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Abstract
Although believed to be reliable in children, dental 

age estimations have reportedly shown variations in 
their accuracy levels, indicating regional differences. 
The present paper aims to study the error threshold of 
the Nolla, Demirjian and Willems methods for age esti-
mation of North Indian children.

Digital orthopantomograms of 168 children aged 
3-15 years were analyzed for the three methods. Demir-
jian dental age was found to be closest to the mean 
chronological age, as indicated by the p-value of paired 
t-test. The error range for the Willems and Demirijian 
methods was ±5 years with 87.5% of cases showing er-
ror within the range of ±2 years, and it was ±6 years with 
84.5% of cases showing error within ±2 years using the 
Nolla method. The mean absolute error for the Nolla, 
Demirjian and Willems methods was 1.09, 1.10 and 0.97 
years, respectively.

The Willems method was better suited for dental age 
estimation of the studied population, though none of 
the methods precisely estimated the age of the partici-

المستخلص
على الرغم من الاعتقاد بأن تقدير العمر السني لدى الأطفال هو تقدير 

موثوق به، فقد أظهر اختلافات في مستويات الدقة وهو ما يشير إلى وجود 

اختلافات إقليمية. يتمثل الهدف من هذه الورقة العلمية في دراسة حدود 

وويليمس   ،)Demirjian( وديميرجيان   ،)Nolla( نولا  طرق  في  الخطأ 

)Willems( المسُتخدمة لتقدير العمر لدى أطفال شمال الهند.

 168 لدى  للأسنان  رقمية  بانورامية  شعاعية  لصور  تحليل  إجراء  تم 

الثلاث  الطرق  في  استخدامها  ليتم  سنة   15  -  3 بين  أعمارهم  تتراوح  طفلًا 

 )Demirjian( المذكورة. وقد تبين أن تقدير العمر السني بطريقة ديميرجيان

)P( في اختبار  قيمة  اتضح من  الزمني، كما  العمر  إلى متوسط  هو الأقرب 

 )Willems( ويليمس  طريقتي  في  الخطأ  نطاق  وبلغ   .)paired t-test( 

وديميرجيان Demirjian(± 5( سنوات في 87.5٪ من الحالات التي أظهرت 

خطأ في نطاق 2± سنة، في حين بلغ نطاق الخطأ 6± سنوات في 84.5٪ من 

Nol-( 2± سنة باستخدام طريقة نولا  الحالات التي أظهرت خطأ في نطاق

la(. وبلغ متوسط الخطأ المطلق في الطرق الثلاث نولا )Nolla( وديميرجيان 

)Demirjian( وويليمس  1.09 )Willems(و1.10 و 0.97 سنة على التوالي.

ملاءمة  الأكثر  الطريقة  هي   )Willems( ويليمس  طريقة  كانت 

أي  تمكن  عدم  من  الرغم  الدراسة، على  لمجتمع  السني  العمر  لتقدير 

من الطرق الثلاث من تقدير أعمار المشاركين في الدراسة بدقة. قد تُعزى 
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1. Introduction
Age estimation is a vital element in the biolog-

ical profiling of an individual, living or deceased. It 
is also an important component to be considered 
while analyzing other aspects such as sex, stature, 
nutrition, etc. Other than in identification, the age of 
a child holds importance in scenarios involving le-
gally establishing the person as a minor or adult for 
certain criminal/civil cases, child trafficking, pornog-
raphy, immigration, adoption, etc. The age estima-
tion methods for children are considered to be more 
accurate than those for adults, since the former are 
based on the continuous development or growth oc-
curring in the child at an almost defined rate. The bi-
ological markers mostly utilized for this purpose are 
bones and dentition; the development of all these 
is divided into different stages.  The skeletal devel-
opment processes such as diaphyseal growth and 
epiphyseal union of long bones are utilized for as-
sessing age in a child but are less reliable, as they 
are easily susceptible to genetics, environmental 
and external factors such as nutrition, activity level, 
and diseases, to name a few [1]. Teeth are believed 
to be better suited than bones due to their tolerance 
to destruction and degradation and comparative re-
sistance to the earlier discussed environmental and 
external factors. Thus, with lesser variability in de-
velopment, they are considered to be more accurate 
for age estimation [2]. Various useful techniques in 
assessing age through teeth are dental morphology 
(teeth emergence), histology (Gustafson method), 
radiological (atlas methods, Nolla, Demirjian, etc.) 
and chemical methods (aspartic acid racemization, 

