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ABSTRACT

Objective: To evaluate the reliability and the accuracy of Tooth Coronal Index (TCI) and Pulp/Tooth Ratio
(PTR) methods in dental age estimation using digital panoramic radiography. Material and Methods: In
this cross-sectional study, 237 dental panoramic images were collected. The two methods (TCI and PTR)
were applied to all left mandibular first and second molars based on inclusion and exclusion criteria. In order
to analyze the acquired data, statistical methods were used. The estimated ages derived by exclusive formula
were compared to the chronological age, and the error ranges for each indicator were measured to determine
their accuracy. Results: There were negative correlations between PTR in the first molar (r=-0.89) and in
the second molar (r=-0.788), as well as TCI in the first molar (r=-0.587) and in the second molar (r=-.242).
In this study, we found that the Pulp/Tooth Ratio (PTR) accuracy rate for mandibular first and second molar
teeth was 79.21% and 62.09 %, respectively, although the Tooth Coronal Index (TCI) value for these teeth
was 34.45% and 5.85%. Conclusion: Pulp/Tooth Ratio and Tooth Coronal Index are potential age estimation
indices. Although PTR was the more accurate one in our study. The results also demonstrated that indices
related to the first molar tooth could be used to estimate age with greater accuracy and validity.
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Introduction

Nowadays, accurate estimation of age by teeth has gained a lot of attention due to high usage in forensic
odontology, for example, determining the chronological age of individuals without legal documentation of birth,
estimating the chronological age of immigrants without a legal record of their birth date, suspects of crimes with
unknown exact age, children without a valid birth certificate, and other court-related cases. Also, it can be used
in pediatric and orthodontic dentistry, where accurate age estimating provides a reliable treatment plan. This
practical method can be applied to dead bodies as well as living individuals [1-4].

The tooth is the hardest structure in the human body that resists to external stimuli, including chemical,
mechanical, and thermal stimuli. It has been found that its maturation is much less affected by diseases, drugs,
malnutrition, endocrine and other pathological problems than other body tissues and is more dependent on
genetic factors. These factors make tooth a useful tool for the age estimation of different individuals [5,67.

Evaluation of the tooth developmental stage is a key factor for children's age estimation, whereas
secondary dentin production and reduction of dental pulp cavity happen in adults and are directly related to their
increasing chronological age and also has little impact from environmental factors [7-107. Dental radiography
is a usual approach in dental treatment that is not commonly used for age estimation. Secondary dentin
measurements in dental radiographs can be used to estimate age is a non-invasive and applicable method for
living individuals unlike other methods that are time-consuming, costly, and destructive, for example,
morphological, biochemical and histological methods that are invasive and require tooth extraction which are
not possible for living bodies [7,11-157].

A modern digital panoramic radiograph is an accessible and widely usable method, which makes it
possible to have non-destructive measurements of some morphological parameters of the tooth. Also, exist some
measurement methods that are easy to implement and have a relatively high accuracy using this type of
radiograph that can be used in forensic dentistry [16,17].

Numerous different statistical methods have been proposed for age estimation; most of them are based
on the correlation between the age of individuals (dependent variable) and some of the clear dental parameters
obtained from digital radiographs (predictors) [187. This study aimed to evaluate the accuracy and reliability of
dental age estimation in adults through two different methods, tooth coronal index (TCI) and pulp tooth ratio

(PTR), using digital panoramic radiographs.

Material and Methods
Study Design and Sample

In this cross-sectional study, an oral and maxillofacial radiologist, based on the inclusion and exclusion
criteria, selected 237 digital panoramic radiographs of 17-60 years old patients from the archives of the Oral and
Maxillofacial Radiology Department (between April 2018 to March 2019), Dentistry Faculty, Isfahan University
of Medical Sciences.

