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ABSTRACT

Introduction: Dental age estimation based on the Pulp Tooth area ratio (PTR) of the maxillary canines obtained from
Cone Beam Computed Tomography (CBCT) image may be a reliable method for age estimation in living or deceased
individuals.

Objectives: To determine the age estimation based on PTR of the maxillary canines in three planes (sagittal, coronal and
axial) with the help of CBCT images in Nepalese population.

Methodology: CBCT images were used for the age estimation by determining the PTR of maxillary canines. For each
tooth, midsagittal, midcoronal, and three axial sections at cementoenamel junction (CEJ), onefourth root level from CEJ,
and midroot were assessed. The radiographic images were saved as JPEG file and processed using Image J software. PTR
were calculated and data obtained were subjected to regression analysis; their correlation to chronologic age as well as
the standard error of the estimate (SEE) were derived.

Results: Our study included, 43 (57.33%) males and 32 (42.66%) females with mean age of 30.25 years. The mean of PTR
for maxillary canines were 0.053797 at CEJ, 0.067992 at onefourth root level from CEJ and 0.053794 at midroot in axial
section, 0.138715 at midsagittal plane and 0.108110 at midcoronal plane respectively. The PTR for maxillary canine was
found to be statistically significant at mid coronal plane (p<0.05).

Conclusion: This study showed that PTR calculation of maxillary canines is a reliable parameter with a significant
correlation for human age estimation and concluded that CBCT can be used as a conservative approach with reasonable
accuracy.
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Cameriere et al.” proposed method for age estimation
by measuring the tooth in two dimensional (2D)
radiographic images (periapical and panoramic
radiographs); specifically, the pulp/tooth area. Cone
Beam Computed Tomography (CBCT) has been used
as a useful tool which provides accurate anatomical
information on sagittal, axial, coronal, and multiplanar
sections for diagnosis and treatment planning for clinical
applications in dentistry to investigate the relationship
between age and secondary dentin accumulation such
as pulp tooth area ratio (PTR), pulp volume, and pulp
tooth volume ratio.?

Hence, the aim of our study was to determine the age
estimation based on PTR of the maxillary canines in three
planes (sagittal, coronal and axial) with the help of CBCT
image data in Nepalese population.

METHODOLOGY

A cross-sectional observational study was carried out
to determine the PTR of Maxillary canines in the CBCT
image records of radiographically evaluated cases for
the age estimation. Information relating to age and
gender from the patients record file in the Department
of Oral Medicine and Radiology was taken. This study
was conducted from 20 March till 10t April, 2023 in the
Department of Oral and Maxillofacial Pathology, Kantipur
Dental College Teaching Hospital and Research Center
(KDCH), Basundhara, Nepal. The study was conducted
after taking approval from the Institutional Review
Committee of KDCH (Ref No: 01/23). CBCT images of
maxillary canine with normal anatomy were included in
this study. Images which were not able to rotate, blurred
or incomplete images; decayed tooth, restored tooth or
endodontically treated tooth; tooth with ceramic/metal
crowns or orthodontically treated and calcified root
canal or root resorption were excluded from the study.

A convenience sampling method was used. The sample
size was calculated using the following formula N= 2
(za+zP)? sd*/d?, where za = 1.96, z3= 1.28, sd?= 0.0036
and d? = 0.0049. The obtained sample size was 75
CBCT images. Data information sheet (Proforma) was
developed to collect information from patients CBCT
images. The CBCT images data of the patients taken
from the records of Department of Department of
Oral Medicine and Radiology, Kantipur Dental College
Teaching Hospital and Research Center, the data were
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reviewed in detail according to the selection criteria
for the selection of cases and the data of CBCT images
were sliced in three dimensions by using CS 3D Imaging
software (Figure 1). In the axial plane, three sections
representing cementoenamel junction (CEJ), one-fourth
root length from CEJ, and mid-root level were assessed.
For the sagittal plane, curved slices oriented along the
curve of the maxillary arch were delineated. The cursor
was oriented parallel to the long axis of the maxillary
canine to obtain the midsagittal plane. With respect to
the coronal plane, oblique slicing was done to obtain
the mid-coronal section along the long axis of the tooth
(Figure 2).

