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ABSTRACT

Introduction: Age estimation has an important role in the process of human identification, and it needs to 
be done efficiently fast and accurate. Age estimation based on pulp cavity volume of canines was referring 
to the theory that the apposition of secondary dentin during human life could be an age indicator. The 
study used a CBCT image, and ITK-SNAP software which gave a fast and accurate measurement process. 
This study was aimed to estimate age based on pulp volume of for chronological estimation. Methods: 
Forty-one canine teeth from Cone Beam Computed Tomography (CBCT) 3D image sample from RSGM Unpad 
segmented into dental pulp and enamel were prepared for measurement of pulp volume using ITK SNAP 
volumetric software. Descriptive analyses for pulp volume and regression equations were generated from 
regression analysis of pulp volume and tested for age estimation. Results: Dentin Thickness were found 
to increase from adolescence age range until adulthood age range. Logarithmic regression between pulp 
volume and was statistically significant (p < 0,001). The coefficient of determination (R2) was 0.753 with a 
standard deviation of 8.421. Mathematics model for estimating age was AGE = 79.523 – (18.194 x ln(Pulp 
Volume)). The result of this study showed that the pulp cavity was decreasing with the increase of age 
and increasing dentin thickness. The equation was used in the same sample. Between chronological age 
and estimated age, there are some differences with SEE around 8.4 years following the regression result 
of R square was 75.3%. The rest of the sample (24.7%) have a big difference, and this could be affected by 
modifying variables such as occlusal force and human error measurement procedures. Conclusion: The 
study showed that the age could be estimated by the pulp volume of canines.
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INTRODUCTION 

Forensic odontology plays an essential role in 
the identification of those people who cannot 
be identified. The teeth may be used and 
provide information regarding identity. Dental 
professionals play a necessary part in dental 
records so that legal authorities may recognise 
malpractices, negligence, fraud child abuse and 
also, identify an individual.1

Age is one factor important in every aspect 
of life, in clinical practice; legal research and 
court.2 Identification of age can help in determining 
personal identities such as physical examination 
using anthropometric measurements, skeletal 
maturation, estimation of dental age with growth 
and the ageing process that occurs.3 Parameters 
between age and secondary dentin that can be 
used to estimate the age of the subject, one 
of the measurement is pulp volume which is an 
accurate and easy method for morphometric 
parameters.4require great technical expertise, 
and have proved inexact in the estimation of 
ages over 50 years. Certain dental methods 
investigate the apposition of secondary dentine, 
in the study of tooth cross-sections, and X-rays 
to study width, height, and pulp area. The 
primary author previously proposed a method of 
estimating the age of a living person based on the 
pulp/tooth ratio (PTR Secondary dentin is formed 
continuously in pulp with a slow phase as long as 
human life. Pulp volume will be decreased because 
secondary dentin formed inside the pulp. The 
decreasing of pulp caused by secondary dentine 
can be measured for age estimation because 
of its continuity in human life.5 Gottlieb et al. 
correlated age changes in dentition to estimate 
the age and apposition of secondary dentin to age 
was established by Bodeckar.6-8

The pulp volume can be studied using 
radiographs and a cross section of the tooth root. 
Considering the distortion and two dimensional 
(2D) projection errors with periapical and 
panoramic radiographs to assess the pulp and 
tooth area, Cone beam computed tomography 
(CBCT) images were utilized in the present work. 
CBCT images were described as the most exact 
method to measure the pulp volume.6 CBCT 
gives an alternative investigation with the non-
invasive approach because tooth extraction is 

not needed.9 Canines used in research because it 
has some advantages among the teeth. Canines 
perfectly formed in the late mixed dentition 
phase and can be used as an age indicator for 
adolescence and adult age. Canines conserved in 
any dental treatment because of functional and 
aesthetic reasons. Canines are single-rooted teeth 
which will make easier process in the research to 
calculate its pulp volume.

The volume of the pulp can be acquired 
by the segmentation process in ITK-SNAP. ITK-
SNAP is open-source software that can open a 
CBCT image and measure the pulp volume with 
the segmentation process. ITK-SNAP software 
will calculate the volume automatically. The 
pulp volume and the actual age will be analysed 
with regression to make the equations for age 
estimation. The purpose of this study was to 
determine the applicability of pulp volume canine 
for age estimation. 

METHODS 

The analysis correlational study design used for 
this research. Samples of canine teeth from cone 
beam computed tomography (CBCT) images were 
observed and collected. The population of this 
research consist of 19 males and 22 females aged 
between 13-73 years old. The inclusion criteria 
for canine were without caries and restoration, 
normal morphology, and absence metal object 
such as a dental bracket. In this study forty-
one canine teeth that were obtained from Cone 
Beam Computed Tomography (CBCT) from Dental 
Hospital of Faculty of Dentistry Universitas 
Padjadjaran.   

