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Abstract

Forensic odontology is concerned with the recognition, identification, individualization, and evaluation of the 
dental evidence. Age estimation is one of the most frequent challenges faced by forensic odontologists. The pulp/
tooth area ratio (PTR) is a nondestructive radiographic technique based on the changes due to continuous secondary 
dentine deposition throughout life. These changes also seem to vary with the genetic factors, habits, environmental 
factors and geographical areas. Thus, the aim of the study is to estimate the PTR of the right or left mandibular 
canine using orthopantomograms (OPG) and determine the age of individuals aged between 17 to 70 years from 
western part of India.  Age was calculated using the Indian specific formula and the result obtained was statistically 
significant. It was concluded that the pulp/tooth area ratio is a useful indicator of age, although correlations may 
vary in different populations and hence, specific formulae should be derived for each population.
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Introduction

Dental identi cation has been considered a 
reliable method in cases where any other evidences 
are unreliable or unavailable. The structure of 
teeth makes it an excellent evidence for forensic 
investigation and victim identi cations in case of 
mass diasaters. The chronological age estimation 
is an important aspect of forensic odontology. The 
estimation of age helps in various legal aspects. 
These include assessment of minor/major status 
in individuals without legal documents, in cases 
like child labor, child abuse, child marriage, child 
adoption, kidnapping, teenager-criminals and 
unaccompanied minor asylum seekers. The decision 
about type of trial for criminals and whether to be 
presented in a juvenile court or otherwise, in cases 
of children committing offense; is largely dependent 
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on the individual’s age [1]. It was mentioned that 
the developments in biochemistry have allowed 
very precise age estimation. Although there are 
many dental methods, some are very complex, 
destructive, and are therefore not normally used 
[2]. A destructive approach may not be acceptable 
for ethical, religious, cultural, or scienti c reasons 
[3]. So, the dental age estimation in the living is 
mostly based upon non-invasive methods. The 
recommendations for the age estimation of living 
persons include a dental status, a panoramic 
radiograph and a general physical examination 
[4]. Forensic odontology has come a long way in 
age and gender estimation. The techniques for 
age estimation are divided into morphological 
methods, biochemical methods and radiological 
methods [5].

Radiographs provide a non-destructive means 
for age estimation of individuals. Cameriere et al. 
in 2006 analyzed an age estimation method based 
on pulp/tooth ratio (PTR) in the upper canine. 
The apposition of secondary dentine is taken into 
account, because the pulp is surrounded not only 
by hard tissue, such as enamel but also by dentine, 
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which changes along life span. This method also 
eliminates certain environmental factors, which 
can affect the human remains [1]. The method 
for age estimation in adults using pulp/tooth 
area ratio (PTR) indirectly measures the rate of 
secondary dentine deposition [6]. It was found 
that with increasing age, the pulp chamber, in 
particular the root canal, becomes restricted in the 
mesio-distal direction but not, or only much later, 
in the vestibulo oral direction. Tubule density also 
decreases, mainly from the middle of the root canal 
towards the apex [7]. The mean rate of increasing 
dentinal thickness has been found to be 6.5 mm/ 
year for the crown and 10 mm/year for the root. 
The effect of continuous dentine deposition 
(physiological secondary dentinogenesis) is a 
progressive increase in dentinal thickness, of 0.45 
mm (17.1%) and 0.60 mm (24.3%) in the crown and 
root areas, respectively. Thus, the size of the pulp 
cavity decreases gradually with age [8].

The present study comprises of identi cation 
of individual’s age on the basis of evaluation of 
panaromic images, which may be available in the 
databases in the dental clinics or with the patient 
who have undergone speci c treatments. It was 
designed to determine the age of an individual 
with the PTR using Orthopantomograms (OPG) 
of 75 patients aged 17-70 years. The pulp and 
tooth areas of the right or left mandibular canine 
were measured using computer software and the 
pulp/tooth area ratio was computed. The age was 
calculated using the Indian speci c formula [6] 
and the result obtained was statistically signi cant. 
Thus, the pulp/tooth area ratio is considered a 
useful indicator of age, although correlations may 
vary in different populations and hence, speci c 
formulae should be derived for each population.

Materials and Methods

The digital orthopantamographs (OPGs) for the 
study were taken from the databases of Dental 
Clinics in Gujarat, India. A total of 75 patients aged 
17-70 years from Gujarat population visiting the 
outpatient department of these dental clinics were 
selected for this study. OPG from only the patients 
coming and requiring the OPG for the purpose of 
treatment were selected. According to the gender, 
33 Males (M) and 42 females (F) constituted the 
study subjects. According to the age, the subjects 
were divided into the various groups as shown in 
the Table 1.

