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Introduction
Age estimation is a prime step in the identification of liv-

ing and non-living individuals and remains an important step 
in medical and legal conditions.1 Age estimation, in forensic 
science has a major role in diagnosis, treatment, prognosis 
and, in medico-legal identifications.2 In large-scale disasters 
where identification of an individual remains crucial, teeth 
and bones play a major role in the identification.3 The human 
tooth is one of the hardest structures which is least affected 
when compared to other skeletons by external factors such 
as nutritional, hormonal, genetics and environmental factors 
and also less affected by adverse changes such as mechani-
cal and thermal changes.1 Tooth and bone play a major role 
in personal identification as the tooth and bone can be pre-
served for a long time even after the soft tissue decay.3 Struc-
ture of human tooth remains intact for a long years even after 
the death of an individual and hence, teeth remain as a chief 
specimen in forensic sciences.2 Dental age estimation can be 
of two types: invasive and non-invasive procedures. Numer-
ous methods of invasive dental age estimation have been 
proposed so far in the literature such as biochemical, histo-
logical and morphological methods which require extraction 
of the tooth.4 Non-invasive dental age estimation is chiefly 
based on radiographs.5 Degenerative and morphological age 
changes such as dentin transparency, cementum annulations, 
racemization of aspartic acid, physiological wear and tear 
and secondary dentin deposition helps in the identification 
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of age in adult.6 Secondary dentin deposition is a continuous 
process throughout the life of an individual and it is the best 
morphometric indicator of age in an adult. A mesenchymal 
tissue called Dental pulp is enclosed by dentin which has the 
odontoblastic process, releases dentin under the influence of 
pulp and reduces the area of pulp.7 The reduction in the pulp 
area is an important factor for the estimation of age in an in-
dividual.8 In recent years, the usage of dental radiographs has 
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become very important in the estimation of age as it is more 
practical, non-invasive and non-destructive in nature. IOPA, 
lateral cephalogram, orthopantomogram and digital radio-
graph are the types of radiographs that had been used in the 
estimation of age in the literature so far.9 The present study is 
aimed at the estimation of age by measuring pulp/tooth ratio 
in mandibular lateral incisor, canine and first premolars in the 
south Indian population with the help of digital OPG.

Materials and Methods
The study was commenced after obtaining ethical clearance 

from the institutional ethics. This study was conducted to es-
timate the age in South Indian population by using the pulp/
tooth ratio of lateral incisor, canine and first premolar. 
STUDY DESIGN: 

The study was conducted with the help of retrieved Ortho-
pantamograph (OPG) from the year 2015 to 2020 from the De-
partment of Oral Medicine and Radiology of our institution. 
Hence, the study design is a cross-sectional retrospective de-
sign. 
COLLECTION OF OPG: 

A total of 112 (male - 56 and female - 56) digital Orthop-
antamograph (OPG) was selected from the archives of Depart-
ment of oral medicine and radiology of our institution from 
the year 2015 to 2020. The following inclusion and exclusion 
criteria were considered during the selection of the OPG. 
INCLUSION CRITERIA: 

i. OPG with Mandibular lateral incisor, canine and first pre-
molar of patients from age 18 to 45 years was included in the 
study. 

ii. Teeth with minimum decay was included in the study 
(pit and fissure caries). 

iii. The root of the teeth that are fully formed was selected. 
EXCLUSION CRITERIA 

i. Teeth with resorbed roots were excluded. 
ii. Teeth with broken roots due to trauma were excluded. 
iii. Teeth with developmental disturbances were excluded. 
iv. Rehabilitated teeth were excluded. 
v. Severely decayed teeth were excluded. 
vi. Teeth with attrition, abrasion and erosion were excluded. 

