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Dental Age Estimation using Demirjian's Methods:
A Comparative study
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ABSTRACT

INTRODUCTION

ConTexT: There are various methods have been developed for dental age
estimation, of these; Demirjian’s seven teeth method is most tested and
accepted method worldwide. It is based on the tooth development rather than
tooth eruption, because developmental process is strictly controlled by genes
and less influenced by dietary insufficiency, endocrinal disturbances and
environmental insults.

Amvs: The purpose of this study is to evaluate the applicability of two
Demirjian’s methods in a sample of the Varanasi region.

SETTING AND DEsIGN: This is a cross sectional prospective study.

MaATERIAL AND METHODS: The evaluation of digital panoramic images of total
432 children and adolescents (237 boys and 195 girls) of age rang 3-16 years
from population of the Varanasi region. Seven left mandibular teeth excluding
third molar were rated and scored to obtain dental age using Dem73 and
Dem?76 methods.

StATISTICAL ANALYSIS: Paired t-test was applied to determine the significant
difference between estimated dental age and chronological age and correlation
was established using Pearson’s correlation coefficient.

ResuLts: The Dem73 method overestimated the dental age in boys by 0.23
(£0.80) years and by 0.12 (+0.85) years in the total sample. In the girls’ sample,
there was no discernible difference in mean age. In boys, girls, and the total
sample, Dem76 method overestimated dental ages by 0.85 (+1.14), 0.45
(£1.00), and 0.67 (+1.10) years, respectively. Pearson’s correlation revealed
high coefficient value between dental and chronological ages.

ConcLusions: Dem73 method is more applicable than Dem76 method for age
estimation among children and adolescents in the Varanasi region.
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KEY MAssAGEs: Tooth development is the most reliable indicator of a person’s actual age than bone age and
secondary sexual characters. Demirjian’s development method is the most tested and acceptable method for
dental age estimation worldwide. Dem73 method was found more applicable for dental age estimation than

the Dem?76 method in Varanasi region population.

INTRODUCTION

domain of the forensic sciences i.e.,

stimation of age is medico legally
significant in forensic casework. Assessing
chronological age is fundamental for
distinguishing proof of criminal cases, survivors
of mass catastrophes, and examinations of
human remaining parts in archaeological
investigations. It is critical to choose whether
blamed individual or casualty is beneath or
over the age threshold for the criminal law,
therefore age assurance for living people is
needed to evaluate criminal obligations.!
Numerous medical and paramedical areas
such as diagnosis and treatment planning in
orthodontics and pediatric dentistry, pediatric
medicine and endocrinology are also concerned
with the significance of age determination.?

For juveniles and adolescents, age is
estimated utilizing formative markers, for
example, skeletal development, body weight,
and height, sexual turn of events, dental
eruption, and maturity. Dental development
is the most precise, dependable, and quick
indicator of age and is determined by
assessing dental advancement stages utilizing
radiographs.® In humans, dental development
starts in the intrauterine period and endures
until adulthood. When contrasted with
the advancement of different organs, the
development of teeth shows the most elevated
relationship with the chronological age of
juvenescent.*

Dental maturation may be evaluated either
by the phase of dental eruption or by the
calcification and mineralization phase of teeth.
The timing and sequence of dental eruption
may be influenced by confined conditions such
as ankylosis, crowding, extractions, retention of
primary teeth, malpositioning, cysts,and dental
trauma. Various conditions, both systemic and
hereditary, are related to the configuration
of postponed tooth eruption. Moreover, it is
not feasible to evaluate the specific time of
eruption of each tooth for a similar person.
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The level of calcification is related to various
mineralization morphological stages that can
be ascertained radio-graphically. The patch of
mineralization is substantially more uniform,
ongoing, sequenced, and persistent than
the tooth eruption, and is less influenced by
endocrine illness, dietary insufficiency, and
changes in environmental conditions.®