No signi cant differences were found between 
teeth from the left and the right side of the jaw; 

teeth from either the left or from the right side can 
be processed depending on whichever were best 
suited for measurement [3]. Thus, in this study the 
right or the left mandibular canine was selected 
based on the clarity and visibility in the root and 
pulp outline. As canines are single root teeth with 
largest pulp area that are often present in old age 
and are less likely to suffer attrition or abrasion 
than other anterior teeth, they are chosen for the 
study. Table 2 mentions the inclusion and exclusion 
criteria for subject selection.

Orthopentamograms were saved as high 
resolution JPEG  les on a computer and imported 
to AutoCAD software wherein the teeth’s long 
axes were aligned vertically using the measure 
tool. AutoCAD 2016 software program (Autodesk 
Inc., San Rafael, CA, USA) is used for this study. 
AutoCAD is a commercial computer-aided design 
(CAD) and drafting software application. It permits 
to generate and manipulate 2D and 3D drawings. 
Using AutoCAD, a number of horizontal reference 
lines were marked at speci c intervals along the 
length of the tooth using the Line tool from the Draw 
Toolbox after which the images were once again 
saved as high resolution JPEG  les. The lines were 
marked at the following levels [6]. The cusp tip of 
the canine, At level corresponding to the maximum 

Table 1: Age Distribution of the sample aged 17-70 years from 
Gujarat population which consisted of 33 male subjects and 42 
female subjects according to gender

Group Sample Size

Group 1 (17-24 years) 14

Group 2 (25-35 years) 25

Group 3 (36-50 years) 23

Group 4 (51-70 years) 13

Total 75

Table 2: The inclusion and exclusion criteria for subjects selected 
for the Pulp/tooth area ratio analysis in this study

Inclusion Criteria of Sub. Exclusion Criteria of Sub.

1. The OPG must have clear 
and well defined visible 
borders of right or left 
mandibular canine

1. Canine with root canal 
treatment, restorations, 
crowns or prosthesis or 
endodontic treatment.

2. The individual must fall 
under the age criteria (17-70 
years age)

2. Developmental anomalies, 
impacted malaligned or 
rotated canine.

3. The selected tooth, the 
right or left mandibular 
canine is fully erupted into 
the oral cavity.

3. Any pathology, such as, 
caries or periodontitis or 
periapical lesions, which 
would alter the surface area 
of the tooth.

4. The root of the canine is 
fully formed.

4. Patient undergoing/
underwent fixed orthodontic 
treatment involving 
mandibular canines.
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curvature of crown on the mesial side, At level 
corresponding to the maximum curvature of crown 
on the distal side, as well as at the cemento-enamel 
junction (CEJ), From the CEJ, lines were marked 
apically at every one-eighth increments up to the root 
apex, the exception being the one-eighth increment 
immediately apical to the CEJ, On the pulp, a line is 
drawn at the roof of the pulp chamber. Marking of 
the lines, particularly the ones based on root length, 
allowed for designation of points at speci c regions 
of the tooth and pulp perimeters on all radiographs. 
These lines showing the marked points on the Pulp 
and the Tooth outline of a left Mandibular Canine 
are shown in the Figure 1(a). Twenty points were 
then marked on the outline of the tooth, at the 
junction of the marked horizontal lines, using the 
point tool on AutoCAD’s Draw Toolbox and a 
minimum of 10 points were also marked on the pulp 
outline, although more points were marked in some 
cases. Next, the points at the junction of the marked 
lines and tooth or pulp outline were connected. The 
pulp and tooth areas were measured using the area 
formula for these joined points with help of line tools 
on the Draw toolbox. This calculation of the area of 
Pulp and Tooth are shown in Figure. 1(b) and Figure. 
1(c), respectively. 

Fig. 1a: Lines showing the marked points on the Pulp and the 
Tooth outline of a Mandibular Canine on orthopentamogram

Fig. 1b: Measured Pulp area seen as the green shaded area using 
the Auto-CAD software

Fig. 1c: Measured Tooth area seen as the green shaded area 
using the Auto-CAD software

All measurements were made by the examiner 
without prior information about personal data of 
the subjects. The variables were measured in mm2 
and the Pulp/Tooth Area Ratio of the Canine was 
calculated for all the 75 samples. 

The area of pulp and tooth of all samples were 
saved in Microsoft Of ce 2010 Excel spreadsheet. 
The pulp/tooth area ratio (PTR) was calculated in 
the Excel spreadsheet by dividing the Area of the 
Pulp by the area of the Tooth of individual subject. 
The Indian speci c equation was applied for the 
subjects for age prediction. Age was calculated 
using this Indian speci c formula derived by 
Babshet et al., 2010 [6].

