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ABSTRACT
Aim: The aim of this study was to evaluate and compare the
accuracy of two age estimation methods in Indian children by
using the open apex method proposed by Cameriere et al and
the London Atlas of Tooth Development.
Materials and method: Three hundred and thirty five
archived digitised panoramic radiographs of healthy children
(165 males and 170 females) in the age group of 5 to 15.99 years
were retrieved and analysed. The observations were entered in
the SPSS software (Version 19.0). The paired t-test and
independent samples t-test were applied to assess the
diﬀerences between chronological and estimated age in both
genders.
Results and conclusion: Inter-observer reliability was found
to be excellent with Cronbach Alpha to be 1.000 and 0.997 for
Cameriere’s and London Atlas age estimation methods
respectively. The diﬀerence of 0.59 years (SD ±1.32 years) was
highly significant and indicated a consistent underestimation of
age using Cameriere’s method. While, applying the London
Atlas, the diﬀerence of -0.03 years (SD± 0.69 years) was not
significant and indicated a little overestimation of age. No
significant diﬀerence was observed for both genders with the
methods. Our results revealed that the methods are reliable for
age estimation in Indian children, however, the London Atlas is
simpler to use and is more accurate than Cameriere’s method.
INTRODUCTION
Children are the future of any nation, however, in recent times,
increasing trend of juvenile crimes, escalating cases of
immigrants and child abuse are being reported globally, making
the estimation of age in children more significant medicolegally. Furthermore, exact age assessment in the paediatric
population becomes mandatory in various fields like forensic
medicine, endocrinology and orthodontic treatment
planning. 1,2 Though there are diﬀerent methods of age
estimation like the secondary sexual characteristics, the
biomarkers, bone and dental development, most of the
techniques are expensive and are not very accurate.3
Dental age, however, is, considered to be a reliable, easy and
quick method of age assessment in children as there is minimal
variability observed due to the calcification rate that is not
much aﬀected by environmental factors.4-6 Furthermore, teeth
are the most indestructible mineralised structures which
survive for several years, hence, examination of teeth is
considered the most reliable method of age estimation.3
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Amongst all the imaging methods, the
method
which
is
cost effective,
uncomplicated and gives an excellent overview
of the dental maturity is orthopantomography.7
Some recently introduced methods of age
estimation which are more precise, reliable and
use panoramic radiographs for age assessment,
include Cameriere’s open apices method in
children 8 and the London Atlas of Human
Tooth Development and Eruption.9
Cameriere et al, 2006 8 developed a linear
regression formula to assess the chronological
a ge in a European population. Popularl y
r e c o g n i s e d a s C a m e r i e r e ’s e q u a t i o n , i t
estimates age by measuring the open apices of
seven permanent mandibular teeth on the left
side of the jaw. While, an innovative and simple
approach to age estimation was introduced by
AlQahtani et al in 2010, 9 who developed a
comprehensive atlas of human tooth
development to determine age between 28
weeks intrauterine and 23 years. This method
utilised the Moorrees et al’s4 and Bengston’s10
tooth developmental stages. There is no study
done in an Indian paediatric population which
compares the accuracy of Cameriere’s with the
London Atlas method of age estimation. Thus,
the present study was carried out to estimate
the accuracy of Cameriere’s formula and the
L o n d o n At l a s o f To o t h D e v e l o p m e n t i n
assessing the actual age of Indian children. The
second objective was to analyse if there was any
difference in the accuracy of these two
methods. Additionally, the study aimed to
determine if there was a difference between
the dental age of male and female subjects
using Cameriere’s equation and the London
Atlas of Tooth Development.
MATERIALS AND METHODS
This was a cross-sectional retrospective study
which
examined
the
digitised
orthopantomographs (OPGs) retrieved from
the archives of Department of Oral Medicine
and Radiology. Only best quality radiographs
were selected of 335 healthy Indian children
aged between 5.00 and 15.99 years. All the
subjects were categorised into 11 age groups
with equal distribution of 15 males and 15
females in each age group, except Group 5
which had 20 females (Table 1).
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Table 1. Age and gender distribution in the
sample studied
Groups
(of
Sample
studied)

