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SUMMARY The aim of this study was to evaluate the applicability of Demirjian’s dental age assessment
table in a sample of Southern Pakistani population and, if not applicable, to formulate a separate dental
age table for Pakistani males and females. The study was conducted on the dental pantomographs of
a sample size of 882 subjects (427 males and 455 females) ranging in age from 7 to 14 years. A paired
t-test was used to assess any difference between chronological age and dental age assessed according
to Demirjian’s method. Logit function was used to make the relationship between dental maturity and
chronological age and linear regression analysis with the equation X = [Ln {y/100 - y} — a]/b was used to
generate dental age tables for Pakistani males and females. Dental age assessed according to Demirjian’s
method for this male sample was over-predicted in the 7 year and 11-15 year age group (P < 0.05). In
the female sample, there was an over-prediction in all the age groups (P < 0.05). Statistically significant
differences were found in chronological and dental age assessed by Demirjian’s method for Pakistani
males and females and thus, a new table was generated to convert dental maturity calculated according

to Demirjian’s method into dental age for the population.

Introduction

Assessing a patient’s dental age among various other
maturity indicators is one of the most important aspects in
orthodontic diagnosis especially for planning and initiation
of fixed appliance orthodontic therapy. The importance of
dental age has been emphasized in forensic dentistry. Dental
age has been defined in the literature as ‘subject’s estimated
age based on the level of tooth mineralization during the
developmental process or on the eruption stage’ (Gustafson
and Koch, 1974). Dental age can be assessed by either the
stage of tooth eruption or the stage of tooth formation
(Basaran et al., 2007). The moment the tooth pierces the
gingiva/keratinized mucosa has been described as the
time of eruption (Filipsson, 1975). This, however, is a
discontinuous process and may not occur during the ages of
2.5-6, 8-0, and 13-18 years (Leurs et al., 2005). Tooth
formation on the other hand is proposed as a more reliable
criterion for determining the dental age (Demirjian, 1978;
Leurs et al., 2005). The reason being that tooth eruption
may be influenced by various factors, such as premature
loss or prolonged retention of primary teeth, malpositioned,
and ankylosed teeth (Sierra, 1987).

Other methods for dental age assessment were based on
the radiographic assessment of the length of the tooth crown
and root (Gleiser and Hunt, 1955). These methods were
again not completely reliable as estimating that the root is
half formed is difficult if the final length of the root is not
correctly foreseen (Leurs et al., 2005).

Tooth mineralization begins with initial cusp formation
and continues till formation of the root apex. The

mineralization of permanent teeth (generally assessed
radiographically) has been studied by a number of
researchers (Nolla, 1960; Demirjian et al., 1973). As
panoramic radiographs may be a part of a dental examination,
information regarding radiographic assessment of
mineralization of teeth may be available in clinical practice.
Dental age assessment based on tooth calcification visible
on a radiograph was described by Demirjian ef al. (1973).
This method was based on an objective criterion and
therefore was more reliable (Leurs et al., 2005). This
method however was formulated on French—Canadian
standards. Various researchers have tested the applicability
of this method in their populations. Varying results have
been reported with some showing applicability of the
standards in their populations (Farah et al., 1999; Hegde
and Sood, 2002; Liversidge ef al., 2006). While others have
reported significant differences among their population and
the French—Canadian standards (Davis and Hagg, 1994,
Leurs et al., 2005; Al-Emran, 2008), thus indicating the
need for formulation of separate dental age tables by
‘ethnicity’.

The aim of this study was to evaluate the applicability of
the dental age assessment table described by Demirjian
et al. (1973) in a sample of the Pakistani population and, if
not applicable, to formulate a separate dental age table for
Pakistani boys and girls. The clinical implication of this
study is that in patients with delayed dental maturity,
orthodontic treatment may be started at a later stage, thus
leading to shorter treatment duration and a more stable
result.
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Materials and methods

The present study is a cross-sectional study conducted on
dental pantomographs (DPT) of 882 subjects. The sample
constituted of 427 males and 455 females with a mean
chronological age of 10.93 +2.31 years for our male sample
and 11.00 £ 2.21 years for our female sample. Digital DPTs
from the radiology department and the digital pre-treatment
DPTs of subjects visiting the orthodontic clinic were
included in the study. Pakistani subjects aged 7-14.99 years
with no prior orthodontic treatment history and good quality
DPTs were included. The entire sample was divided into
various groups with the distribution based on their
chronological age (e.g. age group 1 including subjects from
7 to 7.99 years, age group 2 including subjects from 8 to
8.99 years, and so on). Subjects with craniofacial syndromes
and missing teeth other than third molars were excluded.

