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Background and Aim: Methods of age estimation with the aid of radiography have
higher accuracy compared with other methods. Some investigations have been per-
formed in this regard, but the correlation between dental development and Body Mass
Index (BMI) has been limitedly researched. In the present study, the correlation be-
tween dental development and BMI in the children referring to the dental school of
Islamic Azad University of Tehran was evaluated with the use of panoramic radiog-
raphy.

Methods and Materials: In this cross-sectional analysis, panoramic radiographs of
104 children aged 6 to 13 years were evaluated. The date of radiography minus the
birth date was used to determine the chronologic age for each child and then, this age

Orginal Article

was compared with the dental age estimated by the Demirjian method. Afterwards,
the height and weight of the children were measured and the BMI was calculated for
each subject. The difference between the estimated dental age and the chronologic age
of the subjects was analyzed according to gender and BMI classification. Statistical
analyses were performed using the ANOVA test, Pearson correlation coefficient and
linear regression.

Results:In the 104 samples, the difference between the estimated dental age and the
chronologic age was not significant (p=0.516). The dental age in normal weight chil-
dren was lower than the chronologic age while in obese children, it was higher than
the chronologic age (p=0.00001). The correlation coefficient of the estimated dental
age using the Demirjian method and the chronologic age in normal weight and obese
boys was 0.936 and 0.901, respectively, while in normal weight and obese girls, it
equaled 0.916 and 0.942, respectively.

Conclusion:The results of the present study showed that dental development is ac-
celerated in obese children.
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Introduction:

Childhood obesity is an increasing concern
and is partly due to sedentary lifestyle and nu-
tritional habits. In Iran, childhood obesity is fol-
lowing an ascending trend. In addition to dis-
eases such as diabetes, high blood pressure and
heart diseases, obesity causes accelerated growth
and early puberty in girls. Obesity can alter the
onset of puberty in boys.” Recent studies show
that obese children experience faster craniofacial
growth, and this accelerated development is an
important variable in pediatric dental and ortho-
dontic treatments.”” Neoviou et al in 2004 found
that children with high Body Mass Index (BMI)
have more erupted teeth.®) Evaluation of dental
development with the use of radiography has a
higher efficacy in the estimation of the chrono-
logic age of children compared with other matu-
ration indices. In addition, dental development is
a biological index in growing children, mostly
as an indicator of dental age. Dental age of chil-
dren can be estimated based on tooth eruption or
based on dental formation stages according to ra-
diographic observations.*> One of the methods
for determining dental development according to
radiography is the Demirjian method which was
first introduced in 1973 following a study on a
large sample of Canadian children, and it evalu-
ates the development of seven permanent teeth
on the left side of the mandible using panoramic
radiographs. All the teeth are classified from A
to H and from the stage of formation of the first
calcified points to apex closure.®”

The efficacy of the Demirjian method has
been assessed among some of the ethnicities.
@1D) Also in previous studies, the correlation be-
tween dental development and height and weight
has been evaluated, which was found to be a sig-
nificant correlation in many studies.>1¢

Considering the controversies among the
results of the previous studies and also the gap
of information regarding this matter in Iran, the
present study aimed to evaluate the correlation
between the BMI and dental development in the
patients referring to the oral and maxillofacial
radiology department of the dental school of Is-
lamic Azad University of Tehran.

Materials and Methods:

This cross-sectional analysis was performed
on 104 children aged 6 to 13 years that referred
for panoramic radiography. The 6 to 13-year-olds
with seven permanent teeth (or tooth buds) on
the left side of the mandible without any system-
ic or developmental diseases were included in
the study. Radiographs of suitable quality were
obtained as files from the radiology center and
were saved in a laptop and the seven permanent
teeth on the left side of the mandible were evalu-
ated in each participant. All the dental buds pass
different stages form the beginning of calcifica-
tion to reach the final shape.(According to the
Demirjian method). These stages are classified
from A to H based on the stage of calcification.
The stages of conversion of dental buds to the
final form based on the degree of calcification
include A: calcification at the tip of the cusps,
B: connection of the calcified cusps, C: comple-
tion of enamel formation and beginning of den-
tin accumulation, D: completion of crown to the
cemento-enamel junction (CEJ) area, E: parallel
pulp chamber walls, root length less than coro-
nal length, visible furcation, F: root length more
than or equal to coronal length, funnel-shaped
apex, G: parallel root walls and open apex, H:
apex is closed and the periodontal ligament has
a uniform width around the root. For each tooth,
a numerical index was designated based on the
determined developmental stage. With reference
to table 1, this value was determined consider-
ing the gender of the subject. Indices for all the
seven teeth were determined. The overall matu-
rity score was obtained by summing up the seven
indices, which ranged from 0 to 100. Then, with
reference to table 2 the index was converted to
dental age.®” The chronologic age and the age
calculated according to the Demirjian method
were compared. The height and weight of the
children were measured and the BMI (weight in
kilograms divided by squared height in meters)
was calculated for each subject.!? Afterwards,
the calculated values were transferred to the age-
and gender-specific curves.
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Table 1- The scores related to each stage of dental maturation in boys and girls

Boys
Tooth (Stages)

0 A B C D E

F G H

37 00 1.7 31 54 86 112

122 128 126

36 00 52 7.5

102 139 16.8

35 0.0 1.5 27 52 80 10.8

12.0 12.5 13.2

34 00 04 63 94 132 149 155 161
33 0.0 4.0 7.8 10.1 114 120
32 0.0 34 6.2 8.2 1.2 151
Girls
Tooth (Stages)

0 A B C D E

37 0.0 1.8 3.1 54 9.0 11.7

12.8 13.2 13.8

36 00 35 5.6

8.4 12.5 15.4

35 00 17 29 54 86 111

123 12.8 13.2

34 0.0 3.7 7.3 100 11.8 12.5
33 0.0 3.8 52 8.1 112 138
32 00 22 6.3 8.5 120 158

If the calculated number was higher than the
95th percentile, it was considered as obesity and
if it was between the 95th and 5th percentiles,
it was considered as normal weight. Afterwards,
the differences between the estimated dental age
and the chronologic age of the participants were
analyzed based on gender and BMI classifica-
tion. Statistical analyses were performed by the
ANOVA test, Pearson correlation coefficient and
linear regression in SPSS software. The signifi-
cance level was set at 0.05.

Results:

The study was performed on 104 digital pan-
oramic radiographs of healthy 6 to 13-year-old
children (52 boys and 52 girls) without any sys-
temic disorders that had all the permanent teeth
or tooth buds on the left side of the mandible.
The average age of the subjects was 9.46+1.28
years with the minimum age of 6 years and the
maximum age of 13 years. The average height
was 11543.2 cm and the average weight equaled
27.242.4 kg. Also, the minimum BMI equaled
13.21 and the maximum BMI equaled 28.31
with the average value of 20.7443.18. From 52
male samples, 36 subjects had normal weight
and 16 subjects were obese while from 52 fe-
male samples, 35 subjects had normal weight
and 17 subjects were obese.

Table 2-Dental maturation index conversion in
boys and girls

Age (years)  Boys  Girls

3.5 21.9 20.4
4 26.6 254
4.5 314 332
5 353 36.3
55 41 43.2
6 47.8 249
6.5 52.6 57.8
7 62.1 66.6
7.5 65.8 75.1
8 713 79.3
8.5 79.9 89.9
9 85 86.9
9.5 86.1 92.5
10 88.5 93.6
10.5 91.6 94.1
11 94 96.4
11.5 95 96.8
12 95.2 97.6
12.5 96.6 98.6
13 97.2 98.9
13.5 97.9 99.3
14 98.2 99.3
14.5 99 99.6
15 99.4 99.7
15.5 99.6 99.9
16 99.8 100
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Overall, the difference between the chronologic
age and dental age in the 104 samples equaled a
minimum of -2.66 years and a maximum of +1.50
years. The mean difference between the chronologic
age and dental age equaled -0.25+0.84 years.
(Table 3)

