
Orig ina l  Research Art ic le
Journal of Kathmandu Medical College, Vol. 14, No. 3, Issue 53, Jul.-Sep., 2025

99

Submitted: Mar 11, 2026
Accepted: Aug 26, 2026
Published: Sep 29, 2026

Address for correspondence 

Dr. Dipika Gautam
Lecturer, Department of Oral and Maxillofacial Pathology
Kathmandu Medical College and Teaching Hospital, Duwakot, 
Bhaktapur
E-mail: deepika.gtm11@gmail.com

Age estimation based on Pulp-Tooth Area Ratio of maxillary 
canine using Cone Beam Computed Tomography
Gautam D,1  Bajracharya D,2  Ojha B,2  Bhandari P,2  Shrestha P,3  Badhu A,4  
Manandhar DK5  
1Dipika Gautam, Department of Oral and Maxillofacial Pathology, Kathmandu Medical College and Teaching Hospital, 
Duwakot, Bhaktapur; 2Dipshikha Bajracharya, 2Bidhata Ojha, 2Pradeep Bhandari, Department of Oral and Maxillofacial 
Pathology, Kantipur Dental College, Teaching Hospital & Research Center, Basundhara, Kathmandu; 3Pratikchhya Shrestha, 
Department of Oral Medicine Diagnosis and Radiology, Kantipur Dental College, Teaching Hospital & Research Center, 
Basundhara, Kathmandu; 4Akanksha Badhu, People’s Dental College and Hospital, Kathmandu; 5Dhan Kumari Manandhar, 
Department of Oral and Maxillofacial Pathology, Institute of Medicine, Maharajgunj, Kathmandu Nepal.

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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INTRODUCTION

An important aspect of forensic investigation is 
age estimation of living or deceased individuals 

by contributing to their biological profile1,2,3 however 
in living individuals, it is considered in cases of child 
abuse, immigration, criminal prosecution and civil cases 
such as pension claims.4,5 Teeth are one of the strongest 
structures in the human body, and the age determination 
by teeth with the aid of radiodiagnostics has been of 
paramount interest.6 
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Cameriere et al.7 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.8 

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 20th March till 10th 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 
(zα+zβ)2 sd2/d2, where zα = 1.96, zβ= 1.28, sd2 = 0.0036 
and d2 = 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 

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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Figure 1: Cone beam computed tomography images of maxillary canine shown in three-dimensions; axial, coronal, and 
sagittal planes. (CS 3D Imaging software)

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.

Parameters N Minimum Maximum Mean
Std. 

Deviation Pearson’s r 
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 
PTR at 1/4th the root length 
(axial plane)

75 0.02 0.17 0.06 0.02 -0.156 0.181 

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

PTR at CEJ (axial plane) -0.215 0.046
Age=23.123+ (-132.538× pulp tooth area 

ratio axial CEJ)
13.118 0.064 

PTR at 1/4
th

 the root length (axial 
plane)

-0.156 0.024
Age=35.081+ (-71.003× pulp tooth area ratio 

1/4th the root length)
13.276 0.181 

PTR at midway (axial plane)  -0.205 0.042
Age=34.402+ (-77.131× pulp tooth area ratio 

at midway)
13.146 0.077 

PTR at sagittal plane -0.113 0.013
Age=35.279+ (-36.233× pulp tooth area ratio 

sagittal)
13.346 0.335 

PTR at coronal plane -0.439 0.193
Age=47.495+ (-159.485× pulp tooth area 

ratio coronal)
12.066 0.001*

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

 

 
Figure 5. Mean Pulp tooth area ratio in Maxillary canine at five different sections 
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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.

Figure 3: The coronal section image 
seen in 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.

