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ABSTRACT
Age estimation is vital for both clinical and forensic reasons. An eight-
tooth method was developed by Chaillet and Demirjian to estimate
dental age of children and adolescents. The aim of the current study
was to investigate the applicability of Chaillet andDemirjian’s scores for
the Malaysian Chinese aged 5–18 years. A total of 1228 dental panora-
mic tomographs were examined. The difference between
Chronological Age (CA) and the Dental Age (DA) calculated using the
Chaillet and Demirjian’s dental maturity scores was compared using
the paired t-test. The DA was generally underestimated. The average
difference between CA and DA ranged from +1.55 to +2.34 years for
boys and +2.18 to +4.10 years for girls. Consequently, CA and DA did
not have acceptable correspondence. Therefore, a prediction model
from Demirjian’s scores was established using an Artificial Neural
Networks (ANN) computational approach to develop new dental
maturity scores. The new scores showed a more accurate estimation
of age and the difference between CA and DA was −0.05 ± 0.92 years
for boys and−0.06 ± 1.11 years for girls. Moreover, the differenceswere
statistically not significant. The newdentalmaturity scores could there-
fore be used to estimate the age of Malaysian Chinese children and
adolescents.
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1. Introduction

The age of a person is defined as the length of time a person has lived, usually expressed in
years.1 Ages estimated from teeth are highly reliable because teeth are the hardest part of
the body and can resist harsh environmental and biological stress as compared with other
body tissues. Teeth remain relatively unchanged for thousands of years beyond the death of
a person.2 Age estimation is used to assess the age of subjects in anthropological, forensic
and medico-legal situations.3 In medicine, clinicians may need information about variations
in degree ofmaturation to assist in treatment planning of several growth-related disorders 4.
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In forensics, age estimation is crucial when individuals without valid age credentials are
involved in criminal or immigration inquiries. The age of 18 years is important as this age
differentiates a juvenile from an adult, and determines whether the person has lawful access
or rights to social benefits, employment and marriage.5 Interestingly, there is a pressing
need for accuracy in age estimation, especially in the past two decades. The Study Group on
Forensic Age Diagnostics Arbeitsgemeinschaft für Forensische Altersdiagnostik (AGFAD) has
suggested guidelines for age estimation in living individuals, based on physical examina-
tion, bone and dental development. The physical examination may be more feasible for
subjects younger than 14 years, but not in subjects between 14 and 18 years who have
undergone puberty.6 However, bone development based on the assessment of the left-
hand wrist radiographic image may not be possible once skeletal growth has completed.7

Thus, dental development and the physiological age-related changes may provide much
needed information for age estimation8.

Age estimation that is based on tooth development is a universally accepted method
in forensic odontology.9 There are several techniques that are used in dental age (DA)
estimation 7, and the one that is used in this study is the radiological method.
Radiological methods include assessment of mineralized dental tissues based on tooth
development and eruption, secondary dentine deposition, height of alveolar bone as
well as other physiological age-related changes.8,10,11 The reliability of several of these
changes using panoramic radiographs had been previously investigated.12

A common method of determining DA is based on the timing and sequence of tooth
formation. Tooth formation proceeds progressively and can be observed radiographically,
making it useful for DA estimation.13 The value of third molar formation in age estimation is
important, despite this process being subjected to variability in development, eruption
pattern, size, contour, positions and also being associated with a high rate of agenesis.14 The
third molar formation is crucial as there are no other feasible methods to estimate age
between the mid-teens and early twenties. This period is the time when all of the other
teeth would have erupted and completed root formation. This period can be critical when
age estimation is required, as it differentiates the juvenile from the adult chiefly in matters
pertaining to interpretation and judgment of criminal law.4

Among the various procedures adopted by anthropologists, archaeologists and forensic
scientists in DA estimation, Demirjian’s staging of tooth development is the most widely
used method, as it is simple and practical, and clearly defines the stages of tooth develop-
ment. This results in minimal intra- and inter-observer variability.15 There are numerous
published studies on the application of Demirjian’s dental maturity scores, in both the
original Demirjian’s method.16 and the modified Chaillet and Demirjian’s method17 with
different ethnic groups. Chaillet and Demirjian’s method is an 8-tooth method that is useful
in DA estimation up to 18 years old. However, similar to the original 7-tooth method, the
results obtained did not always apply to global population groups.18–20 This emphasizes the
necessity of population-specific customizations of the 8-tooth method.17,21 In the Malaysian
context, Malaysia is one of the Asian countries with diverse population groups, with several
ethnic groups coexisting, comprising Malays and indigenous groups (68.6%), followed by
Chinese (23.4%), Indians (7.0%), and others (1.0%).22 However, only a negligible number of
studies on DA estimation has been conducted in the Malaysian-Chinese population in
Malaysia using Demirjian’s method.23
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Artificial neural networks (ANN) statistical analysis has been used in DA estimation.24

However, the authors performed DA evaluation based on tooth eruption status, rather
than the tooth mineralization method employed in the current study. A recently pub-
lished study also reported a higher accuracy in DA estimation in a Malay population.25

The aim of this study was to investigate the applicability of Chaillet and Demirjian’s
scores17 based on the 8-tooth description of formation of left mandibular permanent
teeth in 5.00–17.99-year-old Malaysian subjects of Chinese descent. If the scores were
not applicable, a new method for DA estimation based on an adaptation of the dental
maturity scores will be developed exclusively for Malaysian Chinese children and
adolescents.