The study used secondary data of CBCT 
image sample from Dental Hospital of Faculty 
of Dentistry Universitas Padjadjaran. Cone Beam 
Computed Tomography (CBCT) is an imaging 
technology for teeth and bone structure that 
can produce a three-dimension image. CBCT 
technology can capture both the teeth and all its 
structure.9 The tool used in this research was an 
open-source software ITK-SNAP version 3.6.0 to 
calculate the pulp volume. All the collected CBCT 
were exported as DICOM datasets. These data 
were then imported into a 3D image automatic 
segmenting (Figure 1 and 2) and voxel-counting 
software ITK-Snap for the calculation of the 
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volume of the canine pulp chamber.10 
Dental pulp was automatically segmented 

using active contour segmentation mode (Figure 
2). Pulp volume measurement was analysed to 
find out the regression formula of age estimation. 
IBM SPSS Statistics 24 software to make regression 
analysis, and CD-ROM for saving the data. 
Regression analysis between chronological age and 
pulp volume was done in IBM SPSS Statistics. Model 
mathematic from regression was reproduced in the 
same sample. This research has been approved by 
The Health Research Ethics Committee of Faculty 
of Medicine, Universitas Padjadajaran with the 
registration number of No.857/UN6.C10/PN/2017.

RESULT

Pulp volume measurement based on chronological 
age are shown in Figure 3. The results of 
pulp volume and chronological age data were 

determined by generating regression equations 
obtained from the regression analysis. The age 
and volume data obtained through the ITK-SNAP 
application were regressed using the IBM SPSS 
Statistic 24 application and produced equation as 
follows:

Age = 79.523 - (18.194 x ln (Pulp Volume))

 Regression analyses revealed R Square of 0.753 
or 75% which means the equation generated will 
match the age and pulp volume data. ANOVA test 
results show that p < 0.001 so the results were 
statistically significant. 
The estimated age was then compared to the 
chronological age to tested accuracy of the 
predicted age using the pulp volume. Some 
of the data deviant and exceeds the standard 

Figure 2. Segmentation 3D view

Figure 1. Segmented pulp volume from ITK-SNAP

Figure 3. Pulp volume and chronological age
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deviation shown in figure 5 where R2 is 75.3% 
and Standard Error of Estimate (SEE) 8.4 years 
which means that only 75.3% of the data can be 
explained by regression formulas and does not 
deviate from standard deviation. The remaining 
data as much as 24.7% looks deviant can be 
caused by the quality of the image and errors in 
the measurement procedure. Result of this study 
showed that there was an increase of dentin 
height in from adolescence age range into adult 
age range (Figure 4). 

DISCUSSION

Chronological is the age of an individual 
expressed as the time that has elapsed since 
birth.11 Chronological age can be identified using 
the date of birth.12 There are two methods to 
determine the chronological age besides using 
the date of birth which is the growth of bone 
and dentin at the pulp chamber.13 Formation of 
dentin proceeds throughout life, dentin formation 
before completion of the crown is called primary 
dentin. This process is followed by the formation 
of secondary dentin. The same odontoblast that 
formed the primary dentin remain functional and 
produce secondary dentin. With advancing age in 
functioning teeth, dentin is deposited diffusely 
along the inner walls and lead to smaller pulp 
chambers and canals. This type of dentin is termed 
physiological secondary dentin and exhibits slow 
and gradual deposition that increases after the 
age of 35 to 40 years.14 

Studies used secondary dentine growth and 

pulp volume reduction factor but were measured 
by 2D radiology images such as panoramic and 
intraoral. Research using 3D images such as CBCT 
has apparent advantages because the pulp cavity 
is volumetric and the spread of dentine growth is 
not always the same. This study uses pulp volume 
as a variable due to secondary dentine growth as 
an indicator of age increase occurring directly in 
the pulp cavity, whereas the total tooth volume 
is not affected by dentine growth and is affected 
by dental attrition. The attrition of the tooth has 
many factors and varies among individuals, so it is 
not used as a variable in this study, in contrast to 
previous studies conducted using the ratio of the 
dental pulp volume and overall dental volume,15-17 
dentin height used to detect dentin deposition in 
roof dental pulp. The previous study had found 
that dentinal deposition occurs in two places, the 
roof of the pulp chamber roof and the base of the 
pulp chamber. 

 ANOVA statistical test results showed that 
the regression results were statistically significant 
with p = 0.000 < 0.001. The results of statistical 
tests with these figures show that the regression 
model is good enough to be used to estimate 
the age based on pulp volume. The ITK-SNAP 
application has good efficiency and accuracy to 
measure the pulp volume of the canine teeth. 
Canine selected teeth in this research because 
considered as the key teeth for identification and 
the last teeth extracted to be related to ageing.18 
In the study conducted by Kumar et al. suggested 
that the size of pulp volume in the canines to 
age is more accurate19, and the canines have the 

Figure 4. The differences in chronological age and estimated age
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longest roots, so it has high resistance.20

The coefficient of determination or R 
square (R2) in this study was as much as 0.753 or 
75.3%. In a previous study conducted by Pu et al.21 
suggested that estimated age based on first molar 
pulp chamber volume, the R square was 0.564 or 
56.4%. Moderator variable that may affect this 
research are mastication force, a significantly 
decreased amount of secondary dentin has 
been described in impacted teeth, suggesting 
that functional forces of occlusion promote the 
deposition. Deposition within the pulp chamber 
often is not totally uniform. In posterior teeth, 
the greatest deposition is seen on the pulpal flow 
to a lesser extent on the roof and least on the 
sidewalls. Therefore, along the age, pulp chamber 
decreases significantly in height but extensively 
in width.14 This study based on adolescence age 
range into adult age range showed a significant 
decrease of pulp volume from the whole of walls. 
Measurement of the pulp volume of canine tooth 
as defending teeth in adults was applicable for 
chronological age estimation.

CONCLUSION

Chronological age can be estimated by the 
equations of the canine pulp volume of canines, 
because along the age, the pulp volume was 
decreasing. 
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