Age
Boys Girls Total
(years) (n)
(n)
(n)

1

5.5.99

15

15

30

2

6.6.99

15

15

30

3

7.7.99

15

15

30

4

8.8.99

15

15

30

5

9.9.99

15

20

35

6

10.10.99

15

15

30

7

11.11.99

15

15

30

8

12.12.99

15

15

30

9

13.13.99

15

15

30

10

14.14.99

15

15

30

11

15.15.99

15

15

30

Total

165

170

335

The uniformity in age and gender distribution
was maintained purposely to achieve accuracy
across the a ge range and gender. All the
radiographs were taken for routine diagnostic and
treatment purposes; no radiographs were taken
particularly for this study. Poor quality unclear
radiographs, as well as those showing pathology,
dental anomalies, previous orthodontic
treatment, severe dental caries, periapical cysts,
grossly destructed teeth and crowns, were
excluded from the study. The chronological age
of participants was calculated by subtracting the
date of the birth from the date on which
radiographs were taken. Coding was done for all
participants, and the observer was blinded to
their actual age. Only the subject’s gender was
revealed to the examiner.
While using Cameriere’s method, all seven left
permanent mandibular teeth were examined. In
single rooted teeth, the distance between the
inner side of the pulp canal at the apex was
measured (Ai, i= 1,..5). In multirooted teeth, the
sum of the distances between the inner sides of
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the pulp of the two apices was calculated (Ai,
i = 6 , 7 ) . No r m a l i s e d m e a s u r e m e n t s w e r e
obtained by dividing the measurement of the
apices by the tooth length from the highest cusp
tip to the lowest root tip (Li, i=1,….,7) (Figure 1).
Finally, dental maturity was calculated using the
normalised measurements of the open apices of
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the seven left permanent mandibular teeth, xi,
i=1,…..,7, their sum, s, and the number of teeth
(N0), with root development complete. Dental
age in Indian children was calculated by putting
all the values in Cameriere’s equation formulated
according to linear regression model:

Dental age = 8.971+0.375g +1.631X5 +0.674 No-1.034s-0.176s. No,
where g stands for gender, X5 = A5/L5, s = sum of normalised open apices, and N0 = number of teeth
showing complete root development.
When the London Atlas of Tooth Development
was used for a ge estimation, OPGs were
examined to assess the development stages for all
primary and permanent teeth on the right side of
both upper and lower jaws. Subsequently, the
dental age of the individual was calculated by
using available software on the website: http://
www.atlas.dentistry.qmul.ac.uk. The tables were
filled by obser ving specific figures of the
development stage and level of alveolar eruption
of the tooth and matching these with the
panoramic radiographs of each participant; the
dental age calculator feature automatically
displayed the dental age.
To test inter-observer reproducibility, a random
sample of 35 panoramic radiographs were
examined by two obser vers at fifteen days

inter val. Reliability analysis showed interobserver Cronbach Alpha to be 1.000 and 0.997
for Cameriere’s and London Atlas age estimations
respectively, suggesting excellent agreement. All
the calculated values obtained from both age
estimation methods, were entered in an excel file
and subjected to SPSS (Statistical Package for the
Social Sciences) software, (version 19.0) analysis.
Dental age (Estimated age) was subtracted from
the chronological age (Actual age): a positive
result indicated underestimation and a negative
one indicated overestimation of age. A paired ttest was applied for each of the two methods
with a significance level of P< 0.001, to calculate
the bias which is the mean diﬀerence between
the predicted and chronological ages.