The Demirjian’s method of dental age
estimation is very simple, non-invasive, and
does not require highly skilled people to
perform, but it is applicable only to the 3-16
year age range, so cases below 3 years and above
16 years cannot be precisely calculated by this
method. OPG radiographs of younger children
are quite difficult to obtain because they become
very nervous and violently shaking their heads
could cause injury to them or diminish the
quality of the radiographs, making this method
more difficult. The Demirjian technique is a
broadly applied strategy because of its veracity
and feasibility.” The utilization of Demirjian’s
development scale in various populations
around the globe has uncovered that a few
populations share the comparable pattern of
dental maturity achievement as the French-
Canadians,while different populations contrast
altogether. This pattern was seen in ethnically
divergent populations and populations inside
an equivalent topographical territory. This
features the restricted applicability of such
reference information.®

The purpose of this study was to evaluate the
accuracy and comparison of the Demirjian’s
seven-teeth method® (Dem73) and Demirjian’s
revised seven-teeth method!® (Dem?76) for
assessing age in the Varanasi region population
and to examine the practicability of Demirjian’s
procedure in various age bunches for both
sexes.

MATERIALS AND METHODS

In this cross-sectional study, a total of 432
digital panoramic radiographs of children
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and adolescents, including 237 boys and 195
girls, from the age range of 3-16 years from the
population of Varanasi region, Uttar Pradesh,
India were evaluated to calculate dental age
(Table 1). The samples, which belong to the
inclusion criteria of the study, were collected

Table 1: Age group and sex distribution of studied sample

Methods: A Comparative study

from the patients who visited the Faculty of
Dental Sciences, Institute of Medical Sciences,
Banaras Hindu University, Varanasi, for regular
dental checkups and treatments. None of the
cases have been taken for study purposes only.

Gender
Age group Chronological age Total (%)
Male (%) Female (%)

3 3.00-399 7(162) 4(093) 1(255)
4 400-499 10 (231) 2 (0.46) 12 (278)
5 500-599 14 (3.24) 9(2.08) 23(5.32)
6 6.00-6.99 20 (4563) 7(162) 21(6.25)
7 7.00-1799 13(3.01) 9(2.08) 22(5.09)
8 8.00-8.99 19 (4.40) 14 (3.24) 33(764)
9 9.00-999 25 (5.79) 15 (347) 40 (9.26)
10 10.00-1099 28 (6.48) 21(4.86) 49 (1.34)
n 17.00-199 22(5.09) 19 (4.40) 1(949)
12 12.00-1299 22(5.09) 24 (5.56) 46 (10.65)
3 13.00-13.99 28 (6.48) 26 (6.02) 54 (1250)
14 14,00 - 14.99 1(255) 22 (5.09) 33(764)
15 15.00 - 15.99 18 (417) 23(5.32) £1(9.49)
Total 237(54.86) 195 (45.14) 432 (100)

A subject aged 3 to 16 years old of Indian
origin, having radiographs with clearly visible
teeth with an exact known date of birth and
date of radiograph were included in the study.
Radiographs that were unclear or had impacted
teeth or had any dental anomalies were
excluded from the study.

Dental age estimation was done using
Dem73 and Dem76 methods. In the Dem?73
method, the development of seven left
mandibular teeth, from the second molar
to the central incisor, were evaluated using
digitized panoramic radiographs with the
help of DIACOM software. Each tooth was
rated individually on an eight-stage scale from
A-H and maturity scores were allocated to
designated stages for each tooth from the self
-weighted score table designed separately for
boys and girls. The sum of the scores for each
subject was converted into dental age using a
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standardized age conversion table available
in this method for boys and girls separately.
In the Dem76 method, the same seven teeth
were used, but scores were allocated from the
revised self-weighed score table separately
for boys and girls based on the calcification
stages, and dental age was calculated using the
conversion table given in the previous method.
Chronological age was calculated in decimals
by subtracting the date of birth from the date
of a radiograph of each subject.

STATISTICAL ANALYSIS

The degree of inter and intra observer
agreement was assessed using Cohen’s Kappa
statistics before the data was analyzed. For
the proposed study, the data was statistically
analyzed using IBM SPSS version 24 software.
The significant difference between estimated
dental age and chronological age for individual
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age groups and the combined sample was
determined using a paired t-test. Each age
category comprises a range of 12 months.
For example, age group 3 includes ages from
3.00 to 3.99 years, and so on, and analysis was
performed according to the age category and
gender wise. Statistical significance was set at
p<0.05. The correlation between estimated
dental age and chronological age for boys,
girls, and the total sample was confirmed
separately for both the methods using
Pearson’s correlation (r-value). In this test, the
r value close to 1 was considered to represent
the strong positive relationship between the
compared data.

