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ABSTRACT
Background: The Demirjian method has been the most
widely tested method for the estimation of the dental age of
children and adolescents. However, only three studies have
compared Demirjian’s original and revised seven-tooth
methods, four-tooth method and alternate four-tooth method,
none of them conducted on an Indian population.
Aim: The present study aimed to compare the applicability of
the original and revised seven-tooth and four-tooth and
alternate four-tooth standards for age estimation of 1200
Indian children aged 5-15 years old.
Design: The study was designed as a retrospective crosssectional study.
Re s u l t s : D e m i r j i a n’s o r i g i n a l s e v e n - to o t h m e t h o d
overestimated age by 0.64 ± 1.44, 0.75 ± 1.50 and 0.69 ± 1.46
years in boys, girls and the total sample, respectively.
Demirjian’s revised seven-tooth method overestimated age by +
0.24 ± 0.80, + 0.11 ± 0.81 and + 0.19 ± 0.80 years in boys, girls
and the total sample, respectively. Demirjian’s original fourtooth method overestimated age by 0.79 ± 1.59, 0.59 ± 2.77 and
0.72 ± 2.30 years in boys, girls and the total sample, respectively.
Demirjian’s alternate four-tooth method overestimated age by
1.31 ± 1.07, 1.20 ± 1.10 and 1.26 ± 1.08 years in boys, girls and the
total sample, respectively. Statistically significant diﬀerences
were observed between dental and chronological ages with all
methods (p < 0.001). Significant gender-based diﬀerences
were observed only with Demirjian’s revised seven-tooth and
original four-tooth methods (p < 0.05).
Conclusion: The revised seven-tooth standards most
accurately predicted the age of the study sample (mean
prediction error = 2.28 months), followed by the original seventooth, four-tooth and alternate four-tooth standards. The
Demirjian original seven-tooth method was significantly more
accurate in boys compared to girls, while the reverse was true
for the Demirjian revised seven-tooth and original four-tooth
methods.
INTRODUCTION
On the back of much early research by several investigators
that pointed to tooth formation being a more reliable
indicator of dental age than tooth emergence, Demirjian,
Goldstein and Tanner1 developed a method of estimating
dental maturity based on relative and not absolute
measurements of eight stages which they described as
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observable during the development of the
seven mandibular teeth of a French-Canadian
population. The authors derived self-weighted
maturity scores for each stage of each tooth,
separate for males and females, and
constructed centile charts that allowed the
conversion of the numerical maturity score,
derived by their method of assessment, to
dental age. Following a subsequent study on a
larger sample of the same French-Canadian
origin, Demirjian and Goldstein 2 updated
their original self-weighted scores.
Demirjian’s original and revised seven-tooth
methods required an orthopantomograph (OPG)
for assessment of the dental development. Where
OPGs could not be obtained, Demirjian and
Goldstein2 recommended the use of periapical
radiographs of four teeth (the molars and
premolars), which they considered a separate
system and for which they presented separate
scores and standards. Where the first molar was
missing, the central incisor was assessed in place
of the molar, the development of the two teeth
being chronologically almost the same. Separate
scores and standards for this group of four teeth
were also presented.
Since its introduction more than four decades
ago, the Demirjian method2 of age estimation has
emerged as the most widely researched and
applied technique in dental age estimation of
children and adolescents. While a large majority
of studies have tested the revised seven-tooth
method, globally only three studies have
compared Demirjian’s original and revised seventooth methods, four-tooth method and alternate
four-tooth method. 3-5 No such study on any
Indian population is yet available in the dental
literature. Therefore, the present study aimed to
compare the applicability of the original and
revised seven-tooth and four-tooth and alternate
four-tooth standards for age estimation of 5-15
year old Indian children.
MATERIALS AND METHODS:
This study was designed as a cross-sectional
obser vational study. Ethical clearance was
obtained from the Ethical Committee, Pacific
Dental College and Hospital, Udaipur, India.
Parents/ guardians had signed an agreement with
the dental institution that dental records and
radiographs could be used only for research and
educational purposes without the possibility of
personal identification.
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Sampling method: A convenience sampling method
was employed, all radiographs being made during
the period from January 2012 to September 2015
of children aged between 5.0 and 15.9 years who
had sought treatment at the Department of
Paediatric Dentistry, Pacific Dental College and
Hospital, Udaipur, Rajasthan, India, and required
an orthopantomograph (OPG) as part of the
investigation protocol.
Selection criteria: Both parents of all children were
of Indian origin and nationality. Only patients
with a documented date of birth and date of
radiography in the oral health record were
included to facilitate verification of the
chronological age (in completed years) for each
subject. Panoramic radiographs with image
distortion due to improper position or movement