2. Materials and methods

2.1. Study design

This is a retrospective cross-sectional study, involving dental panoramic tomographs
(DPTs), obtained from the dental records of patients who were treated at the Faculty of
Dentistry, University of Malaya, Kuala Lumpur, Malaysia. The total number of subjects
included in the study was 1228 Malaysian Chinese children aged 5.00–17.99 years old,
comprising 614 boys and 614 girls (Table 1). The dental records were obtained from the
patients who attended the clinic from January 2001 to December 2014 and informed
consent was obtained at the time of registration at the faculty of dentistry. Details on
demographics, medical condition, presence of dental anomalies and DPTs of each
subject were retrieved and compiled. This study was carried out in accordance with
the Declaration of Helsinki, and approved by the University of Malaya Medical Ethics
Committee (Reference No. DFOP0801/0003(P)). The majority of subjects resided in Kuala
Lumpur, Selangor and nearby areas on the west coast of Peninsular Malaysia.

2.2. Selection criteria

Good quality DPTs showing the staging of dental development were selected. DPTs
showing bilateral missing teeth, and those with evidence of development disorders,
fractures, cysts and neoplasms were excluded.16 In addition, subjects undergoing

Table 1. Distribution of sample by age and sex.
Chronological age (years) Male (%) Female (%) Total (%)

5.0–5.9 48 (7.80) 38 (6.20) 86 (7.00)
6.0–6.9 52 (8.50) 54 (8.80) 106 (8.63)
7.0–7.9 64 (10.40) 32 (5.20) 96 (7.82)
8.0–8.9 57 (9.30) 54 (8.80) 111 (9.04)
9.0–9.9 29 (4.70) 50 (8.10) 79 (6.43)
10.0–10.9 56 (9.10) 40 (6.50) 96 (7.82)
11.0–11.9 36 (5.90) 50 (8.10) 86 (7.00)
12.0–12.9 58 (9.40) 39 (6.40) 97 (7.90)
13.0–13.9 32 (5.20) 42 (6.80) 74 (6.03)
14.0–14.9 42 (6.80) 39 (6.40) 81 (6.60)
15.0–15.9 50 (8.10) 69 (11.20) 119 (9.69)
16.00–16.9 31 (5.00) 45 (7.30) 76 (6.19)
17.0–17.9 59 (9.60) 62 (10.10) 121 (9.85)
Total 614 (100.00) 614 (100.00) 1228 (100.00)
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orthodontic treatment, those of mixed parentage, as well as those having incomplete
patient records were excluded. Subjects aged over 13 years and who had missing third
molars were also excluded from the study.14

2.3. Data collection

Demographic details of each subject, namely ethnicity, sex, age, date of birth, date of
radiograph taken, were obtained. Tooth development was recorded using a score chart
which was prepared based on Demirjian’s eight developmental stages (Figure 1).17

2.4. Chronological age estimation

Chronological age (CA) was considered as the gold standard and this was calculated in
decimal years. CA was obtained by subtracting date of birth from the date of radiograph
taken, and dividing it by 365.25 to convert it into decimal years. The decimal age was
used for simplicity of statistical calculation and ages were estimated on a yearly basis, for
example, 5 years and 9 months was expressed as 5.75 years and it was considered to be
in the 5-year age group. Consequently, subjects were categorized into 13 groups
encompassing 5.00 to 17.99 years.

2.5. Dental age estimation

Dental age (DA) was estimated based on the development of left mandibular permanent
teeth, from central incisor to third molar. The teeth were numbered as 31, 32, 33, 34, 35,
36, 37, and 38 according to FDI nomenclature.

Tooth formation was divided into eight stages, in alphabets, A to H according to
Demirjian’s method.16,17 For each stage, the corresponding biologically weighted score
was obtained. The score for each DA was then summed up to obtain the total score
representing the maturity score. This maturity scores was converted to DA based on
Demirjian’s conversion tables.17

In addition, for all the eight mandibular permanent teeth, the mean and standard
deviation of CA, DA and the difference between CA and DA for the 13 age groups
were calculated. The accuracy of DA estimation was based on how close the agree-
ment was between DA and the CA. Furthermore, the age of a subject was considered
to be underestimated when the CA subtracted from DA (DA–CA) was negative. This
indicated that the study population demonstrated slower dental development com-
pared with the French-Canadian children. Conversely, overestimation of age was
recorded when the calculated DA–CA was found to be positive. This indicated that
the study population demonstrated faster dental development compared with the
French-Canadian children.