RESULTS

Among the boys, girls, and the total sample, the
mean chronological ages evaluated in the study
were 10.16 (+3.28), 11.37 (£3.11), and 10.71
(£3.26) years, respectively. For boys, girls, and
the total sample, the mean estimated dental
ages using the Dem73 method were 10.39
(£3.42), 11.37 (+3.04), and 10.83 (+3.29) years,
respectively. The differences between mean
estimated dental ages and mean chronological
ages were 0.23 (£0.80), 0.00 (+0.89), and 0.12
(£0.85) years, for boys, girls, and the total
sample, respectively. Statistically significant
differences were observed in boys (p = 0.000)

Table 2: Paired t-test showing the mean difference between estimated dental age according to Demirjian's seven teeth method and

chronological age for boys sample, girls and total sample

Mean = SD
Gender Age group 95 % Cl p value
CA+SD EDA +SD (EDA - CA) =SD
BOYS 3 364+0.25 343+0.21 021+0.24 -044,0.01 0.057
4 457+0.29 446 +0.64 -011+0.68 -0.59,038 0.631
5 552+0.28 6.03+0.96 051+0.88 0.01,1.02 0.048*
6 638028 700+035 062027 049,0.74 0.000*
1 754+032 769 +036 015+039 -0.09,0.39 0196
8 848 + 021 834+057 -014 +0.52 -039,0M 0.259
9 951+0.23 943+0.75 -0.08 £0.73 -039,0.22 0.570
10 10.50 +0.34 10.59 +0.93 010+0.94 -0.27,0.46 0.593
n 153+030 196 115 043+0.98 0.00,0.87 0.051
12 1245+ 0.24 13.01£074 056 +0.75 0.23,0.89 0.002*
3 1343 +0.29 1352112 0.09 £1.07 -0.33,0.50 0.675
14 1443 +0.24 1517+ 0.61 074+061 033,115 0.002*
15 1548 + 033 15.56 + 0.67 0.07+0.73 -0.29,043 067
Total Boys 10.16 +3.28 10.39 £3.42 0.23+0.80 013,033 0.000*
GIRLS 3 350+030 336+0.28 -014+030 -0.62,034 0.420
4 453+013 575+170 122+182 -15.17, 17.61 0518
5 553+0.23 571+0.76 0.24+0.67 -0.27,0.75 0312
6 6.54+032 6.87+0.78 033+086 -0.46,1.12 0349
1 156 031 176 £0.33 020041 012,051 0188
8 850032 819+ 047 032+ 046 -0.58, -0.05 0.023*
9 951+032 941058 010+ 056 041,021 0.506
10 10.65 + 0.25 10.92 +1.04 0.26 +1.02 -0.20,0.73 0.251
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n 1148 +0.28 1218+ 0.74 0.70+0.74 0.34,1.05 0.001*
12 1255+ 035 127£1.23 016 £115 033,065 0509
3 13.56 + 0.29 13.28 + 0.81 -029+0.86 -0.64,0.06 0101
14 1446+ 034 14.43 +0.80 -0.04+0.75 -0.37,030 0.828
15 1541+0.25 14.67+0.64 074 £0.67 -1.03,-045 0.000*
Total Girls N37+£3M 1.371+3.04 0.00+0.89 013,012 0.964
Total Sample 10.11+3.26 10.83£3.29 012 +0.85 0.04,0.20 0.003*

Age group 3 means: 3.00 - 3.99 years and so on

CA = chronological age; EDA = estimated dental age; SD = standard deviation; EDA - CA = mean age

difference; CI = confidence interval
p* = statistically significant difference (p < 0.05)

and the total sample (p = 0.003) only. When
considering individual age groups, boys of age
groups 5, 6, 12, and 14 exhibited significant
differences, while girls of age groups 8, 11, and
15 showed significant differences. (Table 2)

In the Dem76 method, boys, girls, and total
samples had mean estimated dental ages of
11.01 (£3.8), 11.82 (+3.36), and 11.37 (+£3.63)
years, respectively. For boys, girls, and the
total sample, the difference between mean
estimated dental ages and mean chronological
ages was 0.85 (+1.14), 0.45 (£1.00), and
0.67 (+1.10) years, respectively. All three
groups, boys, girls, and the entire sample, had
statistically significant differences (p<0.05).

