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Abstract: 

Background: The Tooth Coronal Index (TCI) is a dental measurement used in forensic anthropology to 

estimate age at death. It is based on the observation that as a person ages, secondary dentin gradually 

accumulates at the base of the tooth crown, reducing the height of the pulp cavity. The TCI is calculated by 

dividing the height of the coronal pulp cavity by the height of the crown and expressing it as a percentage. This 

non-invasive method is particularly useful in cases where other skeletal age indicators are unavailable or 

unreliable, and it has been applied in various populations to improve the accuracy of age estimation in adults. 

Its simplicity and effectiveness make it a valuable tool in both archaeological research and modern forensic 

investigations. 

Materials and Methods: In the current study, the cone-beam computed tomography (CBCT) scans of 93 people 

between the ages of 20-70 years were examined retrospectively in department of Oral Radiology. The coronal 

height of the crown as well as the height of the coronal pulp cavity of mandibular first molar and second 

premolar were calculated and TCI was measured. The data were then subjected to statistical analysis after 

being compared to the subject's real age and the TCI of their teeth. The Welch method was applied, p value, t 

value and slope were determined. Sum of square regression and linear regression was also calculated. 

Results: Negative correlation was observed between real age and TCI of mandibular first molar and second 

premolar. Statistically significant results was observed between actual age and TCI for mandibular second 

premolar. 

Conclusion: On CBCT scans, tooth coronal index has the potential to determine an individual's age. It is more 

reliable for males and showed negative correlation with age. It is easy to use, less expensive and applicable to 

both living people and unidentified corpses. 
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I. Introduction 
In forensic odontology, determining a person's age is a crucial part of biological identification. The 

teeth and bones of the craniofacial complex are important identifying markers for forensic odontology.1 

Estimating someone's age is a challenging undertaking that requires a multidisciplinary approach.2 Determining 

the age of victims is crucial for identifying missing bodies or skeletal remains from crimes, disasters and 

accidents. Anthropometric techniques for determining a person's gender, age, height, and ethnicity provide 
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details about the person that police investigators can use to better understand missing persons reports.3Because 

teeth are resistant to a variety of taphonomic processes, diseases, medication use, and endocrine status, they are 

preferred over bone mineralization in forensic and archaeological investigations.4-6 As the hardest part of the 

body, teeth can be retained after death for a very long period without undergoing significant alterations.7-8 

Radiographic, biochemical, and morphological techniques can all be used to estimate an individual's age from 

their teeth. 

The most popular approach was initially employed by Gustafson.9 and modified by Johanson.10 Other 

method include cementum annulations and dentinal translucency.11-12 These techniques are inappropriate for use 

on living people since they necessitate the extraction of teeth. Thus, non-invasive radiological techniques are 

developed for living individuals. 

Bodecker discovered in 1925 that the apposition of secondary dentine corresponded to chronological 

age. Due to secondary dentin deposition, the pulp shrinks in size as people age.13 Using radiographs of extracted 

teeth, Ikeda et al. established the tooth coronal index (TCI) in 1985 to estimate age.14 Drusini conducted 

research on age estimation using TCI in 1993 using radiographs of living subjects.15 To create a regressive 

formula for the Western population, numerous studies have been conducted. Nevertheless, there is uncertainty 

over the reproducibility of these characteristics because different ethnic groups may have different values,16 

moreover different studies have been conducted using different radiographic techniques resulting in subsequent 

variations in TCI measurements and hence varied results. Thus, this study aims to estimate age using tooth 

measurements applying the more precise radiographic technique of CBCT and to assess the reliability of TCI in 

age assessment in population of North Western India. 

 

II. Material And Methods 
A retrospective study was conducted on CBCT scans of 20-70 years patients who were referred to the 

Department of Oral Radiology as an aid for diagnosis of their primary complaint in the year of 2023. The 

research was approved by the Institutional Ethical Committee (RUHS-CDS/EC/2023/PG-The/002). 186 CBCT 

scans (93 mandibular second premolar and 93 mandibular first molar) from 93 individuals (58 males and 35 

females) in age group 20-70 years were evaluated using software CS 3D Imaging V 3.8.7 of CBCT machine 

CS9300 and correlated with patient actual age. The sample size was calculated using G-Power 3.1.9.2 software 

considering the correlation Coefficient (ρ) to be measured at 0.3, power of the study at 80% and the margin of 

the error at 5%, the sample size needed was 84 which was rounded off to 90. 

