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Abstract The aim of this study was to assess the accuracy of
Cameriere’s methods on dental age estimation in the northern
Chinese population. A sample of orthopantomographs of 785
healthy children (397 girls and 388 boys) aged between 5 and
15 years was collected. The seven left permanent mandibular
teeth were evaluated with Cameriere’s method. The sample
was split into a training set to develop a Chinese-specific
prediction formula and a test set to validate this novel devel-
oped formula. Following the training dataset study, the vari-
ables gender (g), x3 (canine teeth), x4 (first premolar), x7
(second molar), N0, and the first-order interaction between s
and N0 contributed significantly to the fit, yielding the follow-
ing linear regression formula: Age = 10.202 + 0.826 g−
4.068x3−1.536x4−1.959x7 + 0.536 N0−0.219 s ⋅N0, where g

is a variable, 1 for boys and 0 for girls. The equation explained
91.2% (R2=0.912) of the total deviance. By analyzing the test
dataset, the accuracy of the European formula and Chinese
formula was determined by the difference between the esti-
mated dental age (DA) and chronological age (CA). The
European formula verified on the collected Chinese children
underestimated chronological age with a mean difference of
around −0.23 year, while the Chinese formula underestimated
the chronological age with a mean difference of −0.04 year.
Significant differences inmean differences in years (DA−CA)
and absolute difference (AD) between the Chinese-specific
prediction formula and Cameriere’s European formula were
observed. In conclusion, a Chinese-specific prediction formu-
la based on a large Chinese reference sample could ameliorate
the age prediction accuracy in the age group of children.
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Introduction

Age estimation in children and adolescents plays an important
role in forensic medicine, which provides evidence for the
judgment of criminal and civil responsibility. According to
Chinese criminal law, children under 14 have no criminal
responsibility, subjects from 14 to 16 have limited criminal
responsibility, and those over 16 have full criminal responsi-
bility [14]. China’s civil law considers children under 10 as
having no civil responsibility, teenagers from 10 to 18 as
having partial civil responsibility, while those over 18 as
having full civil responsibility [16]. In addition, age estima-
tion also plays a key role in the adoption of children if the date
of birth is uncertain.
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Many methods have been developed for dental age assess-
ment based on the permanent dentition observed in radio-
graphs. Evaluation of the clinical emergence in the mouth
and the radiographic evaluation of teeth mineralization are
the two main methods [7, 11, 22, 29]. As the clinical eruption
of permanent teeth is easily affected by exogenous factors,
such as feeding habits, local trauma, the pathology of decid-
uous teeth, and so on, recent studies favor using tooth miner-
alization rather than eruption in chronological age assessment
[4, 10, 21]. In order to quantify a continuous process from the
first traces of cusp mineralization until root apex closure,
many researchers suggested a different number of radiograph-
ic stages, ranging from three stages to possibly 40 stages [7,
13, 18, 20].

In 2006, Cameriere et al. developed a linear regression
formula for chronological age estimation in children accord-
ing to the relation between age and measurement of open
apices in seven left permanent mandibular teeth roots in 455
Italian Caucasian children [1]. In 2007, they published another
paper with additional samples of children from various Euro-
pean states, providing a common formula useful for all these
countries [2]. It has been reported recently by several other
groups that Cameriere’s method is accurate and very useful for
estimating the chronological age of children in Brazilian,
Bosnian-Herzegovian, and Mexican children groups [6, 8, 9].

However, no studies have been conducted on Chinese
children and adolescents to assess the applicability of
Cameriere’s formula and to find out whether this formula
turns out to be suitable for the Chinese population too. The
aims of present study are twofold: firstly, to verify Cameriere’s
age estimation model on a sample of Chinese children, and,
secondly, to develop a Chinese-specific formula based on
Cameriere’s method.

Materials and methods

Study population

A sample of 785 orthopantomographs of healthy northern
Chinese children, aged between 5 and 15 years and taken
during a course of diagnosis and treatment, was selected
(Table 1). The orthopantomograms were taken at the Depart-
ment of Oral Radiology in the Affiliated Stomatological Hos-
pital of Xi’an Jiaotong University Health Science Center,
China, from February 2012 to May 2013. The selection
criteria were good image quality and free of any medical or
pathology affecting tooth development visible on the pano-
ramic radiographs. The chronological age of each subject was
calculated by subtracting the date of birth from the date of the
radiograph. The age proof is in the form of birth certificate,
school/college register, or identity card. Radiographs were in
digital form and images were recorded on computer files,

which were processed using a computer-aided drafting pro-
gram (Adobe Photoshop 7). To avoid bias, prior to data
scoring, all images were relabeled randomly in numeric order
and all related information was made anonymous.