Statistically significant differences were found
in all individual age groups (except 4, 7, 9 &
10) in boys, while in girls, all individual age
groups (except 3, 4, 6, 7, 10 & 15) (Table 3).
The Pearson’s correlation coefficient revealed a
strong positive relationship between estimated
dental age and chronological age for boys (r =
0.972, p = 0.000), girls (r = 0.958, p = 0.000),
girls and the total sample (r = 0.966, p =
0.000), in the Dem73 method; and for boys (r
= 0.958, p = 0.000), girls and the total sample
(r = 0.955, p = 0.000), in the Dem76 method.
The correlation was found to be statistically
significant (p<0.05) for all the sets of data
(Table 4).

Table 3: Paired t-test showing the mean difference between estimated dental age according to revised Demirjian’s seven teeth method

and chronological age for boys, girls and total sample

Mean = SD
Gender Age group 95%Cl p value
CA+SD EDA +SD (EDA - CA) =SD
BOYS 3 364+025 419+0714 054+0.26 030,079 0.002*
4 457+0.29 5.00+0.62 043 +0.67 -0.05,0.91 0.073
5 552 +0.28 6.33 £+ 0.63 0.81+051 052,11 0.000*
6 638+0.28 119 +0.27 0.81+0.23 0.70,0.92 0.000*
1 154+032 170+£027 017036 -0.05,0.38 0121
8 848 +0.21 819+0.59 -0.29£0.56 -0.56,-0.02 0.038*
9 951+0.23 941+098 -010£0.97 -0.50,030 0.595
10 10.50 +0.34 10.88 £134 039131 -0.12,0.90 0.121
n 153+030 13.07+1712 154 +153 0.86,2.22 0.000*
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12 1245 £ 0.24 14.67£0.13 222012 190, 2.54 0.000*
3 1343 £0.29 15.09+0.90 166 +0.88 132,2.00 0.000*
14 1443 £0.24 16.00 + 0.00 157+ 0.24 141,113 0.000*
15 1548 £ 033 1597014 049+033 032,065 0.000*
Total Boys 1016 + 3.28 1.01£380 0.85+114 0.70,099 0.000*
GIRLS 3 350+030 391+ 036 041+ 030 -0.07,0.89 0.073
4 453+0.13 6.00 +1.49 147 £161 -13.01,15.96 0.420
5 553+0.23 598 + 0.65 045+054 0.03,0.87 0.038*
b 6.54+0.32 6.91+0.62 036+0.72 -030,1.03 0.226
1 156031 173+0.26 017+039 013,047 0.226
8 850 +0.32 798+ 038 053042 -0.77,-0.29 0.000*
9 951+ 032 9.08 +0.65 -043+063 -0.78,-0.08 0.020*
10 10.65 £ 0.25 1092 £135 0.27+131 -0.33,0.86 0361
n 148 +0.28 13.04+ 0396 155+ 091 1M,199 0.000*
12 1255+ 035 1349133 094 +1.27 040,147 0.001*
3 13.56 + 0.29 1416 0.1 0.60£0.78 0.28,091 0.001*
14 1446+ 034 1519 = 0.61 0.72+057 047,098 0.000*
15 1541+0.25 1539+ 040 -0.03 043 -0.21,0.6 0.766
Total Girls N371+3M 1.82+336 0.45+1.00 0.31,0.59 0.000*
Total Sample 10.71£3.26 N37£363 0.67+110 0.56, 0.77 0.000*

Age group 3 means: 3.00 - 3.99 years and so on

CA = chronological age; EDA = estimated dental age; SD = standard deviation; EDA - CA = mean age
difference; CI = confidence interval

p* = statistically significant difference (p < 0.05)

Table 4: Showing the Pearson’s correlation coefficient between estimated dental age and chronological age for the samples.