The ideal quality CBCT scans without any artifact in age between 20 years to 70 years were included 

which were divided into five age groups (20-30,31-40,41-50,51-60,61-70). The permanent mandibular first 

molar and mandibular second premolar were selected for TCI measurements on CBCT. The exclusion criteria 

were, teeth which showed any pathology such as caries, grossly decayed, restored, endodontically or 

prosthetically restored teeth, teeth which were badly rotated or showed an enamel overlap, and teeth which 

showed developmental anomalies related to size, shape and structure. 

 

Measuremnt Of Tci 

On sagittal section of the scan, straight line was drawn from mesial to distal aspect on the 

cementoenamel junction—the point where the anatomical crown and root separates (CEJ Line). Two lines 

horizontal and parallel to the CEJ line were drawn; one tangential to the highest cusp tip and other tangential to 

the highest pulp horn (Figure 1a Figure1b). Then the following measurements were acquired on mandibular first 

molar (TCI Molar) and mandibular second premolar (TCI Premolar) on CBCT scans: 

1) Crown height (CH): vertical measurement taken from line to highest cusp point.13 

2) Coronal pulp cavity height (CPCH): measured vertically from the highest pulp horn tip to the cervical line.18 

3) TCI= CPCH x 100/CH.18 

 

 
Figure 1: a) Sagittal section of CBCT with       Figure 1: b) Sagittal section of CBCT with 

measurements on mandibular second         measurements on mandibular first molar 

                                                                     premolar 
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The observations were summarized and tabulated in an excel spreadsheet and subjected to statistical 

analysis of Welch t-test.  A line of best fit and an equation were used to illustrate linear regression for different 

age and gender groupings.  The study's power was 80% when P<0.05 was deemed statistically significant, 

maintaining α error at 5% and β error at 20%. 

 

III. Result 
The Welch t-test method was used to check the significant difference between means of different study 

groups (actual age, TCI Molar and TCI Premolar). Using TCI Molar, the mean for predicted age was 

43.591+5.218 years and using TCI premolar it was 44.057+5.698 years when compared to the actual age 

(43.591+14.005 years) (Table1). So the actual age and the predicted age using TCI values are similar for whole 

population. A lower regression sum of squares value for TCI Premolar (276.91) is observed compared to 

predictions made using TCI Molar values (305.17) (Table 2), making TCI Premolar a better predictor of patient 

age. Figure 2 presents the graph for scattered plot and linear regression lines of actual age, predicted age using 

TCI Molar values and TCI Premolar values. The regression sum of squares for males using TCI Premolar was 

(360.26) when compared to TCI Molar (365.68) thus, TCI Premolar prediction again yielded better results for 

males, while for females TCI Molar prediction (362.09) performed better in contrast to TCI Premolar (437.41) 

(Table 3). 

 

Table 1: Descriptive statistics for Actual age and predicted age using TCI Molar and Premolar values. 

 N Mean SD SE 

Actual Age 93 43.591 14.005 1.45 

Predicted age using TCI Molar 93 43.591 5.218 0.541 

Predicted age using TCI Premolar 93 44.057 5.698 0.591 

N: Sample size, SD: Standard deviation, SE: Standard Error Mean 

 

Table 2: Comparison of mean difference of actual age from calculated age using TCI Molar and TCI 

Premolar values 

 N Mean SD SE Slope Intercept 𝒓𝟐 

TCI Molar 93 43.591 5.218 1.588 -0.598 62.484 305.17 

TCI Pre Molar 93 44.057 5.698 1.576 -0.653 64.688 276.91 

N: Sample size, SD: Standard deviation, SE: Standard Error Mean, 𝑟2: Regression sum of square 

 

 
Figure 2: a) Scatter plot and regression line of age on TCI values for Molars (combined sample), b) 

Scatter plot and regression line of age on TCI values for Premolars (combined sample) 

