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Accuracy of two dental and one skeletal 
age estimation methods in 6-16 year old 
Gujarati children

Introduction and Review

Age is defined as the length of time an organism or 
individual has survived after birth.[1] Age estimation, 

a sub‑discipline of the forensic sciences, is of immense 
importance in forensic medicine for identification of 
deceased victims as well as in connection with crimes 
and accidents.[2‑7] The importance of age determination 
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Abstract

Introduction: Age estimation is of immense importance not only for personal 
identification but also for treatment planning in medicine and dentistry. Chronologic 
age conveys only a rough approximation of the maturational status of a person, hence 
dental and skeletal ages have been explored as maturity indicators since decades. 
The tooth maturation provides a valuable indicator of dental age and serves as 
a better index of the maturation of a child as compared to other maturity indicators. 
Aims and Objectives: To test the applicability of Demirjian’s and Willem’s dental age 
assessment methods as well as Greulich and Pyle skeletal age assessment method in 
children residing in Gandhinagar district. Materials and Methods: The study consisted 
of randomly selected 180 subjects (90 males and 90 females) ranging from 6 to 16 years 
age and residing in Gandhinagar district. Dental age estimation was performed from 
radiovisuograph (RVG) images of mandibular teeth of left quadrant by both Demirjian’s 
and Willem’s methods. Skeletal age estimation was done from right hand wrist radiograph 
by Greulich and Pyle method. The differences between the chronological age and the 
estimated dental and skeletal ages were statistically tested using paired ‘t’ test. The 
correlation between chronological age, dental and skeletal age estimation methods was 
confirmed statistically by Pearson’s correlation. The reproducibility of the estimations 
was statistically tested using the Pearson’s Chi‑square test. Results: Amongst the age 
estimation methods used in this study, the Willem’s dental age estimation method proved 
to be the most accurate and consistent. Conclusion: Although various age estimation 
methods do exist, the results are varied in different populations due to ethnic differences. 
However, till new tables are formulated, the Willem’s method (Modified Demirjian method) 
can be accurately applied to estimate chronological age for the population residing in 
Gandhinagar district.

Key words: Dental age estimation, Demirjian’s method, Greulich and Pyle method, 
skeletal age estimation, Willem’s method
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also pertains to many medical and paramedical fields 
such as treatment planning in orthodontics and pediatric 
dentistry,[8,9] pediatric medicine and endocrinology.[5,9]

As human growth is characterized by considerable variation 
in the rate of progress towards physiological maturity, 
chronological age has little or no place in the assessment 
of the maturational state of a child.[10] Physiologic age is 
the registry of the rate of progress towards maturity that 
can be estimated by somatic, sexual, skeletal and dental 
maturity.[11,12] Somatic maturity is recognized by the annual 
growth increments in height or weight. Sexual maturity is 
indicated by the changes of secondary sexual characteristics 
such as voice changes in boys and menarche in girls. These 
maturity indicators have limited value because they can 
be applied only after serial recordings. Skeletal maturity 
estimation consists of examination of the initial appearance 
and subsequent ossification of various bones.[11]

Assessing skeletal maturation status, whether pubertal 
growth spurt of the patient has been reached or not, can 
have a considerable influence on diagnosis, treatment goals, 
treatment planning and the eventual outcome of orthodontic 
treatment.[10‑18] Skeletal maturation is generally determined 
by stages in the ossification of bones of hand‑wrist because 
of the quantity of different types of bones available in 
the area[14,17] and easy accessibility with minimum expense 
and time.[8,16,19] Various skeletal maturity indicators such 
as epiphysis–diaphysis fusion, hand‑wrist examination, 
cervical vertebrae assessment, sternoclavicular bones, 
changes in the pubic symphysis and fusion of cranial 
sutures, have their advantages and disadvantages.[14,17] The 
most frequently used method to evaluate skeletal age from 
hand‑wrist radiographs is the atlas of Greulich and Pyle.[8,10,14]

The age‑related changes in the dentition could be divided 
into three categories: Formative, degenerative and 
histological. The formative or developmental changes such 
as tooth eruption and tooth calcification are good predictors 
of age in the years until adulthood. Degenerative changes 
like attrition, periodontal diseases, secondary dentin 
deposition, root translucency, cementum apposition, root 
resorption, color changes and increase in root roughness are 
appreciable in teeth with increasing age. But, quantification 
of these changes nearly always requires extraction and 
sectioning of teeth, which is impractical and unethical in 
living individuals. Hence, the techniques which are being 
developed for age estimation in living individuals rely 
mostly on radiological imaging of teeth.[6,7] Tooth eruption 
has been reported to be more variable than the calcification 
sequence in the dentition.[13] Tooth development is 
a useful measure of maturity since it represents a series of 
recognizable events that occurs in the same sequence from 
an initial event to a constant end‑point of reportedly low 
variability.[4,5,20] Dental development milestones, therefore, 
can be utilized in age estimation.[2,5,9]