Dem73 Dem76
Sample size
Correlation (r) Significance Correlation (r) Significance
Boys (N =237) 0972 0.000 0958 0.000
Girls (N =195) 0958 0.000 0.955 0.000
Total (N=1432) 0.966 0.000 0.955 0.000

Significant difference p<0.05
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Graph 1: Scatter plots showing Pearson’s linear correlation between estimated dental ages using Dem73 method and chronological ages
for boys (a), girls (b) and total sample (c)
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Graph 2: Scatter plots showing Pearson’s linear correlation between estimated dental ages using Dem76 method and chronological
ages for boys (d), girls (e) and total sample (f)
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DISCUSSION

There are various population specific methods
of dental age estimation that have been
envisaged in different parts of the world, but
due to varying differences in different ethnic
groups, no universal system of dental age
estimation has been developed. That’s why
each existing method needs to be tested in
different ethnic groups.? Dental age can be
estimated by tooth eruption through tooth
count and by the development process through
the level of mineralization and calcification.
Dental development is a more reliable
indicator of age estimation because it is strictly
controlled by genes, but tooth eruption and
gingival emergence are mostly influenced by
space available in the dental arch, extraction of
deciduous predecessors, teeth tipping, or teeth
impaction. The timing of dental eruption and
gingival vary in different ethnic groups and
the same ethnic group, making it an unreliable
indicator. One more problem associated with
dental eruption is that it can only be observed
as a single event in time for each tooth. Bone
age and secondary sexual characteristics are
more influenced by environmental factors as
well as dietary habits and diseased conditions.’

We examined the dental age estimates
obtained using the Dem73 and Dem?76
methodologies on the Varanasi region
population for boys and girls separately and in
a combined sample. While utilizing the Dem73
approach, early dental development was
identified inboys,but no difference wasfoundin
girls, and when using the Dem76 method, early
dental development was detected in both boys
and girls when compared to French Canadian
children. Individual age groups 5-7 and 10-15
for boys showed early tooth development and
the remaining age groups were delayed in tooth
development, while individual age groups
4-7 and 10-12 for girls showed early tooth
development, and the remaining age groups
were delayed in tooth development when
compared to the French Canadian population
using the Dem73 method. In comparison to
the French Canadian population, all individual
age groups except 8 and 9 in boys and all
individual age groups except 8, 9, and 12 in
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girls reported early tooth development when
using the Dem76 approach.

Only a few studies from various populations
have been reported to compare these two
age estimating methods simultaneously;
of these, only one study was reported from
India i.e. Hegde S et al.'! which agreed with
our study, except for the girls’ population in
the Dem73 approach. They reported higher
overestimation in the Dem73 method by 0.75
(SD = +1.50),0.64 (SD = +1.44),and 0.69 (SD =
+1.46) years respectively, for boys, girls, and the
total sample, and slightly less overestimation
for the Dem76 method by 0.11 (SD = £0.81),
0.24 (SD = £0.80) and 0.19 (SD = £0.80) years
respectively, for boys, girls and the total sample
as compared to our study. Flood et al.* in the
South Australian population found that the
Dem?73 method overestimated ages in boys and
girls by 0.61 (SD = £0.06) and 0.75 (SD = +0.07)
years, respectively, while the Dem76 method
overestimated ages by 0.49 (SD = +0.06) and
0.47 (SD = £0.06) years in boys and girls,
respectively. Another study was conducted on
the Western Australian population by Flood et
al.’® also reported over estimation by 0.51 (SD =
+0.12) and 0.63 (SD = +0.15) years for boys and
girls, respectively, using the Dem73 method,
and 0.19 (SD = +0.13) and 0.41 (SD = +0.14)
years for boys and girls, respectively, using the
Dem?76 method. These two studies are also in
agreement with our study, except for the girls’
population using the Dem73 approach.