2.6. Inter-examiner and intra-examiner reliability

A total of 90 DPTs were scored for the first time and repeated the second time after a
two-week interval to assess inter-examiner reproducibility, and the third time after a
further two-week interval for intra-examiner repeatability. Cohen’s kappa calculations
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Figure 1. Dental age chart used in this study, after Demirjian et al.16
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were performed by comparing stages of tooth development as interpreted by the first
assessor (SSB) who is a general dentist and the second assessor (PN) who is an oral and
maxillofacial radiologist based on the method of Landis and Koch.26

2.7. Data processing and statistical analysis

Mean values and standard deviations of CA were obtained for the Malaysian Chinese
boys and girls respectively. In a first-line statistical approach, the difference between the
CA and the DA as derived from Chaillet and Demirjian’s 2004 score was evaluated using
the paired t-test. To further examine the relationship between CA and DA in the
Malaysian-Chinese children, a prediction model for Chaillet and Demirjian’s score was
established by using an Artificial Neural Networks (ANN) computational approach,
employing the multilayer perceptron function 27. Under the multilayer perceptron func-
tion, CA was placed in the ‘Covariate’ box and Chaillet and Demirjian’s score was placed
in the ‘Dependent variable’ box. The network prediction model was constructed using
the input variables, which in this case was CA, to develop output values that were the
dental maturity scores. This prediction model was applied to obtain a new modified
score, which was converted to the new dental age (NDA). The neural network model for
DA estimation is shown in Figure 2(a,b). The difference between the CA and the NDA
was evaluated once again using the paired t-test. Finally, a correlation test was per-
formed to verify the closeness of association between Chaillet and Demirjian’s scores
and the newly predicted scores.25 All data were processed by SPSS software (v20.0, SPSS
Inc., Chicago IL, USA), with statistical significance being set at the 0.05 level.

3. Results

3.1. Inter- and intra-rater reliability

The calculated Cohen kappa values were 0.826 and 0.828, indicating that the inter- and
intra-examiner agreements, were ‘almost perfect’.26

3.2. Comparison between CA and DA using Demirjian and Chaillet’s scores

The difference between CA and DA (CA–DA) was calculated independently for boys and
girls as shown in Table 2. The overall difference between the DA in boys was 1.92 ± 0.94 and
2.76 ± 1.05 in girls. When sliced by age groups, the mean difference between CA and DA
ranged from+1.55 to +2.34 years in boys and from+2.18 to +4.10 years in girls (Table 3(a,b)).

At this point, the overall difference (CA–DA) was statistically significant in most age
groups (paired t-test, p < 0.05). In boys, the 13-year age group showed the least
underestimation and the 5-year age group showed the highest. In girls, the 6-year age
group showed the least underestimation and the 17-year age group showed the high-
est. The difference between the CA and the estimated DA was consistently under-
estimated in both sexes, suggesting that Chaillet and Demirjian’s scores were not
suitable for age estimation in Malaysian Chinese subjects. Thus, the original DA scores
were adapted using an Artificial Neural Networks (ANN) computational approach for
greater accuracy.
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Figure 2. (a) Representation of artificial neural network model for dental age estimation in Malaysian
Chinese males population. CA – Chronological Age, ChScore – New Dental Maturity Score, H – Hidden
Layers. (b) Representation of artificial neural network model for dental age estimation in Malaysian
Chinese females population. CA – Chronological Age, ChScore – New Dental Maturity Score, H –
Hidden Layers.

Table 2. Overall difference between the chronological and dental age determined by using Chaillet
and Demirjian’s standards in Malaysian Chinese males and females.
Sex Chronological age (CA) Dental age (DA) CA–DA t p

Male 11.28 ± 3.83 9.36 ± 4.03 1.92 ± 0.94 −50.63 0.0001
Female 11.80 ± 3.82 9.04 ± 3.44 2.76 ± 1.05 −64.90 0.0001
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3.3. Comparison between CA and DA using the updated dental maturity scores

The modified dental maturity scores denoted as the NDA for the Malaysian Chinese boys
and girls are shown in Table 4. Using the updated scores, the overall difference between
CA and NDA (CA–NDA) was found to be −0.048 ± 0.92 years for boys and
−0.059 ± 1.11 years for girls. The difference was not statistically significant in all age
ranges (paired t-test, p > 0.05), as shown in Table 5. Further examination of each age
group showed that NDA was in close agreement with CA in all the groups for both boys
and girls, as shown in Table 6(a,b) (paired t-test, p > 0.05). The 14-year age group
showed the least underestimation and the 16-year age group showed the highest in
boys. However, in girls, the 5-year age group showed the least underestimation and the
16-year age group showed the highest. The close agreement between the CA and NDA
demonstrates the accuracy of the NDA in estimating the age of Malaysian Chinese boys
and girls in this study. Furthermore, significant correlation was observed between the CA
and NDA based on ANN (Pearson correlation coefficient, p < 0.001; Table 7). Between the
sexes, a relatively higher correlation coefficient of 0.982 was seen in boys compared with
0.977 in girls. Maturity curves obtained from the regression analysis of Chaillet and
Demirjian’s scores (a), and predicted value scores using ANN (b) for Malaysian Chinese
males and females are shown in Figures 3 and 4 respectively.

