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Abstract: The present study aimed to assess the validity of coronal pulp/tooth area ratio (AR) and 

tooth/coronal index (TCI) indices in the mandibular first molar and second premolar for age 

estimation.110 digital panoramic radiographs of 60 male and 50 female subjects aged between 15 to 44 

years were studied. The coronal pulp/tooth area ratio (AR) and tooth/crown index (TCI) of mandibular 

first molar and second premolar teeth was measured using AutoCAD software. Data were analyzed 

based on Pearson correlation coefficient regression formula  and, t-test, and ANOVA.  Considering the 

effect of sex, differences in the morphological variable of mandibular first molar and second premolar 

were not statistically significant. In the mandibular first molars, the subject’s age significantly affects 

the AR (P-value=0.003) and TCI (P-value=0.027) indices. There was a significant and positive 

correlation between the two morphological variables of AR and TCI (r=0.797 for mandibular second 

premolar and r=0.0686 for a mandibular first molar, P-value<0.001). Linear regression analysis showed 

that concurrent application of the two indices in one formulation could be a reliable technique for age 

estimation. According to the results of this study, in the Iranian populations, the application of AR and 

TCI indices simultaneously in one formulation had better results for age estimation in younger adults. 

Keywords: dental pulp; age determination by teeth; forensic dentistry; panoramic radiography 

panoramic. 
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1. Introduction 

Estimation determination of an individual’s age is an important subject in forensic or 

legal content. In living people, age estimation is applied for the majority of determination 

estimations in case of kidnapping, rape, hiring, and marriage, in the cases where the date of 

birth is not clear, or criminal cases [1]. In dead bodies, age estimation is applied for aiding the 

identification of victims, criminals, and damaged bodies in accidents, fires, suicides, abortions, 

and murders [2]. 

In the human body, teeth are the hardest and most resistant organ against the structural 

changes that occurred during tissue disintegration [3]. Also, in comparison to the bone, tooth 

mineralization did not significantly affect by diseases, drugs, and endocrine status [4]. 

Therefore, teeth can be considered as a biological marker and an ideal tissue to use in forensic 

and archaeological research [5,6]. Dental age estimation is less variable in comparison with the 

skeletal age estimation and sexual maturity indices in the youth age [7]. Various methods have 

https://biointerfaceresearch.com/
https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC113.1058510594
https://orcid.org/0000-0002-3543-9537
https://orcid.org/0000-0002-9153-5195
https://orcid.org/0000-0001-7769-3966


https://doi.org/10.33263/BRIAC113.1058510594  

 https://biointerfaceresearch.com/ 10586 

been proposed for chronological age estimation using dental tissues [2]. These methods are 

based on radiological, biochemical, histological, and morphological approaches [8]. 

Morphological and histological methods assessed dental wear, secondary dentin formation, 

gingival loss, cement deposition, and translucency of root dentin [9,10]. The biochemical 

method is also a newly introduced method that studies changes in the chemical composition of 

teeth [11-15]. Since the above-mentioned methods are invasive and warrant tooth extraction, 

they could be applied only in the dead bodies [16]. 

Radiography is a simple, non-invasive, and reliable method that applies to both living 

and dead bodies [2]. Radiological methods that are based on the calcification stages in 

developing teeth are not a suitable method in people over 25 years when calcification and 

development of the third molar have been terminated [17]. Radiographic dental age estimation 

in adults should be directed toward the dimensional changes that occurred in the tooth structure 

[3]. For dental age estimation, volumetric changes in the pulpal cavity because of secondary 

dentin deposition and pulp/tooth area ratio were reliable indices in adults [18-20]. 

Kvaal et al. [21] in 1995 introduced a radiographic method based on the measurement 

of pulpal length and width as well as root length and width. They concluded that there was a 

negative correlation between pulp/tooth width ratios and age. Cameriere et al. [22] measured 

the length, width, and area of pulp, root, and tooth in single-rooted maxillary canines. They 

concluded that there is the best correlation between pulp and tooth area ratio with the age-

positive correlation between pulp and tooth area. Pulp to tooth ratios as reliable radiographic 

indices have been studied in various ethnic groups [23-26]. Most of the studies in this era have 

been evaluated canine teeth because of its single root and largest pulp chamber that makes the 

radiological measurements easier [17,27-30]. In the absence of canine teeth, other teeth could 

be considered as a substitution for dental age estimation [31-35]. Mathew et al. [36] made a 

method for dental age estimation by mandibular first molar tooth because of its large pulp 

chamber volume, and it’s an easy distinction in panoramic images. 