Figure 1. Cameriere’s method of measuring open apices and tooth length (on Adobe Photoshop)
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RESULTS
Cameriere’s Method
The mean chronological age of the entire sample
was 10.238 ± 3.160 years. The mean estimated age
of the whole sample using Cameriere’s method
was 9.639 ± 2.486 years. The diﬀerence of 0.59
years (SD ±1.32 years was highly significant and
indicated a consistent underestimation of age.
The bias was highly significant in all age groups
(Table 2).
Independent samples t-test was applied to
measure the diﬀerences between male and female
participants. No statistically significant diﬀerence
(p = 0.154) was observed between males and
females. The mean diﬀerence between the actual
and predicted ages was less in male subjects as
compared to female subjects (Table 3).

Figure 2 depicts the paired t-test results for the
entire sample as well as for each year interval.
Age was significantly overestimated in the
children between the age of 5 to 9 years, on the
other hand, in children of age range from 11 to 15
years, it was significantly underestimated.
The paired t-test results for male and female
participants for each year interval are observed in
Figure 3. Non-significant overestimation of age
was seen in age groups 1,2,3 and 5 in both
genders. While underestimation of age was seen
in age groups (4,6,7,8,9,10,11) for both males and
females. However, in the age group 3 (7-7.99
years), males showed underestimation of age.

Table 2. Paired t-test for Cameriere’s method showing the bias for the sample population
Measure of
accuracy
Bias
Absolute
Diﬀerence

N

Mean

± SD

SE
mean

Significance

95% CI
Lower

95% CI
Upper

335 0.59773

1.32365

0.07232

0.000**

0.4555

0.7399

335 1.11048 0.93464

0.05106

0.000**

1.1010

1.2109

**p<0.001; Highly significant

SD = Standard deviation, SE = Standard error, CI = Confidence interval

Table 3. Independent samples t-test for Cameriere’s method to express bias for gender
Measure of
accuracy
Bias
Absolute
Diﬀerence

Sex

N

Mean

± SD

SE mean

M

165

0.4931

1.2961

0.1009

F

170

0.6994

1.3459

0.1032

M

165

1.0755

0.8723

0.0679

F

170

1.1445

0.9929

0.0761

Significance
0.154
0.500

F = Female, M =male, SD = Standard Deviation, SE = Standard error

Figure 2. Paired t-test for Cameriere’s method showing the bias for the sample population
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Figure 3. Independent samples t-test for Cameriere’s method to express bias for gender

London Atlas of Tooth Development
The mean chronological age of the entire
sample was 10.238 ± 3.160 years, while the mean
estimated age of the whole sample was 10.267 ±
3.033 years when the London Atlas was applied
to determine the age of the subjects. The
difference of -0.03 years (SD± 0.69 years) was
not significant and indicated a little
overestimation. The bias was statistically
significant in all the age groups (Table 4). To
analyse and compare the differences between
both genders, independent samples t-test was
used. No statistically significant difference (p =
0.321) was observed between male and female
participants (Table 5).The mean difference
between the chronological and estimated ages
was less in female subjects than in male
subjects.
The paired t-test was applied to estimate the
accuracy of age intervals of the entire sample.

Differences between the actual and estimated
age for the entire sample at each year interval
are illustrated in Figure 4. Appl ying the
London Atlas method of age assessment to the
study sample, there wa s non- significant
underestimation and overestimation in all age
g r o u p s , h e n ce i t w a s f o u n d to b e m o r e
accurate.
Paired t-test applied was used to test the
accuracy of different age intervals in both male
and female subjects as depicted in Figure 5.
While non-significant, overestimation of age
was noticed for both genders in age groups 1 to
6 and underestimation was observed in age
groups 7 to 11. However, overestimation of age
was seen in males in the age group 11 (15-15.99
years), while, underestimation of age was
observed in males in the age group 5 (9-9.99
years).