Table 3. (a, b). Difference between chronological age and dental age determined using Chaillet and
Demirjian’s standards and in Malaysian Chinese males and females segregated by age.

Sex Age N

CA DA DA-CA 95 % CI

t pMean SD SEM Mean SD SEM Mean SD SEM Lower Upper

a
Males 5.0–5.9 48 5.52 0.32 0.05 3.18 0.77 0.11 −2.34 0.71 0.10 −2.55 −2.13 −22.86 0.00*

6.0–6.9 52 6.51 0.27 0.04 4.43 0.69 0.10 −2.08 0.68 0.09 −2.27 −1.89 −22.01 0.00*
7.0–7.9 64 7.52 0.29 0.04 5.44 0.76 0.10 −2.08 0.68 0.09 −2.25 −1.91 −24.45 0.00*
8.0–8.9 57 8.52 0.28 0.04 6.30 0.77 0.10 −2.22 0.68 0.09 −2.40 −2.04 −24.70 0.00*
9.0–9.9 29 9.41 0.31 0.06 7.59 0.82 0.15 −1.81 0.72 0.13 −2.09 −1.54 −13.49 0.00*
10.0–10.9 56 10.53 0.30 0.04 8.94 0.78 0.10 −1.60 0.71 0.10 −1.79 −1.40 −16.75 0.00*
11.0–11.9 36 11.49 0.28 0.05 9.72 0.89 0.15 −1.76 0.80 0.13 −2.03 −1.49 −13.22 0.00*
12.0–12.9 58 12.45 0.31 0.04 10.86 1.03 0.13 −1.60 1.02 0.13 −1.86 −1.33 −11.96 0.00*
13.0–13.9 32 13.48 0.31 0.05 11.92 1.04 0.18 −1.55 0.95 0.17 −1.90 −1.21 −9.29 0.00*
14.0–14.9 42 14.49 0.27 0.04 12.66 0.81 0.13 −1.83 0.90 0.14 −2.11 −1.55 −13.13 0.00*
15.0–15.9 50 15.49 0.28 0.04 13.77 1.11 0.16 −1.72 1.10 0.16 −2.03 −1.41 −11.07 0.00*
16.0–16.9 31 16.56 0.29 0.05 14.79 1.36 0.24 −1.77 1.21 0.22 −2.21 −1.32 −8.13 0.00*
17.0–17.9 59 17.47 0.29 0.04 15.23 1.36 0.18 −2.24 1.36 0.18 −2.59 −1.89 −12.69 0.00*

b
Females 5.0–5.9 38 5.48 0.32 0.05 2.79 0.88 0.14 −2.69 0.76 0.12 −2.94 −2.44 −21.77 0.00*

6.0–6.9 54 6.53 0.26 0.04 4.34 0.63 0.09 −2.18 0.58 0.08 −2.34 −2.03 −27.87 0.00*
7.0–7.9 32 7.42 0.30 0.05 5.14 0.74 0.13 −2.28 0.68 0.12 −2.52 −2.03 −18.98 0.00*
8.0–8.9 54 8.51 0.30 0.04 6.23 0.76 0.10 −2.29 0.66 0.09 −2.47 −2.11 −25.31 0.00*
9.0–9.9 50 9.55 0.29 0.04 7.10 0.83 0.12 −2.45 0.70 0.10 −2.65 −2.26 −24.93 0.00*
10.0–10.9 40 10.51 0.28 0.04 8.31 0.80 0.13 −2.20 0.76 0.12 −2.44 −1.96 −18.40 0.00*
11.0–11.9 50 11.48 0.28 0.04 9.29 0.96 0.14 −2.19 0.85 0.12 −2.44 −1.95 −18.19 0.00*
12.0–12.9 39 12.49 0.30 0.05 10.19 1.04 0.17 −2.30 1.07 0.17 −2.65 −1.96 −13.51 0.00*
13.0–13.9 42 13.54 0.31 0.05 10.97 0.88 0.14 −2.56 0.86 0.13 −2.83 −2.30 −19.26 0.00*
14.0–14.9 39 14.46 0.29 0.05 11.53 0.87 0.14 −2.94 0.88 0.14 −3.22 −2.65 −20.91 0.00*
15.0–15.9 69 15.47 0.29 0.03 12.18 0.96 0.12 −3.29 0.92 0.11 −3.51 −3.07 −29.61 0.00*
16.0–16.9 45 16.49 0.32 0.05 12.83 0.80 0.12 −3.65 0.81 0.12 −3.90 −3.41 −30.39 0.00*
17.0–17.9 62 17.53 0.26 0.03 13.43 1.16 0.15 −4.10 1.18 0.15 −4.40 −3.80 −27.38 0.00*