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.9,10,11 Secondary dentin apposition 
is an important morphological dental age predictor12-16 
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.17-20 
Chronological age can be estimated in correlation with 

assessment of secondary dentin since it may be more 
insulated from the effect of environmental factors on 
human remains.21 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. 1 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 section images. This advantage effect increases 
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.22 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).23 Bansal et al. in 
their study stated that PTR of maxillary canine at sagittal 
section showed highest correlation and was statistically 
significant.24 In the study done by Misirlioglu et al. from 
periapical radiographs found PTR correlated with age.25 

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.26 which was  similar to the results reported by Rai 
et al.1 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.27,28 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. 1 & Afify et al.22 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.22 and Bansal et al.24 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 

in buccolingual and mesiodistal periapical radiographs. 
The regression formulas used were not suitable for 
individuals under 20 years of age and over 85 years 
of age as it was fabricated for a particular age range.29 

According to Bajracharya  et al. the regression equations 
were for predicted age group 15-26 years with actual 
mean age of the subjects was 22.39 years and the mean 
accuracy error (chronological age – estimated age) was 
5.65 to 6.40 years. Thus, indicating similarity in predicted 
age range.30 Whereas in our study the regression analysis 
and Pearson correlation coefficient test (r) revealed 
a stronger correlation between the PTR of maxillary 
canine and age in the coronal section measurements 
than compared to other sections within the age group 
ranging from 15 years to 65 years of age. (Table 3). The 
Standard Errors of Estimates (SEE) in the linear regression 
analysis for multiple sections in maxillary canines ranged 
from ( ± 12.066 – 13.346 years) which indicates the high 
accuracy of those methods based on PTR calculation. 
Finally, it is necessary to mention that our findings were 
promising for dental age estimation by using CBCT 
(SEE ± 12.066 – 13.346 years), which will be suitable for 
forensic identification as SEE < ± 10 years is considered 
acceptable in forensic age prediction.22 However, a more 
3D quantification is necessary for this; hence suggesting 
detail information regarding PTR in future. Among 
several sections, sagittal sections may be undertaken, 
which may give a higher correlation with age.1

CONCLUSION
Increasing availability of 3D technology provides the 
forensic odontologist with an imaging modality capable 
of providing a 3D representation of the teeth and the 
jaws whose benefits may be extended in several ways 
to the science of forensic odontology. In the present 
study, age estimation using the PTR in several planes was 
undertaken using CBCT data in Nepalese population. 
The study may be helpful in estimating the dental age 
of living as well as deceased individuals by using CBCT 
image data.

Source (s) of Support: None
Conflict of Interest: None

REFERENCES
1.	 Rai A, Acharya AB, Naikmasur VG. Age estimation by 

pulp-to-tooth area ratio using cone-beam computed 
tomography: A preliminary analysis. J Forensic Dent 
Sci. 2016;8(3):150–4.  [ PubMed | Full text | DOI ]

2.	 Dedouit F, Savall F, Mokrane F-Z, Rousseau H, 
Crubézy E, Rougé D, et al. Virtual anthropology and 
forensic identification using multidetector CT. Br J 
Radiol. 2014;87(1036):20130468. [ PubMed | Full text 
| DOI ]

https://pubmed.ncbi.nlm.nih.gov/28123269/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5210102/
https://doi.org/10.4103/0975-1475.195118
https://pubmed.ncbi.nlm.nih.gov/24234584/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4067023/
http://dx.doi.org/10.1259/bjr.20130468


Gautam D

104Vol. 14 • No. 3 • Issue 53 • Jul.-Sep. 2025 Journal of Kathmandu Medical College

3.	 Agrawal NK, Hackman L, Dahal S. Dental age 
assessment using Demirjian’s eight teeth method 
and Willems method in a tertiary hospital. J Nepal 
Med Assoc. 2018;56(214):912–6. [ PubMed | Full text | 
DOI ]

4.	 Ekizoglu O, Hocaoglu E, Inci E, Sayin I, Solmaz D, 
Bilgili MG, Can IO. Forensic age estimation by the 
Schmeling method: computed tomography analysis 
of the medial clavicular epiphysis. International 
journal of legal medicine. 2015 Jan;129(1):203-10. [ 
PubMed | Full text | DOI ]

5.	 Cunha E, Baccino E, Martrille L, Ramsthaler F, Prieto 
J, Schuliar Y, et al. The problem of aging human 
remains and living individuals: a review. Forensic Sci 
Int. 2009;193(1–3):1–13. [ PubMed | Full text | DOI ]

6.	 Ohtani S, Yamamoto K. Estimation of age from a 
tooth by means of racemization of an amino acid, 
especially aspartic acid—comparison of enamel 
and dentin. Journal of Forensic Sciences. 1992 Jul 
1;37(4):1061-7. [ PubMed | Full text |DOI ]