Mandibular second premolars are also studied due to the large crown volume and less 

overlap with adjacent teeth (compared to mandibular first premolar and maxillary 

premolars)mater [17]. Apposition of secondary dentine and tooth wear has been applied as 

indirect non-destructive indicators for age estimation. Secondary dentine apposition is 

measured as pulpal area and tooth wear as tooth area. Most of the studies calculated the tooth 

area instead of the coronal tooth area. Moreover, the two indices of area ratio and vertical 

indices in the coronal part of the tooth have not been applied in one formulation up to the 

present. This study was done to validate the combined application of coronal tooth indices in 

the mandibular first molar and second premolar for chronological age estimation. 

2. Materials and Methods 

2.1. Experimental procedure. 

All the experimental procedures in the present study were following the Declaration of 

Helsinki and approved by the local ethics committee. 110 digital panoramic radiographs from 

a dental clinic belonged to patients of both sexes (60 males and 50 females) between the ages 

group of 15 and 44 years were studied in the present study. The samples were distributed into 

3 age groups: 15-24 years, 25-34 years, and 35-44 years. The presence of left and right 

mandibular first molar and second premolar free from developmental or morphological 

abnormalities and good technical quality of a radiograph was set as the inclusion criteria. Teeth 
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with restoration (i.e., amalgam restoration, crown), caries defect, rotation or inclination, 

excessive occlusal wear, and overlap with adjacent teeth and dental anomalies were excluded 

from the present survey.  Also, patients with a history of any systemic diseases that affect the 

pulpal area and detection of its border (i.e., renal diseases) were not enrolled in the present 

study. 

Standardized digital orthopantomography was taken with Planmeca radiographic unit 

(Proline, Planmeca, Finland) under the following conditions: voltage 66-70 KVP, intensity 8-

10 mA, and duration 10-12s. High-resolution radiographs were saved on a computer as JPEG 

files and then imported to AutoCAD software (Autodesk/AutoCAD version 2016, San Rafael, 

USA). The resolution of the monitor was 768666*13661366*768 pixels. 

All the measurements were done according to the identified points on the coronal tooth 

outline and the pulp periphery (Figure 1). We have used the AutoCAD zoom tool for a better 

view. In the presence of bilateral premolar and molar tooth, one-sided that pulpal cavity was 

barely visible seen was selected. 

 
Figure 1. Estimation of tracing dots in the coronal segments of mandibular first molars and second premolars to 

measure AR and TCI indices. The points are marked with the point’s option in AutoCAD software. Area option 

and distance option in AutoCAD software were also applied to measure the area of the pulp chamber and tooth 

and TCI index. 

The reference points on the images of the mandibular first molar and second premolar 

teeth were defined. For vertical measurements, a cervical line was defined at the 

cementoenamel junction level. The crown height (CH) was the maximum vertical interval from 

the highest point of the highest cusp to the cervical line, whereas the coronal pulp cavity height 

(CPCH) was the vertical distance between the cervical line and highest pulp horn [37]. 

Tooth/crown index (TCI) was calculated for mandibular second premolars and molars as 

follows:  

TCI=CPCH×100/CH 

To measure the area of the tooth and pulp chamber in the second premolar and first 

molar 20 and 30 points on the outer surface of the crown and 10 and 20 points in the outer 

surface of the pulp were selected, respectively. All the tracings and measurements were done 

manually, and the tracing points were equally distributed along the outer surface of the tooth 

crown and dental pulp.  Afterward, the defined points on the outlines of tooth and pulp were 

connected to calculate the area of the related tooth and pulp chambers. We have used area 

options in AUTOCAD software to measure the area of the pulp chamber cavity and tooth area. 

For the TCI index, we selected the points and use distance options to measure it. Pulp/tooth 

area ratio (AR) was defined as the proportion of coronal pulp area to the coronal tooth area. 
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All the measurements were performed by the same investigator, who was blinded to the 

chronological age of the subjects, using image processing software (Autodesk/ AutoCAD 2016, 

USA). A random sample of 10 radiographs was reevaluated after the one-month interval to test 

the intra-observer reproducibility.  

2.2. Statistical analysis. 

Data were analyzed in SPSS ver.17 software (Spss Inc., Chicago, USA), and P-

value>0.05 was considered significant. Pearson correlation coefficient and linear regression 

equations formulae according to observed age and predictive variables were calculated in the 

mandibular first molar and second premolar. The regression model to predict chronological age 

from AR and TCI of mandibular first molars and second premolars and both of the two indices 

in one formulation were developed.  The Kolmogorov-Smirnov test confirmed the normal 

distribution of the data. Morphologic variables (AR, TCI) between males/females and the three 

age groups and the three age groups were analyzed using student t-test and ANOVA. Intra 

observer differences reproducibility of intra-examiner was determined by paired sample t-test.  