of the patient during exposure, and incomplete
image or lack of clarity resulting from an
improper exposure technique were excluded.
Also, radiographs were excluded from the study if
the patient had any history of surgical/medical
treatment or systemic illness with the potential
to cause significantly delayed or early
development, significant numbers of teeth other
than third molars missing either congenitally or
due to disease and trauma, malformation of teeth
or obvious dental pathology that could aﬀect
tooth development.
Final sample: Of the 1303 radiographs collected,
103 did not meet the selection criteria owing to
either congenital absence of several teeth (22),
lack of ima ge clarity (8) or inadequate
information regarding the date of birth (73).
Thus, a final sample of 1200 OPGS of 699 male
and 501 female Indian children aged 5 to 15 years
was selected for the study. Radiographs of
patients aged 5.0 to 5.9 years were included in age
group 5, of those aged 6.0 to 6.9 years in age
group 6 and so on. Thus, age group 15 consisted
of children aged 15.0 to 15.9 years.
Calculation of chronological age: The dates of birth
and of panoramic radiography were obtained
from the hospital records. A function of
Microsoft Excel was used to calculate the
diﬀerence between the recorded date of birth and
the date on which the panoramic radiograph was
made, to obtain the chronological age (CA) in
decimal years.
Calculation of dental age: All digital radiographs
meeting the selection criteria were viewed on the
same LCD monitor using a magnifying glass for
improved visualization. Each OPG was coded
with a numerical ID to avoid examiner bias. Age
2
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and sex of the subjects were thus unknown to the
examiner. Nomenclature for teeth assessed was
assigned according to the FDI system. For both
seven-tooth methods, the seven mandibular teeth
of the left side (excluding the third molar) were
evaluated by the Demirjian’s dental staging method.1
Once the stage that most accurately described the
stage of development of the tooth in question was
identified, the corresponding alpha-numeric rating
(0 to H) was assigned to that tooth. In the original
seven-tooth method (D7-O), the alpha-numeric
stages 0 to H were converted to the original selfweighted gender-specific numerical scores of
Demirjian and Goldstein and Tanner.1 In the revised
seven-tooth method (D7-R), the revised selfweighted scores of Demirjian and Goldstein2 were
utilized. In the four-tooth method (D4-O), the left
mandibular premolars and first and second molars
were assessed and in the alternate four-tooth
method (D4-A), the left mandibular central incisor,
premolars and second molar were assessed. Scoring
for these two methods was done using the separate
self-weighted scores described by Demirjian and
Goldstein.2 In all methods, the individual scores
were summed to obtain a total maturity score or
dental score, which was converted to a dental age
(DA) using the Demirjian, Tanner and Goldstein
tables.1
Reproducibility of measurements: A single examiner
assessed all radiographs. Intra-examiner agreement
was assessed by having one examiner re-evaluate the
same 100 radiographs after a period of 2 months
without any knowledge of gender or age or of the
stages assigned in the first evaluation. Two welltrained examiners independently evaluated 100
radiographs using Demirjian’s method of dental
staging, after a period of mutual calibration and
without any knowledge of age or gender, in order to
allow an analysis of inter-examiner agreement.
Data analysis: All statistical analyses and data
management were performed using the Statistical
Package for Social Sciences 19.0 (SPSS Inc.,
Chicago, IL, USA) for Windows and MS-Excel
(Microsoft Office 2010). Analyses were made for
each gender and age group, and for the total sample.
Kolmogorov-Smirnov and Shapiro-Wilk tests were
performed to test the normality of the data. As the
sample showed a non-normal distribution, nonparametric tests were applied. For all tests, a p value
≤ 0.05 was considered statistically significant.
The accuracy of each method of age estimation was
determined by the mean difference between the
dental age and the chronological age (DA–CA) for
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each gender and age group, and the total sample. A
positive result indicated an overestimation and a
negative result indicated an underestimation of age.
Box-plot graphs are used to present the mean DACA of each gender and age group, and the total
sample, with whiskers indicating the range (Figures
1-5). Absolute accuracy was determined by means of
the absolute differences between DA and CA of
girls and boys and the total sample for each method.
The Wilcoxon signed rank test was applied to assess
the significance of DA-CA for both methods for
each gender and age group, for the total sample and
between methods. Independent t-test was
employed for comparisons of DA-CA between
genders. The correlation between DA and CA was
analysed using Spearman’s rank correlation
coefficient for each gender and for the total study
sample. Intra- and inter-examiner agreements are
expressed as percentages. Cohen’s kappa coefficient
was used to calculate the degree of reliability of
these agreements.
RESULTS
The distribution of radiographs by age and
gender is presented in Table 1.
Table 1: Distribution of the study sample by age
and gender
Chronological
age (years)