MEASURING THE TOOTH AREA: 
The measurement of pulp/tooth ratio was carried out using 

an image analysis software known as GIMP software (Version 
2.10). The outlines of the whole tooth of interest (mandibular 
lateral incisor, mandibular canine and mandibular first premo-
lar) were marked using the free selection tool and the area was 
determined by activating histogram by counting the number 
of pixels involved. The determined area was then noted in an 
excel sheet (Figure: 1). 
MEASURING THE PULP AREA: 

The measurement of pulp/tooth ratio was carried out using 
an image analysis software known as GIMP software (Version 
2.10). The outlines of the pulp of the tooth of interest (mandibu-
lar lateral incisor, mandibular canine and mandibular first pre-
molar) were marked using the free selection tool and the area 
was determined by activating histogram by counting the num-

ber of pixels involved. The determined area was then noted in 
an excel sheet (Figure: 2). 
PULP/TOOTH RATIO: 

The ratio of the determined tooth area and the pulp area of 
the tooth of interest was determined. 
AGE ESTIMATION: 

The age estimation was done by using Babshat. M et al’s 
method. The estimated age was tabulated in Microsoft excel 
sheet (2007). The radiographs used were then decoded and the 
actual age of the individual was obtained. The difference be-
tween the actual and the predicted age was then tabulated in 
Microsoft excel 2007. Multiple linear regression analysis was 
done to obtain new population specific formula.

Result
In this study, the age estimation was done by using PTR of 

the lateral incisor, canine and first premolar. Study subjects age 
was ranged between 18 to 45 years and was well distributed 
across different age groups (Table 1). The Subjects were divided 
into a base sample of 87 individuals and a control group of 25 
(randomly chosen test sample), taking care to ensure that age-
distribution was similar in both the groups. Linear regression 
analysis for the Indian sample produced a statistically signifi-
cant albeit low correlation between pulp/tooth area ratio and 
age. Among these, age estimation using lateral incisor and ca-
nine were statistically significant (p < 0.05). The multiple linear 
regression equation generated from this study population is, 

𝒀̂=𝟑𝟒. 𝟖𝟕𝟗 − 𝟓𝟓. 𝟒𝟖𝟑 ∗ 𝑷𝑻𝑹𝟏−𝟖. 𝟗𝟒𝟔 ∗ 𝑷𝑻𝑹𝟐−𝟐𝟔. 𝟗𝟎𝟐 ∗ 
𝑷𝑻𝑹𝟑, 

Where, PTR is pulp/tooth ratio. 
Here 𝑅2=0.143, i.e., 14.3% of the variation in the actual age 

is explained by the Lateral incisor, canine and premolar in the 
model. Intercept value 34.879 is the value of actual age when 
Lateral incisor, canine and premolar measures are ignored. 

The regression analysis of simple linear regression between 
dependent variable as actual age and independent variable as 
Lateral incisor is tabulated (Table:2). The population-specific 
formula generated from our study sample with lateral incisor 
pulp-to-tooth area ratio is 

𝒀̂= 𝟑𝟐. 𝟒𝟐𝟗 − 𝟕𝟐. 𝟔𝟐𝟕 ∗ 𝑷𝑻𝑹𝟏 
Where, PTR 1 is the pulp/tooth ratio. 
Here 𝑅2=0.131, i.e., 13.1% of the variation in the actual age 

is explained by the PTR1 in the model. Intercept value 32.429 is 
the value of actual age when PTR1 is ignored. The correlation 
between PTR and age is low (0.36) 

The regression analysis of simple linear regression between 
dependent variable as actual age and independent variable as 
the canine (Table:3). The population-specific formula generated 
from pulp/tooth ratio of mandibular canine is, 

𝒀̂= 𝟐𝟗. 𝟑𝟏𝟗 − 𝟒𝟑. 𝟐𝟗𝟔 ∗ 𝑷𝑻𝑹𝟐 
where, PTR 2 is the pulp/tooth ratio of mandibular canine. 
Here 𝑅2=0.059, i.e., 5.9% of the variation in the actual age is 

explained by the PTR2 in the model. Intercept value 29.319 is 
the value of actual age when PTR2 is ignored. The correlation 
between PTR and age is low (0.24). 