DPTs were assessed in a darkened room with a radiographic
illuminator to ensure contrast enhancement of the bone and
tooth images (Uysal et al., 2004). Teeth from the central incisor
to the second molar, in the mandibular left quadrant, on a DPT
were analysed and assigned stages from A-H according to
Demirjian’s dental age assessment method (Figure 1). These
individual stages were later converted into maturity scores
based on separate tables for boys and girls. These maturity
scores were summed to achieve a total maturity score, which
is converted into dental age based on separate male and female
tables (Demirjian et al., 1973). In order to avoid the examiner
bias at the time of collecting data, chronological age was first
recorded on a data collection sheet and the dental age scores
were tabulated later on a separate sheet.
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The Statistical Package for Social Sciences, Windows
Version 16 (SPSS Inc., Chicago, Illinois, USA) was used to
analyse the data. A paired #-test was used to assess any
significant difference between chronological age of an
individual (assessed in years and months from the date of
birth) and dental age (assessed from Demirjian’s system). As
dental maturity assessed using Demirjian’s method and
chronological age showed a curvilinear relation on a scatter
plot (Figure 2), therefore, logit transformation Ln{)/100 — y}
was performed to make the relationship linear (Figure 3),
where ‘)’ is the dental maturity. Linear regression analysis
was applied between the transformed dental maturity and
chronological age separately for males and females to generate
prediction tables of dental age for Pakistani population. A P
value less than 0.05 was considered to be significant.

Intra-examiner reliability was assessed by the principal
examiner 1 month after the initial examination for dental
age using Bland-Altman Technique (Bland and Altman,
1986). A paired t-test was used for males and females
separately in order to observe that the mean difference was
significantly different from zero or not?

Results

The mean dental age assessed according to Demirjian’s
method for the male sample was 11.52 & 2.87 years and for
the female sample 11.86 * 2.67 years. Figure 4 shows the
chronological age distribution of males and females for the
separate age groups.

Tables 1 and 2 show the results of the paired #-test for
males and females, respectively. Dental age assessed

A— Mineralized cusp tips, not yet coalesced

B - Mineralized cusps united

C - The crown is approximately half formed

D - Crown formation is complete to the dento-enamel junction

E— Root formation has begun

F - Root length at least as great as crown length

G — Parallel root walls with open apices

H— Apices are completely closed

Figure 1 Dental maturity stages for dental age assessment using Demirjian’s method.
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Figure 2 Scatter plot between dental maturity and chronological age.
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Figure3 Scatter plot between log of dental maturity and chronological age.

according to Demirjian’s method for the male sample was
significantly over-predicted in the 7 year and 11-14 year
age groups. For the female sample, dental age was
significantly over-predicted in all age groups. The mean
difference ranged from —1.17 to —0.12 for the male sample
and from —1.14 to —0.02 for the female sample.

To overcome this difference in dental age assessment
using Demirjian’s method for the sample, a dental age table
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was formulated using logit function regression with the
equation

X =[Ln{y/100- y}—al/b,

where ‘y’ = dental maturity, ‘X’ = chronological age, ‘a’ =
constant, and ‘b’ = intercept.

Linear regression was used to get the values for ‘e’ and ‘b’
for the male and female sample with logit function used as an
outcome variable. Thus, the equation for the male sample was

X =[Ln{y/100 - y} —(=2.591)]/0.459,

and for the female sample was

X =[Ln{y/100 - y}—(-2.591)]/0.489.

Tables 3 and 4 show the dental age tables formulated for the
males and females using the above equations.

Bland—Altman Technique (Bland and Altman, 1986) was
used to assess the intra-examiner reliability for the dental
age assessment method after 1 month of the principal
examination by randomly selecting 80 cases (34 males and
46 females), and a good reliability (P = 0.368 for the male
sample and P = 0.161 for the female sample) was seen
among the two sets of readings for dental age. The paired
t-test showed a mean difference of —0.007 years (95 per
cent confidence interval for the difference of —0.024 to
0.009 years) for the male sample and a mean difference of
0.012 years (95 per cent confidence interval for the
difference of —0.005 to 0.029 years) for the female sample,
which again confirms good intra-examiner reliability for
dental maturity assessed using Demirjian’s method.