7.	 Cameriere R, Ferrante L, Cingolani M. Precision and 
reliability of pulp/tooth area ratio (RA) of second 
molar as indicator of adult age. J Forensic Sci. 
2004;49(6):1319–23. [ PubMed | Full text | DOI ]

8.	 Asif MK, Nambiar P, Mani SA, Ibrahim NB, Khan IM, 
Sukumaran P. Dental age estimation employing CBCT 
scans enhanced with Mimics software: Comparison 
of two different approaches using pulp/tooth 
volumetric analysis. J Forensic Leg Med. 2018;54:53–
61. [ PubMed | Full text | DOI ]

9.	 Cameriere R, Ferrante L, Cingolani M. Variations 
in pulp/tooth area ratio as an indicator of age: a 
preliminary study. J Forensic Sci. 2004;49(2):317–9. [ 
PubMed | Full text | DOI ]

10.	 Cameriere R, Ferrante L, Belcastro MG, Bonfiglioli B, 
Rastelli E, Cingolani M. Age estimation by pulp/tooth 
ratio in canines by peri-apical X-rays. J Forensic Sci. 
2007;52(1):166–70. [ PubMed | Full text | DOI ]

11.	 Jeevan MB, Kale AD, Angadi PV, Hallikerimath S. 
Age estimation by pulp/tooth area ratio in canines: 
Cameriere’s method assessed in an Indian sample 
using radiovisiography. Forensic Sci Int. 2011;204(1–
3):209.e1-5. [ PubMed | Full text | DOI ]

12.	 Singh N, Grover N, Puri N, Singh S, Arora S. Age 
estimation from physiological changes of teeth: 
A reliable age marker? Journal of forensic dental 
sciences. 2014 May 1;6(2):113-21. [  PubMed | Full text 
| DOI ] 

13.	 Gustafson G, Malmö DO. Age determinations on 
teeth. J Am Dent Assoc . 1950;41(1):45–54. [ PubMed 
| Full text | DOI ] 

14.	 Verma M, Verma N, Sharma R, Sharma A. Dental age 
estimation methods in adult dentitions: An overview. 
Journal of forensic dental sciences. 2019 May 
1;11(2):57-63. [ PubMed | Full text | DOI ] 

15.	 Maples WR. An improved technique using dental 
histology for estimation of adult age. J Forensic Sci. 
1978;23(4):764–70. [ PubMed | Full text | DOI ]

16.	 Solheim T. Amount of secondary dentin as an 
indicator of age. Scand J Dent Res. 1992;100(4):193–
9. [ PubMed | Full text | DOI ]

17.	 Star H, Thevissen P, Jacobs R, Fieuws S, Solheim 
T, Willems G. Human dental age estimation by 
calculation of pulp–tooth volume ratios yielded 
on clinically acquired cone beam computed 
tomography images of monoradicular teeth. Journal 
of forensic sciences. 2011 Jan;56:S77-82. [ PubMed | 
Full text | DOI ]

18.	 Ge ZP, Ma RH, Li G, Zhang JZ, Ma XC. Age estimation 
based on pulp chamber volume of first molars from 
cone-beam computed tomography images. Forensic 
science international. 2015 Aug 1;253:133-e1. [ 
PubMed | Full text | DOI ]

19.	 Philippas GG, Applebaum E. Age factor in secondary 
dentin formation. Journal of dental research. 1966 
May;45(3):778-89. [ PubMed | Full text | DOI ]

20.	 Atar M, Körperich EJ. Systemic disorders and their 
influence on the development of dental hard tissues: 
a literature review. Journal of dentistry. 2010 Apr 
1;38(4):296-306. [ PubMed | Full text | DOI ]

21.	 Cameriere R, Brogi G, Ferrante L, Mirtella D, Vultaggio 
C, Cingolani M. Reliability in age determination by 
pulp/ tooth ratio in upper canines in skeletal remains. 
J Forensic Sci. 2006;51:861–4. [ PubMed | Full text | 
DOI ]

22.	 Afify MM, Salem WS, Mahmoud NF. Age estimation 
from pulp/tooth area ratio of canines using cone-
beam computed tomography image analysis: study 
of an Egyptian sample. J Forensic Res. 2019;10(1):1-7. 
[ Full text | DOI ]