3. Results and Discussion 

In this study, 110 orthopantomography have been evaluated. Gender and age 

distribution of the groups are presented in Table1. Based on the paired sample t-test, there were 

no significant differences in intra-observer first and repeated measurements of images 

(p=0.0430). 

Table 1. Gender and age distribution of the groups. 

Group Age Male Female 

Group1 15-24 19 21 

Group 2 25-34 22 17 

Group 3 35-46 19 12 

Total  60 50 

Table 2. Pearson’s correlation between chronological age, pulp/tooth area ratio, and tooth/crown index in 

mandibular first molars and second premolars.  

Tooth r p 

Pearson’s correlation between chronological age and TCI1 

Second premolar 0.087 0.363 

First molar 0.133 0.166 

Pearson’s correlation between chronological age and AR2 

Second premolar -0.44 0.644 

First molar 0.051 0.600 

Pearson’s correlation between the pulp/tooth area ratio and tooth/crown index 

Second premolar 0.797 0.000 

First molar 0.686 0.000 
1 TCI: Tooth/crown index, 2AR: Pulp/tooth area ratio 

Considering the effect of sex, there were no significant differences in morphological 

variables of mandibular first molars and second premolars (p< 0.05). In contrast, the subject’s 

age significantly affects AR (P=0.003) and TCI (P=0.027) indices in mandibular molar teeth. 

AR indices showed statistically significant differences between 25-34 and 16-24 age groups 

(P=0.004) and also 25-34 and 35-46 age groups (P=0.003). TCI indices showed statistically 

significant differences only between 25-34 and 35-46 age groups (P=0.009). Pearson’s 

correlation coefficient showed a significant and positive correlation between the two 

morphological variables (AR and TCI) in both mandibular second premolar and molar teeth, 
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respectively (r=0.797, p=0.000)(r=0.686, p=0.000). In contrast, the correlation between age 

and TCI indices recorded positive and insignificant in both second premolar and molar teeth 

(Table2). There was also a negative and insignificant correlation between age and AR indices 

in the second premolars and a positive and insignificant correlation between age and AR index 

in the first molars (Table 2). 

Linear regression analysis was carried out to estimate the chronological age based on 

AR and TCI indices in both mandibular second premolar and molar teeth(Table3). Based on 

the linear regression procedure, AR and TCI indices, when applied separately, are not valid 

variables to predict chronological age in both premolar and molar teeth. Oppositely, concurrent 

application of the two indices (AR and TCI) could be a useful, valid tool to predict 

chronologically. The regression equation when mandibular second premolar was taken into 

account was as follows: 

AGE=25.65-201×AR+46.05×TCI 

The regression model for predicting chronological age using AR and TCI indices of 

mandibular first molar in one formulation was defined as:  

AGE=24.128-34.657×AR+26.844×TCI 

Table 3. Regression analysis predicting chronological age using mandibular second premolars and first molars. 

Dent type effect 
Regression 

coefficient 

Standard 

error 
t p-value 

95.0% confidence interval 

for the Regression coefficient 

Lower 

bound 

Upper bound 

Mandibular 

Second 

Premolar 

Intercept 25.65 2.65 9.681 0.000 20.399 30.901 

AR -200.96 100.39 -2.002 0.048 -399.936 -1.986 

TCI 46.05 21.37 2.154 0.033 3.686 88.411 

Mandibular 

First Molar 

Intercept 24.13 3.33 7.236 0.000 17.518 30.739 

AR -34.66 59.23 -0.585 0.560 -152.067 82.754 

TCI 26.84 18.98 1.414 0.160 -10.786 64.475 

Table 4 displays the mean difference between estimated and actual age using AR and 

TCI indices in mandibular first molars and second premolars. 

Table 4. Mean ±SD difference (years) between the actual and estimated age of the study population. 