Females

Males

Total

Age
group

Age
range

N

%

N

%

N

%

5

5.0 - 5.9

24

4.79

23

3.29

47

3.92

6

6.0 - 6.9

39

7.78

40

5.72

79

6.58

7

7.0 - 7.9

46

9.18

58

8.30

104

8.67

8

8.0 - 8.9

50

9.98

58

8.30

108

9.00

9

9.0 - 9.9

55

10.98

78

11.16

133

11.08

10

10.0 - 10.9

55

10.98

100

14.31

155

12.92

11

11.0 - 11.9

40

7.98

82

11.73

122

10.17

12

12.0 - 12.9

55

10.98

91

13.02

146

12.17

13

13.0 - 13.9

57

11.38

82

11.73

139

11.58

14

14.0 - 14.9

59

11.78

58

8.30

117

9.75

15

15.0 - 15.9

21

4.19

29

4.15

50

4.17

Total
sample

5.0 - 15.9

501

100

699

100

1200

100

3

JFOS - Journal of Forensic Odonto-Stomatology

The mean age (± SD) of the entire sample was
10.75 ± 2.72 years, those of girls and boys being
10.68 ± 2.87 and 10.81 ± 2.60, respectively. Intraand inter-examiner agreements for Demirjian’s
dental staging were 93% and 86% respectively,
with Kappa values of 0.90 and 0.81 indicating
almost perfect agreement.
In the present study, the mean D7-O dental ages
for girls and boys were 11.42 ± 0.14 years and 11.44
± 0.11 years, respectively. The mean DA-CA values
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for girls, boys and the total sample (+0.75 ± 1.50,
+0.64 ± 1.44 and +0.69 ± 1.46 years, respectively)
were statistically significant (p < 0.001).
Significant diﬀerences between mean DA and CA
were observed in all age groups (p < 0.001) except
groups 9 and 15 in girls and 9, 12, 13 and 15 in boys
( p ≤ 0. 0 5 ) . In g i r l s , t h e D 7 - O m e t h o d
overestimated age by +0.17 to +1.12 years in all age
groups. In boys, overestimations ranged from
+0.16 to +1.34 years (Table 2).

Table 2: Comparison of chronological and D7-O dental ages by gender and age group
Gender