Age estimation techniques based on dental maturation in 
children may be divided into those using the atlas approach 
or those using scoring systems such as Schour and Massler, 
Moorrees, Anderson and Demirjian’s methods. Age estimation 
techniques in adults are the morphological and radiological 
techniques such as Gustafson, Bang and Ramm, Solheim, 
Kvaal and Solheim and Kvaal methods.[4,21] Among many 
proposed methods, the Demirjian method  (1973) of age 
assessment has been widely accepted.[9,12,13,22] The classification 
of stages proposed by Demirjian appears to be best suited for 
forensic purpose, since stages are defined by changes in form 
and development of teeth and these stages are independent 
of possibly complicated length measurements.[23] The 
advantages of the Demirjian method include the objective 
criteria describing stages of tooth development rather than 
tooth eruption, which have been illustrated with line diagrams 
and radiographic images in a clear‑cut manner.[12,22]

Willems et al., modified the Demirjian technique by creating 
new tables from which a maturity score could be directly 
expressed in years. The cumbersome step of conversion of 
maturity score to dental age was deleted, making it simpler, 
yet retaining the advantages of the Demirjian technique.[9,12] 
After 16  years of age, as most of the teeth are already 
developed, age estimation becomes more difficult because 
the only developing teeth are the wisdom teeth.[3]

Although various methods for age determination exist, 
a universal system has not been achieved due to the 
varying differences in different ethnic population groups.[24] 
The study of the morphological parameters of teeth and 
hand‑wrist radiographs of children are more reliable than 
most other methods for age estimation, hence are the 
most commonly used for age determination.[25] This study 
deals with comparison of accuracy of the two commonly 
used dental age estimation methods viz., Demirjian’s and 
Willem’s methods and Greulich and Pyle skeletal age 
estimation method with the standard of chronological age 
in subjects belonging to age group of 6 to 16  years and 
residing in Gandhinagar district.

Materials and Methods

The study was conducted in the Department of Oral Medicine 
and Radiology of Ahmedabad Dental College and Hospital.

Selection of subjects
•	 The study included 180 subjects (consisting of 90 males 

and 90 females) randomly selected from the outpatient 
department of Oral Medicine and Radiology residing 
in Gandhinagar district and having chronological age 
ranging from 6 years to 16 years

•	 The subjects who had all teeth of mandibular left 
quadrant either completely or partially erupted, had a 
good oral hygiene and had right hand and wrist intact 
were included in the study
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•	 The subjects who were unaware of date of birth, had any 
teeth missing, impacted, embedded or transpositioned 
from mandibular left quadrant, had undergone or 
currently undergoing any orthodontic treatment, had any 
pathology or undergone extraction or restoration of any of 
mandibular left quadrant teeth, had any trauma/injury to 
the face or hand‑wrist region or had history of any growth 
disorder/systemic illness were excluded from the study

•	 After selection of the subject for the study, date of birth 
was recorded and chronological age was calculated. 
Then, the dental and skeletal age estimation was 
performed as follows.

Dental age estimation
•	 Digital radiographs were taken for mandibular left 

quadrant teeth using size 2 RVG sensor and paralleling 
technique, while keeping target to sensor distance of 
20 centimeters, exposure time 0.08 seconds and strict 
radiation protection measures [Figures 1 to 4]

•	 The digital images were evaluated and the stage of 
tooth formation was assigned to each of the 7 teeth 

under study by comparison with the Demirjian’s stages 
(A – H) [Table 1]

•	 Demirjian’s score for each tooth was determined on 
basis of their Demirjian’s stage based on tabulations 
(separate for boys and girls) [Table 2]

•	 A sum of scores of all 7 teeth was obtained and designated 
as the ‘maturity score’ for each subject. The dental age 
in years based on Demirjian’s method was obtained 
from the maturity score of each subject by referring to 
tabulations (separate for boys and girls) [Table 3]

•	 Willem’s score was also designated to each tooth 
based on the Demirjian’s stages as per the tabulations 
(separate for boys and girls)  [Table  4]. The sum of 
Willems’ scores for all 7 teeth were then done to directly 
obtain a dental age in years based on Willem’s method.