Among the personal data for patients, the identification
number, date of birth, date of radiograph, and gender were
collected; the parents of the patients signed an agreement with
the stomatological hospital that dental records and radiographs
would be used only for research and educational purposes,
without personal identification. Ethical approval for this study
was obtained from the Ethics Committee of the Affiliated
Stomatological Hospital of Xi’an Jiaotong University Health
Science Center, China.

The method is explained in detail by Cameriere et al. [1].
Briefly, radiographs of seven left permanent mandibular teeth,
with the apical ends of the roots completely closed (N0), were
examined. Teeth with incomplete root development, i.e., with
open apices, were also examined. For teeth with one root, the
distance Ai, i=1,…, 5, between the inner sides of the open
apex was measured. For teeth with two roots, Ai, i=6, 7, the
sum of the distances between the inner sides of the two open
apices was evaluated. In order to take into account the effect of
possible differences among X-rays in magnification and an-
gulations, measurements were normalized by dividing by
tooth length (Li, i=1,…, 7). Dental maturity was evaluated
according to the normalized measurements of the seven left
mandibular permanent teeth (xi=Ai/Li, i=1,…, 7), the sum of
normalized open apices (s), and the number (N0) of teeth with
root development complete. Lastly, age was calculated with
the European formula:

Age ¼ 8:971þ 0:375g þ 1:631x5 þ 0:674N 0−1:034s−0:176s⋅N0

ð1Þ

where g is a variable, 1 for boys and 0 for girls.

Table 1 Age and gender
distribution of the
sampled northern
Chinese children

Age (years) Gender Total

Boys Girls

5–5.99 28 25 53

6–6.99 24 22 46

7–7.99 38 29 67

8–8.99 33 25 58

9–9.99 32 28 60

10–10.99 27 31 58

11–11.99 48 48 96

12–12.99 55 56 111

13–13.99 37 51 88

14–14.99 36 49 85

15–15.99 30 33 63

Total 388 397 785
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Statistical analysis and data management

All measurements were carried out by the same observer. To
test intra-observer reproducibility, an independent 40 random-
ly selected radiographs were re-examined after an interval of
1 month and the kappa test was performed. The Cameriere et
al. formula, developed on a reference sample of Italian white
children [1], was verified on the collected northern Chinese
children sample.

The children sample was randomly divided into a training
dataset and a test dataset but stratified on age (categories) and
gender (Table 2). A Chinese-specific prediction formula, uti-
lizing the Cameriere et al. method [1], was fitted on the
subjects in the training dataset. A multiple linear regression
model with first-order interactions was developed by selecting
variables which contributed significantly to age estimations
according to the stepwise selection method. The test dataset
was used to verify the constructed Chinese-specific prediction
formula and the original Cameriere et al. formula. To compare
the age prediction performances, the error of the age predic-
tion was defined as the difference between the dental age and
the chronological age (DA−CA). For calibration purposes,
the mean differences of DA and CAwere expressed to quan-
tify the direction of the error (overestimation or underestima-
tion) and the absolute differences of DA and CA, to quantify
the magnitude of the error. Paired samples t test was applied to
assess the significances of the difference between DA and CA
for the two formulas. Non-parametric Wilcoxon signed-rank
test was also applied to assess the significances of the differ-
ence between DA and CA because the sample was having
non-normal distribution in some age groups. An independent
sample t test was used to compare absolute accuracy between
genders for each formula.

All statistical analyses were performed using SPSS 13.0.
When the p value was less than 0.05, the results were consid-
ered statistically significant.

Results

Statistical analysis revealed no statistically significant intra-
observer differences between the paired sets of measurements
carried out on the re-examined orthopantomograms. The

result of the weighted Cohen kappa score for repeatability of
the number of closed apices was 1.00. The concordance
correlation coefficient for the paired sets of measurements of
the sum of normalized open apices (s) was 0.982.

Following the results reported in [1], subjects’ age was
modeled as a function of the morphological variables and
the results showed that not all the variables used for the
European model were significant predictors of age in the
northern Chinese sample. In particular, no second premolar
and s variables were significant, while statistical analysis
showed that in the northern Chinese sample, the morpholog-
ical variables x3 (canine teeth), x4 (first premolar), and x7
(second molar) were significant predictors of age, which were
not significant in the European model (Table 3).

