental
maturity was converted to dental age by a conversion
table. The scores used in this study were the revised scores
published by Demirjian and Goldstein (18).

The chronological ages of the children were obtained

by subtracting the birthdates from the date the radiograph
was taken and converted into years with two decimals. The
children were also divided into 10 groups according to their
chronological age. The sample size of each group was
calculated based on data from a pilot study in 74 children
and it was determined that at least 19 children of each sex
should be in each group to detect a 1-year difference
between the dental age and chronological age with a
precision of 5% and the largest standard deviation of 0.7
year in age difference (10.5-11.49 year-old age group;
girls).

Body weight of children was recorded to the nearest 0.1
kg using a standard beam balance scale (Hopeway Industrial
Ltd., Guangdong, China) with the children wearing
lightweight clothing and no shoes. Body height of children
was recorded to the nearest centimeter according to the
following protocol: no shoes, heels together and head
positioned in the Frankfurt plane and touching a ruler. All
the measurements were done by the same person.

Body mass index (weight/height in kg/m2) was calculated
and compared with the international gender-and-age
specific charts for BMI-for-age determination (19). In
children, BMI-for-age is classified as underweight, normal-
weight, at risk of overweight and overweight. Underweight
is defined as BMI-for-age <5th percentile, normal-weight
5th percentile ≤ BMI-for-age < 85th percentile, at risk of
overweight 85th percentile ≤ BMI-for-age < 95th percentile,
and overweight BMI-for-age ≥ 95th percentile (20).

All data were statistically analyzed by SPSS-16 software.
The differences between the chronological age and the
estimated dental age were statistically analyzed using the
paired t-test and Wilcoxon signed rank test. Spearman’s
rho was used to assess the correlation between BMI-for-
age and mean age differences. A P value less than 0.05
was considered to be statistically significant.

Results
The mean and SD of chronological age, dental age and

dental age minus chronological age of children were 8.35
± 2.71 years (boys: 8.31 ± 2.68, girls: 8.40 ± 2.73), 8.54
± 2.55 years (boys: 8.46 ± 2.50, girls: 8.61 ± 2.60), and
0.19 ± 0.50 years (boys: 0.15 ± 0.51, girls: 0.21± 0.49),
respectively. Independent t-test showed that there was no
statistically significant difference between boys and girls.

Tables 1 and 2 indicate the comparison of dental age
using the Demirjian method and chronological age in
boys and girls, respectively. In boys, overestimation was
noted in five age groups and underestimation in the other
five groups. Overestimation was more common in younger
children, but underestimation was common in older age
groups (except the 10.5-11.49 year-old age group). In
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girls, there was obvious overestimation in nine groups
and underestimation in only one group (7.5-8.49 year-old
age group). Also, before the age of 8.5, boys were more
advanced or equal in dental age compared to girls, but after
this age the overestimation in girls became more frequent.
The mean age difference between dental age determined
using the Demirjian method (from the French-Canadian
children) and the chronological age of these Iranian children
was 0.15 years (SD = 0.51) for boys and 0.21 years (SD
= 0.49) for girls, and paired t-test analysis showed that these
differences were statistically significant (P = 0.001). This
result shows that the dental age of the Iranian children
compared to their chronological age was higher by 0.15
years (55 days) in boys and 0.21 years (77 days) in girls.

Figures 1 and 2 demonstrate the distribution of estimated
dental age by the Demirjian method in comparison with
chronological age in boys and girls, respectively. They show
that overestimation was slightly more common than
underestimation in both boys and girls.

The mean and SD of height, weight and BMI of children

were 1.29 ± 0.15 m (boys: 1.29 ± 0.17, girls: 1.29 ± 0.14),
27.90 ± 9.59 kg (boys: 28.29 ± 9.72, girls: 27.49 ± 9.46),
and 16.28 ± 2.65 kg/m2 (boys: 16.45 ± 2.72, girls: 16.11±
2.57), respectively. Table 3 demonstrates that the mean age
difference between the estimated age by Demirjian and the
chronological age increased from the underweight group
towards the overweight group, but the Spearman’s rho
test indicated that this correlation was not statistically
significant (P = 0.094).