carbon dating, telomere methylation, etc.) [3]. Ra-
diological methods are more widely used due to 
their non-invasive nature, which is suitable for liv-
ing as well as deceased persons. In the past few 
decades, orthopantomograms (OPTs) have gained 
importance in forensic odontology, since they pro-
vide a composite view of the upper and lower jaws, 
making it easier to assess the overall dental growth. 
Consequently, different radiology-based dental de-
velopment methods have been proposed or formu-
lated till now such as the Schour and Massler, Nolla, 
Morrees, Haaviko, Demirjian, Willems, Cameriere, 
and London atlas methods however, the results 
have been found to be variable [3].

The objective of this study was to assess dental 
age using the Nolla, Demirjian and Willems meth-
ods and to study their applicability in a North Indian 
population. It also aimed to explore the underlying 
reasons for the variations in the results.

2. Materials and Methods
2.1 Materials

168 digital OPTs of children (59 girls and 109 
boys) aged 3-16 years were collected from an oral 
health centre belonging to the North Indian region 
comprising Himachal Pradesh, Punjab, Haryana 
and Chandigarh (UT) (Table-1). Ethical clearance 
was obtained from the Institutional Ethics Commit-
tee (IEC/2018/148), prior to the sample collection. 
Written consent of the guardians accompanying the 
minors was taken for OPT collection along-with the 
essential demographic details, as per the standards 
of the Declaration of Helsinki. The participants in-

pants. Wide variations in age estimates of varied population 
groups may be due to differences in statistical methods or 
genetic factors. Thus, comparison of the methods for differ-
ent populations by the same researcher is suggested to re-
duce certain biasness (statistical methodology) in the study.

متنوعة  سكانية  لمجموعات  العمرية  التقديرات  في  الكبيرة  الاختلافات 

ذات  نواحٍ  إلى  أو  المسُتخدمة  الإحصائية  الأساليب  في  الاختلافات  إلى 

علاقة بالسكان. وبالتالي، فإنه يُقترح مقارنة الطرق الثلاث المذكورة على 

أجل  من  وذلك  الباحث؛  نفس  بواسطة  مختلفة  سكانية  مجموعات 

الحد من وجود قدر معين من التحيز في نتائج الدراسة.

Forensic Dental Age Estimation of North Indian Children Using Three Radiological Scoring Methods
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cluded the patients who visited the oral health cen-
tre on their own accord as part of routine checkup 
or treatment.

Exclusion criteria: Teeth were excluded from the 
study if they were extracted or missing bilaterally, 
treated, affected by trauma, restored, badly rotat-
ed, and if they showed a high degree of attrition or 
abnormal dentition. Also, the unclear, blurred OPTs 
were excluded from the study.  

A Planmeca Promax panoramic machine (Plan-
meca Oy, Asentajankatu Flensinki, Finland), with 
image magnification 1.3, was used to take the dig-
ital OPTs, and these were saved as high resolution 
images in JPEG standard format. The personal 
identification details (other than sex) were obscured 
and were replaced with random serial numbers to 
avoid bias. The images were imported to the ImageJ 
software (ImageJ 1.46r Wayne Rasband, National 
Institutes of Health, USA), and its tools were used 
to make the image magnified or sharper where re-
quired. For standardized analysis, permanent teeth 
(except 3rd molar) of the left side of the mandible 
were selected for all the methods. 