CA: Chronological age. DA: Dental age. Paired samples t-test. * Statistically significant at the 0.05 level.
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Table 4. Modified dental maturity scores for Malaysian-Chinese males and females aged 5.00 to
17.99years.
Age Males Females Age Males Females Age Males Females

5 27.51 25.7 10.1 66.8 69.46 15.2 94.72 93.82
5.1 27.95 26.26 10.2 67.7 70.31 15.3 94.93 93.97
5.2 28.41 26.84 10.3 68.58 71.14 15.4 95.13 94.12
5.3 28.88 27.44 10.4 69.46 71.96 15.5 95.33 94.25
5.4 29.37 28.06 10.5 70.32 72.77 15.6 95.51 94.38
5.5 29.88 28.7 10.6 71.18 73.56 15.7 95.69 94.5
5.6 30.39 29.36 10.7 72.02 74.34 15.8 95.86 94.62
5.7 30.93 30.04 10.8 72.85 75.11 15.9 96.02 94.73
5.8 31.48 30.73 10.9 73.67 75.86 16 96.18 94.83
5.9 32.04 31.45 11 74.47 76.59 16.1 96.33 94.93
6 32.63 32.18 11.1 75.26 77.31 16.2 96.47 95.03
6.1 33.22 32.93 11.2 76.04 78.02 16.3 96.6 95.11
6.2 33.84 33.7 11.3 76.8 78.71 16.4 96.74 95.2
6.3 34.47 34.48 11.4 77.54 79.38 16.5 96.86 95.28
6.4 35.11 35.28 11.5 78.28 80.04 16.6 96.98 95.35
6.5 35.77 36.1 11.6 78.99 80.68 16.7 97.09 95.42
6.6 36.45 36.93 11.7 79.69 81.31 16.8 97.2 95.49
6.7 37.15 37.78 11.8 80.37 81.91 16.9 97.31 95.55
6.8 37.86 38.65 11.9 81.04 82.51 17 97.4 95.61
6.9 38.58 39.52 12 81.69 83.08 17.1 97.5 95.67
7 39.32 40.41 12.1 82.33 83.64 17.2 97.59 95.72
7.1 40.08 41.31 12.2 82.95 84.18 17.3 97.68 95.77
7.2 40.85 42.22 12.3 83.55 84.71 17.4 97.76 95.81
7.3 41.63 43.14 12.4 84.14 85.22 17.5 97.84 95.86
7.4 42.43 44.08 12.5 84.71 85.71 17.6 97.91 95.9
7.5 43.24 45.01 12.6 85.26 86.19 17.7 97.98 95.94
7.6 44.06 45.96 12.7 85.8 86.65 17.8 98.05 95.97
7.7 44.9 46.91 12.8 86.32 87.1 17.9 98.11 96
7.8 45.75 47.87 12.9 86.83 87.53 18 98.17 96.04
7.9 46.61 48.84 13 87.32 87.94
8 47.48 49.8 13.1 87.79 88.34
8.1 48.36 50.77 13.2 88.25 88.73
8.2 49.25 51.74 13.3 88.7 89.1
8.3 50.15 52.72 13.4 89.13 89.46
8.4 51.06 53.69 13.5 89.54 89.8
8.5 51.97 54.66 13.6 89.95 90.13
8.6 52.89 55.63 13.7 90.34 90.44
8.7 53.82 56.6 13.8 90.71 90.75
8.8 54.74 57.56 13.9 91.07 91.04
8.9 55.68 58.52 14 91.42 91.31
9 56.61 59.47 14.1 91.76 91.58
9.1 57.55 60.42 14.2 92.08 91.83
9.2 58.49 61.36 14.3 92.4 92.08
9.3 59.42 62.3 14.4 92.7 92.31
9.4 60.36 63.23 14.5 92.99 92.53
9.5 61.29 64.15 14.6 93.26 92.74
9.6 62.23 65.06 14.7 93.53 92.95
9.7 63.15 65.96 14.8 93.79 93.14
9.8 64.07 66.85 14.9 94.04 93.32
9.9 64.99 67.73 15 94.27 93.5
10 65.9 68.6 15.1 94.5 93.66

Table 5. Overall difference between the chronological age and new dental age calculated from the
adapted dental scores in Malaysian Chinese males and females.
Sex N CA NDA NDA-CA t p

Male 614 11.28 ± 3.83 11.32 ± 3.96 0.048 ± 0.92 1.282 0.200
Female 614 11.80 ± 3.82 11.86 ± 4.01 0.059 ± 1.11 1.327 0.185

Values are mean ± SD. CA: Chronological age. NDA: New dental age. Paired samples t-test, p > 0.05.
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4. Discussion

The current study was designed to estimate DA by using the 8-tooth method
developed by Chaillet and Demirjian 17. In this study, the method consistently
underestimated the age, indicating advanced dental development in Malaysian
Chinese subjects. Initially, the overall mean difference between CA and DA following
paired t-tests was significant for both boys and girls. This result was consistent with
studies conducted in other countries that reported underestimation of age. In a
study in India, a total of 547 subjects aged 7–25 years were tested and

Table 6. (a, b) Difference between the chronological age and new dental age using the adapted
dental scores in Malaysian-Chinese males and females segregated by age.