Skeletal age estimation
•	 The right hand‑wrist radiograph was taken for each 

subject at exposure parameters 60 kVp, 4  mA and 
0.5 seconds with target to film distance of 5 feet and 
under strict radiation protection measures

Figure 1: Schematic representation and radiographs of stages H, G and F of Demirjian system for mandibular canine

Figure 2: Schematic representation and radiographs of stages E, D and C of Demirjian system for mandibular premolar

Figure 3: Schematic representation and radiographs of stages H, G and F of Demirjian system for mandibular molar
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Figure 4: Schematic representation and radiographs of stages E, D and C of Demirjian system for mandibular molar

Table  1: Dental calcification stages  (adapted from demirjian et  al.  (1973))
Demirjian stage Description
Stage 0 No evidence of calcification
Stage A Cusp tips are calcified but have not yet fused

Stage B Calcified cusps are united, so an outlined occlusal surface is well defined

Stage C Enamel formation is complete at the occlusal surface. Dentinal deposition has commenced. The outlines 
of the pulp chamber are curved

Stage D Crown formation is complete to the cementoenamel junction. The pulp chamber in the uniradicular teeth 
is curved, being concave toward the cervical region. In the molars, the pulp chamber has a trapezoid 
form. The pulp horns are beginning to differentiate. Root formation is seen

Stage E The walls of the pulp chamber are straight and the pulp horns are more differentiated. The root length is 
less than the crown height. In molars, the radicular bifurcation is visible

Stage F The walls of the pulp chamber now form an isosceles triangle. The apex ends in a funnel shape. The 
root length is equal to or greater than the crown height. In molars, the bifurcation has developed 
sufficiently to give the roots a distinct outline with funnel shaped endings

Stage G The walls of the root canal are now parallel and its apical end is still partially open  (distal root in 
molars)

Stage H The apical end of the root canal is completely closed  (distal root in molars). The periodontal membrane 
has a uniform width around the root and the apex
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•	 The extraoral film was processed under standard 
processing conditions based on time‑temperature 
method and dried for 10 minutes

•	 The landmarks within the radiograph were closely 
examined and compared with the standard skeletal age 
plates of Radiographic Atlas of Skeletal Development of the 
Hand and Wrist Greulich and Pyle.[26]

Observers
•	 The digital dental radiographs and hand‑wrist 

radiograph of each subject were evaluated separately 
by observers X, Y and Z

•	 The findings were recorded by them individually in 
the proforma of each patient while unaware of others 
findings

•	 In case of variation in findings among the three 
observers, the findings that are common between any 
two out of three observers were considered as final

•	 If the findings of all three observers are different, the 
radiographs were re‑evaluated by all three observers 
together and findings were reconsidered.

Statistical analysis
•	 SPSS  (Statistical Package for Social Sciences) 12.0 for 

Windows  (SPSS, Inc., Chicago, IL) was used for all 
analysis

•	 The differences between the chronological age and the 
estimated dental and skeletal ages were statistically 
tested using paired ‘t’ test (P value)

•	 The correlation between chronological age, dental 
and skeletal age estimation methods was confirmed 
statistically by Pearson’s correlation  (r value). In all 
these tests, r value closest to 1 was considered to indicate 
the strongest relation between the comparisons

•	 The inter‑observer variability (r value) was tested using 
the Spearman’s Correlation Coefficient. The relation 
was considered strongest between the pair whose value 
was closest to 1

•	 The intra‑observer variability was evaluated by 
recording the tooth calcification stages of 20 randomly 
selected patients who were evaluated individually 
by each of the three observers with an interval of 30 days 
between the two estimations. The reproducibility of the 
estimations was statistically tested using the Pearson’s 
Chi‑square test (P value)

•	 Probability of predicting the ages accurately was evaluated 
for each method by multiple regression analysis.

Table  2: Demirjian’s score tables based on developmental stage 
of tooth for boys and girls
Tooth Stages and scores

0 A B C D E F G H
Boys

Second molar 0.0 2.1 3.5 5.9 10.1 12.5 13.2 13.6 15.4
First molar 0.0 - - - 8.0 9.6 12.3 17.0 19.3
Second premolar 0.0 1.7 3.1 5.4 9.7 12.0 12.8 13.2 14.4
First premolar 0.0 - 0.0 3.4 7.0 11.0 12.3 12.7 13.5
Canine 0.0 - - 0.0 3.5 7.9 10.0 11.0 11.9
Lateral incisor 0.0 - - - 3.2 5.2 7.8 11.7 13.7
Central incisor 0.0 - - - 0.0 1.9 4.1 8.2 11.8

Girls
Second molar 0.0 2.7 3.9 6.9 11.1 13.5 14.2 14.5 15.6
First molar 0.0 - - 0.0 4.5 6.2 9.0 14.0 16.2
Second premolar 0.0 1.8 3.4 6.5 10.6 12.7 13.5 13.8 14.6
First premolar 0.0 - 0.0 3.7 7.5 11.8 13.1 13.4 14.1
Canine 0.0 - - 0.0 3.8 5.6 10.3 11.6 12.4
Lateral incisor 0.0 - - 0.0 3.2 5.6 8.0 12.2 14.2
Central incisor 0.0 - - - 0.0 2.4 5.1 9.3 12.9

