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ABSTRACT 

The aim of this study is to assess the age of an individual using pulp/tooth volume ratio of mandibular first premolar using cone 
beam computed tomography in the Indian population.  Pulp size is known to decrease with age and Secondary dentine is 
responsible for a decrease in the volume of the dental pulp cavity with aging. The Cone beam CT units can be adjusted to scan small 
regions for specific diagnostic tasks, have great accuracy and the scan time is shorter which overall helps in the accuracy of the 
study. This study will include collection of 23 Mandibular first premolar and calculating its pulp tooth ratio using CBT. CBCT is used to 
reconstruct the tooth structure using X-Ray principle. Age estimation is an important aspect in the field of forensics. Pulp cavity size 
is known to decrease with age and thus examination of this opens new methods of age estimation methods in the field of forensic 
odontology.  

Keywords: Forensic science, forensic odontology, age estimation, Indian, pulp volume, tooth volume, cone beam computed 
tomography, mandibular premolar. 

 
INTRODUCTION 

ge is one of the several critical factors used in 
establishing a person’s identity. Age determination 
is widely used by anthropologists, archaeologists 

and forensic scientists. Examination of teeth is a unique 
as they are the most durable and resilient part of a 
skeleton 2. The field of science dealing with the identify of 
a person based on teeth is known as forensic odontology. 

 In children, age determination from the teeth is relatively 
simple and accurate; it is based on the stage of 
development and eruption of teeth (Komínek, 
Rozkovcová 1984). In adults, estimating age is more 
problematic. Out of many stomatological criteria the most 
common ones for the estimation of age at death of adult 
individuals involve changes in the hard tooth tissues. 
Gustafson was the first to devise the microscopic method 
for age estimation based on the histological examination 
of ground thin sections of teeth using a scale of 03 points 
(0; 1; 2; 3). He evaluated the extent of six changes 
correlated teeth with increasing age. These are: the 
degree of attrition (A), the position of epithelial 
attachment (G), the amount of secondary dentine (D), the 
cemental thickness (C), the degree of root resorption (R) 
and the transparency of root dentine (T). Their total value 
should correspond to a certain age. Figuration of changes 
in hard tooth tissues Estimation of Age at Death Using 
Teeth 41 is ± 3.6 years (Gustafson 1950). However, this 
statement has been contested (Nkhumeleni et al. 1989; 
Lucy and Pollard 1995)4 . Johanson in 1971 used the same 
six criterions but the ranking scale was different2 , The 
estimation of age performed on the basis of histological 
examination and evaluation of morphological changes in 
hard tooth tissues was believed to be one of the most 

reliable methods, yet it has become the subject of heavy 
criticism especially when used with past. Nevertheless, 
the principle of the histological evaluation of the changes 
introduced by Gustafson has become the basis for all 
other techniques which aim at the increase of precision of 
measurement5. 

 

Figure 1: Figuration of changes in hard tooth tissues 

Examination of pulp offers new methods for age 
identification and the most commonly used method is 
secondary dentine apposition. This alters the size of pulp 
chamber which can only occur with age of under 
pathological influence 1 .The most common method used 
to study pulp chamber size is radiograph. However, this 
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two-dimensional method is at a disadvantage as it is 
subjected to distortion 1. 

The Cone Beam Computed Tomography is compact, faster 
and is a safer version of the regular CT due to minimised 
radiation dosage.  

MATERIALS AND METHODS 

Sample 

Twenty three intact mandibular premolars were collected 
from dental practioners. Those teeth ranged from 10-45 
years in age. All teeth were from indigenous Indian 
population and no other ethnic minorities were involved.  
The selection was confined to teeth that showed neither 
profound caries nor restorations and showed normal 
anatomy. 

 

Figure 2: The sample of teeth 

 

Figure 3: The Cone Beam Computed Tomography in work. 