Sex Age N

CA NDA NDA-CA 95 % CI

t p*Mean SD SEM Mean SD SEM Mean SD SEM Lower Upper

a
Males 5.0–5.9 48 5.52 0.32 0.05 5.46 0.62 0.09 −0.06 0.59 0.09 −0.23 0.11 −0.68 0.50

6.0–6.9 52 6.51 0.27 0.04 6.60 0.70 0.10 0.10 0.68 0.09 −0.10 0.29 1.01 0.32
7.0–7.9 64 7.52 0.29 0.04 7.59 0.68 0.08 0.07 0.61 0.08 −0.08 0.22 0.90 0.37
8.0–8.9 57 8.52 0.28 0.04 8.37 0.68 0.09 −0.14 0.59 0.08 −0.30 0.01 −1.83 0.07
9.0–9.9 29 9.41 0.31 0.06 9.50 0.74 0.14 0.09 0.64 0.12 −0.15 0.33 0.75 0.46
10.0–10.9 56 10.53 0.30 0.04 10.68 0.68 0.09 0.14 0.61 0.08 −0.02 0.31 1.75 0.09
11.0–11.9 36 11.49 0.28 0.05 11.39 0.80 0.13 −0.10 0.72 0.12 −0.34 0.15 −0.79 0.44
12.0–12.9 58 12.45 0.31 0.04 12.51 1.08 0.14 0.05 1.06 0.14 −0.23 0.33 0.37 0.71
13.0–13.9 32 13.48 0.31 0.05 13.62 1.14 0.20 0.15 1.04 0.18 −0.23 0.52 0.80 0.43
14.0–14.9 42 14.49 0.27 0.04 14.46 0.97 0.15 −0.03 1.05 0.16 −0.36 0.30 −0.18 0.86
15.0–15.9 50 15.49 0.28 0.04 15.84 1.41 0.20 0.35 1.39 0.20 −0.05 0.74 1.76 0.08
16.0–16.9 31 16.56 0.29 0.05 16.99 1.46 0.26 0.43 1.27 0.23 −0.04 0.89 1.88 0.07
17.0–17.9 59 17.47 0.29 0.04 17.24 1.18 0.15 −0.22 1.20 0.16 −0.54 0.09 −1.44 0.16

b
Females 5.0–5.9 38 5.48 0.32 0.05 5.41 0.62 0.10 −0.06 0.52 0.08 −0.23 0.11 −0.77 0.45

6.0–6.9 54 6.53 0.26 0.04 6.64 0.64 0.09 0.11 0.58 0.08 −0.05 0.27 1.43 0.16
7.0–7.9 32 7.42 0.30 0.05 7.43 0.73 0.13 0.01 0.67 0.12 −0.24 0.25 0.05 0.97
8.0–8.9 54 8.51 0.30 0.04 8.52 0.76 0.10 0.01 0.65 0.09 −0.17 0.19 0.09 0.93
9.0–9.9 50 9.55 0.29 0.04 9.40 0.83 0.12 −0.15 0.70 0.10 −0.35 0.05 −1.54 0.13
10.0–10.9 40 10.51 0.28 0.04 10.62 0.79 0.13 0.11 0.76 0.12 −0.14 0.35 0.89 0.38
11.0–11.9 50 11.48 0.28 0.04 11.62 1.02 0.14 0.14 0.91 0.13 −0.12 0.40 1.10 0.28
12.0–12.9 39 12.49 0.30 0.05 12.55 1.16 0.19 0.06 1.18 0.19 −0.32 0.45 0.34 0.73
13.0–13.9 42 13.54 0.31 0.05 13.61 1.19 0.18 0.07 1.17 0.18 −0.29 0.44 0.40 0.69
14.0–14.9 39 14.46 0.29 0.05 14.55 1.67 0.27 0.08 1.67 0.27 −0.46 0.63 0.31 0.76
15.0–15.9 69 15.47 0.29 0.03 15.68 1.79 0.22 0.21 1.77 0.21 −0.21 0.64 1.00 0.32
16.0–16.9 45 16.49 0.32 0.05 16.82 1.40 0.21 0.33 1.35 0.20 −0.08 0.74 1.63 0.11
17.0–17.9 62 17.53 0.26 0.03 17.37 1.22 0.15 −0.15 1.20 0.15 −0.46 0.15 −1.01 0.32

CA: Chronological age. NDA: New dental age. Paired samples t-test, *p > 0.05.