23.	 Marroquin TY, Karkhanis S, Kvaal SI, Vasudavan 
S, Kruger E, Tennant M. Age estimation in adults 
by dental imaging assessment systematic review. 
Forensic Sci Int. 2017;275:203–11. [ PubMed | Full text 
| DOI ]

24.	 Bansal V, Konidena A, Nagi R, Kataria APS, Yumnam 
N, Farooq F. Correlation of pulp-to-tooth area ratio 
with age and gender using CBCT of maxillary central 
incisor and canine: A comparative study. J Indian 
Acad Oral Med Radiol. 2022;34(1):87–94. [ Full text | 
DOI]

25.	 Misirlioglu M, Nalcaci R, Adisen MZ, Yilmaz S, 
Yorubulut S. Age estimation using maxillary canine 

https://pubmed.ncbi.nlm.nih.gov/31065134/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8827608/
https://doi.org/10.31729/jnma.3876
https://pubmed.ncbi.nlm.nih.gov/25408292/
https://link.springer.com/article/10.1007/s00414-014-1121-y
file:///H:/JOBS/KMC/JKMC%20Vol%2014%20No%203%20Issue%2053%20JUL-SEP%202025/ORIGINAL/Done/10.1007/s00414-014-1121-y
file:///H:/JOBS/KMC/JKMC%20Vol%2014%20No%203%20Issue%2053%20JUL-SEP%202025/ORIGINAL/Done/10.1007/s00414-014-1121-y
https://pubmed.ncbi.nlm.nih.gov/19879075/
https://link.springer.com/article/10.1007/s00414-014-1121-y
file:///H:/JOBS/KMC/JKMC%20Vol%2014%20No%203%20Issue%2053%20JUL-SEP%202025/ORIGINAL/Done/10.1016/j.forsciint.2009.09.008
https://pubmed.ncbi.nlm.nih.gov/9539398/
https://europepmc.org/article/med/1506827
https://doi.org/10.1520/JFS13292J
https://pubmed.ncbi.nlm.nih.gov/15568706/
https://europepmc.org/article/med/15568706
https://doi.org/10.1520/JFS2004125
https://pubmed.ncbi.nlm.nih.gov/29324319/
https://europepmc.org/article/med/29324319
https://doi.org/10.1016/j.jflm.2017.12.010
https://pubmed.ncbi.nlm.nih.gov/15027553/
https://core.ac.uk/reader/55263363?utm_source=linkout
http://dx.doi.org/10.1520/jfs2003259
https://pubmed.ncbi.nlm.nih.gov/17209930/
https://onlinelibrary.wiley.com/doi/10.1111/j.1556-4029.2006.00336.x
https://doi.org/10.1111/j.1556-4029.2006.00336.x
https://pubmed.ncbi.nlm.nih.gov/20869824/
https://europepmc.org/article/med/20869824
https://doi.org/10.1016/j.forsciint.2010.08.017
https://pubmed.ncbi.nlm.nih.gov/25125919/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4130013/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4130013/
https://doi.org/10.4103/0975-1475.132541
https://pubmed.ncbi.nlm.nih.gov/15428197/
https://pubmed.ncbi.nlm.nih.gov/15428197/
https://jada.ada.org/article/S0002-8177(50)11005-7/abstract
https://doi.org/10.14219/jada.archive.1950.0132
https://pubmed.ncbi.nlm.nih.gov/32082039/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7006305/
https://doi.org/10.4103/jfo.jfds_64_19
https://pubmed.ncbi.nlm.nih.gov/744998/
https://europepmc.org/article/med/744998
https://doi.org/10.1520/jfs10735j
https://pubmed.ncbi.nlm.nih.gov/1439521/
https://europepmc.org/article/med/1439521
https://doi.org/10.1111/j.1600-0722.1992.tb01740.x
https://pubmed.ncbi.nlm.nih.gov/21182523/
https://europepmc.org/article/med/21182523
https://doi.org/10.1111/j.1556-4029.2010.01633.x
https://pubmed.ncbi.nlm.nih.gov/26031807/
https://pubmed.ncbi.nlm.nih.gov/26031807/
https://europepmc.org/article/MED/26031807
https://doi.org/10.1016/j.forsciint.2015.05.004
https://pubmed.ncbi.nlm.nih.gov/5222482/
https://europepmc.org/article/med/5222482
https://doi.org/10.1177/00220345660450034701
https://pubmed.ncbi.nlm.nih.gov/20004698/
https://europepmc.org/article/med/20004698
https://doi.org/10.1016/j.jdent.2009.12.001
https://pubmed.ncbi.nlm.nih.gov/16882230/
https://onlinelibrary.wiley.com/doi/10.1111/j.1556-4029.2006.00159.x
https://doi.org/10.1111/j.1556-4029.2006.00159.x
https://www.researchgate.net/publication/331952761_Age_Estimation_from_PulpTooth_Area_Ratio_of_Canines_using_Cone-Beam_Computed_Tomography_Image_Analysis_Study_of_an_Egyptian_Sample
https://doi.org/10.4172/2157-7145.1000434
https://pubmed.ncbi.nlm.nih.gov/28410514/
https://europepmc.org/article/med/28410514
https://doi.org/10.1016/j.forsciint.2017.03.007
https://www.ovid.com/jnls/aomr/fulltext/10.4103/jiaomr.jiaomr_67_21~correlation-of-pulp-to-tooth-area-ratio-with-age-and-gender
file:///H:/JOBS/KMC/JKMC%20Vol%2014%20No%203%20Issue%2053%20JUL-SEP%202025/ORIGINAL/Done/10.4103/jiaomr.jiaomr_67_21