Discussion

Demirjian’s method of dental age assessment has been widely
used by many researchers for various fields of orthodontic
research (Uysal ef al., 2004; Jamroz et al., 2006). However,
Demirjian’s method was formulated using French—Canadian
standards and thus may vary in different populations.
Numerous studies have been conducted to determine the
applicability of Demirjian’s method in a particular population
(Farah et al., 1999; Frucht et al., 2000; Eid et al., 2002; Hegde
and Sood, 2002) with varying results. Some show good
concordance (Farah ef al., 1999; Hegde and Sood, 2002) for
their population and some depict contrasting results with the
need to formulate a separate dental age table for their
population (Leurs et al., 2005; Al-Emran, 2008).

For the same reason, the applicability of Demirjian’s
dental age assessment method was studied for the population
in the present study and the results revealed a significantly
advanced dental age for Pakistani males and females, thus
confirming a need to generate a dental age table for Pakistani
males and females.
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Figure 4 Distribution of subjects according to chronological age.

Table 1 Difference between chronological and dental age assessed according to Demirjian’s method for boys.

Age group Age range Mean chronological age (SD) Mean dental age (SD) Mean difference P value
1 (n=54) 7.00-7.99 7.39 (0.30) 7.85(0.53) —-0.46 ok
2 (n=150) 8.00-8.99 8.41(0.28) 8.53(0.87) -0.12 0.344
3(n=52) 9.00-9.99 9.38 (0.33) 9.59 (1.01) -0.21 0.113
4 (n=52) 10.00-10.99 10.43 (0.30) 10.55 (1.03) -0.12 0.401
5 (n=065) 11.00-11.99 11.48 (0.28) 12.07 (1.55) -0.59 ok

6 (n=50) 12.00-12.99 12.44 (0.33) 13.48 (1.51) —1.04 ok
7(n=>51) 13.00-13.99 13.42 (0.32) 14.59 (1.46) -1.17 ok

8 (n=1753) 14.00-14.99 14.43 (0.29) 15.45 (0.99) -1.02 ok
N =427 males, paired z-test.

**P <0.05, ¥***P <0.001.

Table 2 Difference between chronological and dental age assessed according to Demirjian’s method for girls.

Age group Age range Mean chronological age (SD) Mean dental age (SD) Mean difference P value
1 (n=50) 7.00-7.99 7.45 (0.33) 8.09 (0.90) —0.64 ok

2 (n=51) 8.00-8.99 8.43 (0.32) 8.75 (0.07) -0.32 ok
3(n=>54) 9.00-9.99 9.45(0.32) 10.18 (1.55) —0.73 ok

4 (n=159) 10.00-10.99 10.41 (0.34) 11.22 (1.36) —-0.81 ok
5(n=068) 11.00-11.99 11.42 (0.27) 12.44 (1.31) -0.02 ok

6 (n=064) 12.00-12.99 12.37 (0.29) 13.48 (1.36) —-1.11 ok

7 (n=56) 13.00-13.99 13.36 (0.28) 14.50 (1.29) -1.14 ok

8 (n=1753) 14.00-14.99 14.41 (0.32) 15.14 (0.92) -0.74 ok

N =455 females, paired z-test.
**P < (.05, ***P <0.001.

An overestimation of dental age assessed according to
Demirjian’s method has been reported by various
populations (Hegde and Sood, 2002; Leurs et al., 2005).
Hegde and Sood (2002) in their study reported an
overestimation of 0.14 years for their male sample and 0.04
years for their female sample. They however concluded that
the Demirjian’s system showed high accuracy when applied
to Belgaum children. In the present study, the mean
difference between chronological age and dental age

assessed according to Demirjian’s method was —0.59 years
for the male sample and —0.83 years for the female sample.
This difference showed a statistically significant over-
prediction of dental age for the study sample and thus
required the generation of a dental age table for Pakistani
boys and girls.

Leurs et al. (2005) reported an overestimation of 0.4 and
0.6 years for Dutch boys and girls, respectively. They also
reported this difference to be statistically significant and
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Table 3 Dental age table for Pakistani male sample.
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Table 4 Dental age table for Pakistani female sample.