We excluded radiographs displaying blurred images, open roots, root canal treatment, impacted teeth,
developmental problems, specific dental diseases, root resorption, visible peri-apical lesions, caries, restorations,
abrasions, crown and root fractures, trauma, rotation, or crowding of left mandibular first and second molars.
To avoid distortion and other biases, we also discarded radiographs that belonged to individuals with systemic
diseases, genetic anomalies, or any other condition that might affect the accuracy of the results.

Radiographic images acquired by Planmeca Promax panoramic machines (Planmeca Oy, Helsinki,

Finland) were saved on the computer as high-resolution JPEG files and then imported into Planmeca Romexis
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software (Planmeca Oy, Helsinki, Finland) for measurement and analysis. The panoramic radiographs were saved
in an encoded format, and information regarding the subject's gender and age was concealed during the statistical
analysis of the metric measurements. All measurements were carried out in millimeters (mm) and were performed

as follows:

Tooth Coronal Index (TCI) Measurement

As determined By lkeda et al. [197] method, the Crown Height (CH) was calculated by measuring the
vertical distance between the Cemento Enamel Junction (CEJ) line (intersection of the mesial and distal CEJ
points of a tooth) and the tip of the highest cusp. The Coronal Pulp Chamber Height (CPCH) was measured at a
straight distance from the CEJ line to the tip of the highest pulp horn. These measurements were then used in
the following formula to calculate the Tooth Coronal Index (TCI) for each of the left mandibular first and second
molars (Figure 1): TCI=CPCHx100/CH.

Figure 1. Measurement of tooth coronal index (TCI) in the left mandibular first and second molars.

Pulp/Tooth Ratio (PTR) Measurement

As well, in the selected teeth, the Crown Root Trunk Height (CRTH) was calculated by measuring the
vertical distance between the highest point near the root bifurcation and the central fossa in accordance with the
method described by Dehghani et al. [67]. The Pulp Chamber Height (PCH) was also recorded as a vertical line
between the roof and floor of the pulp chamber on the same axis. These measurements are used in the following
formula to calculate Pulp/Tooth Ratio (PTR) for each left mandibular first and second molars (Figure 2):
PTR=PCH/CRTH.

Figure 2. Measurement of pulp/tooth ratio (PTR) in the left mandibular first and second molars.

’
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A calibrated observer (trained by an oral and maxillofacial radiologist) conducted these measurements.
Furthermore, to reduce the impact of one indicator measurement result on the other, one of them (TCI or PTR
indicator) was measured after another with a two-week interval without knowing the previous measurement
results. Additionally, a random samples of 85 digital panoramic radiographs were reexamined after an interval
of six weeks to ascertain intra-observer variation and there was no statistically significant difference. Lastly, a
randomly selected 25 digital panoramic radiographs were examined by another observer to determine the inter-

observer errors that were acceptable.

Data Analysis

Another author entered the collected data into IBM SPSS Statistics Version 22.0 (IBM Co., Armonk,
NY, USA) without any knowledge of the gender or chronological age of the participants. The data were then
divided into four groups (two groups for the first molars and two groups for the second molars) and analyzed
using descriptive statistics such as mean and standard deviation, Pearson’s coefficient test, and linear and non-
linear regressions. Based on Pearson correlation coefficients, a relationship was found between the chronological
age and these methods (T'CI and PTR) for left mandibular first and second and a p-value <0.05 was considered
statistically significant. As the data were normal but not linear and heteroscedastic, a curve estimation model
was used to derive a regression equation; the patient’s dental age (Estimated age) was then calculated using these
respective equations and entered into a Microsoft Excel spreadsheet. To determine the accuracy of each indicator,
the Mean Absolute Error (MAE) was obtained by calculating the average of the absolute value by subtracting

the chronological age (CA) from the Estimated age (EA) in the first and second molars as per following formula:

" ,|CAn — EAn| _|CA1— EAL| + -+ |CAn — EAn|

Mean Absolute Error (MAE) = " -

CA= Chronological age; EA= Estimated age; n= number of participants = 237.