Table 7. Correlation between chronological age, Chaillet and
Demirjian’s scores and predicted value for Chaillet and Demirjian’s
scores of both sexes.

Correlation

Chronological age

Male Female

ChScore r 0.982** 0.977**
p 0.0001 0.0001

Predicted value for ChScore R/r 0.982** 0.977**
P 0.0001 0.0001

ChScore – New Dental Maturity Score, *Significant correlation, p < 0.01 level
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underestimation of age was observed in 73.6% of cases.28 Another related study from
south India also reported that this method underestimated DA by 1.63 years in
males, and 1.54 years in females.29 When a larger sample population of 330 males
and 330 females aged between 9–20 years old was employed, it was found that the
age was underestimated by 1.66 years for boys and 1.55 years for girls.30 This
tendency was also observed in a study by Khorate et al. who reported underestima-
tion of DA by more than two years, in both girls and boys using Chaillet and
Demirjian’s scores.9 Thus, all the studies generally showed similar ranges of

Figure 3. Maturity curve from regression analysis of the Chaillet and Demirjian’s scores (a) and
predicted value of scores using Artificial Neural Network (ANN) (b) in Malaysian Chinese males.
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underestimation of age, with the age difference ranging from six months to more
than 4 years. The 8-tooth method has not been reported in any other ethnic
population in Malaysia and, thus, comparison of this study with other Malaysian
counterparts is not currently feasible.

In this study, further scrutiny of each age group of the subjects revealed that the
mean difference between the CA and DA estimated using the Chaillet and Demirjian’s

Figure 4. Maturity curve from regression analysis of the Chaillet and Demirjian’s scores (a) and
predicted value of scores using Artificial Neural Network (ANN) (b) in Malaysian Chinese females.
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score was statistically significant in all the age brackets. Greater discrepancy was
observed in the younger age group and this may be due to the absence of third molars,
resulting in lack of sufficient weightage in the maturity score. The third molar does not
usually develop at a young age. A study of 2078 western Chinese children showed that
in the 5-year-old children, only three out of 68 showed third molar in the crypt stage.31

The authors divided the subjects into different groups to ensure equal distribution
within each age group of sample size based on sex and ethnicity. In this study, a higher
standard error of mean was observed in the 13- to 17-year-old subjects. Discrepancy
between the CA and NDA in the 13–17-year age range had also been reported in
previous studies.32,33 It is to be noted that third molars play a pivotal role for the
accuracy of the estimated age in this age range and thus inclusion of third molars, to
some extent, improves the accuracy. In contrast, most of the other teeth would have
completed their development and hence could not be included in the assessment. It has
been widely agreed that 13 years was the age limit to determine congenitally missing
third molar and, beyond this age, the possibility to observe signs of development was
limited. John et al.14 found that the Malaysian Chinese population demonstrated agen-
esis of third molars in 32% of the population followed by Malays at 25.5% and Indians at
21.4%. They also found that agenesis of third molars was more prevalent in the
mandibular arch compared with the maxillary arch. 14

Demirjian’s original 7-tooth method was modified by including the third molar to
determine the maturity score as a function of age and was referred to in the literature as
Chaillet and Demirjian’s modified 8-tooth method. Chaillet and Demirjian’s method had
been employed in several studies although it did not consistently estimate DA
accurately.21 However, the 8-tooth method was deemed to cater to a specific niche: it
enabled DA estimation beyond 16 years of age, which could not be performed using the
original method.

In different ethnic groups, the results obtained from both Demirjian’s original and
modified methods were not satisfactory.21 Ethnicity is a vital factor in influencing
dental maturity, although the identification of one’s ethnicity may be subjective.34 A
study in 2005 reported on findings based on investigations applying the 8-tooth
Chaillet and Demirjian’s method in various ethnic groups from eight different
countries.35 The database for the study consisted of 4742 girls’ and 4835 boys’
radiographs for a total of 9577 dental panoramic radiographs. The findings indicated
that multi-ethnic timing analysis of dental maturity showed that Australians had the
fastest dental maturity, followed by the French, Finnish, Belgians, French-Canadians
and Koreans. Realizing the differences in maturity scores among the different ethnic
groups, the authors suggested that it should be mandatory to develop ethnic specific
databases for DA estimation.35

Apart from ethnicity and the implied genetic association, other external factors such
as socio-economic conditions, dietary habits and environmental factors were found to
influence dental development.36 In terms of socio-economic status (SES), patients from
the higher SES group had advanced maturation of the third molar, although the SES
factor diminished and eventually disappeared in the last stages of root maturation.37 In
the current study, the patients who were treated at the Faculty of Dentistry, University of
Malaya, came from a wide range of socio-economic backgrounds. The socio-economic
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factor was not considered at this time because the tooth development observed would
have generally represented Malaysian subjects from all walks of life in this sense.