Dental age Dental maturity Dental age Dental maturity Dental age Dental maturity Dental age Dental maturity
7 65.07 11 92.11 7 74.84 11 95.46
7.1 66.10 11.1 92.44 7.1 75.75 11.1 95.67
7.2 67.12 11.2 92.76 7.2 76.63 11.2 95.87
7.3 68.13 11.3 93.06 7.3 77.50 11.3 96.06
7.4 69.12 11.4 93.35 7.4 78.34 11.4 96.24
7.5 70.09 11.5 93.63 7.5 79.16 11.5 96.41
7.6 71.04 11.6 93.90 7.6 79.95 11.6 96.58
7.7 71.98 11.7 94.15 7.7 80.73 11.7 96.73
7.8 72.89 11.8 94.40 7.8 81.48 11.8 96.88
7.9 73.79 11.9 94.64 7.9 82.20 11.9 97.03
8 74.67 12 94.87 8 82.91 12 97.17
8.1 75.53 12.1 95.09 8.1 83.59 12.1 97.30
8.2 76.37 12.2 95.30 8.2 84.25 12.2 97.42
8.3 77.18 12.3 95.50 8.3 84.89 12.3 97.54
8.4 77.98 124 95.69 8.4 85.50 124 97.66
8.5 78.76 12.5 95.88 8.5 86.10 12.5 97.77
8.6 79.52 12.6 96.05 8.6 86.67 12.6 97.87
8.7 80.25 12.7 96.23 8.7 87.23 12.7 97.97
8.8 80.97 12.8 96.39 8.8 87.76 12.8 98.07
8.9 81.67 12.9 96.54 8.9 88.28 12.9 98.16
9 82.35 13 96.69 9 88.78 13 98.24
9.1 83.00 13.1 96.84 9.1 89.25 13.1 98.33
9.2 83.64 13.2 96.98 9.2 89.71 13.2 98.40
9.3 84.26 13.3 97.11 9.3 90.16 13.3 98.48
9.4 84.86 134 97.23 9.4 90.58 134 98.55
9.5 85.44 13.5 97.35 9.5 90.99 13.5 98.62
9.6 86.00 13.6 97.47 9.6 91.38 13.6 98.68
9.7 86.54 13.7 97.58 9.7 91.76 13.7 98.75
9.8 87.07 13.8 97.69 9.8 92.12 13.8 98.81
9.9 87.58 13.9 97.79 9.9 92.47 13.9 98.86
10 88.07 14 97.89 10 92.80 14 98.92
10.1 88.54 14.1 97.98 10.1 93.12 14.1 98.97
10.2 89.00 14.2 98.07 10.2 93.43 14.2 99.02
10.3 89.44 143 98.15 10.3 93.72 14.3 99.06
104 89.87 144 98.23 104 94.01 144 99.11
10.5 90.28 14.5 98.31 10.5 94.28 14.5 99.15
10.6 90.67 14.6 98.39 10.6 94.53 14.6 99.19
10.7 91.05 14.7 98.46 10.7 94.78 14.7 99.23
10.8 91.42 14.8 98.53 10.8 95.02 14.8 99.26
10.9 91.77 14.9 98.59 10.9 95.24 14.9 99.30

hence a need for a separate dental age table for their
population. In a Norwegian study by Nykanen et al. (1998),
a difference of 0.2 years for boys and 0.3 years for girls was
reported.

Girls have been reported to mature earlier than boys
(Hagg and Taranger, 1980). A similar trend has also been
shown for dental development (Zhao et al., 1990; Al-Emran,
2008). Al-Emran (2008) in his study found girls to have an
advanced dental age as compared with boys for all age
groups. In this study, girls were seen to have an advanced
dental age as compared with boys between 7 and 11 year
age groups.

The mean difference between the chronological age and
dental age ranged from 1.17 to 0.12 years for the male
sample and from 1.14 to 0.02 years for the female sample.
Nystrom et al. (1986) reported a difference of 0.45-0.7
years for Finnish boys and 0.35-0.9 years for girls. In a

study by Mornstad ez al. (1995), the mean difference ranged
between 0.4 and 1.8 years for Swedish males and 0.5 and
1.8 years for their female sample.

Demirjian and Goldstein (1976) also formulated a scoring
system based on four teeth to be applied to subjects with
missing teeth. However, in the present study, subjects with
tooth agenesis other than the third molar were excluded to
have a more precise estimation of dental age. Demirjian and
Goldstein’s (1976) system based on four teeth can also be
used to check its applicability on different populations.

As the present research was retrospective and based on
data collected from the digital DPT records, data below
7 years of age could not be included as the sample was
limited in this age range. This was a limitation of the study
and it is recommended that the applicability of Demirjian’s
method should also be checked for children below 7 years
of age. The validity of stage H in the Demirjian’s method is
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also questionable as it is not bound by an upper limit. This
is a limitation of this method of dental age assessment.

Conclusions

« Statistically significant differences were found in the
chronological age and dental age assessed by Demirjian’s
method for the Pakistani sample.

* Dental age was significantly over-predicted in the
7 year and 11-14 year age groups in males and for
females in all age groups.

* A new dental age table was generated for males and
females to convert dental maturity calculated according
to Demirjian’s method into dental age for this sample.

» Like other studies, the relationship between dental
maturity and chronological age was non-linear and
logit transformation of dental maturity was used to
convert it into linear.
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