When the Dem73 method, was considered
alone, it was found that studies have reported
overestimation, underestimation, or high
degree of accuracy for dental age as compared
to chronological age. Studies conducted on the
Indian population are; Koshi and Tondon'
on 184 south Indian children have reported
overestimation by 3.04 years and 2.82 years
in boys and girls, respectively. Another
study conducted by Prabhakar et al."® in the
Devangere population of South Indian reported
overestimation by 1.20 (SD = +1.02) years in
males and 0.90 (SD = +0.87) years in females,
respectively. Hegde and Sood'® conducted a
study in the Belgaum population of South India
on 197 children in age groups 6-13, showed an
overestimation by 0.15 years in males and 0.04
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years in females, respectively. Studies reported
from the rest of the world are; Liversidge et al.'”
reported overestimation by 0.73 (SD = +0.73)
years in males and 0.51 (SD = £0.79) years in
females, respectively. Mani et al.’® on Malay
children reported overestimation by 0.75 years
in males and 0.61 years in females, respectively.
Studies conducted in the Middle East region
by, Al Emran® on Saudi Arabian children
reported overestimation by 0.3 years in males
and 0.4 years in females, Qudeimat et al.*° on
Kuwaitian children reported overestimation by
0.71(SD = +1.18) in boys and 0.67 (SD = £1.30)
years in girls, Baghdadi Z D?! on Saudi children
reported overestimation by 0.77 (SD = +0.85)
years in males and 0.85 (SD = +0.79) years in
females, Alshiri AM et al.® on Western Saudi
children reported overestimation by 0.66 (SD
= +1.14) years in males and 0.059 (SD = +1.26)
years in females, Alassiry A et al.” on Saudi
children reported overestimation by 0.57 (SD
= +1.48) years in males and 0.44 (SD = +1.66)
years in females. The studies were conducted
in other parts of the world by, Willems G et
al.?? Tunk ES and Koyuturk AE,?* Nystrom M
et al.?*, Cen J W et al.?*, Leurs IH et al.?¢, Bagic
I C et al?’, and Martinez GVM and Ortega-
Pertuz AI%, also reported overestimation of
estimated dental age in males and females.
All these studies supported our study for the
male population only. Hagg and Matson®,
Nykanen et al.’°, Farah C S et al.*! and Hegde
RJ et al.’? reported a high degree of accuracy
and precision for the Dem73 method. Zhai
Yui et al.*3, on Northern Chinese population
and Hegde RJ et al.**, on Indian population
reported underestimation of dental age in boys
and girls, contradicted our study.

The results of our study confirm the

necessity of developing population specific
scores because differences exist in different
population standards within the country and
other study groups around the world. Hence,
it is imperative to use population specific
scores for age estimation in civil and criminal
cases for the population being considered.® A
slight variation was observed when applying
the Dem73 method to a Varanasi region in
the boys’ population, but no variation was
observed in the girls’ population. Although a
mean age difference of 0.5 years is regarded as
more correct in forensic studies,'3° a difference
of one year is also acceptable,’® and our study
utilizing the Dem73 method satisfied both the
criteria, while the Dem76 method is within the
acceptable range of one year being less accurate
than the Dem73 method. These differences
may be explained by different factors, such
as biological variation in individual children,
sampling methods, ethnicity, geographical
location, environmental factors, nutrition,
socioeconomic status, and the time difference
between the two studies.”

CONCLUSION

It was concluded that the Dem73 method
is more applicable than Demirjian’s Dem76
method for age estimation in children and
adolescents of Varanasi region.

Conflict of Interest:

None

Source of Funding:

None

Acknowledgement:

I would like to thank Mr. Praveen Kumar Tiwari and Mr. Ambrish
Pandey, Banaras Hindu University, Varanasi and, Dr. Nerella
Narendra Kumar, Nerella Dental clinic, Nellore, Andhra Pradesh,
to help and support in this study.

REFERENCES

1.

Akkaya N, Yilanci HO, Géksiiliik D.
Applicability of Demirjian's  four
methods and Willems method
for age estimation in a sample of
Turkish children. Leg Med (Tokyo).
2015;17(5):355-359.

Patel PS, Chaudhary AR, Dudhia
BB, Bhatia PV, Soni NC, Jani YV.

Accuracy of two dental and one
skeletal age estimation methods

in 6-16 year old Gujarati children. J
Forensic Dent Sci. 2015,;7(1):18-27.