Discussion
Developing teeth in radiographs are frequently used to

assess dental maturity and estimate age. In clinical dentistry,
these data are useful in diagnosis and treatment planning
(21,22). The proximity of a computed value to its real value
and the reproducibility of a method are important factors
in assessing dental age. Since Demirjian’s tooth
development stages are one of the most detailed, using the
relative length of the crown and root instead of their length,
the reproducibility of dental age estimation with this

Table 1 Comparison between chronological age and dental age in boys

Table 2 Comparison between chronological age and dental age in girls
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method is very good (2,6,22). Therefore, the method
devised by Demirjian et al. is widely used.

Tooth development has variations among populations
and these differences exist between several worldwide
ethnic groups, even between cities in the same country (23).
Therefore, this study was performed to compare the dental
age assessment of a group of children living in Rafsanjan
(a city located geographically in the central part of Iran
having a population of around 300,000) with the French-
Canadian children of Demirjian’s study.

In the present study, it was observed that Iranian children
in this age group were significantly advanced in dental
maturation [0.15 years (55 days) for boys and 0.21 years
(77 days) for girls]. Previously, several studies investigated
the suitability of the Demirjian method in populations
that differed from Canadians (1,6-8,10,12-16,22,24,25).
All of these studies have demonstrated that the Demirjian
method overestimated age between 0.04 years (12) to 3.04

years (1). According to the opinion of the authors, this
advancement in dental maturation may be partly explained
by the positive secular trend in growth and development
observed during the last 35 years (6,8,13,14,26-28). Other
differences between the populations can be explained by
environmental factors such as socio-economic status,
nutrition, dietary habits and lifestyle (1).

In this study, on comparison between the mean values
of differences between estimated ages and chronological
ages in both sexes, boys were more advanced before the
age of 8.5 years, which may indicate that boys are slightly
more advanced in overall body growth than girls in this
period; however, thereafter, the girls caught up with the
boys and their dental development was more advanced than
the boys. This finding can be explained by earlier
prepubertal and pubertal growth changes that occur in
that age period in girls.

Eid et al. (8) and Koshy and Tandon (1) discovered a

Table 3 Comparison of age differences in each category of BMI-for-age

Fig. 2 Distribution of estimated dental age in comparison
with chronological age in girls.

Fig. 1 Distribution of estimated dental age in comparison
with chronological age in boys.
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greater overestimation in older age groups, while in the
present study it was found that overestimation was more
common in younger age groups. Thus, the present study
was in agreement with the study by Maber et al. (22), which
also did not observe that age in younger children could be
more accurately predicted than older children. These
differences can be explained by difference in sample size,
method of age calculation, age groups, the age and sex
distribution of the original study population and statistical
methodologies.

Another focus of this study was to assess the correlation
between the different categories of BMI-for-age and dental
maturity. Age and gender specific BMI values for children
are referred to as “BMI-for-age”. BMI-for-age is adopted
by the World Health Organization as the most specific
nutritional status evaluation method. The categories
describing body fat for children and teenagers are also
different from the categories describing adult body fat. It
includes underweight, normal-weight, at risk of overweight
and overweight, but there is no obese category for children
(20).

In this study, the mean advancement of dental age from
chronological age increased from the underweight group
towards the overweight group, but the correlation was not
statistically significant. This finding is in agreement with
Eid et al. (8), but Mani et al. (6) found a positive correlation
between the BMI and overestimation of age in boys using
Willem’s method, and Hilgers et al. (29) found that
accelerated dental development was seen in overweight
children. These findings indicated that nutritional status
may have an effect on dental maturity, but it is a minor
effect and any certain role of BMI in connection with this
remains unknown.

Based on the amount of differences between estimated
dental age and chronological age in this investigation, the
Demirjian method seems to be clinically applicable in the
Iranian population and nutritional status may have a minor
influence on dental maturity.
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