It is to be noted that Demirjian’s original method16 had a tendency to overestimate
age. A systematic review and meta-analysis of studies on Demirjian’s dataset found an
average 6 months overestimation of age in global population groups.36 Predicted
Demirjian’s scores specific for the sample population had been developed for the
Malay population in Malaysia.25 Based on these predicted Demirjian’s scores, new sex-
specific dental maturity scores using ANN had been reported.

In this study, regression analysis using a cubic relationship was initially employed
to adapt the Demirjian and Chaillet’s scores for Malaysian subjects. This form of
adaptation of data had already been used in several studies to analyse the relation-
ship of the two variables, in this case, CA and DA.9,30 However, adapted scores from
regression analysis underestimated the age of Malaysian subjects by more than
1.5 years. Hence, in an attempt to obtain a better score, the ANN method was
employed and, subsequently, this produced a higher accuracy in DA estimation
compared with multiple regression models27 In this study, a statistical model based
on ANN similar to the previously published study25 had been applied to develop new
dental maturity scores. More specifically, in this study, ANN–MLP (artificial neural
networks–multi layer perceptron) was used to interpret Demirjian’s scores and adapt
them for the Malaysian Chinese subjects. Such a relationship is observed in DA
estimation, which in this case is the relation between CA (input) and NDA or new
maturity score (output). The mean difference between the CA and NDA was found to
be statistically insignificant at −0.048 ± 0.92 years or about 17 days for boys and
−0.059 ± 1.11 years or about 21 days for girls following data treatment using ANN–
MLP. This means that CA and NDA were in close agreement showing high accuracy
in terms of age estimation. The ANN has been successfully employed in a wide range
of dental-related estimations such as in DA estimation24, classification of dental
caries38, planning of orthodontic treatment 39 and size prediction of un-erupted
canines and premolars.40

This study is the first to report prediction scores for dental maturation in Malaysian
Chinese subjects based on comparisons with Chaillet and Demirjian’s modified 8-tooth
method. Although there was a previous study on DA estimation in the pooled Malaysian
population, it included only a few Chinese subjects and employed the original 7-tooth
method.41,42 In an attempt to compare the accuracy of the estimated age of our study
with previously published studies on Chinese populations, we have summarized the age
estimation studies in Table A1 (in the Appendix). It is to be noted that the method
employed in those studies was not solely based on Chaillet and Demirjian’s 8-tooth
method and most of the studies reported underestimation of age. It is evident that the
current study involves a larger sample of Malaysian Chinese children and adolescents and
employed a novel ANN–MLP approach to develop new dental maturity scores. The
adapted scores of Chaillet and Demirjian’s data have shown accurate estimation of age
in Malaysian Chinese children and adolescents. However, the applicability of these
adapted scores for other Chinese groups living in other parts of the world should be
further examined.
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5. Conclusion

Chaillet and Demirjian’s method underestimated the DA of Malaysian Chinese subjects.
Thus, a population-specific prediction model was developed using the ANN–MLP net-
working model to allow more accurate age estimation. This ethnic specific data can be
used to estimate the DA of Malaysian Chinese children and adolescents in both clinical
and forensic applications.
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Appendix

*Difference between Chronological Age (CA) and Dental Age (DA); CA–DA
^Validation data

Table A1. Summary of published studies on dental age estimation in the Chinese population.

Year Ethnicity
Age group
(years)

Reference
Data

Sample
size^

Accuracy (in years)
* Authors

2016 Southern Chinese 2–24 Southern
Chinese

484 −0.05 (males)
–0.03 (females)

Jayaraman et al.43

2016 Northern Chinese 3–20 Northern
Chinese

437 −0.10 (males)
–0.06 (females)

Wong et al. 44

2014 Mixed (Malay + Chinese
+ Indian)

French-
Canadian

Willems
Nolla
Haavikko
Cameriere

426 +0.54 (combined)
+0.54 (combined)
+0.97 (combined)
–1.31 (combined)
–0.41 (combined)

Kumaresan et al.41

2012 Chinese 2–21 United
Kingdom

Caucasian

266 −0.24 (combined) Jayaraman et al. 45

2011 Chinese 3–16 French-
Canadian

182 −0.62 (males)
–0.36 (females)

Jayaraman et al.33

2010 Mixed (Malay + Chinese
+ Indian)

French-
Canadian

Willems

991 −0.70 (males)
–0.60 (females)
–0.20 (males)
–0.10 (females)

Nik-Hussein et al. 18

2010 Chinese French-
Canadian

445 −0.08 (males)
–0.15 (females)

Chen et al. 46

2008 Mixed (Malay + Chinese
+ Indian)

7–15 French-
Canadian

428 −0.75 (males)
–0.61 (females)

Mani et al.42

2007 Chinese 11–19 French-
Canadian

828 −0.47 (males)
–0.75 (females)

Tao et al. 47

1994 Chinese 5–7 French-
Canadian

204 −0.91 (males)
–0.58 (females)

Davis & Hagg 48

18 S. S. BUNYARIT ET AL.
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