For each image, at least 10 points were marked on the
outline of the pulp (Figure 2 & 4) using Image J 1.52 p
(National Institutes of Health, USA).; a minimum of 30
points was also marked on the tooth outline (Figure 3).
The points were connected using the line tool and area
was obtained for both tooth and pulp of that image.
This entire procedure was performed for all the five
sections of each tooth (Figure 1). The data were entered
in Microsoft Office 2007 excel spreadsheet and PTR
calculated for all the five CBCT sections for each tooth.
Data were collected, compiled, and analyzed by using
an updated version of the Statistical Package of Social
Science (SPSS). ANOVA test was used for the comparison
of variables based on the distribution of the sample.

RESULTS

The study included total of 75 CBCT images retrieved
from the Department of Oral Medicine and Radiology,
which comprised of 43 (57.33%) males and 32 (42.66%)
females (Table 1). In this study, the mean PTR was
determined at three different planes and the maximum
mean value of PTR was observed as 0.138 in sagittal plane
(Figure 5). The descriptive statistics of pulp-tooth ratios
in axial, sagittal and coronal sections of the maxillary
canines were shown in Table 2. Linear regression analysis,
Pearson correlation coefficient, standard errors of
estimates (SEE), and regression equations were derived
for each tooth section. The regression analysis and
Pearson correlation coefficient test (r) revealed a stronger
correlation between the pulp tooth ratios and age in the
coronal section measurements than compared to other
sections (Table 3). The PTR obtained in the coronal plane
produced a statistically significant correlation (P < 0.05).
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Table 1: Age and Gender Distribution according to different age groups

Gender Age (years) Total (N)
15-24 25-35 35-65

Male 23 (30.66%) 7 (9.33%) 13 (17.33%) 43 (57.33%)

Female 15 (20.00%) 10 (13.33%) 7 (9.33%) 32 (42.66%)

Total 38 (50.7%) 17 (22.7%) 20 (26.7%) 75 (100%)

Table 2: Correlation of pulp-tooth area ratio in axial, sagittal and coronal sections of the maxillary canines of the
studied samples.

Std.
Parameters N Minimum Maximum Mean . Pearson’s r
Deviation i
with age P value
Age 75 15 65 30.25 13.341
PTR at CEJ (axial plane) 75 0.01 0.13 0.05 0.02 -0.215 0.064
th

PTR at 1/47 the root length 75 0.02 017 0.06 0.02 -0.156 0.181

(axial plane)

PTR at midway (axial plane) 75 0.04 0.22 0.05 0.03 -0.205 0.077

PTR at sagittal plane 75 0.06 0.29 0.13 0.04 -0.113 0.335

PTR at coronal plane 75 0.03 0.22 0.10 0.03 -0.439 0.001*
P value significant at less than 0.05 *= pearson’s correlation
Table 3: Regression equations of pulp tooth ratio at five different sections

Parameters r R2" Regression equation SEE(years) P-value

Age=23.123+ (-132.538x pulp tooth area
ratio axial CEJ)
Age=35.081+ (-71.003% pulp tooth area ratio

PTR at CEJ (axial plane) -0.215  0.046 13.118 0.064

th
PTRat 1/4 the root length (axial

0.156 0024 13276 0.181
plane) 1/4th the root length)
Age=34.402+ (-77.131x pulp tooth i
PTR at midway (axial plane) 0205 004y 196734402+ (77131xpulptootharearatio 4 0 07
at midway)
Age=35.279+ (-36.2 Ip tooth i
PTR at sagittal plane 0113 0013 19835279+ (36233xpulptootharearatio . 0 (4
sagittal)
Age=47.495+ (-159.485x pulp tooth
PTR at coronal plane 0439 0.193 9¢ ( pulptootharea 47066  0.001*

ratio coronal)