Table  3: Demirjian’s conversion chart from maturity score to 
final age for boys and girls
Age Maturity 

score
Age Maturity 

score
Age Maturity 

score
Age Maturity 

score
Y Boys Girls Y Boys Girls Y Boys Girls Y Boys Girls
3.0 12.4 13.7 6.3 36.9 41.3 9.6 87.2 90.2 12.9 95.4 97.2
3.1 12.9 14.4 6.4 38.0 42.5 9.7 87.7 90.7
3.2 13.5 15.1 6.5 39.2 43.9 9.8 88.2 91.1 13.0 95.6 97.3
3.3 14.0 15.8 6.6 40.6 46.7 9.9 88.6 91.4 13.1 95.7 97.4
3.4 14.5 16.6 6.7 42.0 46.7 13.2 95.8 97.5
3.5 15.0 17.3 6.8 43.6 48.0 10.0 89.0 91.8 13.3 95.9 97.6
3.6 15.6 18.0 6.9 45.1 49.5 10.1 89.3 92.1 13.4 96.0 97.7
3.7 16.2 18.8 10.2 89.7 92.3 13.5 96.1 97.8
3.8 17.0 19.5 7.0 46.7 51.0 10.3 90.0 92.6 13.6 96.2 98.0
3.9 17.6 20.3 7.1 48.3 52.9 10.4 90.3 92.9 13.7 96.3 98.1

7.2 50.0 55.5 10.5 90.6 93.2 13.8 96.4 98.2
4.0 18.2 21.0 7.3 52.0 57.8 10.6 91.0 93.5 13.9 96.5 98.3
4.1 18.9 21.8 7.4 54.3 61.0 10.7 91.3 93.7
4.2 19.7 22.5 7.5 56.8 65.0 10.8 91.6 94.0 14.0 96.6 98.3
4.3 20.4 23.2 7.6 59.6 68.0 10.9 91.8 94.2 14.1 96.7 98.4
4.4 21.0 24.0 7.7 62.5 71.8 14.2 96.8 98.5
4.5 21.7 24.8 7.8 66.0 75.0 11.0 92.0 94.5 14.3 96.9 98.6
4.6 22.4 25.6 7.9 69.0 77.0 11.1 92.2 94.7 14.4 97.0 98.7
4.7 23.1 26.4 11.2 92.5 94.9 14.5 97.1 98.8
4.8 23.8 27.2 8.0 71.6 78.8 11.3 92.7 95.1 14.6 97.2 98.9
4.9 24.6 28.0 8.1 73.5 80.2 11.4 92.9 95.3 14.7 97.3 99.0

8.2 75.1 81.2 11.5 93.1 95.4 14.8 97.4 99.1
5.0 25.4 28.9 8.3 76.4 82.2 11.6 93.3 95.6 14.9 97.5 99.1
5.1 26.2 29.7 8.4 77.7 83.1 11.7 93.5 95.8
5.2 27.0 30.5 8.5 79.0 84.8 11.8 93.7 96.0 15.0 97.6 99.2
5.3 27.8 31.3 8.6 80.2 84.8 11.9 93.9 96.2 15.1 97.7 99.3
5.4 28.6 32.1 8.7 81.2 85.3 15.2 97.8 99.4
5.5 29.5 33.0 8.8 82.0 86.1 12.0 94.0 96.3 15.3 97.8 99.4
5.6 30.3 34.0 8.9 82.8 86.7 12.1 94.2 96.4 15.4 97.9 99.5
5.7 31.1 35.1 12.2 94.4 96.5 15.5 98.0 99.6
5.8 31.8 36.8 9.0 83.6 87.2 12.3 94.5 96.6 15.6 98.1 99.6
5.9 32.6 37.0 9.1 84.3 87.8 12.4 94.6 96.7 15.7 98.2 99.7

9.2 85.0 88.3 12.5 94.8 96.8 15.8 98.2 99.8
6.0 33.6 38.0 9.3 85.6 88.8 12.6 95.0 96.9 15.9 98.3 99.9
6.1 34.7 39.1 9.4 86.2 89.3 12.7 95.1 97.0
6.2 35.8 40.2 9.5 86.7 89.8 12.8 95.2 97.1 16.0 98.4 100.0
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Results

A total of 180 patients (90 males and 90 females) ranging in 
age from 6 to 16 years were selected for the study.

Table 5 demonstrates the comparison between chronological 
age, Dental age estimated by Demirjian’s method and 
Dental age estimated by Willem’s method amongst male 
subjects. Demirjian’s method of dental age estimation 
overestimated the age of male subjects from 6 to 10.99 years 
and 15-15.99 year age group, while it underestimated the 
age of male subjects from 11 to 14.99 years, when compared 
to chronological age. The P value obtained from sampled 
‘t’ test was greater than 0.05 for all age groups except 8-8.99, 
9-9.99 and 15-15.99  year age groups. Willem’s method 
of dental age estimation overestimated the age of male 
subjects from 6 to 10.99 years and 15-15.99 year age group, 
while it underestimated the age of male subjects from 
11  to 14.99  years, when compared to chronological age. 
The P value obtained from sampled t test was greater than 
0.05 for all age groups except the 8-8.99 and 13-13.99 year 
age groups. The probability of predicting age accurately 
by Demirjian’s method was 87.12%, while it was 89.06% by 
Willem’s methods for male subjects.