Table 3- The mean difference between the estimated
dental age and chronologic age based on gender and
weight

Gender Min Max MeantSD
Boy
Normal weight (n=36) -1.83 1.09 -0.358+0.793
Obese (n=16) -1.75 1.50 0.141+0.672
Girl
Normal weight (n=35) -2.66 0.92 -0.546+0.922
Obese (n=17) -1.25 1.42 0.174+0.661

The absolute value of the diagnostic error in the pre-
sent study ranged from a minimum of 0 to a maxi-
mum of 2.66 years with the average of 0.68+0.56
years. (Table 4)

Table 4- The absolute value of the diagnostic error
based on gender and weight

Gender Min Max Mean+SD
Boy
Normal weight (n=36) 0.08 1.83 -0.711%0.489
Obese (n=16) 0 1.75 0.423+40.531
Girl
Normal weight (n=35) 0 2.66 -0.838+0.660
Obese (n=17) 0 1.42 0.536+0.404

The repeatability coefficient (ICC) equaled 0.955.
(Table 5)

Table 5- The repeatability coefficient (ICC) by gender
and weight

Gender Normal weight obese

The correlation coefficient of the dental age
estimated according to the Demirjian method
and the chronologic age in normal weight and
obese boys was 0.936 and 0.901 respective-
ly, while in normal weight and obese girls, it
equaled 0.916 and 0.942, respectively.

The dental age refers to the age calculated
according to the Demirjian method.?

In 52 male samples, the below formula was
calculated for the estimation of the chrono-
logic age:

The chronologic age of normal weight indi-
viduals =(1.32+dental agex0.89)

The chronologic age of obese individuals
= (1.07+dental agex0.87)

In 52 female samples, the below formu-
la was calculated for the estimation of the
chronologic age:

The chronologic age of normal weight
individuals = (0.66+dental agex0.98)

The chronologic age of obese individuals
= (1.19+dental agex0.85)

The following formula was calculated to es-
timate the chronologic age irrespective of
gender:

The chronologic age=(1.13+dental agex0.905)
According to the two-way ANOVA test, age
and gender variables do not have an interac-
tive effect on the level of the estimate error
(p=0.955).

But the estimate error was different be-
tween normal weight and obese individuals
(p=0.012), so that the estimate error in obese
boys and girls was lower than that in the
normal weight subjects. Also, the two-way
ANOVA test showed that the interaction of the
two variables was not significant in the differ-
ence between the estimated dental age and the
chronologic age (p=0.516). But the difference
between the chronologic age and the estimat-
ed dental age was significant between normal
weight and obese subjects (p=0.00001), so that
in normal weight subjects, the dental age was
estimated to be lower than the chronologic age.
The dental age in normal weight boys and girls
was estimated to be -0.358 and -0.546 years

Boy 0.966 0.948 lower respectively, and in obese boys and girls
Girl 0.955 0.968 it was estimated to be +0.141 and +0.174 years
: : more than the chronologic age, respectively.
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Discussion:

The present study was performed on 104 digi-
tal panoramic radiograph samples of healthy 6
to 13-year-olds without any systemic disorders
that had all the permanent teeth or tooth buds
on the left side of the mandible. The average
difference between the chronologic age and
the estimated dental age equaled -0.25 years.
Moreover, the repeatability coefficient (ICC) of
0.955 is also indicative of the high repeatability
of the present study. Also, the high correlation
coefficient in boys and in girls shows the high
correlation between the dental age estimated
by the Demirjian method and the chronologic
age. Thus far, many studies have assessed the
Demirjian method and its ability to estimate
age in Iranian children. In these studies, the re-
searchers concluded that the Demirjian method
is a suitable technique for age estimation in Ira-
nian children.?7

The results of the present study showed that
the dental age in children with normal weight
is estimated lower than the chronologic age,
but in obese children it is estimated higher,
which shows that dental development is more
advanced in obese children. The difference be-
tween the chronologic age and dental age in
both obese and normal weight girls was higher
than that in boys but overall, the age estimation
error was not significantly correlated with gen-
der and was only correlated with child’s weight.