 

Figure 4: Volumetric Reconstruction of pulp space 

 

Figure 5: The Original CT images of teeth 

Table 1: Sample Distribution based on age and gender 

Number Age(In Years) Gender 

1 10 Male 

2 10 Male 

3 12 Female 

4 13 Female 

5 14 Male 

6 14 Female 

7 22 Female 

8 23 Female 

9 24 Male 

10 27 Female 

11 28 Male 

12 29 Male 

13 29 Female 

14 30 Female 

15 31 Male 

16 31 Male 

17 32 Male 

18 35 Female 

19 35 Female 

20 37 Female 

21 39 Male 

22 43 Female 

23 45 Female 

Cone Beam Computed Tomography 

The sample was stored until the collection was complete 
after about one month after washing extensively under 
tap water. They were then washed with tap water and 
immersed in sodium hypochlorite for 30-35 minutes to 
remove soft tissues. 
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The teeth were then images by a Cone Beam Computed 
Tomography (Optima CT660 FREEdom Edition) with a 
constant thickness slice of about 10 mm and exposure 
conditions of 140kV and 40mA. Volume rendering and 
volume reconstruction was performed. Using a method 
previously used by Fan Yang, the pulp/tooth ratio was 
determined. Age was then calculated using the linear 
regression derived by Yang 

5
.  

  

Figure 6: The age distribution of the selected sample in 
Age groups. 

Measurement 

All the results were measured along with additional 
information such type of tooth (left or right), age and 
gender were entered in a spreadsheet (Microsoft Excel 
2013). From the differences between actual and 
predicted age ages in the mean absolute error (MAE) was 
calculated to obtain a measure of the accuracy of the age 
prediction 

7 
. The percentage of estimates with deviations 

of more than ± ten years, which is considered ‘ 
acceptable’ in forensic age prediction, was also 
determined 8 . The data set was then finally allowed 
comparisons with the Indian and Belgian formulate 5. 

Statistical Analysis 

The statistical analysis was carried out using NCSS (Utah, 
USA, http://www.ncss.com/.). Linear regression analyses 
were performed in order to establish a correlation 
between chronological age and pulp/tooth volume ratio. 

RESULTS 

The pulp/tooth volume varied from 0.006 to 0.016. A 
difference between samples in terms of type of tooth or 
gender of patient was insignificant. 

Regression analysis yielded a moderate negative 
correlation between pulp/tooth volume ratio and age and 
the following linear regression equation  

 AGE = (60.4054732041049) + (-3368.75712656785) * 
(Pulp_tooth_volume) 

Application of this formula yielded an MAE of 7.24 years 
which is within ± 10 years of the actual age. 

In contrast to this, the use of Yang’s formula produced an 
MAE of 19.84 in all the cases. Age estimates were within 
±10 years in only 5.11% of cases, which are significantly 
different form the MAE obtained in our new formula

10 
. 

 

Figure 7: Graphical representation of age as a function of 
the pulp/tooth volume ratio 

DISCUSSION 

This study indicates that the pulp/tooth volume ratio of 
mandibular premolars is useful in age identification but 
the formula used must be varied according to geography. 
As the secondary dentine deposition is an age-associated 
process in internal surface, a part of the external factors 
can be eliminated1 . 

Cone Beam Computed Tomography is used as it shows 
the accurate anatomy in a three dimensional plane. The 
latest units also have the ability to have a higher 
resolution and lower exposure. They are also use less 
time to produce much more profound results.10 

A similar estimation was done in the Belgian population 
but the error exceeds by ten years and thus, is not a 
formula which can be adopted5 . The reason could be that 
the Indian population is a hybrid of several ethnic groups 
such Caucasian, Mongoloid and Negroid Races.9 Thus, 
these could account for the variation in results. 

CONCLUSION 

The present research showed that the modification of 
Yang’s formula can be used to estimate age in the Indian 
population using pulp tooth volume. However, caution 
should be exercised in the practical application. Thus, 
newest modalities and optimization of CBCT can 
therefore make the technique mature and prominent in 
the field of forensic odontology. 
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