Table 6 demonstrates the comparison between chronological 
age, Dental age estimated by Demirjian’s method and 
Dental age estimated by Willem’s method amongst female 
subjects. Demirjian’s method of dental age estimation 

Table  4: Willem’s direct age scores for developmental tooth 
stages based on Demirjian’s technique for boys and girls
Tooth A B C D E F G H
Boys

Second molar 0.18 0.48 0.71 0.8 1.31 2 2.48 4.17
First molar - - - 0.69 1.14 1.6 1.95 2.15
Second premolar 0.08 0.05 0.12 0.27 0.33 0.45 0.4 1.15
First premolar 0.15 0.56 0.75 1.11 1.48 2.03 2.43 2.83
Canine - - - 0.04 0.31 0.47 1.09 1.9
Lateral incisor - - 0.55 0.63 0.74 1.08 1.32 1.64
Central incisor - - 1.68 1.49 1.5 1.86 2.07 2.19

Girls
Second molar 0.14 0.11 0.21 0.32 0.66 1.28 2.09 4.04
First molar - - - 0.62 0.9 1.56 1.82 2.21
Second premolar −0.19 0.01 0.27 0.17 0.35 0.35 0.55 1.51
First premolar −0.95 −0.15 0.16 0.41 0.6 1.27 1.58 2.19
Canine - - 0.6 0.54 0.62 1.08 1.72 2
Lateral incisor - - - 0.29 0.32 0.49 0.79 0.9
Central incisor - - 1.83 2.19 2.34 2.82 3.19 3.14

Table  5: Comparison between chronological age and dental age by Demirjian’s and Willem’s methods in males  (age in years)
Age  (n) Mean  (SD) Demirjian’s method  (mean  (SD)) Willem’s method  (mean  (SD))

Chronological age Dental age Age difference P value Dental age Age difference P value
6-6.99  (9) 6.39  (0.37) 7.31  (0.28) 0.92  (0.45) 0.102 6.81  (0.23) 0.43  (0.19) 0.088
7-7.99  (9) 7.52  (0.26) 10.89  (0.34) 3.37  (0.21) 0.072 9.56  (0.57) 2.04  (0.41) 0.056
8-8.99  (8) 8.39  (0.21) 10.02  (0.89) 1.63  (0.67) 0.001 9.53  (0.58) 1.14  (0.37) 0.001
9-9.99  (8) 9.44  (0.22) 10.25  (0.82) 0.81  (0.6) 0.022 9.7  (0.73) 0.26  (0.51) 0.302
10-10.99  (8) 10.5  (0.3) 10.92  (0.86) 0.42  (0.56) 0.173 10.5  (0.91) 0  (0.61) 0.981
11-11.99  (11) 11.45  (0.3) 11.25  (0.9) −0.2  (0.6) 0.449 10.98  (0.77) −0.47  (0.47) 0.068
12-12.99  (12) 12.38  (0.26) 12.31  (1.02) −0.07  (0.76) 0.774 11.88  (0.9) −0.5  (0.64) 0.055
13-13.99  (11) 13.48  (0.3) 13.4  (1.35) −0.08  (1.05) 0.818 12.71  (1.05) −0.77  (0.75) 0.012
14-14.99  (6) 14.41  (0.1) 14.4  (1.57) −0.01  (1.56) 0.986 13.56  (0.89) −0.85  (0.79) 0.058
15-15.99  (8) 15.39  (0.31) 15.94  (0.12) 0.55(‑0.19) 0.006 15.61  (0.78) 0.22  (0.47) 0.571
Probability value 87.12% 89.06%
SD: Standard deviation

Table  6: Comparison between chronological age and dental age by Demirjian’s and Willem’s methods in females  (age in years)
Age  (n) Mean  (SD) Demirjian’s method  (mean  (SD)) Willem’s method  (mean  (SD))