 Category Premolar 0.95%CI Sig Molar 0.95%CI Sig 

Using AR 

& TCI 

Group1 -7.96±2.97 -8.89 - ( -7.03) 0.000 -8.57±2.47 -9.36 – (-7.78) 0.000 

Group 2 0.15±2.71 -0.7 – 1.03 0.723 0.31±2.78 -0.58 – 1.21 0.484 

Group3 10.59±4.09 9.09 – 12.03 0.000 10.66±3.63 9.33 – 11.99 0.000 

Using AR 

 

Group1 -8.25±2.62 -9.07 – (-7.44) 0.000 -6.13 ± 2.49 -6.93 – (-5.34) 0.000 

Group 2 0.12 ± 2.74 -0.76  - 1.01 0.777 2.26 ± 2.83 1.34 – 3.18 0.000 

Group3 11.05 ± 3.56 9.74-12.35 0.000 13.42 ± 3.56 12.11 – 14.73 0.000 

Using 

TCI 

Group1 -3.63 ± 2.73 -4.48 – (-2.78) 0.000 0.52 ± 2.91 -0.40 – 1.45 0.261 

Group 2 4.73 ± 2.90 3.79 – 5.68 0.000 8.74 ± 3.10 7.74 – 9.75 0.000 

Group3 15.82 ± 3.67 14.47 – 17.17 0.000 20.30 ± 3.75 18.92 – 21.68 0.000 

When the two indices were applied in one formulation, the lowest mean difference 

between estimated and actual best results for age estimation was observed in group 2 (25-34 

years). The mean difference between the actual and estimated age was 0.15±2.71 for 

mandibular second premolar and 0.31±2.78 for a mandibular first molar. In the application of 

AR indices, the lowest mean difference best results were recorded for group 2 (25-34 years) 

when mandibular second premolar was taken into account (0.12±2.74).  

Considering TCI indices, the lowest mean difference best results were observed in group 

1 (15-24 years) when mandibular first molars were traced (0.52±2.91). Dental hard tissue is the 

strongest structure in the body. Therefore, dental age estimation with less variability gained 

popularity in comparison to other skeletal and sexual maturity indicators [38,39]. 
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Tooth formation and its stages of development have been widely used for chronological 

age estimation [8]. After the finalization of tooth development, the apposition of secondary 

dentin and reduction in pulp chamber volume and area can be considered as a reliable 

biomarker for dental age estimation [23]. In 1925, Bodecher investigated the correlation 

between secondary dentin appositions with age [37]. Dental radiographs, in comparison to 

morphological and histological methods, are a simple, non-destructive, and reproducible 

method for scientific dental age estimation from fully developed teeth [8]. In the present study, 

the coronal pulp/tooth area ratio (AR) and tooth/crown index (TCI) in the mandibular first 

molar and second premolar teeth have been measured in 110 digital panoramic radiographs to 

determine chronological age in an Iranian population. Secondary dentin deposition using 

conventional full mouth intraoral periapical radiographs has been introduced by Kvaal et al. 

[21] in 1995. Application of Kvaal indices in digital intraoral periapical radiographs showed 

large errors in age estimation [40]. In 2005, Bosmans et al.[41] have applied Kvaal’s technique 

on digital orthopantomography. Panoramic radiographs have been routinely taken in dental 

examinations and made the assessment of full mouth in a single radiograph possible. 

Furthermore, digital panoramic images acquired with a standard technique have high 

reproducibility and is not technique sensitive [17]. In posterior mandibular teeth, the extent of 

the coronal pulp cavity is easily visible in OPGs and rendering of coronal pulp indices applied 

for age estimation this technique is mainly suitable for posterior mandibular teeth [42,43]. 

Application of the ratio of variables instead of absolute measurements of variables  in 

radiographic evaluation excludes the possible errors derived from different scales in x-ray 

images [44]. Cameriere et al. [22] applied the pulp/tooth area ratio for age estimation, and this 

method has been tested on different teeth. In 1985, the coronal pulp cavity’s length as a tooth-

coronal index (TCI) and its relation with chronological age had been introduced by Ikeda et al. 

[45]. In 1993, Drusini et al. [42,44] measured the coronal index (through the Ikeda et al. 

method) of premolars and molars to estimate age in unknown bodies and isolated teeth. In the 

present study, the CPCH was determined as a vertical line from the highest point of the highest 

pulp horn to the cervical line (according to Ikeda et al. 1985), and the CH was determined as a 

vertical line from the highest point of the highest cusp to the cervical line (according to Moss 

et al. 1967) [42,45]. 

In the present study, all the measurements have been done in the coronal part of the 

tooth. Based on a study by Drusini et al. [42], the strength of the correlation measurements in 

dental x-rays is higher in comparison to root dentin transparency in the same population. 

Kvaal’s technique also measures the root dentin indices, and based on the published studies, 

the regression formulas proposed by Kvaal et al. directed to overestimation or underestimation 

of age and is not a reliable method to estimate age even on digital OPGs sample [37,46-48].  