Age estimation based on Pulp-Tooth Area Ratio of maxillary canine using Cone Beam Computed Tomography

105Journal of Kathmandu Medical College Vol. 14 • No. 3 • Issue 53 • Jul.-Sep. 2025

pulp/tooth area ratio, with an application of Kvaal’s 
methods on digital orthopantomographs in a Turkish 
sample. Aust J Forensic Sci. 2014;46(1):27–38. [ Full 
text | DOI ]

26.	 Haghanifar S, Ghobadi F, Vahdani N, Bijani A. Age 
estimation by pulp/tooth area ratio in anterior 
teeth using cone-beam computed tomography: 
comparison of four teeth. J Appl Oral Sci. 
2019;27:e20180722. [ PubMed | Full text | DOI ]

27.	 Nemsi H, Haj Salem N, Bouanene I, Ben Jomaa S, 
Belhadj M, Mosrati MA, et al. Age assessment in 
canine and premolar by cervical axial sections of 
cone-beam computed tomography. Leg Med (Tokyo) 
. 2017;28:31–6. [ PubMed | Full text | DOI ]

28.	 Liu B, Zhang M, Chen Y, Yao Y. Tooth wear in aging 
people: an investigation of the prevalence and the 
influential factors of incisal/ occlusal tooth wear 
in northwest China. BMC Oral Health. 2014;14. [ 
PubMed | Full text | DOI ]

29.	 Dahal S, Forgie A, Manica S. Age estimation using 
monoradicular teeth by comparing pulp/tooth 
area ratios between Bucco-lingual and mesio-distal 
periapical radiographs. J Nepal Health Res Counc 
[Internet]. 2021;19(3):577–81. [ PubMed | Full text | 
DOI ]

30.	 Bajracharya D, Ojha B, Koju S, Maharjan N, Shah 
A. Applicability of pulp tooth area ratio in age 
estimation using mandibular premolars. Orthod J 
Nepal [Internet]. 2022;12(1):12–6. [ Full text | DOI ]

https://www.tandfonline.com/doi/abs/10.1080/00450618.2013.784357
https://www.tandfonline.com/doi/abs/10.1080/00450618.2013.784357
https://doi.org/10.1080/00450618.2013.784357
https://pubmed.ncbi.nlm.nih.gov/31411266/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9648962/
https://doi.org/10.1590/1678-7757-2018-0722
https://pubmed.ncbi.nlm.nih.gov/28756305/
https://europepmc.org/article/med/28756305
https://doi.org/10.1016/j.legalmed.2017.07.004
https://pubmed.ncbi.nlm.nih.gov/24902953/
https://pubmed.ncbi.nlm.nih.gov/24902953/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4080580/
https://doi.org/10.1186/1472-6831-14-65
https://pubmed.ncbi.nlm.nih.gov/35140434/
https://europepmc.org/article/med/35140434
https://doi.org/10.33314/jnhrc.v19i3.3614
https://nepjol.info/index.php/OJN/article/view/47482
https://doi.org/10.3126/ojn.v12i1.47482

