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ABSTRACT

Objective: To evaluate the correlation between chronological age and the pulp/tooth volume ratio in maxillary and mandibular canines using cone
beam computed tomography. Methods: Cone beam computed tomography scans of 120 subjects (60males, 60females) aged 20-70 years were
analyzed. Pulp and tooth volumes of maxillary and mandibular canines were measured using semi-automatic segmentation. The pulp/tooth volume
ratio was calculated. Results: A significant negative correlation was observed between pulp/tooth volume ratio and chronological age (r=-0.847,
p <0.001). Maxillary canines showed a stronger correlation (r = -0.862) than mandibular canines (r=-0.831). The regression model derived from
maxillary canines represented higher accuracy (R?>=0.743, SEE=£5.21 years) compared to mandibular canines (R>=0.691, SEE=£5.86 years).No
significant gender differences were observed (p= 0.083). Conclusion: Cone beam computed tomography based pulp/tooth volume ratio
measurement in canines provides a reliable and non- invasive method for age estimation in adults. Maxillary canines appear to be more accurate
predictors of age than mandibular canines. The regression equations developed can serve as valuable tools in forensic investigations and age
estimation.
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TINTRODUCTION

Age estimation is a crucial component of forensic identification and
plays a significant role in both legal and anthropological contexts
[1].Among various biological parameters used for age estimation,
dental age has proven to be particularly reliable due to the resistance of
teeth to environmental influences, postmortem changes, and various
taphonomic processes [2].

Traditional dental age estimation methods have primarily utilized two-
dimensional radiographic techniques which inherently limit the
accuracy of volumetric assessments [3].The progressive deposition of
secondary dentine throughout life results in a gradual reduction of the
pulp cavity, creating a strong correlation between pulp size and
chronological age [4].This relationship forms the biological basis for
age estimation methods using dental structures. The emergence of
three-dimensional imaging technologies, particularly cone beam
computed tomography (CBCT), has revolutionized dental imaging by
enabling precise volumetric measurements of teeth and their internal
structures [5]. CBCT offers several advantages over conventional
computed tomography, including lower radiation dose and higher
spatial resolution. [6].

Canines are often selected for age estimation studies due to their
longevity in the oral cavity, single root morphology, large pulp
dimensions and lower susceptibility to wear compared to other tooth
types [7]. Several studies have demonstrated significant correlations
between pulp/tooth volume ratio (PTVR) and chronological age using
different imaging modalities [8,9]. However, the comparative
accuracy of maxillary versus mandibular canines in age prediction
models remains insufficiently explored.

The present study aims to evaluate the correlation between
chronological age and PTVR in both maxillary and mandibular
canines using CBCT.

IIMATERIALSAND METHODS

The study protocol was approved by the institutional ethical
committee (EC/NEW/GIDSR/2025/4466). CBCT scans of 120
patients (60 males, 60 females) aged between 20 and 70 years (mean
age: 44.6 £ 14.3 years) were retrospectively selected from the

radiology department database. The sample was stratified into five
decadal age groups (20-30, 31-40, 41-50, 51-60, and 61-70 years),
with 24 subjects (12 males, 12 females) in each group.

Alnclusion Criteria:

(1) complete formation of canine roots, (2) absence of periapical
lesions, (3) absence of root canal treatment, (4) absence of extensive
restorations, (5) absence of severe attrition or abrasion, and (6) absence
of dental anomalies.

B Exclusion Criteria:

(1) Presence of pathological lesions, (2) history of trauma, (3)
developmental abnormalities, and (4) poor quality CBCT images.

C CBCT Acquisition and Image Processing

All CBCT examinations were performed using the Vatech A9
(Model:PHT-30CSS, Version:1.02) scanner with the following
parameters: 94 kVp, 7.3 mA , 80x80 mm field of view,0.20 mm voxel
size, and exposure time of 15.5 seconds. The DICOM data were
imported into 3D Slicer software (EZ3D-I version 5.2) for
segmentation and volumetric analysis.

For each subject, the right maxillary and mandibular canines were
selected for analysis. When the right canine did not meet the inclusion
criteria, the left canine was used instead. The teeth were segmented
using a semi-automatic approach based on threshold values, followed
by manual editing to refine the segmentation. The pulp was segmented
separately using adjusted threshold values specific to pulp tissue,
followed by manual refinement. The volumes of the tooth and pulp
were calculated in cubic millimeters (mm?®) and PTVR was derived.
(Figure 1,2)

To assess intra- observer reliability, 30 randomly selected CBCT scans
were re-measured by the same examiner after a two-week interval. For
inter-observer reliability, the same 30 scans were independently
analyzed by a second examiner.

111 Statistical Analysis

Statistical analysis was performed using SPSS software (version 28.0,
IBM Corp., Armonk, NY, USA).The Shapiro - Wilk test was used to
assess the normality of data distribution. Intra- and inter-observer
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reliability were evaluated using intraclass correlation coefficients
(ICC). Pearson's correlation coefficient was calculated to determine
the relationship between chronological age and PTVR. Simple and
multiple regression analyses were performed to establish age
estimation models. The standard error of estimate was calculated for
each regression model. Independent samples t-test was used to
compare the mean values between genders. Statistical significance was
setatp<0.05.