According to the present study, gender had no statistically significant influence on the 

examined indices in the mandibular first molar and second premolar. This findings finding is 

similar to the results of the studies on canine teeth [17,46]and also studies on TCI index in 

mandibular premolars and molars [42,49]. In contrast, Agematsu et al. [50] in Japan and 

Igbigbi and Nyirenda [51]Malawi recorded that gender has a statistically significant effect on 

age estimation using TCI. Racial and cultural factors have also impact age estimation, and the 

validity of each method for age estimation should be examined in the different populations 

[52]. 

Validation of coronal area ratio and TCI index for age estimation in the Iranian 

population has not been studied up to the present. In the present study, the regression formula 
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for age estimation gave better results when the two indices (AR and TCI) have been used 

concurrently. The mean difference among estimated  and actual age using AR and TCI indices 

concurrently in second premolars and first molars of mandible gave a more precise result in 

group 2 (25-34 years), respectively (0.15±2.71 and 0.31±2.78). When AR indices were applied, 

better results were recorded in group 2 and mandibular second premolars (0.12±2.74). The 

accuracy of TCI indices for age estimation was better when mandibular first molars in group 1 

(15-24 years) were analyzed (0.52±2.91). In comparison to mandibular premolars, mandibular 

molars have morphological diversity and less visibility in radiographs. Therefore the 

dimensional changes in the pulp chamber are not clear in molars [49]. 

Moreover, the pulp cavity upper limits of molars are sometimes less visible in the 

panoramic radiography that leads to difficulties in the TCI measurements [49,51,53]. 

According to Saxena et al. [52] study, accurate measurement of AR, and TCI indices in 

multirooted teeth are difficult to perform [52]. 

Drusini et al. [42] confirmed that the CPCH had a significant correlation with 

chronological age. The pattern of secondary dentin deposition varies in different tooth types 

[9]. In molar teeth, the greatest dentin deposition is on the pulp chamber’s base and smaller 

volumes on the occlusal and lateral walls [9]. Considering the results of the present study, in 

mandibular molar teeth, there were significant differences between the three age groups 

(considering AR and TCI indices). AR index in the 25-34 age group showed a significant 

reduction in comparison to the other two age groups. It seems that in the 25-34 age duration, 

the pulp area decreases significantly. AR index in the 35-46 age group increased, therefore 

about the decrease in the area of the pulp chamber, the crown area should be decreased for the 

elevation of the AR index in the 35-46 age group. Crown area reduction may be the result of 

higher attrition incidence that occurred in the 35-46 age duration. TCI index showed a 

significant reduction between the 25-34 and 35-46 age groups. Similarly to the AR index in the 

25-34 age group, the height of the pulp chamber and in the 35-46 age group, the crown height 

(as a consequence of attrition) has decreased. Many studies have evaluated the effect of side 

(either right or left teeth) and concluded that the difference between teeth side is not significant 

for age estimation [44,49]. In the present study, based on the visibility of the pulp chamber in 

the corresponding teeth, one side has been selected and measured. Similar to other studies 

[2,17,54] in the present study, the intra-observer difference was not statistically significant 

between the repeated measurements. Pearson’s correlation coefficient among morphological 

variables (AR and TCI) and the age of the second premolar and first molar showed an 

insignificant and positive correlation. Oppositely, the correlation coefficient between the two 

indices ((AR and TCI) showed a significant correlation. The mentioned results suggested the 

application of two indices simultaneously for age estimation. In the present survey only in 

mandibular second premolars, the regression equations gave better results when the two indices 

have been applied concurrently. The application of AR and TCI indices in one formulation 

could be a helpful and precise technique in the 25-34 age range. In this age range, tooth 

development and skeletal maturation have been completed and are not valid predictors for age 

estimation. Moreover, regular apposition of secondary dentin in this age period, in comparison 

to older adults, leads to more precise and delicate measurements of AR and TCI indices [17,55]. 

A limitation of the present study was the characteristic of a panoramic radiograph that 

made the detecting of reference points, especially in mandibular first molar, very difficult. The 

application of high-quality digital OPGs has partially decreased measurement errors during the 

examination. Designing and implementing image analysis software to detect the reference 
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points automatically could minimize the errors of manual measurement. Moreover, characters 

of the studied population like genetic and racial differences, sample size, and examined teeth 

should be taken into consideration. 

4. Conclusions 

Within the limitations of this study, it seems that the application of different AR and 

TCI indices of mandibular first molars and second premolars in one formulation may be a 

useful technique for chronological age estimation in Iranian young adults (25-34 years). It is 

recommended to design and apply image analyzing software to define the reference points 

automatically and reduce technical errors. Also, designing and implementing an intelligent 

system for age estimation using dental panoramic images could help the clinician for precise 

age estimation could promote. 
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