2.2 Methods
2.2.1 The Nolla method [7]

For this method, the development stages of the 
7 permanent teeth of each OPT were identified 
and numbered as per the method. These stages 
ranged from the development of crypt to the com-
pletion of root development. For a tooth showing 
development between the two designated stages, 

a value of 0.5 was added to its lower stage. In a 
similar manner, values of 0.2 and 0.7 were add-
ed to the lower stage value in case the tooth ex-
hibited slightly more development than the lower 
stage or slightly less development than the upper 
stage, respectively (Figure-1). The numbers in the 
figure indicates the development stage of tooth as 
per the method. These stage values for all 7 teeth 
were then added and the sum was tallied with the 
sex-specific tables given by Nolla to obtain the 
dental age. 

2.2.2 The Demirjian method [10]
The 7 permanent teeth were examined in each 

OPT, and the stage for each tooth was determined 
as described in the Demirjian method, which shows 
8 stages (A-H) from calcification initiation to tooth 
development completion. The corresponding value 
for each stage was noted from the given sex-specif-
ic tables and those were summed up for all seven 
teeth (Figure-2). The numbers in the figure indicates 
the development stage of tooth as per the method. 
The calculated maturity score was tallied against 
the sex-specific tables to obtain dental age. 

2.2.3 The Willems method [11]
This method is a variation of the Demirjian meth-

od. Therefore, as in the Demirjian method, the 
seven mandibular permanent teeth were staged 
ranging from A to H. Each stage had a certain value 
in sex-specific tables for the Willems method (Fig-
ure-3). The numbers in the figure indicates the de-

Table 1- Descriptive analysis of the chronological and dental ages.

CA/DA Mean±SD  Minimum Maximum SEM Skewness Kurtosis

CA 9.99±3.26 3.90 15.98 0.25  - 0.006 - 0.953

NollaDA 9.32±3.11 3.00 16.00 0.24 0.325 - 0.442

DemDA 9.94±3.05 3.20 16.00 0.24 0.255 - 0.711

WillDA 9.65±3.09 3.55 16.03 0.24 0.099 - 0.600

Sankhyan et al.
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Figures 

Figure 1- OPT showing teeth rated as per Nolla stages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- OPT showing teeth rated as per Nolla stages.Figure 2- OPT showing left mandibular permanent teeth at different Demirjian stages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- OPT showing left mandibular permanent teeth at different Demirjian 
stages.
Figure 3- OPT showing scoring of left mandibular permanent teeth as per Willems method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3- OPT showing scoring of left mandibular permanent teeth as per Willems 
method.
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velopment stage of tooth as per the method. These 
values were directly summed up to obtain the dental 
age of the participant. 

2.3 Statistical analysis
The obtained values (scores and estimated 

dental ages or DAs) for each participant were en-
tered into a Microsoft excel sheet, along with the 
demographic details. The chronological age (CA) 
was calculated in decimals using the date of birth 
and date of radiograph exposure, and the data was 
further analyzed statistically using the IBM SPSS 
Statistics software (Version 20.0, IBM). Descriptive 
analysis was carried out for the CA as well as the 
estimated DAs. The efficiency of the methods was 
tested by comparing the estimated ages with CA 
and amongst themselves using the paired t-test, 
and the descriptive analysis of the error was calcu-
lated by subtracting CA from DA, (DA-CA).

A sub-set of 30 samples selected randomly were 
re-analyzed for a combination of the three methods 
by the first author (DS) after almost a month of ini-
tial analysis to observe the intra-observer variability. 
Another sub-set of 30 samples was analyzed by the 
second author (JS) to ascertain inter-observer bias 
in assessing the development stages for all meth-
ods. The average Cohen-kappa coefficient values 
for intra- and inter-observer variation were 0.944 
and 0.866, respectively, and thus found to be sat-
isfactory. 