Chronological age Dental age Age difference P value Dental age Age difference P value
6-6.99  (7) 6.43  (0.35) 7.54  (0.22) 1.12  (0.28) 0.073 6.26  (0.41) −0.17  (0.28) 0.150
7-7.99  (8) 7.65  (0.15) 8.11  (0.52) 0.46  (0.37) 0.033 7.77  (0.56) 0.12  (0.41) 0.532
8-8.99  (6) 8.39  (0.35) 9.1  (0.92) 0.71  (0.57) 0.14 8.6  (0.65) 0.21  (0.3) 0.53
9-9.99  (9) 9.47  (0.27) 9.92  (0.98) 0.45  (0.71) 0.239 9.67  (0.64) 0.2  (0.37) 0.37
10-10.99  (8) 10.55  (0.21) 10.90  (0.24) 0.35  (0.17) 0.138 10.24  (0.54) −0.31  (0.53) 0.143
11-11.99  (11) 11.32  (0.25) 11.99  (0.48) 0.67  (0.23) 0.001 11.56  (0.68) 0.24  (0.43) 0.23
12-12.99  (11) 12.41  (0.23) 13.33  (1.31) 0.92  (1.08) 0.043 12.77  (1.26) 0.36  (1.03) 0.361
13-13.99  (6) 13.27  (0.22) 13.87  (0.8) 0.6  (0.58) 0.152 13.12  (1.02) −0.15  (0.8) 0.738
14-14.99  (7) 14.5  (0.2) 15.06  (1.25) 0.56  (1.05) 0.294 14.79  (1.56) 0.29  (1.36) 0.639
15-15.99  (9) 15.49  (0.29) 15.22  (0.74) −0.27  (0.45) 0.265 14.91  (1.03) −0.58  (0.74) 0.1
16-16.99  (8) 16.37  (0.40) 15.90  (0.18) −0.47  (0.42) 0.065 16.00  (0.01) −0.38  (0.40) 0.053
Probability value 86.73% 89.08%
SD: Standard deviation
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consistently overestimated the age of female subjects for all 
age groups except 16-16.99 year age group when compared 
to chronological age. The P value obtained from sampled 
t test was greater than 0.05 for all age groups except 7-7.99, 
11-11.99 and 12-12.99  year age groups. Willem’s method 
of dental age estimation overestimated the age of female 
subjects belonging to all age groups except 6-6.99, 10-10.99, 
13-13.99, 15-15.99 and 16-16.99  year age groups when 
compared to chronological age. The P value obtained from 
sampled t  test was greater than 0.05 for all age groups. 
The probability of predicting age accurately by Demirjian’s 
method was 86.73% while it was 89.08% by Willem’s 
methods for female subjects.

Table 7 demonstrates the comparison between chronologic 
age and skeletal age  (Greulich and Pyle) amongst male 
subjects. Greulich and Pyle skeletal age estimation method 
consistently underestimated the age of male subjects 
belonging to all age groups. The P  value obtained from 
sampled t test was greater than 0.05 for all age groups 
except 9-9.99, 10-10.99, 12-12.99, 13-13.99 and 15-15.99 year 
age groups, when compared to chronological age. The 
probability of predicting age accurately by Greulich and 
Pyle method was 90.65% for male subjects.

Table 8 demonstrates the comparison between chronological 
age and skeletal age amongst female subjects. Greulich 
and Pyle skeletal age estimation method consistently 
underestimated the age of female subjects belonging to 
all age groups when compared to chronological age. The 
P  value obtained from sampled t test was greater than 
0.05 for all age groups except the 11-11.99 and 12-12.99 year 
age groups. The probability of predicting age accurately by 
Greulich and Pyle method was 89.04% for female subjects.

Table  9 demonstrates the comparison of dental ages 
estimated by Demirjian’s and Willem’s methods and 
skeletal age estimated by Greulich and Pyle method with 
the standard of chronological age of male and female 
subjects. The ‘r’ value representative of Pearson correlation 
coefficient between chronological age (CA) and dental age 
by Demirjian’s method (DAD) was 0.882 for male subjects 
and 0.956 for female subjects. The ‘r’ value representative 
of Pearson correlation coefficient between CA and Dental 
age by Willem’s method (DAW) was 0.921 for male subjects 
and 0.959 for female subjects. The ‘r’ value representative 
of Pearson correlation coefficient between CA and skeletal 
age by Greulich and Pyle method  (SAGP) was 0.921 for 
male subjects and 0.960 for female subjects. The P value 
of paired sample t test for comparison between CA and 
DAD was <0.0001 for both male and female subjects. The 
P value of paired sample t test for comparison between CA 
and DAW was 0.587 for male subjects and 0.786 for female 
subjects. The P value of paired sample t test for comparison 
between CA and SAGP was  <0.0001 for both male and 
female subjects. The ‘r’ value for the Pearson’s Chi‑square 

test employed to evaluate intra‑observer variability was 
0.164 (>0.05).