Ethical Clearance

The study has been approved by the ethics committee and was conducted in cooperation with the dental
implant research center of the Isfahan dental faculty in July 2019. Throughout all procedures involved in the
study, human participants were treated in accordance with the ethical standards of the institutional ethics
committee, vide no. IRMUILREASEARCH.REC.1897.484, As well as the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Prior to including a panoramic radiograph in the current study,

informed written consent was obtained from all individual participants.

Results

In this study, 57.4% (186 participants) and 42.6% (101 participants) of the patients were females and
males, respectively. According to the data in Table 1, the exact chronological age of the participants was between
17 and 60 years, with an average age of 29.03 years.

The results of the Pearson correlation test between the chronological age and pulp/tooth ratio (PTR)
variables of mandibular first molars indicated a higher statistically significant negative linear correlation (r = -
0.890) between them than other indices (p<0.05); thus the results showed pulp/tooth ratio decreases with

increasing chronological age (p<0.05). A negative and statistically significant correlation with a p-value < 0.05
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between all indices and chronological age shows that the numerical value of TCI and PTR indices decreases with

increasing chronological age (Table 2).

Table 1. Age, gender distribution and estimated age average.

Estimated Age
Gender N Age Age PTR 1 PTR 2 TCI 1 TCI 2
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Female 136 17-60 30.10+10.08 30.05+10.07 29.96+7.97 29.49+5.38 28.99+1.98
Male 101 17-57 27.5849.21 27.65+8.75 27.77+6.89 28.40+5.05 29.07+2.10
Total 237 17-60 29.03049.78 29.02949.58 29.029+7.59 29.02945.26 29.029+2.03

SD = Standard Deviation; PTR = Pulp Tooth Ratio; TCI = Tooth Coronal Index.

Table 2. Results of Pearson correlation test between chronological age and pulp/tooth ratio (PTR) in
first and second molar and tooth coronal index (TCI) in the first and second molar.

Mandibular First Mandibular Second Mandibular First Mandibular
Molar PTR Molar PTR Molar TCI Second Molar TCI
Correlation Coefficient -0.890 -0.788 -0.587 -0.242
p—value 0.000 0.000 0.000 0.000

The results of the regression test for each of the indices showed that all of them were negatively
correlated with chronological age. The accuracy of the mandibular first molar PTR due to variance changes in
age estimation was about 80% (correlation coefficient (R?) = 0.792), and in the second molar PTR was about
62%(correlation coeflicient (R?) = 0.62), also the accuracy of mandibular first molar TCI due to variance changes
in prediction age was about 34%(correlation coefticient (R?) = 0.844) and TCI in the second molar was about

6%(correlation coeflicient (R?) = 0.058) (Tables 3 and 4).

Table 3. Pulp Tooth Ratio (PTR) and gender distribution.

R, R. % of Accuracy Level (R.?) % of Accuracy Level (R-?)
Female -0.900 -0.736 81 54.16
Male -0.884 -0.855 78.14 73.10
Total -0.890 -0.788 7921 62.09

R: = PTR Coefticient correlation of first molars; R: = PTR Coefticient correlation of second molars.

Table 4. Tooth Coronal Index (TCI) and gender distribution.

R R. % of Accuracy Level (R.?) % of Accuracy Level (R-?)
Female -0.586 -0.302 34.33 9.12
Male -0.589 -0.185 34.69 3.42
Total -0.587 -0.242 34.45 5.85

R: = TCI Coefticient correlation of first molars; R = TCI Coefticient correlation of second molars.

After the data was normal in a linear regression formula (negative correlation), by using non-linear
regression analysis (curve model) estimated ages were calculated for each indicator in mandibular first and
second molars. The mean absolute error (MAE) showed us the average error range for each indicator’s estimated
age against chronological age, which for PTR of the mandibular first molars was equal to 1.0 year while it was

equal to 8.2 years for the mandibular second molar. The mean absolute error (MAE) for TCI of the mandibular
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first molar was equal to 6.1 years, while it was equal to 7.4 years for the mandibular second molar (Tables 5 and

6). The diagrams of these regressions for indices are presented in Figures 3, 4, 5 and 6, respectively.

