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ABSTRACT 
 

Aims and Objectives: The aim of the study is estimating the age of a person from his teeth 
particularly using the pulp to tooth area ratio. This ratio will be measured from the digital intraoral 
radiographic images taken for different patients with a sole purpose of estimation the age of the. 
Each patient’s maxillary central incisors will be evaluated and their pulp to tooth area ratio is taken. 
Materials and Methods: The study comprises of 60 patients divided into two subsets of 10 test 
subjects and 50 study subjects. The RVG images of maxillary central incisors were collected and 
the pulp to tooth area ratio was measured using Image‑Pro Plus ІІ software (Media, Cybernetics, 
USA). Intraobserver variation was evaluated with paired t-test. 
Results: The AR was a significant (p-value <0.001) predictor of age with a mean absolute error 
(MAE) of 4.908 years using the formula, Age = 89.778-379.020 (AR). This equation when applied 
on the test subset revealed no statistically significant difference (p = 0. 232) between estimated 
and chronological ages with no gender differences.  
Conclusion: Considering the possible errors ±10 years were added to this method of age 
estimation provides a fairly accurate and reliable method. 

Short Research Article 
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1. INTRODUCTION 
 
Age is one of the essential factors, which play an 
important role in every aspect of life [1]. Person 
identification is an important aspect of forensic 
medicine and dentistry [1]. Age, gender, race, 
and so on is used for identification of a person. 
Chronological age, as recorded by registration of 
birth date, is referred throughout an individual’s 
life. Age is an important factor in clinical practice; 
research and court of law. Major dental clues 
once neglected are increasingly used to solve 
the crime [1]. Age is estimated on the basis of 
chronological age and bone age, dental age, 
mental age, and others [1]. Dental age is 
considered to be vital as tooth development 
shows less variability than other developmental 
features and also low variability in relation to 
chronological age [1]. Hence, dental age is 
considered to be vital in establishing the age of 
an individual. Different morphological stages of 
mineralization correlate with the different 
developmental stages [1]. RVG estimation 
serves quick and easy method for the study style 
and also fearless for the patient giving them 
comfort and convenience. Furthermore unlike the 
extra oral radiological techniques they provide a 
high precision image with under lower radiation 
doses for accurate calculation of the tooth pulp 
ratios. 
 

1.1 Aims and Objectives 
 
This study aimed at estimating the age of an 
individual from maxillary central incisors using 
the pulp to tooth area ratio (AR) measured from 
the digital intraoral radiographic images or 
radiovisuographic images (RVGs).  
 

2. MATERIALS AND METHODS 
 
The study comprised of 60 patients divided into 
two subsets of 10 test subjects and 50 study 
subjects. The RVG images of maxillary central 
incisors were acquired and the pulp to tooth area 

ratio was measured using the software for RVG 
using Kvaals method. Intraobserver variation was 
evaluated with paired t-test. This was a 
comparative study. RVG of maxillary central 
incisors using paralleling technique were 
obtained of 60 subjects in the age group 15 to 50 
years, relatively well distributed across the 
different age groups. Radiographs of the teeth 
(either left or right side) were made using the 
paralleling technique. The subjects were 
randomly divided into two subsets, the study 
subset (n = 50) and the test subset (n = 10) 
(Table 1). The study subset was used to derive a 
specific regression formula to calculate the age 
from the pulp to tooth AR and the test subset 
was used to test the accuracy of this formula. 
 
Grossly destructed teeth, teeth with carious 
lesions or periapical lesions, teeth with any 
developmental anomalies that affect the structure 
of the tooth, malaligned or rotated teeth, and 
teeth with any prosthetic fittings were excluded 
from the study.  
 

Table 1. Gender distribution of the study 
sample 

 
Gender Male Female Total 
Sample 34 16 50 
Test subset 5 5 10 

 

2.1 Age Estimation 
 
The AR value was then used to estimate the age 
from an independently generated linear 
regression formula. The error was calculated 
from the estimated age and the chronological 
age. The absolute value of the errors, the ‘mean 
absolute error’ or Mean absolute error (MAE) 
was derived. The regression equation was 
applied on the test subset to test its accuracy in 
age prediction. The pulp area and tooth area of 
25 randomly selected RVG images were 
measured again after 1 weeks to test for 
intraobserver variation. 