Table  7: Comparison between Chronological age and Skeletal 
age  (Greulich and Pyle method) in males  (age in years)
Age  (n) Mean  (SD) P value

Chronological 
age

Skeletal 
age

Age 
difference

6-6.99  (9) 6.39  (0.37) 5.34  (0.35) −0.92  (0.45) 0.202
7-7.99  (9) 7.52  (0.26) 6.40  (0.39) −1.11  (0.47) 0.501
8-8.99  (8) 8.39  (0.21) 8.12  (1.36) −0.27  (1.15) 0.549
9-9.99  (8) 9.44  (0.22) 8.5  (1.07) −0.94  (0.85) 0.04
10-10.99  (8) 10.5  (0.3) 9.69  (1.03) −0.81  (0.73) 0.027
11-11.99  (11) 11.45  (0.3) 11.32  (0.72) −0.13  (0.42) 0.539
12-12.99  (12) 12.38  (0.26) 10.92  (1.2) −1.46  (0.94) 0.001
13-13.99  (11) 13.48  (0.3) 12.09  (1.22) −1.39  (0.92) 0.002
14-14.99  (6) 14.41  (0.1) 12.66  (2.31) −1.75  (2.21) 0.122
15-15.99  (8) 15.39  (0.31) 14.31  (1.28) −1.08  (0.97) 0.036
Probability value 90.65%
SD: Standard deviation

Table  8: Comparison between Chronological age and Skeletal 
age (Greulich and Pyle method) in females  (age in years)
Age  (n) Mean  (SD) P value

Chronological 
age

Skeletal 
age

Age 
difference

6-6.99  (7) 6.43  (0.35) 6.15  (0.40) 0.28  (0.52) 0.205
7-7.99  (8) 7.65  (0.15) 7.33  (0.53) −0.32  (0.38) 0.138
8-8.99  (6) 8.39  (0.35) 8.16  (0.52) −0.23  (0.17) 0.409
9-9.99  (9) 9.47  (0.27) 8.98  (0.66) −0.49  (0.39) 0.069
10-10.99  (8) 10.55  (0.21) 9.88  (0.48) −0.67  (0.45) 0.054
11-1.99  (11) 11.32  (0.25) 10.53  (0.96) −0.79  (0.71) 0.032
12-12.99  (11) 12.41  (0.23) 11.54  (1.13) −0.87  (0.9) 0.031
13-13.99  (6) 13.27  (0.22) 13  (1.05) −0.27  (0.83) 0.51
14-14.99  (7) 14.5  (0.2) 14.07  (1.37) −0.43  (1.17) 0.422
15-15.99  (9) 15.49  (0.29) 15  (1.2) −0.49  (0.91) 0.246
16-16.99  (8) 16.37  (0.40) 16.09  (0.40) 0.29  (0.66) 0.262
Probability value 89.04%
SD: Standard deviation

Table  9: Comparison of dental ages estimated by Demirjian’s 
and Willem’s methods and skeletal age estimated by Greulich 
and Pyle method with the standard of chronological age of male 
and female subjects
Comparison groups P value r value
Male

Chronological versus dental age  (Demirjian’s) <0.0001 0.882
Chronological versus dental age  (Willem’s) 0.587 0.921
Chronological versus skeletal age  (Greulich and 
Pyle)

<0.0001 0.921

Female
Chronological versus dental age  (Demirjian’s) <0.0001 0.956
Chronological versus dental age  (Willem’s) 0.786 0.959
Chronological versus skeletal age  (Greulich and 
Pyle)

<0.0001 0.960

Interobserver variability (r value) 0.164
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Discussion

Age estimation should be as accurate as possible since it 
narrows down the search of a person of unknown age, 
enabling a more efficient and time saving approach.[4] 
Although various methods for the age determination do 
exist, a universal system has not been achieved due to the 
varying differences in different ethnic populations.[20,24] 
Hence, each method requires to be tested in different 
populations. The group under study was selected to ensure 
ethnic uniformity of the study sample. The present study 
consisted of 180 subjects; 90 males and 90 females residing 
in Gandhinagar district. Prabhakar et al., and Reshma et al., 
conducted studies with similar sample size but on different 
populations.[15,20]

The completion of crown calcification and root formation 
of all mandibular teeth  (excluding third molars) occurs 
from 6 to 16 years of age, respectively.[27] The 6 to 16 year 
age group was selected for this study based on other 
maturation studies and the fact that orthodontic treatment 
is frequently performed in this age group which critically 
requires skeletal age assessment.[15]

In the present study, dental age estimation was conducted 
on seven teeth of left quadrant of mandible since these teeth 
represent the age range of commencement to completion 
of root calcification close to the age range of the patients 
selected for the study.[18] The maxillary posterior teeth were 
omitted from the study because superimposition of calcified 
structures in this area resulting in inaccurate assessment of 
the stage of development.[11]

The main disadvantage of the panoramic radiographs is 
that the image does not display the fine anatomic detail 
of periapical region available on intraoral periapical 
radiographs. Thus, it is not as useful as periapical radiography 
for studying root‑apex calcification. Periapical radiographs 
require less radiation than panoramic radiographs. Further, 
digital intraoral receptors require less radiation than 
film, thus lowering patient exposure.[28] Hence, RVG with 
paralleling technique was utilized in the present study to 
acquire periapical images of the teeth under study.