Age
group

N

CA

BOYS

p value#

5

24

5.46 ± 0.33

6.51 ± 0.36

1.05 ± 0.77

0.006

6

39

6.57 ± 0.32

7.52 ± 0.18

0.96 ± 1.01

<0.001

7

46

7.52 ± 0.26

7.99 ± 0.19

0.48 ± 1.32

0.020

8

50

8.51 ± 0.31

8.76 ± 0.17

0.26 ± 1.11

0.556

9

55

9.48 ± 0.30

10.23 ± 0.26

0.75 ± 1.93

0.010

10

55

10.55 ± 0.32

11.37 ± 0.21

0.82 ± 1.62

<0.001

11

40

11.44 ± 0.32

12.56 ± 0.27

1.12 ± 1.64

<0.001

12

55

12.49 ± 0.32

13.15 ± 0.24

0.66 ± 1.86

0.004

13

57

13.46 ± 0.30

14.56 ± 0.17

1.10 ± 1.19

<0.001

14

59

14.48 ± 0.28

15.19 ± 0.18

0.71 ± 1.37

<0.001

15

21

15.48 ± 0.27

15.64 ± 0.15

0.17 ± 0.64

0.192

Total

501

10.68 ± 2.87

11.42 ± 0.14

0.75 ± 1.50

<0.001

5

23

5.56 ± 0.29

6.90 ± 0.16

1.34 ± 0.76

< 0.001

6

40

6.52 ± 0.31

7.62 ± 0.23

1.10 ± 1.37

< 0.001

7

58

7.48 ± 0.29

8.11 ± 0.12

0.63 ± 0.88

< 0.001

8

58

8.47 ± 0.29

9.25 ± 0.16

0.79 ± 1.24

< 0.001

9

78

9.46 ± 0.28

9.80 ± 0.20

0.34 ± 1.68

0.156

10

100

10.45 ± 0.29

11.00 ± 0.15

0.56 ± 1.53

0.001

11

82

11.51 ± 0.30

12.20 ± 0.17

0.70 ± 1.44

< 0.001

12

91

12.44 ± 0.30

12.98 ± 0.17

0.55 ± 1.62

0.012

13

82

13.41 ± 0.31

13.92 ± 0.20

0.52 ± 1.73

0.005

14

58

14.47 ± 0.31

15.39 ± 0.12

0.93 ± 0.93

< 0.001

15

29

15.24 ± 0.25

15.41 ± 0.22

0.16 ± 1.17

0.051

Total

699

10.81 ± 2.60

11.44 ± 0.11

0.64 ± 1.44

<0.001

11.44 ± 0.08

0.69 ± 1.46

<0.001

Total sample
#Wilcoxon

DA-CA

Mean ± SD (years)

(years)

GIRLS

DA

120
10.75 ± 2.72
0
Signed Rank test: p ≤ 0.05 = significant
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Table 3: Comparison of chronological and D7-R dental ages by gender and age group

Gender

Age
group
(years)

N

5

24

5.46 ± 0.33

5.53 ± 0.58

+ 0.07 ± 0.43

0.846

6

39

6.57 ± 0.32

7.11 ± 0.58

+ 0.54 ± 0.38

< 0.001

7

46

7.52 ± 0.26

7.65 ± 0.67

+ 0.13 ± 0.47

0.167

8

50

8.51 ± 0.31

8.30 ± 0.73

- 0.21 ± 0.44

0.048

9

55

9.48 ± 0.30

9.84 ± 0.77

+ 0.36 ± 0.43

0.001

10

55

10.55 ± 0.32

10.72 ± 0.85

+ 0.17 ± 0.52

0.101

11

40

11.44 ± 0.32

11.58 ± 0.84

+ 0.14 ± 0.54

0.357

12

55

12.49 ± 0.32

12.75 ± 0.87

+ 0.26 ± 0.53

0.049

13

57

13.46 ± 0.30

13.52 ± 0.83

+ 0.06 ± 0.50

0.502

14

59

14.48 ± 0.28

14.11 ± 0.62

- 0.37 ± 0.39

< 0.001

15

21

15.48 ± 0.27

15.73 ± 0.51

+ 0.25 ± 0.26

0.023

Total

501

10.68 ± 2.87

10.79 ± 2.86

+ 0.11 ± 0.81

0.002

5

23

5.56 ± 0.29

5.43 ± 0.98

- 0.13 ± 0.42

0.503

6

40

6.52 ± 0.31

7.05 ± 0.78

+ 0.53 ± 0.44

< 0.001

7

58

7.48 ± 0.29

7.72 ± 0.67

+ 0.24 ± 0.46

0.004

8

58

8.47 ± 0.29

8.89 ± 0.61

+ 0.42 ± 0.97

< 0.001

9

78

9.46 ± 0.28

9.61 ± 0.82

+ 0.15 ± 0.45

0.069

10

100

10.45 ± 0.29

10.76 ± 0.84

+ 0.31 ± 0.47

< 0.000

11

82

11.51 ± 0.30

11.66 ± 0.70

+ 0.15 ± 0.37

< 0.001

12

91

12.44 ± 0.30

12.42 ± 0.74

- 0.02 ± 0.45

0.541

13

82

13.41 ± 0.31

13.56 ± 0.78

+ 0.15 ± 0.36

0.106

14

58

14.47 ± 0.31

15.06 ± 0.58

+ 0.59 ± 0.46

< 0.001

15

29

15.24 ± 0.25

15.80 ± 0.40

+ 0.56 ± 0.35

< 0.001

Total

699

10.81 ± 2.60

11.05 ± 2.71

+ 0.24 ± 0.80

< 0.001

120
0

10.75 ± 2.72

10.94 ± 2.78

+ 0.19 ± 0.80

< 0.001

Total sample
#Wilcoxon

DA

DA-CA

p value#

Mean ± SD (years)