The results showed that these variables contributed signif-
icantly to the fit, partly unlike the variables used for the
European formula, yielding the following linear regression
formula for the northern Chinese population:

Age ¼ 10:202þ 0:826g−4:068x3−1:536x4−1:959x7

þ 0:536N0−0:219s⋅N0

ð2Þ

where g is a variable, 0 for girls and 1 for boys.
In Eq. 2, only the intercept varies with gender, and there-

fore, sexual dimorphism does not change with age. But, the
equation points out earlier the dental maturity of girls at all
ages. Equation 2, with the considered variables, explained
91.2 % (R2=0.912) of the total deviance.

For girls, themean (standard deviation) CAwas 10.21 years
(0.30 year). According to the European formula (Eq. 1), the
mean DA was 10.17 years (0.24 year). The mean DA was
10.19 years (0.28 year) according to the Chinese formula
(Eq. 2). For boys, the mean CAwas 10.07 years (0.29 year).
The mean DA was 9.64 years (0.20 year) according to the
European formula and 10.00 years (0.25 year) according to
the Chinese formula. Results comparing accuracy by the two
formulas for girls and boys are shown in Table 4, and the
distribution of the results into the age cohorts for girls and
boys separately are given in Table 5 and Figs. 1, 2.

Table 2 Distribution of study subjects in the training dataset and test
dataset

Age (years) Gender Total

Boys Girls

Training dataset 271 285 556

Test dataset 117 112 229

388 397 785

Table 3 Stepwise regression analysis, predicting the chronological age
for Chinese children

Coefficients Value SE t value p value

Intercept 10.202 0.125 81.521 <0.001

Gender 0.826 0.079 10.468 <0.001

N0 0.536 0.023 23.521 <0.001

x3 −4.068 0.880 −4.623 <0.001

x4 −1.536 0.637 −2.411 0.016

x7 −1.959 0.230 −8.529 <0.001

s·N0 −0.219 0.065 −3.371 0.001

s·N0 interaction between variables s and N0
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According to the European formula, the DAwas found to
be underestimated but not statistically significant (p=0.640),
with a mean difference of 0.03 year for girls. It was
underestimated with a mean difference of 0.43 year for boys,
while the difference between the DA and the CA for boys was
significant from zero (p=0.001). The DA was found to be
underestimated according to the Chinese formula, with amean
difference of 0.01 year for girls and 0.06 year for boys. The
difference between the DA and the CA for both genders was
not found statistically significant (p>0.05).

The mean values of absolute differences for the two for-
mulas are presented in Table 4 and distribution of the results
into the age cohorts for girls and boys separately are given in
Table 6 and Figs. 3, 4. For the European formula, the absolute
differences were 0.86 year for girls and 1.12 years for boys.

The difference between the two mean absolute differences for
both genders was statistically significant (p=0.002). For the
Chinese formula, themean absolute differenceswere 0.60 year
for girls and 0.67 year for boys. Although absolute accuracy
was better for girls than for boys, statistical significance was
not found between genders (p=0.272).

Mean differences in years with 95 % confidence intervals
between the DA and the CA for age cohorts of both genders
are shown in Table 5. In the Chinese formula, the mean
differences between the estimated DA and the CA for girls
and boys were less than a year per age cohort except for the
age group of 15 years, while in the European formula, the
mean differences in years (DA−CA) of three age cohorts were
more than 1 year for the girls and those of seven age cohorts
were more than 1 year for the boys.

Table 4 Summary of mean differences in years (DA−CA) between the dental age (DA) and the chronological age (CA) and absolute difference (AD)
from Cameriere’s formula and the Chinese formula for girls and boys

Formula Gender N CA (SD) DA (SD) DA−CA (SD) 95 % CI of
DA−CA

(DA−CA)a AD ADa t statisticsb

(d.f.)
pb pc

Cameriere's
formula

Girls 112 10.21 (0.30) 10.17 (0.24) −0.03 (0.10) −0.22 to 0.16 −0.21 0.86 0.75 −0.33 (111) 0.741 0.640

Chinese formula 10.19 (0.28) −0.01 (0.07) −0.15 to 0.13 −0.05 0.60 0.51 −0.15 (111) 0.881 0.740

Cameriere's
formula

Boys 117 10.07 (0.29) 9.64 (0.20) −0.43 (0.12) −0.66 to −0.19 −0.59 1.12 0.94 −3.55 (116) 0.001 0.001

Chinese formula 10.00 (0.25) −0.06 (0.08) −0.22 to 0.09 0.01 0.67 0.48 −0.80 (116) 0.426 0.770