Table 5. Equation estimated age (Y) from PTR method and percentage of accuracy levels in first and
second molars.

Age Estimated Age Prediction % of Accuracy Mean Absolute
(Mean+SD) (Mean+SD) Equation Level (R?) Error (Year)
First molars 29.030+9.78 29.029+9.58 Y=17.30+2.68/X 79.21 1
Second molars ~ 29.030+9.78 29.029+7.59 Y=12.07+2.35/X 62.09 3.2

X represents the value for PTR both for first and second molars, respectively; R = PTR Coefficient correlation.

Table 6. Equation estimated age (Y) from TCI method and percentage of accuracy levels in first and
second molars.

Age Estimated Age Prediction % of Accuracy ~ Mean Absolute
(Mean+SD) (MeanSD) Equation Level (R?) Error (Year)
First molars 29.08049.78 29.029+5.26 Y=10.62+334.38/X 34.45 6.1
Second molars 29.03049.78 29.029+2.03 Y=21.91+106.80/X 5.85 7.4

X represents value for TCI both for first and second molars, respectively; R = TCI Coeficient correlation.
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Figure 3. Nonlinear regression diagram of mandibular first molar pulp/tooth ratio (PTR).
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Figure 4. Nonlinear regression diagram of mandibular second molar pulp/tooth ratio (PTR).
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Figure 5. Nonlinear regression diagram of mandibular first molar Tooth Coronal Index (TCI).
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Figure 6. Nonlinear regression diagram of mandibular second molar Tooth Coronal Index
(TCI).

Discussion

Age estimation with legal and ethical purposes is one of the most important aspects of forensic dentistry.
It has an increasing application of inaccurate registration of legal documents of living individuals, especially
related to immigration issues. Legal document registration is nowadays highly prevalent in developed countries.
Thus, accurate and scientifically reliable age estimation methods related to a particular group of individuals,
especially adults, have gained significant attention in resolving court cases [2,207].

Numerous studies in forensic dentistry have shown that pulp space reduction has a direct relationship
with aging as a result of secondary dentin production, which has made this phenomenon the best tool for age
estimation, even for ages over 25 years [21,227]. In 1925, Bodecker [237] discovered the correlation between
chronological age and secondary dentin production. Subsequently, In 1950, Gustafson [247] introduced a
systematic method based on the measurement of secondary dentin for age estimation for the first time.

Following the Bodecker [237 and Gustafson [247] studies, many researches were performed using TCI

and PTR in peri-apical and panoramic radiographs, and most of their results, the same as this study, showed that
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there exists a correlation between chronological age and these indices. Also, there have been several studies
examining peri-apical radiographs and age, such as Kvaal et al. (117, Zaher et al. [25], and Cameriere et al.
[267], all of them examined peri-apical radiographs of anterior and premolar teeth and patient age. The results
showed a correlation and linear relationship between chronological age and PTR, which were in agreement with
the findings of the current study. Subsequently, various studies have been conducted considering panoramic
radiographs, different indices, markers, and age-determining abilities, most of them confirming the potential
ability of these indices for age estimation.

In the present study, TCI showed a lower accuracy in age estimation and a relatively low correlation
coefticient (0.587 in the first molar and 0.242 in the second molar) in this index and exact chronological age for
both mandibular first and second molar teeth. However, this index was statistically acceptable (p-value < 0.05),
indicating an inverse correlation with age and height of the pulp horns, which are related to physiological or
pathological secondary dentin production due to increasing age.

The following studies have been carried out in this field, which are similar to the present study and
represents the significant correlation between TCI and PTR indices and the exact chronological age. By
evaluation of TCI in premolar and molar teeth of 433 patients, Drusini et al. [27] found the potential capability
of this index for age prediction. Also, by investigation of TCI and the chronological age considering the
relationship between them, Igbigbi and Nyirenda [127] concluded that TCI could be effectively used for age
estimation and proposed a simple and non-invasive method for that. By examination of TCI in premolar, first,
and second mandibular molar teeth in the Western Australian population, Karkhanis et al. [287] also confirmed
the usage of this index for age estimation.