GIRLS

BOYS

CA

Signed Rank test: p ≤ 0.05 = significant
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The mean D7-R dental ages for girls and boys
were 10.79 ± 2.86 years and 11.05 ± 2.71 years,
respectively. The mean DA-CA values for boys,
girls and the total sample (+0.24 ± 0.80, +0.11 ±
0.81 and +0.19 ± 0.80 years, respectively) were
statistically significant (p < 0.01). Significant
diﬀerences between mean DA and CA were
observed in age groups 6, 8, 9, 12, 14 and 15 in
girls and 6, 7, 8, 10, 11, 14 and 15 in boys (p ≤ 0.05).
In girls, the D7-R method overestimated age by
+0.06 to +0.54 years in all age groups, with the
exception of groups 8 and 14, for which
underestimations of -0.21 and -0.37 years,
r e s p e c t i v e l y, w e r e o b t a i n e d . In b o y s ,
overestimations ranged from +0.15 to +0.59 years
in most age groups, with underestimations of
-0.13 and -0.02 years in groups 5 and 12,
respectively (Table 3).
The mean D4-O dental ages for girls and boys
were 11.27 ± 0.14 years and 11.60 ± 0.11 years,
respectively. The mean DA-CA values for girls,
boys and the total sample (0.59 ± 2.77, 0.79 ± 1.59
and 0.72 ± 2.30 years, respectivel y) were
statistically significant (p < 0.05). Significant
diﬀerences between mean DA and CA were
observed in all age groups except 8, 9, 12 and 15
for girls and age groups 9 and 15 for boys (p ≤
0.05). In girls, the method overestimated age by
+0.07 to +1.59 years in all age groups. In boys,
overestimations ranged from +0.26 to +1.66 years
(Table 4).
The mean D4-A dental ages for girls and boys
were 9.57 ± 0.11 years and 11.28 ± 0.11 years,
respectively. The mean DA-CA values for girls,
boys and the total sample (1.20 ± 1.10, 1.31 ± 1.07
and 1.26 ± 1.08 years, respectivel y) were
statistically significant (p < 0.05). Significant
diﬀerences between mean DA and CA were
observed in all age groups except 7, 10, 11 and 13
for girls and 9, 10 and 11 for boys (p ≤ 0.05). In
girls, the method overestimated age by +0.60 to
+ 1 . 6 9 y e a r s i n a l l a g e g r o u p s . In b o y s ,
overestimations ranged from +0.70 to +1.67 years
(Table 5).
Significant gender-based differences were
observed in mean DA-CA with the D7-R and D4-
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O methods (p = 0.005 and < 0.001, respectively),
but not with the D7-O and D4-A methods (p >
0.05). With both the D7-R and D4-O methods,
the mean DA-CA was significantly lower in girls
than in boys (Table 6).
Strong linear correlations were observed between
CA and DA for girls, boys and the total sample
with all methods (Table 7).
An inter-method comparison of mean DA-CA
values revealed statistically significant (p < 0.05)
diﬀerences in girls, boys and the total sample
(Table 8).
DISCUSSION
The Demirjian method2 has been the most widely
tested method for the estimation of the dental
age of children and adolescents. However, only
three studies have compared Demirjian’s original
and revised seven-tooth methods, four-tooth
method and alternate four-tooth method,3-5
n o n e o f t h e m c o n d u c t e d o n a n In d i a n
population. Hence, the present study aimed to
compare the applicability of these four methods
to age estimation of a sample of 1200 Indian
children - 501 female and 699 male - aged 5 to 15
years, selected by a convenience sampling
method. This method is preferred by most
researchers because it is fast, inexpensive and
ea sy and the subjects are convenientl y
accessible.
Radiographic views of the developing maxillary
permanent teeth are often obstructed by bony
structures of the maxilla. The teeth of the
mandible, on the other hand, are quite clearly
visible in an OPG. Hence, only the mandibular
teeth were evaluated in the present study, as in
some other studies.1,4,6 Since it has been wellestablished that a very high degree of symmetry
exists between the teeth of the left and right
sides,1,6,7 only the mandibular teeth of the left
quadrant were assessed. Third molar germs were
excluded from assessment because of the high
degree of variability observed in the genesis and
development of these teeth.8,9 Further, studies
have reported no improvement in accuracy of
age estimation methods when the developmental
status of the third molar was included.10
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Table 4: Comparison of chronological and D4-O dental ages by gender and age group

Gender

GIRLS

Age
group
(years)