The estimated Age was compared to the 
known chronological Age for all the samples. 
The difference between Actual and Predicted age 
was tabulated using Microsoft Of ce 2010 Excel 
spreadsheet. The absolute value of the errors was 
tabulated and its average was calculated. This is the 
‘mean absolute error’ or MAE. The MAE depicts the 
average magnitude of error in the age predictions 
and has been used as a measure of accuracy of age 
estimation methods [6]. Age group and gender-
wise the comparison of the chronological and the 
estimated age was also calculated and analyzed. T- 
Test (IBM, SPSS Statistics 20, SPSS Inc., Chicago, IL, 
USA) was used to compare the estimated age and 
chronological age of the different groups.

Results

The chronological and the estimated age by the 
area ratio of the pulp tooth ratio in Indian speci c 
formula were calculated. The Mean Chronological 
Age in all the study subjects calculated according 
to their date of births was found to be 36 years and 
4 months. The Mean Estimated Age calculated 
according to the Pulp Tooth Area ratio was found 
to be 38 years and 11 months. Application of the 
formula on the subjects yielded a Mean Absolute 
Error (MAE) of 8 years and 3 months producing 
acceptable age estimates (i.e. error <10 years of 
actual age). It was indicated that the chronological 
age and the estimated age in all the three age 
groups showed a difference in the Mean Absolute 
Error. MAE of 7 years and 8 months was obtained 
in the age group 25-35 years and 4 years and 5 
months was obtained in the age group 36-50 years 
producing the acceptable age estimates of <10 
years of actual age in both these groups. But the age 
groups <25 and >50 years produced unacceptable 
age estimates, MAE 13 years and 1 month and 11 
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years and 1 month years, respectively (MAE >10 
years of actual age). In overall results of all the study 
subjects, a pattern of systematic over estimation of 
age in younger subjects and underestimation in 
older individuals was found.

Similarly, the effect of gender on age estimation 
was also determined in this study, and found the 
age estimation difference according to the gender. 
It was indicated that the chronological age and 
the estimated age in males and females showed 
a difference in the Mean Absolute Error. MAE of 
7 years and 7 months was obtained in the males 
and MAE of 8 years and 10 months was obtained 
in females producing the acceptable age estimates 
of <10 years of actual age. 't' Test was used to 
compare the estimated age and chronological age 
of all the subjects and found the p value to be 
0.096. Since p > 0.05, it was concluded that there 
is no signi cant difference between estimated age 
and chronological age. The p value for males and 
females is 0.559 and 0.088, respectively (p > 0.05). 
There was no signi cant difference between actual 
and estimated age in males and females. 

Discussion

This study determines more accurate age 
estimation in Age groups between 25-50 years and 
in males as well as females. An error of <10 years 
of actual age is considered signi cant in Forensic 
Age Estimation. There is no signi cant difference 
between the overall estimated and chronological 
age in this study. This is in accordance to the various 
previous studies conducted by R. Cameriere et al. 
[7], Joseph et al. [9], Keraarslan et al. [10], Babshet et 
al. [11], Sharada P. [12], Ayad et al. [13], Dumpala et 
al. [14] and S. Saxena [15]. It con rms that estimating 
the age using Pulp Tooth area ratio is relatively 
accurate. There is no signi cant difference between 
actual and estimated age in males and females. This 
is in accordance with studies conducted by Joseph 
et al. [9] and Ayad et al. [13]. But there may be 
requirement of Age, Gender and geographical area 
speci c formula to obtain more accurate results. It 
is also recommended that the population-speci c 
equation be used since this produces more ‘stable’ age 
estimates as it takes into account the low correlation 
between secondary dentine deposition and age 
in Indians. This is due to the several differences 
(genetic, cultural and environmental factors, socio 
economic status, habits) existing in the development 
and deterioration of the skeletal system, among 
individuals as well as across populations and 
between sexes [8]. However, this method of age 

estimation has certain limitations. This method of age 
estimation cannot be employed in multirooted teeth, 
as accurate measurements of multirooted teeth were 
dif cult to perform. Similarly, as the curved arch of 
the jaw is projected on to an OPG, there will always 
be certain amount of distortion when measuring 
the image presented there. The dentine deposition 
changes are also highly variable in each individual.

Conclusion

In this study, it was found that the pulp/tooth 
area ratio measured from OPG on right or left 
mandibular canine can be used to for forensic 
age estimation with fairly accurate results. It is 
concluded that age estimation using pulp/tooth 
area ratio that there is no signi cant difference 
between estimated age and chronological age. Age 
estimation through the evaluation of the PTR using 
single rooted tooth on OPGs revealed the most 
reliable results for the middle age (25-50 years) of 
life. It showed less reliable results for the younger 
age (<25 years) individuals. The reliability of age 
estimation is also reduced in older age groups 
(>50 years). Thus, this method of age estimation 
provides fairly accurate and reliable noninvasive 
method and is a useful indicator of age, although 
correlations may vary in different populations and 
hence, speci c formulae should be derived for each 
population for more accurate results. 
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