Veera et al. [227] concluded the high capability of TCI for age estimation, especially for under 50 years
old patients, in a study of 100 patients. But they did not find any significant difference in the results of premolar
and molar teeth. Shrestha [297 found that TCI was a more accurate index than others indices by evaluation of
the results of several radiological age estimation indices. Also, E1 Morsi et al. [30] concluded that TCI is the
most accurate, fastest, and most non-invasive radiographic method for age estimation by calculating and
analyzing TCI of premolars and mandibular molars. Talabani et al. [317] also examined TCI of 92 patients and
concluded that this index had a good ability in age prediction. By assessing the accuracy of age estimation
methods using TCI, Nagi et al. (327 also concluded the high capability of this index for age estimation.

The results of this study showed the superiority of PTR in age estimation against other indices in this
study (with a correlation coefficient equal to 0.890 in the first molar and 0.788 in the second molar). The index
was able to estimate the age of the individuals with a difference of 1 year for the first molar and 8.2 years for the
second molar on average.

The size of the pulp chamber space can be measured by different methods, such as longitudinal incision,
direct observation, or radiology. According to previous studies, secondary dentin is not uniformly produced.
Reduction of pulp space and production of secondary dentin between the roof and floor of the pulp chamber
occurs in molar teeth when the age is increasing, which ultimately reduces the height of the pulp chamber without
changing its width [817. The results of this study and the other studies in this field indicate the superiority of
PTR accuracy as an age estimation method compared to other indices in this study.

Cameriere et al. [337 investigated the age estimation capability of different indices such as pulp/root
ratio, tooth length, pulp/tooth length ratio, pulp/tooth area, and pulp/root width ratio in maxillary canine teeth.
They also analyzed the impact of these indices on each other. The authors derived a correlation between age and

these indices similar to the results of the current study and also concluded PTR was the best index among the
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studied cases [337. Paewinsky et al. [847] conducted a study to evaluate dental pulp space measurement ability
in adult age estimation, which confirmed a significant correlation between age and pulpal space size reduction.
They also introduced the maxillary lateral tooth as the most reliable tooth with the highest correlation [347]. In
the study of Zaher et al. [257, the authors evaluated the age estimation capability of the pulp chamber/tooth
ratio in maxillary incisor teeth and showed the high reliability of the index. Cameriere et al. [357 investigated
age estimation using PTR, which showed the high capability of the index for age estimation. The authors also
proposed PTR as a beneficial age estimation index [357].

Mathew et al. also published an article indicating the validity of PTR [77]. Sakhdari et al. [367] concluded
that TCI is not capable of age estimation when no other indices are considered by statistical analysis of data
related to PTR in canine teeth. They concluded that the index could be a helpful index with high potential
capability in age estimation [36]. Shah et al. conducted a study for age estimation and investigated the accuracy
of PTR in first and second molar teeth of an [217. Dehghani et al. [67, using pulp/tooth ratio in canine teeth of
an Iranian population, found this method reliable in predicting age. Mehta et al. [37] concluded that PTR can
be applied correctly to assess the age of Indian individuals in 2017.

Few studies have examined Pulp/Tooth Ratio and Tooth Coronal Index at the same time. Jain et al.
examined the accuracy of these two indices in mandibular second premolars and molars and found that both

indices were suitable for age estimation, while PTR had relatively higher accuracy in predicting [387.

Conclusion

Pulp/Tooth Ratio and Tooth Coronal Index have a negative correlation with the chronological age of
individuals and can be used as potential indices with relatively good accuracy in chronological age estimation.
Pulp/Tooth Ratio had higher accuracy in age estimation than Tooth Coronal Index, and the results showed that
the mandibular first molar has higher accuracy and validity for age estimation. Such studies should be performed

on a larger sample size from all races to achieve a universal formula.
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