N

5

24

5.46 ± 0.33

7.05 ± 0.27

1.59 ± 1.24

< 0.001

6

39

6.57 ± 0.32

7.57 ± 0.13

1.00 ± 0.84

< 0.001

7

46

7.52 ± 0.26

8.02 ± 0.17

0.50 ± 0.96

0.003

8

50

8.51 ± 0.31

8.58 ± 0.15

0.07 ± 0.79

0.660

9

55

9.48 ± 0.30

9.99 ± 0.26

0.51 ± 1.49

0.154

10

55

10.55 ± 0.32

11.00 ± 0.22

0.45 ± 1.76

0.048

11

40

11.44 ± 0.32

12.11 ± 0.29

0.67 ± 2.00

0.019

12

55

12.49 ± 0.32

12.87 ± 0.25

0.38 ± 2.35

0.109

13

57

13.46 ± 0.30

14.38 ± 0.20

0.92 ± 2.95

< 0.001

14

59

14.48 ± 0.28

15.11 ± 0.19

0.63 ± 3.13

< 0.001

15

21

15.48 ± 0.27

15.60 ± 0.16

0.12 ± 2.71

0.313

Total

501

10.68 ± 2.87

11.27 ± 0.14

0.59 ± 2.77

< 0.001

5

23

5.56 ± 0.29

7.22 ± 0.12

1.66 ± 0.55

< 0.001

6

40

6.52 ± 0.31

7.78 ± 0.20

1.26 ± 0.93

< 0.001

7

58

7.48 ± 0.29

8.10 ± 0.11

0.62 ± 0.59

< 0.001

8

58

8.47 ± 0.29

9.28 ± 0.18

0.81 ± 1.16

< 0.001

9

78

9.46 ± 0.28

9.72 ± 0.19

0.26 ± 1.58

0.541

10

100

10.45 ± 0.29

11.02 ± 0.17

0.57 ± 1.68

< 0.001

11

82

11.51 ± 0.30

12.40 ± 0.18

0.89 ± 1.87

< 0.001

12

91

12.44 ± 0.30

13.42 ± 0.18

0.86 ± 1.97

< 0.001

13

82

13.41 ± 0.31

14.24 ± 0.19

0.65 ± 1.85

< 0.001

14

58

14.47 ± 0.31

15.16 ± 0.10

0.69 ± 0.90

< 0.001

15

29

15.24 ± 0.25

15.50 ± 0.26

0.26 ± 1.08

0.051

Total

699

10.81 ± 2.60

11.60 ± 0.11

0.79 ± 1.59

< 0.001

1200

10.75 ± 2.72

11.47 ± 0.08

0.72 ± 2.30

< 0.001

CA

DA

DA-CA

p value#

Mean ± SD (years)

BOYS

Total sample
#Wilcoxon

Signed Rank test: p ≤ 0.05 = significant
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Table 5: Comparison of chronological and D4-A dental ages by gender and age group
Age
Gender group
(years)

N

DA

DA-CA

p value#

Mean ± SD (years)

5

24

5.46 ± 0.33

6.87 ± 0.25

1.69 ± 1.21

< 0.001

6

39

6.57 ± 0.32

7.54 ± 0.14

1.05 ± 0.68

< 0.001

7

46

7.52 ± 0.26

7.73 ± 0.14

0.77 ± 1.05

0.122

8

50

8.51 ± 0.31

8.18 ± 0.12

0.75 ± 0.64

< 0.001

9

55

9.48 ± 0.30

8.90 ± 0.20

1.36 ± 1.43

< 0.001

10

55

10.55 ± 0.32

10.04 ± 0.24

1.21 ± 1.18

0.016

11

40

11.44 ± 0.32

11.26 ± 0.32

1.38 ± 1.27

0.595

12

55

12.49 ± 0.32

11.52 ± 0.31

1.58 ± 1.18

0.021

13

57

13.46 ± 0.30

11.57 ± 0.38

1.40 ± 0.93

0.002

14

59

14.48 ± 0.28

10.11 ± 0.40

1.22 ± 0.99

< 0.001

15

21

15.48 ± 0.27

9.02 ± 0.57

0.60 ± 0.37

< 0.001

Total

501

10.68 ± 2.87

9.57 ± 0.11

1.20 ± 1.10

< 0.001

5

23

5.56 ± 0.29

7.21 ± 0.11

1.67 ± 0.57

< 0.001

6

40

6.52 ± 0.31

7.75 ± 0.16

1.31 ± 1.10

< 0.001

7

58

7.48 ± 0.29

8.01 ± 0.08

0.70 ± 0.73

< 0.001

8

58

8.47 ± 0.29

8.76 ± 0.15

1.14 ± 1.11

0.343

9

78

9.46 ± 0.28

9.23 ± 0.18

1.25 ± 1.18

0.002

10

100

10.45 ± 0.29

10.40 ± 0.17

1.37 ± 1.13

0.137

11

82

11.51 ± 0.30

11.84 ± 0.22

1.37 ± 1.22

0.414

12

91

12.44 ± 0.30

13.04 ± 0.21

1.50 ± 1.17

0.007

13

82

13.41 ± 0.31

14.11 ± 0.21

1.57 ± 1.07

< 0.001

14

58

14.47 ± 0.31

15.61 ± 0.11

1.30 ± 0.57

< 0.001

15

29

15.24 ± 0.25

15.65 ± 0.21

0.96 ± 0.87

0.002

Total

699

10.81 ± 2.60

11.28 ± 0.11

1.31 ± 1.07

< 0.001

1200

10.75 ± 2.72

10.56 ± 0.09

1.26 ± 1.08

0.322

GIRLS

BOYS

Total sample
#Wilcoxon

CA

Signed Rank test: p ≤ 0.05 = significant
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Table 6: Intra-method comparison between genders of mean DA-CA
D7-O
Gender