These generated formulae of lateral incisor and canine have 
been randomly tested on the control group (25 samples) to de-



Age Estimation in South Indian Population using Pulp/Tooth Ratio of Mandibular Lateral Incisor, Canine and First Premolar

KDJ – Vol. 42 • No. 4 • October 2019 25
TSR/TC/274/2016

Oral and Maxillofacial Pathology Journal, Volume 17 Issue 1 January–June 2026

termine the Mean absolute error (MAE). The absolute value of 
the errors and its average calculated gives the ‘mean absolute 
error’ or MAE. The MAE depicts the average magnitude of er-
ror in the age predictions. It is also used as a measure of the 
accuracy of the age estimation method. The same control group 
was tested also with the Indian formula derived by Babshet. M 
et al and the Italian formula derived by Cameriere. R et al to 
determine the MAE. The MAE obtained is tabulated as follows 
(Table:4). It is seen that the lateral incisor MAE was around 1.21 

years, which is the least when compared to mandibular canine 
(4.61 years) and the previous Indian and Cameriere formula. 

The errors of age estimation on the control group with 
our formula was group under two categories as errors ≤ 5 and 
>5years of actual age. Among 25 control samples, 16/25 were 
≤ 5 years of actual age and 9/25 were >5 years of actual age. 
(Table:5). Hence, the formula generated produced an ‘accept-
able’ age estimate. The actual versus predicted age was plot-
ted in scatter graph (Fig. 3a) showed that the regression model 

Fig. 2: Measuring the pulp area using a software

Fig. 1: Measuring the tooth area using a software
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does not fit well with the actual age of the data. Numerous 
factors including variation in the pattern of secondary dentine 
deposition in Indians and the ethnic differences contribute to 
large differences between estimated and actual ages. Moreover, 
the residual plot (Fig. 3b) shows a pattern of systematic over-
estimation of age in younger samples and under-estimation in 
older sample of our study group.

Discussion
Age of human remains can be estimated from several ana-

tomical structures in the human body. Age estimation is impor-
tant in the setting of a criminal investigation or a mass disaster 
because the age can guide investigators to the correctly identify 
the unknown human bodies among a large number of possible 
matches. Teeth can however be more advantageous as they are 
usually more resistant to most of the environmental and post-
mortem changes. Age can be estimated with the help of teeth in 
both dead and alive individuals, with the help of a whole tooth 
specimen or with a radiograph.11

Today gender can be determined with DNA methods 
whereas, age determination is not as straightforward as gen-
der estimation. Morphological methods, such as radiological 
examination of skeletal and dental development can be used 
to determine age in children and adolescents. However, age 
estimation based on these methods is less accurate in adults. 
Current methods of age estimation include simple, yet less 
precise morphological methods or more complex, yet more ac-
curate laboratory methods.12 Even though there are numerous 
methods of age estimation of an individual with the help of 
teeth, the study of morphological parameters of teeth on a ra-
diograph is the most reliable method of age estimation. Quan-
tification of secondary dentine deposition is a very important 
and indirect method of determining the age, by measuring the 
pulp/tooth ratio.13

In this study, age estimation was determined by in a pan-
oramic radiograph using pulp/tooth ratio (PTR). Study subjects 
age ranged between 18 to 45 years and was well-distributed 
across different age-groups. Subjects were divided into a base 
sample of 87 individuals and a control group of 25 (randomly 
chosen test samples), taking care to ensure that age-distribution 
was similar in both groups. Previous study of age estimation 
carried out by Babshet. M et al, used only mandibular canine, 
whereas in the present study we had taken the pup/tooth ratio 
of mandibular lateral incisor, canine and first premolar. Study 
conducted by Cameriere. R et al, used both upper and lower 
canine teeth for estimation of age.

In this present study among mandibular lateral incisor, ca-
nine and first premolar, age estimation using PTR of lateral in-
cisor and canine showed statistically significant correlation (p- 
value<0.05) with the actual age whereas, age estimation with 
PTR of first premolar is not having any significant correlation 
with the actual age. However, the correlation value for man-
dibular lateral incisor and canine was lower (0.36) and (0.24) 
respectively.