The method described by Demirjian et al., (1973) was chosen 
in the present study because its criteria consists of distinct 
details based on shape and proportion of root length which 
are precise and simple, using the relative value to crown 
height rather than on absolute length.[15,24] Hence, it is best 
suited for forensic purposes.[23] However, there is consistent 
overestimation of age by Demirjian’s method of dental age 
estimation in certain populations.[22] Hence, Willem’s dental 
age estimation method[22] was also tested in this study.

The skeletal age for each hand‑wrist radiograph was 
assigned according to the method outlined in the Greulich 

and Pyle atlas, because it is relatively easy to learn, less 
time consuming and shows greater reproducibility between 
observers.[11] Moreover, no norm for skeletal age assessment 
has been established for Indian population, hence Greulich 
and Pyle atlas was used in this study.[29]

The P value of paired sample t test for comparison between 
chronological age and dental age by Demirjian’s method 
in the current study was greater than 0.05 for almost all 
age groups among male and females [Tables  5 and 6]. 
This suggested that there was no statistically significant 
difference between chronological age and dental age by 
Demirjian’s method for most age groups and that this 
method was applicable to the population under study. 
This finding was consistent with the results of Hegde et al., 
Garamendi et al., and Bagherpour et al.[30‑32]

The P value of paired sample t test for comparison between 
chronological age and dental age by Willem’s method was 
greater than 0.05 for almost all age groups among males and 
all age groups in females [Tables 5 and 6]. This suggested 
that there was no statistically significant difference between 
the chronological age and dental age by Willem’s method for 
almost all age groups and that this method was applicable 
to the population under study. Willems et al., Maber et al., 
Mani et al., and Amal et al., also had similar conclusions 
from their studies.[9,12,22,33]

The P value of paired sample t test for comparison between 
chronological age and skeletal age by Greulich and 
Pyle method was greater than 0.05 in almost all age groups 
among males and females [Tables 7 and 8]. This suggested 
that there was no statistically significant difference between 
the chronological age and skeletal age by Greulich and 
Pyle method and that this method was applicable to the 
population under study, more so among females than 
males. These findings were in agreement with those of 
Kraillasiri et al., and Garamendi et al.[11,31]

The ‘r ’ value representative of Pearson correlation 
coefficient was close to 1 for all the pairs such as 
chronological age  –  dental age by Demirjian’s method, 
chronological age  –  dental age by Willem’s method as 
well as chronological age – skeletal age by Greulich and 
Pyle method for male and female subjects. This signified 
that there was a strongly positive correlation between the 
age estimation methods of all pairs. The ‘r’ value for all three 
age estimation methods between observers X and Y, Y and 
Z and X and Z was close to 1. This indicated that there was 
a strong agreement among the ratings of all observers. The 
‘r’ value for inter‑observer variability was greater than 0.05 
indicating no statistically significant difference between 
the estimations of same patients by different observers at 
different points of time. The P value for paired sample t test 
was greater than 0.05 for the chronological age and dental 
age by Willem’s method while it was less than 0.05 for the 
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comparison of chronological age with both dental age by 
Demirjian method and skeletal age by Greulich and Pyle 
method. This indicates that there is no statistically significant 
difference between the chronological age of the sample and 
dental age estimated by Willem’s method [Table 9].

There was overestimation and underestimation of 
age in almost equal number of groups with Willem’s 
method  [Tables  5 and 6]. However, these differences of 
chronological and dental age by Willem’s method were 
consistently smaller than those between chronological age 
and dental age by Demirjian’s method. This suggested that 
Willem’s method is more accurate than the Demirjian’s 
method for the population under study. This finding is 
supported by Maber et al., Mani et al. and Willems et al.[12,22,33]

The differences in certain age groups may be due to 
environmental factors such as the socio‑ economic status, 
nutrition and dietary habits that vary in different population 
groups.[20]

Conclusion

•	 Digital dental radiography can be conveniently 
utilized to determine tooth calcification stages among 
6-16‑year‑old children residing in Gandhinagar district

•	 Demirjian’s and Willem’s dental age estimation 
methods are applicable for estimating the age of the 
population under study

•	 Greulich and Pyle skeletal age estimation method can 
also be applied to estimate the age of the population 
under study

•	 Although various age estimation methods do exist, 
the results are varied in different populations due to 
ethnic differences. Also, there is a lack of age estimation 
studies in Gujarati population. Hence, further studies 
are needed to formulate new tables for this population

•	 Amongst the age estimation methods used in this study, 
the Willem’s dental age estimation method was the most 
accurate and consistent for the 6-16 year old children 
residing in and around Gandhinagar district

•	 The Willem’s method  (Modified Demirjian method) 
should be applied to estimate accurately chronological 
age for the population ranging from 6-16 years in age 
and residing in Gandhinagar district

•	 The probability of predicting the age accurately 
is greater in males than in females by Demirjian’s 
method. However, the probability of predicting the 
age accurately is greater in females than in males by 
Willem’s method.
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