N

Mean
DA-CA ±
SD (years)

Girls

501

0.75 ± 1.50

Boys

699

0.64 ± 1.44

D7-R
p
value

Mean
DA-CA ±
SD (years)

D4-O
p
value

+ 0.11 ± 0.81
0.200
+ 0.24 ± 0.80

Mean
DA-CA ±
SD (years)

D4-A
p
value

0.59 ± 2.77
0.005
0.79 ± 1.59

Mean
DA-CA ±
SD (years)

p
value

1.20 ± 1.10
<0.001
1.31 ± 1.07

0.083

Independent t-test; p≤ 0.05 = significant

Table 7: Correlation between chronological and dental ages by method used
Method

r / p values

Females

Males

Total sample

r value

0.965

0.950

0.959

p value

< 0.001

< 0.001

< 0.001

r value

0.957

0.962

0.961

p value

< 0.001

< 0.001

< 0.001

r value

0.960

0.954

0.958

p value

< 0.001

< 0.001

< 0.001

r value

0.959

0.947

0.953

p value

< 0.001

< 0.001

< 0.001

D7-O

D7-R

D4-O

D4-A

Spearman’s rank correlation coeﬃcient: r = Spearman’s rho, p = significant
While assessing dental age, it is important to
examiners. Other studies have reported kappa
consider not only the proximity of the estimated
values ranging from 0.67 to 0.96 for intra-examiner
age to the actual or chronological age, but also the
agreements12,13 and from 0.68 to 0.92 for interreproducibility of the age estimation method. In
examiner agreements.14,15
the present study, agreements within and between
In the present study, overall as well as by age group,
examiners for Demirjian’s method of dental staging
a significant difference was observed between the
were obtained in percentages and measured by
mean DA and CA with all four methods in both
Cohen’s kappa coefficient, which is a more robust
genders, a finding which is in agreement with the
measure than simple percentage agreement
observations of Flood et al.4 in a South Australian
calculation, taking into account the agreement
population. However, in an earlier study by Flood
occurring by chance.11 Intra- and inter-examiner
et al.5 on a Western Australian population, no
agreements for Demirjian’s dental staging were
significant differences between the mean DA and
observed to be 90% and 91%, respectively, with a
CA were observed overall in males, with all but the
kappa coefficient of 0.83. The difference in mean
Demirjian’s original seven-tooth method. In
DA-CA wa s not significant between two
females, overall significant differences were
assessments by one examiner or between two
observed with all except the four-tooth method.
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Table 8: Inter-method comparison of the accuracy of age estimation
Method with
mean DA-CA

Difference in
mean DA-CA

(years ± SD)

Absolute
difference

p value#

Years

D7-R

-0.64 ± 0.84

0.049 to 0.197

0.51

0.004

D4-O

-0.16 ± 0.84

-0.417 to -0.269

0.68

< 0.001

D4-O

0.48 ± 1.10

-0.315 to -0.123

0.86

< 0.001

D4-A

0.96 ± 0.97

-0.045 to 0.125

0.69

0.983

D4-O

D4-A

0.61 ± 0.66

0.202 to 0.317

0.50

< 0.001

D4-A

D7-O

-0.45 ± 0.65

0.026 to 0.140

0.48

0.001

D7-R

0.40 ± 0.87

0.000 to 0.286

0.47

0.077

D4-O

0.15 ± 0.90

-0.162 to 0.043

0.72

0.277

D4-O

0.55 ± 1.02

-0.393 to -0.158

0.81

< 0.001

D4-A

1.07 ± 1.01

-0.155 to 0.075

0.74

0.359

D4-O

D4-A

0.52 ± 0.83

0.126 to 0.249

0.65

< 0.001

D4-A

D7-O

-0.67 ± 0.83

-0.149 to 0.020

0.61

0.042

D7-R

-0.50 ± 0.86

-0.035 to 0.0.62

0.48

0.773

D4-O

0.03 ± 0.88

-0.287 to -0.187

0.70

< 0.001

D4-O

0.53 ± 1.05

-0.283 to -0.164

0.83

< 0.001

D4-A

1.07 ± 0.99

-0.062 to -0.050

0.72

0.615

D4-O

D4-A

0.54 ± 0.76

-0.174 to 0.261

0.59

< 0.001

D4-A

D7-O

-0.57 ± 0.76

-0.023 to 0.063

0.55

0.506

D7-O

Girls (N = 501)