CI confidence interval, SD standard deviation
aMedian
b Paired samples t test
cWilcoxon signed-rank test

Table 5 Mean differences in years (DA−CA) between the dental age (DA) and the chronological age (CA) from Cameriere's formula and the Chinese
formula per age category of 1 year

Age group Girls Boys

N Cameriere’s formula Chinese formula pa pb N Cameriere’s formula Chinese formula pa pb

5–5.99 10 1.46 (1.24; 1.69) 0.26 (−0.03; 0.55) <0.001 0.005 10 1.79 (1.61; 1.98) 0.75 (0.45; 1.05) <0.001 0.005

6–6.99 9 1.21 (0.80; 1.62) 0.20 (−0.52; 0.92) <0.001 0.008 10 1.04 (0.59; 1.49) 0.08 (−0.60; 0.76) <0.001 0.005

7–7.99 12 0.94 (0.55; 1.34) 0.48 (0.03; 0.93) <0.001 0.003 12 0.89 (0.77; 1.01) 0.89 (0.60; 1.18) 0.985 0.937

8–8.99 8 −0.14 (−0.26; −0.01) −0.24 (−0.46; −0.01) 0.120 0.123 10 0.13 (0.07; 0.18) 0.33 (0.21; 0.46) 0.001 0.007

9–9.99 8 −0.71 (−0.93; −0.50) −0.32 (−0.79; 0.16) 0.009 0.017 10 −0.73 (−0.87; −0.58) −0.19 (−0.52; 0.14) <0.001 0.005

10–10.99 8 0.67 (0.41; 0.93) 1.02 (0.68; 1.37) <0.001 0.012 9 −1.02 (−1.64; −0.39) −0.67 (−1.19; −0.15) 0.013 0.015

11–11.99 13 −0.58 (−0.80; −0.35) −0.03 (−0.23; 0.18) <0.001 0.001 11 −0.47 (−0.77; −0.17) 0.40 (0.13; 0.68) <0.001 0.003

12–12.99 9 −0.42 (−0.94; 0.10) 0.10 (−0.37; 0.57) <0.001 0.008 12 −1.10 (−1.49; −0.72) −0.17 (−0.51; 0.18) <0.001 0.002

13–13.99 12 −0.15 (−0.62; 0.32) 0.23 (−0.17; 0.64) <0.001 0.002 12 −1.34 (−1.64; −1.04) −0.35 (−0.62; −0.08) <0.001 0.002

14–14.99 13 −0.98 (−1.35; −0.61) −0.62 (−0.93; −0.31) <0.001 0.001 12 −1.83 (−2.45; −1.22) −0.85 (−1.38; −0.33) <0.001 0.002

15–15.99 10 −1.31 (−1.31; −1.31) −1.05 (−1.05; −1.05) / 0.002 9 −1.90 (−2.68; −1.12) −1.06 (−1.75; −0.38) <0.001 0.007

Between parentheses, 95 % confidence intervals of DA−CA
/ indicates p cannot be computed because the standard error of the difference is 0
a Paired samples t test
bWilcoxon signed-rank test
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Discussion

Age estimation is of great importance in forensic medicine
both for living persons and human postmortem remains.

According to the Study Group on Forensic Age Diagnostic
(AGFAD), three independent parts contribute to the estima-
tion of chronological age, including physical examination, X-
ray examination of the left hand, and dental examination with

Fig. 1 Girls’ boxplot of the differences between the dental age and the
chronological age (DA−CA) for the 5–15-year age groups according to the
European formula and Chinese formula. The boxplot shows themedian and
interquartile range; whiskers indicate the range.DE shows the results of the
European formula; DC shows the results of the Chinese formula

Fig. 2 Boys’ boxplot of the differences between the dental age and the
chronological age (DA−CA) for the 5–15-year age groups according to
the European formula and Chinese formula. The boxplot shows the
median and interquartile range; whiskers indicate the range. DE shows
the results of the European formula; DC shows the results of the Chinese
formula

Fig. 3 Girls’ boxplot of the absolute differences between the dental age
and the chronological age (DA−CA) for 5–15-year age groups according
to the European formula and Chinese formula. The boxplot shows the
median and interquartile range; whiskers indicate the range. DEabsolute
shows the results of the European formula;DCabsolute shows the results
of the Chinese formula