 

Table 3: Comparison of mean difference of actual age from calculated age in male and female group 

MALE N Mean SD Slope Intercept 𝒓𝟐 

Actual Age 58 44.4915 14.704    

TCI Molar 58 44.4915 5.9776 -0.6481 65.7014 365.68 

TCI Premolar 58 44.4915 2.723 -0.2468 52.7334 360.26 
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FEMALE 

Actual Age 35 42.5142 12.891    

TCI Molar 35 42.5142 0.9473 -0.0984 45.4886 362.089 

TCI Premolar 35 42.5143 1.1828 0.1708 37.067 437.41 

N: Sample size, SD: Standard deviation, 𝑟2: Regression sum of square 

 

IV. Discussion 
The measurement of the pulp cavity volume and the development of the third molar are the two 

parameters that can be used to determine an adult's age.17 Radiography can be used to measure how much the 

pulp cavity has shrunk as a result of secondary dentine deposition with ageing.18 Secondary dentin deposition 

can be indirectly quantified by evaluating the pulp/tooth index.19 

This is the first study which was conducted specifically on north western Indian population to 

measures the morphometric values of pulp on 186 CBCT samples for the mandibular first molar and mandibular 

second premolar, thereby adding on the existing literature which were performed in south India31, Italy23, 

Malavi22, Iraq27, Egypt30, Australian26 population. 

Prior researches by Talabani RM et al. 27, Da, El Morsi et al.30, HL Ahmed khan33 employed digital 

panoramic radiographs for age assessment while Igbigbi and Nyirenda22 and Gotmare SS et al. 31 used 

conventional OPG for the same and Koranne VV et al. 29 had used IOPA in paralleling technique. However, due 

to the panoramic images susceptibility to distortion, enlargement, and unsharpness27,28, CBCT was utilised in 

the present investigation, similar to the study done by Doni BR20. 

Similar to our study most of the researchers like Doni BR20, Koranne29, Igbigbi and Nyirenda22, 

Gotmare31 used the same teeth mandibular first molar and mandibular second premolar for TCI calculation, 

while Agematsu21 used mandibular central incisors along with mandibular second premolars, Talabani27 used 

only mandibular first molar and HL Ahmed khan33 used only mandibular first premolars. In contrast Da EL 

Morsi31 used all the mandibular molars except third molars and all the mandibular premolars. 

The present investigation findings of negative correlation between the predicted age and the TCI is 

supported by studies of Drusini15 in Italy, Zadzinska et al.23 in Italy, Agematsu et al21 in Japan, Igbigbi and 

Nyirenda22 in Malavi, Karkhanis26 et al in Australia, Talabani et al27 in Iraq. While Da, El Morsi31 in Egypt, 

Shrestha24 and Gotmare31 in India have found positive correlation between predicted age and TCI. 

Based on different statistical data the research conducted by Doni BR20, Igbigbi and Nyirenda22 are in 

accordance of present study indicating mandibular second premolar to be a better predictor for age estimation in 

contrast to the study conducted by Talabani27 which supports mandibular first molar. 

According to present study there is gender difference in age predicted by TCI which is also supported 

by Agematsu et al21 Igbigbi and Nyirenda22. Igbigbi and Nyirenda22 concluded that gender significantly affects 

age estimation using TCI because estrogen influences the production of secondary dentin, so there is a need for 

sex-specific formulae in sampled population32 which is contraindicatory to that of Drusini et al17 Zadinska et al23 

Shrestha24 Khattab et al25 and Karkhanis et al26 which found no differences in TCI based on gender. TCI is a 

reliable, reproducible, easy to conduct, non-invasive age estimation method based on radiography. 

 

V. Conclusion 
According to the present study, age estimation from TCI on the mandibular second premolar can be 

simply applied to living humans and does not require highly specialized equipment. The current study's 

findings, which are legitimate given the small sample size, demonstrated that TCI was more accurate in treating 

the male population than the female one. We conducted our study on a group of people living in Western India. 

However, comparable research needs to be carried out on a bigger sample in order to reduce standard errors, 

obtain maximum reproducibility, and develop a universal formula across all ethnic groups and gender. 
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