IVRESULTS

All the vales of tooth volume (mm?), pulp volume (mm?) and ptvr (%)
in maxillary canine and mandibular canine were expressed in terms of
mean and standard deviation respectively in different age groups. A
comparasion was done for tooth volume (mm?), pulp volume (mm?)
and ptvr (%) b/w maxillary canine and Mandibular canine by using the
un-paired ’t” test / in-dependent “ t “test at .05 level of signficance.
Also, karl- pearsons correlation cofficient was assessed and
Regression equation was established b/w ptvr and chronological age in
maxillary Canine and mandibular canine respectively. Simple and
multiple regression analyses were performed to establish age
estimation models. Also, comparsion was made For b/w maxillary
canine and mandibular canine corresponding to different age.

Groups at .05 level of significance by one way anova-f test and un-
paired “t” test respectively. A p- value less than / equal to (p<.05) was
considerd as significant. All the data was entered in m.s. excel sheet
and statistical calculation was done by S.p.s.s. —software (28.00)
version.

Table 1. Mean Tooth Volume, Pulp Volume and PTVR by Age
Group

Age n |Maxillary Canine Mandibular Canine
Group Tooth Pulp  [PTVR|Tooth Pulp |PTVR|
(years) Volume | Volume (%) | Volume Volume| (%)
(mm?) (mm?) (mm?) (mm?)
20-30 |24 |783.4 482+ |6.15+(614.7+ 35.6+ [5.79+
+112.5 |83 0.72 |89.2 6.4 0.68
31-40 |24 |792.1 42.6+ |5.38+(623.5+ 31.8+ [5.10+
+108.4 |7.8 0.65 |94.6 6.1 0.63
41-50 |24 |775.8 36.1+ |4.65+(608.9 + 272+ |4.47+
+1152 |7.2 0.59 |91.8 5.8 0.57
51-60 |24 769.3 302+ |3.93+(602.4 + 22.8+ [3.79+
+110.8 |6.9 0.54 |88.5 5.5 0.52
61-70 |24 |758.7 245+ |3.23+(594.1 + 18.3 + [3.08+
+116.3 |64 048 1923 5.1 0.47
Total |120/775.9 36.3 4.67+ 608.7 + 27.1+ |4.45+
+112.6 |£109 [1.21 |91.3 8.2 1.12
Table 2. Pearson's Correlation Coefficients (r) Between PTVR and
Chronological Age
ToothType Overall |Males |Females |p-value (gender|
(n=120) [(n=60) |(n=60) |difference)
MaxillaryCanine -0.862* |-0.851* [-0.875* |0.083
Mandibular Canine -0.831* |-0.819* |-0.842* |0.083
Combined -0.847* |-0.835% |-0.858* |0.083
*Significantat p<0.001
Table 3. Simple Linear Regression Models for Age Estimation
Tooth Type Regression Equation R? SEE (years)
MaxillaryCanine | Age=86.42 -8.94xPTVR ]0.743 |+5.21

Mandibular Canine |Age=82.76 -8.57<xPTVR ]0.691 [+5.86
Table 4. Multiple Regression Model for Age Estimation

Model Regression Equation R? SEE (years)
Combined Age=87.21-5.82xPTVR |0.769  [+4.92
(Maxillary+ (maxillary)-3.91

Mandibular) xPTVR (mandibular)

Table 5. Mean Absolute Error (MAE) in Age Estimation by Age
Group

Age Group |n Maxillary Mandibular Combined
(years) Canine Canine Model

20-30 24 |423+£3.12 |4.86+3.58 3.95+2.86
31-40 24 14.58+345 |5.12+3.74 4.13+3.21
41-50 24 14.87+3.61 |535+391 4.42+336
51-60 24 |534+398 |5.89+4.17 4.86 +3.62
61-70 24 |5.76+4.23 16.32+4.52 524+387
Overall 120 [4.96+£3.68 |5.51+4.01 4.52+341

Table 6. Gender —Specific Regression Equations
Gender | Tooth Type

Regression Equation R*> |SEE
(years),
Male |MaxillaryCanine |Age=85.93-8.81xPTVR |0.724|+5.36
Male |Mandibular Canine|Age=82.15-8.49xPTVR |0.671|+5.97
Female |MaxillaryCanine | Age=87.08-9.12xPTVR |0.766(+5.07
Female | Mandibular Canine| Age=83.42-8.68xPTVR |0.709|£5.72

Table 7. Distribution of Residuals (Estimated Age-Actual Age)

ResidualRange |Maxillary Canine |[Mandibular |Combined
(years) Canine Model
<-10.0 3 (2.5%) 5 (4.2%) 2 (1.7%)
-10.0to-5.1 17 (14.2%) 20 (16.7%) |14 (11.7%)
-5.0t0-0.1 39 (32.5%) 36(30.0%) |42 (35.0%)
0.0t05.0 41 (34.2%) 39 (32.5%) |43 (35.8%)
5.1t010.0 16 (13.3%) 15 (12.5%) |16 (13.3%)
>10.0 4 (3.3%) 5 (4.2%) 3 (2.5%)
Total 120 (100%) 120 (100%) |120 (100%)
VDISCUSSION

The present study investigated the relationship between (PTVR) in
canines and chronological age using CBCT imaging. Our findings
demonstrate a strong negative correlation between PTVR and age,
confirming the utility of this parameter as a reliable indicator for dental
age estimation.