Hedayati et al in 2014 assessed the correla-
tion between the BMI and skeletal maturation
and dental development in 6 to 15-year-old
children and found a direct correlation between
accelerated dental maturation and increased
BMI (p=0.002).") In a study by Eid et al on 6
to 14-year-old Brazilian children, no significant
correlation was detected between dental matu-
ration and BMI, but the results showed that on
average, dental maturation of Brazilian children
is 0.616 to 0.681 years more advanced than
their chronologic age. In the current study,
the dental age of normal weight children was
estimated lower than the chronologic age but in
obese children, the dental age was higher than
the chronologic age, and in fact there was a
direct correlation between the BMI and dental
development. Ethnical differences can be a
reason for this differencebetween the results of

these two studies.

Hilgers et al in 2006 concluded that the Demir-
jian method shows the dental age of American
children to be higher than the chronologic age,
but they also insisted on the positive effect of
increasing BMI on dental maturation. They con-
cluded that in overweight and obese children, the
dental age is approximately 1.5 years more ad-
vanced than the chronologic age.®” This finding
is almost in line with the results of the present
study. Also, they found that in girls, the differ-
ence between the chronologic age and dental
age in both obese and normal weight groups was
higher than that in boys.?® This finding is also
similar with our results. However, in both studies
an accelerated dental development was noticed
in obese children. The differences in the average
numerical values can be due to ethnical diversity.
Moreover, according to a study by Must et al in
2012 which involved 5 to 14-year-olds, obese
children had a more advanced dental maturation
compared with normal weight children and on
average, in obese children dental maturation was
1.44 teeth more advanced than in normal weight
children and a significant correlation was detect-
ed.!? Mack et al in 2013 concluded that devel-
opment of the cervical vertebrae and the dental
age were more advanced in obese children. In
these children, for a single unit change in BMI
percentile, the dental age and cervical vertebrae
development were 0.05 years more advanced.
The mentioned study also indicated that obesity
affects dental development.'® Begherian et al
in 2011 assessed the validity of the Demirjian
method in a group of Iranian population. No sig-
nificant correlation was detected between dental
maturation and BMI. However, they stated that
obesity affects dental maturation.® Likewise,
in a study by Zangouei-Booshehri et al in 2011
the dental age in obese children was estimated
higher than the chronologic age and a significant
correlation was detected between age and BMI
(p<0.01). In the mentioned study, similar to our
study, children were divided to two groups of
normal weight and obese according to the BMI

and the results of the two studies were also simi-
lar.(¥
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In a study by DuPlessis et al in 2016 also a signif-
icant correlation was detected between the BMI
and dental development (p<0.01),however no
difference was noticed between boys and girls.(”

In a longitudinal study by Sanchez et al on
Mexican elementary school children, the re-
searchers found that overweight children with in-
creasing BMI have more erupted teeth compared
with other children in the same age (p<0.001)
and that there is a complex correlation between
the BMI and oral health in pediatric patients.'>

Kumar et al in 2013 performed a study on 14
to 18-year-olds based on the Demirjian method,
and found a direct correlation between the dental
age and weight of the male subjects.'®

Sadeghianrizi and colleagues explained
the probable reasons for the accelerated dental
growth in obese children. They stated that obese
children in the pre-pubertal stage have a normal
height despite the decreasing secretion of the
growth hormone and the potential abnormality
of the GH-insulin-like growth factor (IGF) sys-
tem. Therefore, it has been stated that other fac-
tors such as hyperinsulinemia, decreasing level
of GF-binding protein-1 (IGFBP-1) and increas-
ing level of free IGF-1 (FIGF-1), which are ef-
fective growth proteins, can be influential in this
process.!”)

Conclusion:

The results of the present study showed that den-
tal development is accelerated in obese children,
and this should be considered in pediatric dental
and orthodontic treatment planning.
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