Table 4. Paired t-test for the London Atlas method showing the bias for the sample population
Measure of
accuracy

N

Mean

± SD

SE mean Significance

95% CI
Lower

95% CI
Upper

Bias

335

-0.02955

0.69944

0.03821

0.440

-0.10472

0.04562

Absolute
Diﬀerence

335

0.54048

0.44397

0.02426

0.000**

0.49276

0.58819

**p<0.001; Highly significant

SD = Standard deviation, SE= Standard error, CI= Confidence Interval
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Table 5. Independent samples t-test for the London Atlas method to express bias for gender
Measure of
accuracy
Bias
Absolute
Diﬀerence

Sex

N

Mean

± SD

SE mean

M

165

-0.06812

0.616293

0.047978

F

170

0.00788

0.771636

0.059182

M

165

0.49794

0.367464

0.028607

F

170

0.58176

0.505007

0.038732

Significance

0.321

0.084

F = Female, M= Male, SD= Standard deviation, SE = Standard error

Figure 4. The London Atlas method showing bias for age estimation in diﬀerent age groups

Figure 5. The London Atlas method showing bias in diﬀerent age groups in male and female subjects
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DISCUSSION
In view of the UN convention on the Rights of
the Child, 11 age estimation in children and
adolescents becomes the prime concern for the
forensic fraternity and is one of the most relevant
issues today in forensic medicine. According to
its preamble, a child has the right to be registered
and granted a nationality and according to article
12 of its constitution, the child has the right to
express their opinions in accordance with their
age and maturity.11 Juvenile delinquency is a
serious concern for India as recent years have
witnessed a rapid rise in criminal cases involving
minors. Furthermore, violation of the child’s
basic rights like child labour, other forms of
exploitation, non-registration of births are
prevalent in India. Thus, it becomes more
important to estimate accurate age in juveniles in
the Court of Law. Thus, we chose children
between 5 and 15.99 years of age as our target
study population. Diﬀerent age estimation
methods have been tested in Indian children, for
instance, a study conducted on Indian children
concluded that Willem’s method was the most
accurate followed by Demirjian and Chaillet’s
methods.12
Various studies on diﬀerent populations have
assessed the accuracy of Cameriere’s method
using the measurement of open apices in teeth.
This method proved to be reasonably accurate in
all the populations including Italian, European,
Indian and Saudi Arabian children.7,13-15 While the
London Atlas has also been found to be fairly
precise in estimating age in diﬀerent populations,
Cameriere’s linear regression equation has been
tested for accuracy in an Indian population
earlier, where the results revealed that an open
apex method in children was highly accurate with
the morphological variables explaining 88.5% of
the variations in predicted age.13 However, to the
best of our knowledge, no research has been
undertaken so far in Indian subjects assessing the
diﬀerence in the accuracy of age estimation
applying these two non-invasive radiographic
techniques. Thus, we compared the accuracy of
both these methods in an Indian population (age
5-15.99 years) visiting the OPD of Oral Medicine
and Radiology Department.
Cameriere et al, 2006 8 tested the stepwise
multiple regression formula in Italian white
children and observed that age can be predicted
more accurately and eﬃciently by using this
method. Moreover, when tested and compared
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with Willems and Demirjian method in White
Italian, Spanish and Croatian children, it was
again found to be a more reliable and precise
method for age assessment in young children.13
The study emphasised the suitability of the sum
of normalised open apices (s) and number (N0) of
teeth with complete root development as
accurate morphological parameters for
determining age in juveniles. On the other hand,
in a sample of Italian children between 11 and 16
years of age, the authors compared four age
estimation methods.i.e. Demirjian, Willems,
Cameriere and Haavikko and observed that
Cameriere’s method underestimated the age by
one year for both genders, while other methods
were found to be more accurate.16 The results of
our study are more congruent with the latter
study as, in the current study, a statistically
significant underestimation of age was observed
for all age intervals. Our results are also more
similar to other age estimation studies carried out
in diﬀerent populations like Saudi, Iranian,
Tu r k i s h a n d A m e r i c a n c h i l d r e n , w h e r e
Cameriere’s formula invariably underestimated
the age.15,17-19
However, no significant diﬀerence was found
between male and female subjects and the
underestimation of age was uniform between the
genders in several studies using Cameriere’s