P value significant at <0.05, Pearson correlation coefficent (r), Coefficent of determination (R2), standard error of the estimate
values (SEE), *=statistically significant

n 051 F X zoom: 051 F

Figure 1: Cone beam computed tomography images of maxillary canine shown in three-dimensions; axial, coronal, and
sagittal planes. (CS 3D Imaging software)
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Figure 2: The coronal section image
seen in Image J computer-aided
software with points marked on the
outline of the pulp.

seen in

Figure 3: The coronal section image
Image J computer-aided
software with points marked on the
outline of the tooth.

Figure 4: The axial section image at
CEJ level seen in Image J computer-
aided software with points marked on
the outline of the pulp.
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Figure 5. Mean Pulp tooth area ratio in Maxillary canine at five different sections

DISCUSSION

Age estimation is an important aspect of forensic
odontology. Postmortem age estimation using
radiography is used extensively, using the dimensional
changes of the pulp area in relation to the tooth area
and the ratio. Various methods and approaches has
been proposed for dental age estimation in forensic
Odontology practice.”''" Secondary dentin apposition
is an important morphological dental age predictor'>'®
which is defined as the formation of dentin after the
completion of the primary dentin and starts at the
moment the tooth root formation is completed.'””?°
Chronological age can be estimated in correlation with
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assessment of secondary dentin since it may be more
insulated from the effect of environmental factors on
human remains.”’ According to Rai et al. in their study
found that the only statistically significant, correlation
with age was observed for the axial plane at the CEJ. This
finding might be attributed to the clearer demarcation
of the pulp and the tooth outline in the CEJ section as
compared to those more apically.” Afify et al. in their study
found a statistically significant correlation of PTR to age
in both sagittal and axial planes of the studied canine's
images. In their study, regression analysis and Pearson
correlation coefficient test revealed a stronger correlation
between the PTR and age for the sagittal section
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measurements than for the axial section measurements.
The high accuracy of measurements at sagittal sections
than axial ones may be due to the advantage that the
ratio was not influenced by any image alteration caused
by tooth malposition. Also, PTR frequently has a fault
in measurement caused by small tooth area in axial
sections, but the PTR of a sagittal section images is larger
than axial sectionimages. This advantage effectincreases
when the patient is examined with lower resolution in
order to decrease the radiation dose (large area decrease
measurement errors). This reason also explains the best
result obtained from the maxillary canine compared
with the mandibular canine as the maxillary canine
size is bigger than the mandibular canine.? According
to Marroquin et al.a stronger correlation was observed
between the pulp/tooth ratios and age for the bucco-
lingual measurements (sagittal) than for the mesio-
distal measurements (coronal view).?® Bansal et al. in
their study stated that PTR of maxillary canine at sagittal
section showed highest correlation and was statistically
significant.?* In the study done by Misirlioglu et al. from
periapical radiographs found PTR correlated with age.?
More significant relationship between the age and PTR
in the axial section compared to the sagittal section in
both genders were seen in the study done by Haganifar
et al.®® which was similar to the results reported by Rai
et al.! These findings can be explained by the fact that
the axial sections (at cervical area) are far from the
occlusal stresses and are not affected by secondary
dentin deposition.”’? However, Statistically significant
(p<0.05) correlation of PTR with age was observed for
the coronal plane in our study. In our study, the results
did not show statistically significant correlation of PTR
to age in the axial plane (at three different sections) in
comparison to the study by Rai et al.” & Afify et al.?? Also,
our study didn’t show statistically significant correlation
of PTR to age in sagittal plane when compared to the
study done by Afify et al.?? and Bansal et al.?* Considering
the secondary dentin deposition pattern and orientation
of pulp chamber in the buccopalatal plane, a significant
correlation with age was anticipated in this plane. In the
study by Dahal et al. limited applicability of pulp tooth
ration in mandibular canine and premolars was obtained
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