Fig. 4 Boys’ boxplot of the absolute differences between the dental age
and the chronological age (DA−CA) for 5–15-year age groups according
to the European formula and Chinese formula. The boxplot shows the
median and interquartile range; whiskers indicate the range. DEabsolute
shows the results of the European formula;DCabsolute shows the results
of the Chinese formula
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the determination of the dental status and X-ray examination
of the dentition. If the skeletal development of the hand is
complete, an additional plain radiography, computed tomog-
raphy (CT), or magnetic resonance imaging (MRI) of the
sterna extremity of the clavicle is recommended [12, 26, 28].
Recently, radiological examination of the ossification of the
distal radius and iliac crest apophysis and the distal tibial and
calcaneum epiphysis has been studied in estimating the age of
living individuals [25, 27, 30]. Among them, it is known that
teeth can be preserved longer than bone and dental develop-
ment is less affected by environmental quality and genetic
factor than skeletal development [23]. It is generally accepted
that the development of the crown and roots of growing teeth
is commonly used in estimating the dental age of children [5].

Selecting a good method includes low bias and low mean/
median absolute difference. Accuracy is the degree of error or
average deviation in a measurement as calculated from the
true value. An accurate method has no bias; that is, the mean
difference between dental age and chronological age is zero or
close to zero. Reliability can be tested by conducting inter-
observer or intra-observer variation studies to determine error
rates. It means the degree to which a method produces the
same results when it is used at different times. The standard
deviation of the mean difference between dental age and
chronological age refers to the precision or reliability of the
estimated age [17, 24]. A better method demonstrates the
highly consistent over-repeated measurements of the same
individual and a smaller difference between dental age and
chronological age [3]. Cameriere et al. [1] developed an age
estimation method based on the relationship between age and

measured open apices of seven left permanent teeth. Compar-
ing the accuracy of this method with the widely used
Demirjian et al. method [7] and with the method proposed
by Willems et al. [29], the Cameriere method was the most
accurate; median underestimations were −0.081 and
−0.036 year for girls and boys, respectively, while the
Demirjian method overestimated the real age with a median
residual error of −0.750 year for girls and −0.611 year for
boys, respectively. In the Willems method, the median under-
estimation was −0.073 year for girls and boys were
overestimated at 0.247 year. The mean absolute differences
for the Demirjian and Willems methods were 1.13 years and
0.93 year for girls and 1.01 years and 0.93 year for boys,
respectively, which were both less accurate compared with the
Cameriere method, which were 0.48 year for girls and
0.50 year for boys [3]. Recently, the method has been tested
in several parts of the world, including Europe, India, Brazil,
Mexico, and Egypt [2, 6, 8, 19, 23]. However, a Chinese
sample had never been studied.

In the present study, a northern Chinese-specific prediction
formula was fitted on the sample of 556 individuals in the
training dataset. The variables “canine,” “first premolar,” and
“second molar” contributed significantly to the fit and were
therefore included in the regression equation. The canine and
first premolar have been used in Kvaal’s method for age
estimation and have proved to be reliable in the estimation
of age [15]. Moreover, they are single-rooted teeth and the
measurement of open apices is easier. The second molar was
included in the Chinese formula, and it is possible that the
open apices of the second molar are the last to be closed

Table 6 Mean absolute differences in years (DA−CA) between the dental age (DA) and the chronological age (CA) from Cameriere's formula and the
Chinese formula per age category of 1 year

Age group Girls Boys

N Cameriere's formula Chinese formula pa pb N Cameriere's formula Chinese formula pa pb

5–5.99 10 1.46 (0.10) 0.40 (0.08) <0.001 0.005 10 1.79 (0.08) 0.75 (0.13) <0.001 0.005

6–6.99 9 1.21 (0.18) 0.81 (0.15) 0.116 0.139 10 1.07 (0.18) 0.77 (0.16) 0.178 0.139

7–7.99 12 0.94 (0.18) 0.69 (0.14) 0.014 0.028 12 0.89 (0.05) 0.90 (0.13) 0.900 0.937

8–8.99 8 0.17 (0.04) 0.27 (0.08) 0.108 0.161 10 0.13 (0.02) 0.33 (0.05) 0.001 0.007

9–9.99 8 0.71 (0.09) 0.53 (0.12) 0.073 0.050 10 0.73 (0.06) 0.41 (0.08) <0.001 0.005

10–10.99 8 0.67 (0.11) 1.02 (0.15) <0.001 0.012 9 1.09 (0.24) 0.78 (0.18) 0.036 0.038

11–11.99 13 0.58 (0.10) 0.29 (0.04) 0.013 0.023 11 0.49 (0.13) 0.46 (0.10) 0.894 0.929