3. Results
The mean chronological age (CA) for the partic-

ipants was 9.99±3.26 years and the mean dental 
age obtained using the three methods was similar 
(Table-1).  Demirjian DA (DemDA) was closely relat-
ed to CA, followed by Willems DA (WillDA) and Nol-
la DA (NollaDA). The distribution of the respective 
ages is shown in Figure-4(a-d). The paired t-test of 

CA with NollaDA, DemDA and WillDA indicated that 
significant differences exist between the CA and 
DAs of the Nolla and Willems methods, since their 
p-value was found to be less the 0.05 (Table-2). On 
the contrary, the p-value for DemDA and CA was 
more than 0.05; therefore, the null hypothesis that 
there is no considerable difference between the two 
could not be rejected. The paired t-test suggested 
that the Demirjian method is better than the others.

The description of errors and absolute errors cal-
culated by subtracting chronological age from den-
tal age (DA-CA) is shown in Table-3 and Table-4. 
Overall, all the methods underestimated the mean 
value of CA, which was highest for the Nolla meth-
od and lowest for the Demirjian method. 26.8% and 
73.2% samples over- and underestimated the CA 
using the Nolla method. The over- and underesti-
mation using the Demirjian method was shown in 
55.4% and 44.6% of samples, respectively. Where-
as in the Willems method, only one sample age 
was accurately assessed, and 42.5% and 57.5% of 
samples were over- and underestimated in age. But 
the MAE (mean absolute error) indicated the Wil-
lems method (0.97±0.93) to be better than the Nolla 
(1.09±0.98) and the Demirjan (1.10±0.91) methods. 
Both the Nolla and Demirjian methods showed simi-
lar values for MAE, but the range of errors indicated 
that the Demirjian method performed better than the 
Nolla method.

Table-5 displays the percentage of samples that 
showed errors in different ranges. More than half of 
the samples in all three methods showed error in 
the range of ±1 year. Based on this assessment, the 
Willems method appears to be better suited for age 
estimation for the population. 

4. Discussion
Age estimation in children is believed to be more 

accurate. Despite that, the methods have shown con-

Sankhyan et al.
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Table 2- Paired t-test for different ages.

Pairs Mean±SD SEM
95% CI of difference

t-test p-value
Lower Upper

NollaDA-CA 0.68±1.31 0.10 0.476 0.874 6.70 0.001

DemDA-CA 0.05±1.36 0.11  - 0.156 0.258 0.49 0.626

WillDA-CA 0.34±1.25 0.10 0.152 0.533 3.55 0.001

Figure 4- Histograms showing distribution of ages (CA and DAs). 4(a) Chronological age; 

4(b) Nolla DA; 4(c) Demirjian DA; 4(d) Willems DA. 
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Figure 4- Histograms showing distribution of ages (CA and DAs). 4(a) Chronological age; 4(b) Nolla DA; 4(c) Demirjian DA; 
4(d) Willems DA.
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siderable variance when used in different populations 
over a period of time. This study analyzed the OPTs 
using three scoring-based methods, the Nolla, Demir-
jian and Willems methods, for the specified North In-
dian population. 

In the  present study, Nolla method underestimat-
ed mean CA by 0.84±1.36, 0.58±1.27 and 0.68±1.31 
years in girls, boys and combined samples, re-
spectively, and the MAE for combined sample was 
1.09±0.98 years. Of the previously conducted studies 
on different Indian populations, Rajasthani [7] girls 
and boys showed underestimation of the mean age 
by 0.30±0.82 and 0.13±0.80 years, respectively. The 

mean underestimating error for the combined sam-
ples of girls and boys belonging to Northern India [8] 
(Lucknow region) was found to be 0.97±1.36 years, 
which was in agreement with our results. Whereas, 
studies indicating overestimation included the South 
Indian population [9] where mean error and MAE was 
found to be 0.63 and 0.75 years in girls and 0.31 and 
0.56 years in boys, respectively, and the Haryana [10] 
population where the mean value overestimated for 
girls and boys was 0.27 and 0.29 years, respectively.

Most of the non-Indian studies conducted so far 
have also reported underestimation of chronological 
age [11-13] while some overestimated [14,15].