With these data, multiple linear regression equation was 
generated as 

𝑌̂=34.879 − 55.483 ∗ 𝑃𝑇𝑅1 − 8.946 ∗ 𝑃𝑇𝑅2 − 26.902 ∗ 𝑃𝑇𝑅3 
Using multiple linear regression R2 value 0.143 in the pre-

vious research, Babshet. M et al they had hypothesized since 
they are using only canine, they were getting lesser R2 value 
and probably multiple linear regression formula using lateral 
incisor, canine and first premolar might increase R2 value with 
less MAE. However, our study indicates even after generating 
multiple linear regression formula using PTR of lateral incisor, 
canine and first premolar, R2 value and MAE is not improving. 
This suggests that modest correlation between age and second-
ary dentin deposition may be inherent in Indians resulting in 
optimal age estimation. 

Owing to these wide variations, generating population spe-
cific equation is very significant in improving age estimation.14 
The formula generated from this data using lateral incisor PTR 

𝑌̂= 32.429 − 72.627 ∗ 𝑃𝑇𝑅1 
However, age estimation using PTR of lateral incisor was 

having R2 value of 0.13 was derived which is a low correlation 
with actual age, similar to the previous study by Babshet. M 
et al. 

However, when this formula has been randomly applied 
on our test sample, the MAE improved to 1.21 years. In the 
previous study conducted by Babshet. M et al, the MAE was 
improved to 10.76 years. Therefore, our study showed the least 
MAE. 

The formula generated from this data using canine PTR is 
𝑌̂= 29.319 − 43.296 ∗ 𝑃𝑇𝑅2 
However, age estimation using PTR of canine was having 

R2 value of 0.54 was derived which is a low correlation with 
actual age, similar to the previous study by Babshet. M et al. 
Even though the correlation was less. 

However, when this formula has been randomly applied on 
our test sample, the MAE improved to 4.61 years. In the study 
conducted by Cameriere. R et al, even though the correlation 
was high (0.925), the MAE was around 4.38 years of the actual 
age in Italian sample. The same formula when tested on our 
sample gave a higher MAE of around 11.42 years. 

The larger variation in the difference between estimated 
and actual age was attributed to the combination of factors 
such as ethnic difference and variation in pattern of second-
ary dentin deposition in Indians.15 It appears that the rate of 
secondary dentine deposition does not progress with increase 
in age or the deposition is slow and irregular in this population. 

The low correlation between the secondary dentine and age 
in Indian was responsible for the sub-optimal age estimation. 
According to Schmeling. Aet al the evaluation of age depend-
ing upon only a single parameter like dentin translucency or 
secondary dentine deposition alone can have higher error. 
There may be no other suitable dental parameter available for 
non-invasive adult age estimation in a fully developed tooth 
other than the secondary dentin deposition.16

Among the least mean absolute error in age estimation is 
the one developed by our study based on PTR of Lateral inci-
sor. Therefore, our method is most appropriate compared to 
Cameriere and Indian formula. 

However, increasing the sample size and involving further 
mandibular central incisor, second premolar and if possible 
maxillary single rooted teeth may enhance better correlation 
and lesser MAE in the estimation of age in future studies.
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Conclusion
In the present study after the estimation of age by using 

pulp/tooth ratio of mandibular incisor, canine and premolar 
among the South Indian population, we conclude that though 
the Indian formula derived from this study showed no recog-
nizable improvement in age estimation, it is recommended that 
the population specific formula produces more ‘acceptable’ age 
estimates. The low correlation obtained is attributed to the fact 
in variation of secondary dentin deposition patterns among 
individuals in India. However, increasing the sample size and 
involving further mandibular central incisor, second premolar 
and if possible maxillary single rooted teeth may enhance bet-
ter correlation and lesser mean absolute error (MAE) in the es-
timation of age in future studies.
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