Celik S, Zeren C, Celikel A, Yengil E,
Altan A.

Applicability of the Demirjian method
for dental assessment of southern
Turkish children. J Forensic Leg Med.
2014,;25:1-5.

4. Ambarkova V, Gali¢ I, Vodanovié

272 I COPYRIGHT © RED FLOWER PUBLICATIONS PVT. LTD.

M, Bioéina-Lukenda D, Brki¢ H.
Dental age estimation  using
Demirjian and Willems methods:
cross sectional study on children
from the Former Yugoslav Republic
of Macedonia. Forensic Sci Int.
2014,234:187.e1-187.e1877.

Bagattoni S, D'Alessandro G, Gatto
MR, Piana G.
Applicability of Demirjian's method



10.

11.

12.

13.

14.

for age estimation in a sample of
Italian children with Down syndrome:
A case-control retrospective study.
Forensic Sci Int. 2019;298:336-340.

Alshihri A M, Kruger E, Tennant M.
Dental age assessment of 4—16year
old Western Saudi children and
adolescents using Demirjian’s method
for forensic dentistry. Egyptian Journal
of Forensic Sciences. 2016,6:152-156.

Alassiry, A, Alshomrani, K, Al Hasi,
S, Albasri, A, Alkhathami, SS,
Althobaiti, MA.

Dental age assessment of 3—15-year-
old Saudi children and adolescents
using ~ Demirjian's  method—A
radiographic study. Clin Exp Dent Res.
2019; 5: 336- 342.

Bunyarit SS, Jayaraman J, Naidu
MK, Yuen Ying RP, Danaee M,
Nambiar P.

Modified method of dental age
estimation of Malay juveniles. Leg
Med (Tokyo). 2017;28:45-53.

Demirjian A, Goldstein H, Tanner
IM.

A new system of dental
assessment.  Hum  Biol.
45(2):211-227.

age
1973;

Demirjian A, Goldstein H.

New systems for dental maturity
based on seven and four teeth. Ann
Hum Biol. 1976. Sep;3(5):411-421.

Hegde S, Patodia A, Dixit U.

The applicability of the original and
revised Demirjian standards to age
estimations of 5-15 year old Indian
children. J Forensic Odontostomatol.
2018 May 30;36(1):1-13.

Flood SJ, Franklin D, Turlach BA,
McGeachie J.

A comparison of Demirjian's four
dental development methods for
forensic age estimation in South
Australian sub-adults. J Forensic Leg
Med. 2013;20(7):875-883.

Flood, S.J., Mitchell, W.J., Oxnard,
C.E., Turlach, B.A. and McGeachie,
J.(2011), A Comparison of Demirjian’s
Four Dental Development Methods
for Forensic Age Assessment,t.
Journal of Forensic Sciences, 56: 1610-
1615.

Koshy S, Tandon S.
Dental age  assessment:  the
applicability of Demirjian's method in
south Indian children. Forensic Sci Int.
1998;94(1-2):73-85.

INDIAN JOURNAL OF FORENSIC MEDICINE AND PATHOLOGY. VOLUME 15, NUMBER 4, OCTOBER - DECEMBER 2022 I 273

Ramkrishna Mishra, Vinay Kumar Srivastava, Surendra Kumar Pandey, et al./Dental Age Estimation using Demirjian’s

16.

17.

18.

19.

20.

21.

22,

23.

24,

. Prabhakar AR, Panda AK, Raju OS.

Applicability of Demirjian's method
of age assessment in children of
Davangere. J Indian Soc Pedod Prev
Dent. 2002;20(2):54-62.

Hegde RJ, Sood PB.

Dental maturity as an indicator of
chronological age:  radiographic
evaluation of dental age in 6 to 13
years children of Belgaum using
Demirjian methods. J Indian Soc
Pedod Prev Dent. 2002;20(4):132-138.

Liversidge HM, Speechly T, Hector
MP.
Dental maturation in British children:
are Demirjian's standards applicable?.
Int J Paediatr Dent. 1999;9(4):263-
269.

Mani SA, Naing L, John J, Samsudin
AR.
Comparison of two methods of
dental age estimation in 7-15 year old
Malays. Int J Paediatr. 2008;18:380-
388.