The strong correlation coefficients observed in our study(r=-0.862 for
maxillary canines; r=-0.831 for mandibular canines) are comparable to
or slightly higher than those reported in previous studies. Star et al.
found a correlation of r=-0.880 using micro-CT, while Yang et al.
reported a correlation of r=-0.818 using CBCT [10,11].The slightly
stronger correlation in our study compared to some previous CBCT-
based investigations may be attributed to the higher resolution
parameters employed and the systematic application of manual
refinement during segmentation.

The coefficient of determination (R?) values obtained in our regression
models (0.743 for maxillary canines ; 0.691 for mandibular canines)
indicate that approximately 69-74% of the age-related variations can
be explained by changes in PTVR. These values are consistent with
previous studies, which have reported R? values ranging from 0.65 to
0.78 (12-14). The standard error of estimate values (+5.21 years for
maxillary canines; +5.86 years for mandibular canines) are within
acceptable limits for forensic applications and comparable to other
dental age estimation methods [12].

Our findings indicate that maxillary canines provides lightly more
accurate age estimates than mandibular canines, which aligns with the
results reported by Tardivo et al. [13] This difference may be attributed
to several factors, including the larger dimensions of maxillary
canines, which facilitate more precise measurements and their more
stable morphology with less variation in root anatomy compared to
mandibular canines. Additionally, the greater thickness of the dentine
in maxillary canines may result in a more consistent pattern of
secondary dentine deposition, enhancing their predictive value for age
estimation.

The multiple regression model incorporating both maxillary and
mandibular canine measurements showed a modest improvement in
predictive accuracy (R?>=0.769, SEE=+4.92 years) compared to the
single canine models. This suggests that a comprehensive approach
utilizing multiple teeth may enhance the reliability of age estimation,
as previously proposed by Ge et al.[14] However, the relatively small
improvement must be weighed against the additional time and
resources required for analyzing multiple teeth.

The absence of significant gender differences in our study is consistent
with several previous investigations [15,16] but contrasts with others
that have reported gender-specific variations in secondary dentine
deposition rates. [17,18] The trend toward slightly higher correlation
coefficients in females observed in our study, although not statistically
significant, warrants further investigation with larger sample sizes.

The accuracy of age estimation, as measured by mean absolute error
(MAE), decreased with advancing age across all models. This
observation aligns with previous studies and likely reflects the
increased biological variability and cumulative effects of
environmental factors with aging [19] Nevertheless, the combined
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model demonstrated acceptable accuracy across all age groups, with
overall MAE 0f4.52 +3.41 years.

The semi-automatic segmentation approach employed in our study
demonstrated excellent reliability, as evidenced by the high ICC values
for both intra- and inter-observer measurements. This highlights the
reproducibility of the methodology and its potential for standardized
application in forensic practice. However, the technique remains time-
consuming, requiring approximately 18-20 minutes per tooth, which
may limit its routine application in certain forensic contexts.

Several limitations should be acknowledged when interpreting our
results. First, the cross- sectional design precludes the evaluation of
age-related changes in PTVR over time in the same individuals.
Second, the study population was derived from a single institution,
potentially limiting the generalizability of the findings to different
populations.Third, various factors that might influence secondary
dentine deposition, such as occlusal forces, dietary habits, and
systemic conditions, were not comprehensively controlled for beyond
the established inclusion criteria.

Future research should focus on longitudinal assessment of PTVR
changes, development of population-specific regression equations,
automation of segmentation processes to enhance efficiency and
exploration of potential confounding factors affecting secondary
dentine deposition. Additionally, the integration of machine learning
approaches may further improve the accuracy of age prediction
models.
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Figure 1 (CBCT Image of Maxillary Canine Representing Pulp
and Tooth Volume Calculated in Cubic Millimeters.)

Figure 2 (CBCT Image of Mandibular Canine Representing Pulp
and Tooth Volume Calculated in Cubic Millimeters.)

VICONCLUSION

The present study concluded that CBCT-based measurement of
pulp/tooth volume ratio in canines provides a reliable and non-
invasive method for dental age estimation in adults. Maxillary canines
demonstrated superior performance compared to mandibular canines
and a combined approach incorporating both teeth slightly enhanced
the predictive accuracy. The proposed regression equations can serve
as valuable tools in forensic investigations, particularly in the
identification of unknown individuals and age determination in legal
contexts. Further refinement of the technique through automation and
population-specific calibration may enhance its practical utility in
forensic odontology.
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