formula.15,17,18 The present study was in agreement
with the results of these studies and showed no
statistically significant diﬀerence between the
genders. Contrast results were observed in
Mexican and Bosnian Herzegovinian populations,
where overestimation of age was reported in
females.20,21
T h e L o n d o n At l a s o f Hu m a n To o t h
Development determines age based on tooth
development stage and the level of alveolar
eruption. The use of software (http://
www.atlas.dentistr y.qmul.ac.uk) makes the
technique convenient and practicable.9 When the
London Atlas was compared with the Schour and
Ma s s l e r e s t i m a t i o n c h a r t a n d U b e l a ke r
estimation chart, it was found to be reasonably
accurate and no significant diﬀerence was found
for most age groups, except some. The study
s a m p l e i n c l u d e d w h i te a n d B a n g l a d e s h i
populations and the authors observed that tooth
formation showed minimum variation during
infancy but revealed most variability after the age
of 16 years.9
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Alshihri et al, 201522,23 assessed the suitability of
the London Atlas of Human Tooth Development
for age estimation in Saudi Arabian children and
adolescents and found a significant diﬀerence
between mean estimated and actual age. Further,
there was a significant diﬀerence in the accuracy
of age estimation between males and females. In
females, the frequency of overestimation of age
was higher as compared to males, emphasising
the requirement of development of designate
charts for each gender. This signified that
hormonal changes during growth or puberty
aﬀect the tooth formation stages.24 On the other
hand, the results of a cross-sectional study carried
out in Iranian children indicated high accuracy
with no significant diﬀerences between the mean
chronological age and mean dental ages using
Smith’s method and the London Atlas but
suggested the latter to be simpler to use.25 Our
findings were in congruence with the results of
the latter study.
When the London Atlas of Human Tooth
Development was used in Indian children, the
results of the present study observed nonsignificant underestimation and overestimation
in all age groups. The diﬀerence of -0.03 years
was not significant and indicated a little
overestimation, implying that it was more
accurate than Cameriere’s stepwise linear
regression equation. The London Atlas was also
applied to estimate a ge in a Por tuguese
population and no significant diﬀerence was
observed between male and female subjects
either.26 The observations of our study are in
a greement and indicated no statistical l y
significant diﬀerence between male and female
participants. The mean diﬀerence between the
chronological and estimated ages was less in
female subjects than in male subjects.
In Saudi children, there was a significant
diﬀerence between the dental and actual age of
the subjects when the London Atlas was used for
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age estimation.22 While, underestimation of age
was a common finding in Saudi 22 as well as
American populations,19 overestimation of age
was noticed in two diﬀerent studies conducted in
Portugal.26,27 In contrast to above studies, using
the London Atlas, the results of the present study
observed non-significant underestimation and
overestimation in all age groups.
With the London Atlas, age is shown as an
average.e.g.10.5 represents the mean of an age
range from 10.00 to 10.99 years. While, when
using Cameriere’s formula, 10.5 implies 10 years
and 6 months. Thus, there is more likelihood of
error of six months with the London Atlas and
the bias between predicted and actual age may be
overstated.15
In the present study, results from both the
methods did not show any significant diﬀerence
between male and female participants. Though
overestimation and underestimation of age was
obser ved in all a ge groups with both the
methods, a non-significant diﬀerence was found
when the London Atlas method was applied,
implying it to be a more accurate technique. It
has certain advantages, using both the upper and
lower jaws, inclusion of both deciduous and
permanent dentition developmental stages and
observing the level of alveolar bone eruption of
the teeth, implying that it is more accurate.
CONCLUSIONS
Considering the results of the present study, both
Cameriere’s method of open apices and the
London Atlas of Human Tooth Development are
reliable for accurate dental age estimation in
Indian children. While Cameriere’s method
requires precise calculations and relies more on
the expertise of the observer, the London Atlas
method is relatively convenient and simple to
use. The latter method uses software programme
(available in diﬀerent languages) to make accurate
calculations.
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