Al-Emran S.

Dental age assessment of 8.5 to
17 Year-old Saudi children using
Demirjian's method. J Contemp Dent
Pract. 2008;9(3):64-71.

Qudeimat MA, Behbehani F.

Dental age assessment for Kuwaiti
children using Demirjian's method.
Ann Hum Biol. 2009;36(6):695-704.

Baghdadi ZD.

Dental maturity in saudi children
using the demirjian  method:
a comparative study and new
prediction models. ISRN  Dent.
2013;2013:390314.

Willems G, Van Olmen A,

Spiessens B, Carels C. Dental age
estimation in  Belgian  children:

Demirjian's  technique revisited. J
Forensic Sci. 2001,46(4):893-895.

Tunc ES, Koyuturk AE.

Dental age assessment using
Demirjian's method on northern
Turkish children. Forensic Sci Int.
2008;175(1):23-26.

Nystrom M, Ranta R, Kataja M,
Silvola H.

Comparisons of dental maturity
between the rural community of
Kuhmo in northeastern Finland and
the city of Helsinki. Community Dent
Oral Epidemiol. 1988;16(4):215-217.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Methods: A Comparative study

. Chen JW, Guo J, Zhou J, Liu RK,

Chen TT, Zou SJ.

Assessment of dental maturity of
western  Chinese children using
Demirjian's method. Forensic Sci Int.
2010;197(1-3):119.e1-119.e1194.

Leurs IH, Wattel E, Aartman IH, Etty
E, Prahl-Andersen B.

Dental age in Dutch children. Eur J
Orthod. 2005,27(3):309-314.

Cukovi¢Bagi¢, I, Sever, N., Brki¢, H.
i Kern, J. (2008).

Dental Age Estimation in Children
Using Orthopantomograms. Acta
stomatologica Croatica, 42 (1), 11-18.

Martinez GVM, Ortega-Pertuz Al.
Comparison of Nolla, Demirjian and
Moorrees methods for dental age
calculation for forensic purposes. Rev
Odont Mex. 2017;21(3):155-164.

Hdgg U, Matsson L.

Dental maturity as an indicator of
chronological age: the accuracy and
precision of three methods. Eur J
Orthod. 1985,7(1):25-34.

Nykdnen R, Espeland L, Kvaal SI,
Krogstad O.

Validity of the Demirjian method for
dental age estimation when applied
to Norwegian children. Acta Odontol
Scand. 1998;56(4):238-244.

Farah CS, Booth DR, Knott SC.
Dental maturity of children in Perth,
Western Australia, and its application
in forensic age estimation. J Clin
Forensic Med. 1999;6(1):14-18.

Hegde RJ, Khare SS, Saraf TA,
Trivedi S, Naidu S.

Evaluation of the accuracy of
Demirjian method for estimation
of dental age among 6-12 years
of children in Navi Mumbai: A
radiographic ~ study. J  Indian
Soc Pedod Prev Dent. 2015 Oct-
Dec;33(4):319-323.

Zhai Y, Park H, Han J, Wang H, Ji F,
Tao J.

Dental age assessment in a northern
Chinese population. J Forensic Leg
Med. 2016;38:43-49.

Hegde RJ, Shigli A, Gawali P,
Jadhav G, Garje P, Kulkarni T.

Relationship between chronological
age, dental age, and body height
using Demirjian method among
children aged 4-14 years in Pune
- A radiographic study. J Indian
Soc Pedod Prev Dent. 2020 Oct-



INDIAN JOURNAL OF FORENSIC MEDICINE AND PATHOLOGY

Dec;38(4):338-342.

35. McKenna CJ, James H, Taylor JA,
Townsend GC. 36.
Tooth  development  standards

for South Australia. Aust Dent J.
2002;47(3):223-227.

Chaillet N, Nystrom M, Kataja M,
Demirjian A. Dental maturity curves

A

in  Finnish  children:  Demirjian’s
method revisited and polynomial
functions for age estimation. J
Forensic Sci 2004,;49:1324-1331.

274 I COPYRIGHT © RED FLOWER PUBLICATIONS PVT. LTD.