 
Table 2. Mean estimated age and mean average error of the study and test subsets 

 

Groups Total no. of 
patients 

Mean chronological 
age 

Mean estimated 
age 

Mean absolute 
error 

Study 
subset 

50 33.584 35.432 4.908 

 

Test subset 10 32.446 33.009 5.601 
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2.2 Statistical Analysis 
 

SPSS (Statistical Package for Social Science) 
V10 was used to do the statistical analysis. 
Regression analysis was done on the AR and a 
formula was derived to estimate the age. In 
addition to the MAE, the number/percentage of 
estimates with errors <10 years were also 
tabulated. Independent samples t-test was 
performed between chronological age and 
estimated age in the test subset. Paired t-test 
was done to evaluate the intra observer variation. 
A p-value < 0.05 was considered to be 
statistically significant. 
 

The ratios calculated were: 
 

• P = Pulp length/root length 
• R = Pulp length/tooth length. 

 

Ratios of the pulp/root width at three different 
levels: 

 

• At the ECJ (A) 
•  At the midpoint between ECJ and mid root 

level (B) 
•  At the mid root level (C) 

 

 Pulp-to-tooth ratio method by Kvaal 
 

• In this method, pulp-tooth ratio is 
calculated for six mandibular and maxillary 
teeth, such as maxillary central and lateral 

incisors; maxillary second premolars; 
mandibular lateral incisor; mandibular 
canine; and the first premolar [2]. 

• The age is derived by using these pulp to 
tooth ratios in the formula for age 
determination given by Kvaal et al. [2]. 

 

Age = 129.8 – (316.4 × m) (6.8 × [W-L])  

 

M  = Mean value of all the ratios excluding T   
(T  = tooth length) 

W  = Mean value of width ratios from level B 
and C 

L   = Mean value of length ratios P and R 

W − L = Differences between W and L 

 

M  =  P + R + A + B + C/5 

W  =  B + C/2 

L    = P + R/ 2 

 

3. RESULTS 

 
The mean age of patients included in the study is 
35.432 years with a standard deviation of 1.635. 

 

There was no significant difference between the 
actual age and calculated age in males (p = 
0.552) and females (p = 0.701). 

 

  
 

Fig. 1. Pulp  length  
 

Fig. 2. Root  length 
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Fig. 3. Pulp width ratio  Fig. 4. Total length  Fig. 5. Pulp length 
 

4. DISCUSSION 
 
Investigators use numerous tools for forensic age 
estimation among which there are destructive 
and non-destructive techniques [3]. Non-
destructive techniques provide the advantage 
that it can be used in living subjects as well as 
collected forensic specimen [3,2]. Radiographic 
and computerized tomography-based methods 
for age estimation are non-destructive tools for 
the forensic investigator 3. In the last decade, 
adult age estimation using radiographs have 
proved to be less precise [4]. The technique of 
using pulp to tooth area ratio for adult age 
estimation has been able to provide better 
accuracy than other methods. Most researchers 
employed the radiographs of anterior teeth, while 
few authors, utilized posterior teeth. Babshet et 
al observed that premolars were more reliable 
than using canines and so we have used 
maxillary central incisors in our study [5]. The 
pulp/tooth AR progressively decreased as age 
increased. The technological advantage that 
RVG offers over IOPA could be the reason why 
we obtained more accurate age estimations [6]. 
From radiographs commonly used in dentistry 
many evaluations and predictors have been 
proposed. Panoramic radiograph could assess 
skeletal maturation with analysis of wisdom teeth 
[7] or canines [8]. Moreover tele radiography 
could help clinicians in the evaluation of subject 
growth [9] and in the interception of the 
development of dental anomalies evaluating sella 
turcica shape [10]. The use of a single intraoral 

radiograph showed in the present report could 
help clinicians with a simplified method with a 
lower radiation dose. 
 
In the present study, there was no significant 
difference between the actual and calculated age 
in both males (p = 0.552) and females (p = 
0.701), which was in concordance with other age 
estimation studies done on Indian population 
[11]. The paired t-test revealed that [t-value is – 
0.643 and p-value is 0.40 (non-significant)] there 
was a significant intraobserver reliability in terms 
of the measurements. Repeated measurements 
did not affect the age estimation. The recent 
reports advocate constructing population specific 
equations to enhance age prediction. Bosmans 
et al. [12] Meinl et al. [13] and Singaraju et al. 
[14,2] have developed different regression 
formulae for this technique. The high correlation 
between the AR and the chronological age 
prompted us to develop a linear regression 
formula, specific for South Indian population. 
 

5. CONCLUSION 
 
In our study, we found that the pulp to tooth AR 
measured from RVG of maxillary central incisors 
can be used to perform forensic age prediction in 
Indian individuals with fairly accurate results [14]. 
Future studies should be planned to derive the 
age from multiple teeth. Also, comparative 
studies on the accuracy of using different 
radiographs may be of value as well as 
comparing different techniques like using the 
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pulp to tooth area ratio or pulp height to crown 
height ratios [2]. 
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