95% CI of
DA-CA

D7-R

D7-O

Boys (N = 699)

D7-R

D7-O

Total (N = 1200)

# Wilcoxon

D7-R

Signed-rank test; p≤ 0.05 = significant

Phillips reported an overestimation of age by an
average of 0.89 years using the original seventooth method on Tygerberg dental patients; a
random mixture of Caucasoid and Khoisanoid
c h i l d r e n . He a l s o o b s e r v e d s i m i l a r
overestimations in samples of Indian and Negroid
children from Kwa-Zulu Natal. He derived
correction factors and found them to improve
the accuracy of method significantly.16,17 The
Demirjian’s revised seven-tooth method has been

reported to consistently overestimate age in
various populations by up to +1.23 years in males
and +1.20 years in females.18 A study by Flood et
al. reported overestimations of +0.61 years (m)
and +0.75 years (f), +0.49 years (m) and +0.47 years
(f), +0.31 years (m) and +0.62 years (f) and +0.49
years (m) and +0.70 years (f), using the original
seven-tooth, revised seven-tooth, four-tooth and
alternate four-tooth standards, respectively, in a
South Australian population.4 Another study by
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Flood et al. reported overestimations of +0.51
years (m) and +0.63 years (f), +0.19 years (m) and
+0.41 years (f), +0.04 years (m) and +0.25 years (f)
and -0.20 years (m) and +0.37 years (f), using the
original seven-tooth, revised seven-tooth, fourtooth and alternate four-tooth standards,
respectively, in a Western Australian population.5
A similar study by Akkaya et al. reported
overestimations of +0.53 years (m) and +0.66 years
(f), +0.33 years (m) and +0.62 years (f), +0.21 years
(m) and +0.57 years (f) and +0.08 years (m) and
+0.61 years (f), using the original seven-tooth,
revised seven-tooth, four-tooth and alternate
four-tooth standards, respectively, in a Turkish
population.3 In the present study overestimations
were obtained, of +0.64 years (m) and +0.75 years
(f), +0.24 years (m) and +0.11 years (f), +0.79 years
(m) and +0.59 years (f) and +1.31 years (m) and
+1.20 years (f), using the original seven-tooth,
revised seven-tooth, four-tooth and alternate
four-tooth standards, respectively.

Significant gender-based differences were
observed with the D7-R and D4-O methods in
the present study dental age of girls being more
advanced than that of boys. This gender
diﬀerence has been attributed to the faster
biological and dental maturation in girls, which
leads to a higher DA compared to CA.19 However,
some other studies13,20 have reported a higher DA
compared to CA in boys than in girls.
Several factors can aﬀect the accuracy or
precision of an age estimating method, such as
the quality of the reference material (sample),
reliability of the method and biological variability
in dental development. 21,22 Hence, no a ge
estimation method can be expected to predict
the exact age of every individual. Diﬀerences
between chronological and estimated ages of up
to 12 months can be considered to be within
normal standards,23 although smaller intervals are
desirable.24 In the present study, mean prediction
errors ranged from 1.32 to 15.72 months.

Figure 1: Box-plot of mean DA-CA males aged
5-10 years

Figure 2: Box-plot of mean DA-CA males aged
11-15 years
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Figure 3: Box-plot of mean DA-CA females
aged 5-10 years

Figure 5: Box-plot of mean DA-CA by gender
for the total sample

Vol 36 n. 1 - Jul - 2018

Figure 4: Box-plot of mean DA-CA females
aged 11-15 years

CONCLUSION
From the results of this study, it was concluded
that all the four Demirjian methods
overestimated age. The revised seven-tooth
standards most accurately predicted the age of
the study sample (mean prediction error = 2.28
months), followed by the original seven-tooth,
four-tooth and alternate four-tooth standards.
The Demirjian original seven-tooth method was
significantly more accurate in boys compared to
girls, while the reverse was true for the Demirjian
revised seven-tooth and Demirjian original fourtooth methods. The Demirjian alternate fourtooth method was almost equally accurate in
both genders. Significant diﬀerences between
dental age and chronological age were observed
with all the methods.
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