Table 3- Descriptive analysis of errors and absolute error of dental ages (DA).

Error/Absolute error (DA-CA) Mean±SD Minimum Maximum

NollaError -0.68±1.31 -5.92 3.33

DemError -0.05±1.34 -4.12 3.46

WillError -0.34±1.25 -4.94 2.89

NollaAbError 1.09±0.98 0.02 5.92

DemAbError 1.10±0.91 0.02 4.12

WillAbError 0.97±0.93 0.00 4.94

Table 4 – Sex-wise descriptive analysis of dental age (DA) errors.

Errors Sex Mean±SD SEM Minimum Maximum

NollaDA Girl -0.84±1.36 0.177 -5.92 2.02

Boy -0.58±1.27 0.122 -4.97 3.33

DemDA Girl -0.15±1.43 0.169 -4.12 2.12

Boy 0.03±1.33 0.118 -3.47 2.89

WillDA Girl -0.33±1.30 0.186 -4.97 2.33

Boy -0.35±1.23 0.127 -4.94 3.46

Table 5- Percentage of samples showing errors in different ranges for three dental ages (DA).

Error yrs (1-0)± yrs (2-1)± yrs(3-2)± yrs (4-3)±

NollaError 59.52 25 10.12 4.17

DemError 58.93 28.57 7.14 4.76

WillError 61.68 25.75 10.18 1.20

Sankhyan et al.
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Demirjian method, although widely applied, has 
been recommended to be used with population spe-
cific modifications due to differing results. The current 
study implied underestimation of mean CA in com-
bined samples of North Indian children by 0.05±1.34 
years, and MAE was 1.10±0.91 years. But the result 
in girls and boys differed; girls showed underestima-
tion of age by 0.15±1.43 years, whereas boys indi-
cated overestimation by 0.03±1.33 years. Two South 
Indian studies showing underestimations were sim-
ilar to our study where the MAE of one population 
was 0.83 years [16] and in the other, girls showed 
overestimation by 0.43 years and boys indicated 
underestimation by 0.23 years [9]. All other Indian 
studies overestimated mean CA, as in South Indian 
[17] and Lucknow [8] populations by 0.05 and 0.02 
years, respectively. Studies on North Indian (Farid-
abad) [18] and Haryanvi [10] girls and boys present-
ed overestimation of 0.56 and 0.66 years and 0.15 
and 0.18 years, respectively. Similar overestimations 
were found in Rajasthani [7] and Odisha [19] children. 
Gross overestimation was reported in meta-analysis 
of the Demirjian method applied to different Indian 
populations with a weighted mean difference of 0.45 
years [20].

In non-Indian populations, only a few reported un-
derestimations [21,22-24] and most reported overes-
timations [25-31].

Willems method, a modification of Demirjian meth-
od, is believed to be more accurate than the original. 
In the present population, this method underestimat-
ed the mean CA of combined samples by 0.34±1.25 
years, and MAE was 0.97±0.93 years. The mean 
underestimations for girls and boys were 0.33±1.30 
and 0.35±1.23 years, respectively. In other Indian 
studies, underestimations were observed in South 
Indian populations with mean CA errors being 0.15 
and 0.25 years [9] and 0.69 and 0.39 years [17] in 
girls and boys, respectively. Meta-analysis of Indian 

studies [20] also suggested underestimation of mean 
CA with a weighted mean difference (WMD) of 0.09 
years for a combined sample. Overestimations were 
reported in Rajasthani [7], South Indian [32], North 
Indian populations (Faridabad) [18] and Haryanvi [10] 
girls and boys by 0.08 and 0.09 years, 0.19 and 0.41 
years, 0.24 and 0.36 years, and 0.24 and 0.25 years, 
respectively.

Underestimations by Willems method was seen 
in some non-Indian populations [22,23,27,28,31,33] 
whereas a few more overestimated CA [12,14,34-38]. 
Meta-analysis [39] conducted for Asians indicated un-
derestimation of overall mean CA. But no significant 
difference was observed between the mean CA and 
estimated DA in the South African population [40] and 
in meta-analysis [1] conducted on 28 studies.