12–12.99 9 0.68 (0.12) 0.40 (0.15) 0.069 0.066 12 1.10 (0.17) 0.42 (0.10) <0.001 0.004

13–13.99 12 0.61 (0.12) 0.56 (0.10) 0.659 0.386 12 1.34 (0.14) 0.44 (0.09) <0.001 0.003

14–14.99 13 0.98 (0.17) 0.62 (0.14) <0.001 0.001 12 1.85 (0.27) 1.04 (0.16) <0.001 0.005

15–15.99 10 1.31 (0.00) 1.05 (0.00) / 0.002 9 1.90 (0.34) 1.06 (0.30) <0.001 0.007

Between parentheses, standard error of the absolute difference

/ indicates p cannot be computed because the standard error of the difference is 0
a Paired samples t test
bWilcoxon signed-rank test
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among the teeth, excluding third molars, which are at the ages
between 12 and 15 years in healthy children.

A new northern Chinese sample of 229 individuals in the
test dataset was examined in order to ascertain whether the
European formula can predict age accurately or whether Chi-
nese-specific equations could improve the age assessment.
For girls, according to the European formula, the mean DA
was underestimated by the range of differences of −0.14 year
to −1.31 years for the 8-, 9-, 11-, 12-, 13-, 14-, and 15-year-old
groups, whereas it was overestimated by the means of differ-
ences of 0.67 year to 1.46 years for the 5-, 6-, 7-, and 10-year-
old groups. According to the Chinese formula, the DA was
underestimated by the mean differences of −0.03 year to
−1.05 years for the 8-, 9-, 11-, 14-, and 15-year-old groups
and it was overestimated for the 5-, 6-, 7-, 10-, 12-, and 13-
year-old groups by the mean differences of 0.10 year to
1.02 years. The mean differences for the Chinese formula
were significantly better than those of the European formula
except for the 8- and 10-year-old groups. For boys, the mean
DAwas overestimated according to the European formula by
the range of differences of 0.13 year to 1.79 years for the age
groups from 5 to 8 years, whereas it was underestimated by
the means of differences of −0.47 year to −1.90 years for the
age groups from 9 to 15 years. The DAwas underestimated at
−0.06 year according to the Chinese formula by the range of
differences of −1.06 year to 0.89 year for all age groups. The
mean differences for the Chinese formula were significantly
more accurate than those for European formula except for the
7- and 8-year-old groups.

When the equation is applied to older children (15–
15.99 years) with closed apices, the estimated chronological
age will be the same regardless of their age. For girls of the 15-
year-old group, the mean DA was underestimated by
−1.05 years according to the Chinese formula by the range
of differences of −1.05 to −1.05 years. For boys, the mean DA
was underestimated for −1.06 years according to the Chinese
formula by the mean of differences of −1.75 years to
−0.38 year for the 15-year-old group. The significant decrease
in accuracy in this age cohort may be attributed to the almost
complete maturation of the teeth. This is in accordance with
Cameriere et al.[1] who proposed that the predicted age in
younger children could be more accurate than that in older
ones.

The mean absolute difference quantifies the distance from
the true age and does not consider whether dental age is
overestimated or underestimated. Mean absolute differences
for the European formula were 0.86 year and 1.12 years for
girls and boys, respectively, whereas the absolute accuracy for
the Chinese formula for both genders was significantly more
accurate (p<0.001) which were 0.60 and 0.67 year for girls
and boys, respectively. The medians of the absolute differ-
ences for the European formula were 0.75 and 0.94 year for
girls and boys, while according to the Chinese formula, the

medians of absolute differences were 0.51 and 0.48 year for
girls and boys, respectively.

According to literature, there are no other published articles
about age estimation in Chinese children by measurements of
the open apices of the seven left permanent mandibular teeth.
This study is the first to develop a Chinese-specific prediction
formula based on Cameriere’s method and to compare the
accuracy on age estimation with the previous European for-
mula in a test sample. In a country as large as China, the
factors, such as ethical, social, and nutritional, probably influ-
ence children’s growth differently. Future studies should focus
on the effects of the regional background, gender, nutrition
factor, and chronological age distribution of the sample on the
accuracy and reliability of dental age assessment in Chinese
children.

Conclusion

Cameriere’s European formula verified on northern Chinese
children underestimates chronological age in both genders,
and the significant differences were only found in the boys’
group. A Chinese-specific prediction formula based on a large
Chinese reference sample could ameliorate the age prediction
accuracy in the age group of children.
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