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Abstract Dental age plays a significant role in forensic dentistry, orthodontics and paediatric den-

tistry, as well as in general diagnosis and treatment planning. Different methods have been devel-

oped to determine dental age. One of the most commonly used methods is Demirjian’s method,

which was developed in 1973 from research on a large number of French-Canadian children. It

is based on the degree of tooth mineralisation by examining the radiological appearance of the

lower mandibular left quadrant. The purpose of this study was to assess the dental age of Omani

children using Demirjian’s method and evaluate the applicability of the method in dental age esti-

mation for Omani children. The sample consisted of 485 digital panoramic radiographs of children

(264 males, 221 females) aged between 4.6 years and 16.5 years, and obtained from the records of

the Military Dental Centre in Oman. The data were analysed using SPSS. Paired t-tests, intraclass

correlation coefficients (ICC) and difference-against-mean plots were used to compare the dental

age calculated by Demirjian’s method with chronological age. A single examiner scored the radio-

graphs, and intra-observer reliability was evaluated using Cronbach’s alpha on data from rescoring

one out of every 20 radiographs. For boys, the mean difference between chronological age and den-

tal age for all age groups was 0.10 (95% CI �0.03 to 0.24). For girls, the mean difference between

chronological age and dental age for all age groups was 0.05 (95% CI �0.11 to 0.22). Difference-

against-mean plots showed no evidence of differential bias by age. For boys, the ICC was 0.896

(95% CI 0.869–0.917); for girls, it was 0.886 (95% CI 0.854–0.911). Difference-against-mean plots

for boys (Fig. 1) and girls (Fig. 2) showed some evidence of differential bias by age. In conclusion,

the extent of the observed differences was sufficient for doubt to be cast upon the utility of Demir-
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19 jian’s method for Oman, particularly when it is considered that the method’s most likely application

20 would be in age determination for minors in the workforce.

2122 � 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
23 article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

24

25 1. Introduction

26 The demand for age estimation in forensic science has
27 increased. A plethora of disasters has resulted in an increase
28 in the number of unidentified human remains, and that has
29 underlined the need for accurate methods for age estimation.
30 Moreover, the current geopolitical status of the world has
31 resulted in a rise in the cases of children with no proof-of-
32 identity documents such as a certificate of birth (Ritz-Timme
33 et al., 2000). Different methods have been developed to esti-
34 mate age; these include using skeletal age, morphological
35 age, secondary sex characteristics age and dental age
36 (Patnana et al., 2014). Of these methods, the latter is seen as
37 the most valid method for age estimation (Bolanos et al.,
38 2000). This is because teeth exhibit the least turnover of all
39 body tissues, and their development is controlled by genes
40 and is thus less susceptible to environmental influences
41 (Panchbhai, 2011). Dental age is also used by orthodontists
42 and paedodontists (Chen et al., 2010). It also helps to identify
43 paediatric hormonal disturbances such as hyposecretion of
44 growth hormones (Vallejo-Bolaños et al., 1999). Moreover, it
45 provides orthodontists with clues to the appropriate time for
46 initiating orthodontic treatment (Nik–Hussein et al., 2011).
47 One of the commonly used methods for calculation of den-
48 tal age is Demirjian’s method (Panchbhai, 2011), which uses
49 the radiographic appearance of the seven mandibular teeth
50 on the left side. Each tooth is allocated an ordinal code
51 between A and H, according to the criteria published in
52 Demirjian’s article, and then this is converted to a score. The
53 seven scores are summed to give a maturity score that can then
54 be converted to an age, using sex-specific tables originally con-
55 structed using a large sample of French-Canadian children
56 (Demirjian et al., 1973). The clinical interpretation of age
57 assessment indicates whether the child is dentally advanced,
58 average or delayed relative to the reference value from Demir-
59 jian’s original French-Canadian sample (Liversidge, 2012). A
60 recent systematic review (Jayaraman et al., 2013) found that
61 using the Demirjian approach tended to over-estimate chil-
62 dren’s ages.
63 Dental age assessment has been undertaken for populations
64 such as New Zealand children (TeMoananui et al., 2008),
65 Malaysian children (Nik–Hussein et al., 2011), Chinese chil-
66 dren (Chen et al., 2010), Indian children (Warhekar et al.,
67 2011), Turkish children (Tunc and Koyuturk, 2008), Roma-
68 nian children (Ogodescu et al., 2011), Saudi children (Al-
69 Emran, 2008), and, Emirati children (Altalie et al., 2014).
70 However, there are no published data from dental age assess-
71 ments of Omani children. Oman has a unique population con-
72 sisting mostly of Arabs, but also including Balochis, Lawatis,
73 Swahili and Persians (Peterson, 2004). Oman, as with many
74 other countries, has recently become more aware of the signif-
75 icance of age assessment practices. The legal age in Oman is
76 considered to be eighteen and anyone younger than eighteen
77 is considered to be a minor. The laws and penal codes in Oman

78that are associated with children are set at certain age thresh-
79olds. Examples of those are the Oman labour law, the child
80abduction penal code and the human trafficking law. The
81Oman labour law specifies the minimum age for employment
82to be fifteen years. Courts in Oman require medical practition-
83ers to assess the age of the individual when his/her age is
84unknown (Smith and Brownlees, 2011). Custodial and fine
85penalties are greater when the victim is a minor in cases of
86human trafficking and abduction (Bureau of International
87Labor Affairs, 2006). Accordingly, it is important to have a
88reference dataset specific to use for the age assessment of
89Omani children. Accordingly, the aim of the study was to eval-
90uate the applicability of Demirjian’s method for dental age
91estimation in Omani children.

922. Materials and methods

93This cross-sectional study was conducted at the Military Den-
94tal Centre in Oman. Ethical approval was obtained from the
95Omani Ethics Committee. The data were observed from 485
96panoramic radiographs of 264 males and 221 females, ranging
97in age from 4.6 to 16.5 years (Table 1).
98The radiographs were taken directly from the DigoraTM

99radiograph database at the Military Dental Centre and saved
100as JPEG images. Windows Live Photo Gallery was used to
101view the radiographs and adjust the size, contrast and bright-
102ness for better quality. The radiographs were excluded in cases
103of radiographic distortion affecting the staging of the left
104mandibular teeth, dental developmental abnormalities, gross
105pathology or significant medical history that has a direct influ-
106ence on teeth development (such as a history of treatment for
107childhood leukaemia). A single examiner collected and
108assessed the radiographs. The date of birth and the date on
109which the radiograph was taken were used to calculate the
110chronological age. Age and sex were unknown to the examiner

Table 1 Age group by sex.

Age group Boys Girls Both (%)

4.6–5.5 0 2 2 (0.4)

5.6–6.5 8 2 10 (2.1)

6.6–7.5 9 5 14 (2.9)

7.6–8.5 28 32 60 (12.4)

8.6–9.5 39 32 71 (14.6)

9.6–10.5 38 27 65 (13.4)

10.6–11.5 33 24 57 (11.8)

11.6–12.5 30 25 55 (11.3)

12.6–13.5 29 15 44 (9.1)

13.6–14.5 26 18 44 (9.1)

14.6–15.5 13 22 35 (7.2)

15.6–16.5 11 17 28 (5.8)

Total 264 (54.4%) 221 (46.6%) 485 (100.0)
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