The paired t-test indicated no significant difference 
between the mean CA and mean estimated DA using 
Demirjian method. But the method presented under- 
and over-estimations of varied magnitude in both sex-
es; the t-test using mean value was found to be mis-
leading. The Demirjian and Willems methods showed 
error in the range of ±5 years, which was ±6 years for 
the Nolla method. More than 80% of the samples in 
all the three methods showed error within the range 
of ±2 years (84.5% for the Nolla method and 87.5% 
for the Demirjian and Willems methods), signifying 
the Nolla method as the least accurate method of the 
three for the studied population. The mean absolute 
error and the distribution of the estimated ages for 
the Willems method indicated this as a better method 
than the Nolla and Demirjian methods, as is shown 
in most of the Indian studies [7,8,10,12,14,17,18,20] 
and other population studies [25,26,28].

But none of the tested methods was found to be 
suitable for the concerned population, due to their 
wide error range. This may be due to variable dental 
development owing to an interplay of factors such as 
varying nutrition and dietary habits, socio-econom-

Forensic Dental Age Estimation of North Indian Children Using Three Radiological Scoring Methods
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ic status, miscellaneous environmental effects and 
genetic influence which may or may not be popula-
tion specific. Most of the studies have explained the 
variation being a consequence of population specif-
ic development variability in addition to the environ-
mental and other external factors, thereby suggesting 
the need for population specific correction factors 
[18,23,29], whereas some indicate secular changes 
as a major contributor to the variations [31,35,40].

 In the present study, Willems method, which is 
almost two decades old but more recent than the oth-
er two methods, was found to be more suitable. But 
at the same time, a minimal difference was observed 
between the outcome of the Demirjian and Willems 
methods, which have a gap of 2-3 decades of formu-
lation. Statistical factors such as sample size, sample 
and age distribution, statistical tools and analytical 
tools used for result interpretation are also known to 
influence the variations as they differ for each study, 
as implied in some studies [41,42]. The same has 
been observed in the reviewed literature where most 
of the studies have measured or computed accuracy 
in terms of mean error instead of mean absolute er-
ror, which is misleading due to loss of directionality of 
the errors. Also, the statistical tools and their result 
formats as well as the distribution varied among the 
studies. Thus, a poorly performing method may ap-
pear accurate due to inter-cancellations of over- and 
underestimations. Some more recent studies have 
presented mean absolute error and only a few have 
illustrated the range of errors and gross percentage 
of errors within an acceptable error range (consid-
ered to be ±1 or ±2 years) and beyond. Thus, lack of 
standard statistical (analytical) tools also influences 
the variations in the outcome of the methods.

Limitations of the present study included a small 
sample size, non-uniform distribution of cases in dif-
ferent age groups and a gap in the number of cases 
processed for both sexes. 

Since the variations in the outcomes have been 
observed both intra- and inter-populations, this makes 
these methods unsuitable for age estimation in cases 
where population or ethnic affiliation of the person is 
unknown and accuracy is of the utmost importance. 
But these are useful in narrowing down the identity of 
a person where no valid information for the person is 
known or in combination with other methods, keeping 
in view the error range for the concerned methods 
until a general consensus is reached regarding its ac-
curacy and causes of variations.

5. Conclusion
The three methods (Nolla, Demirjian and Wil-

lems) were found to be unsuitable for the popula-
tion under study in terms of accuracy, due to wider 
error range presented by them. Of all these, the 
Willems method performed better but must be used 
cautiously and preferably in conjunction with other 
age estimation methods. New standards need be 
developed encompassing all populations, which re-
quires a thorough understanding of the causes of 
variations and the extent of their contribution. Thus, 
more research in the area must be encouraged to 
understand the lacunae and to work towards the ad-
vancement of the current methods. 
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