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Tooth coronal index and a new staging system for dental age 
estimation in southern Turkish population
Şelale Özel a and Deniz Yanık b

aDepartment of Oral and Maxillofacial Radiology, Altınbaş University, Istanbul, Turkey; bDepartment of 
Endodontics, Faculty of Dentistry, Antalya Bilim University, Antalya, Turkey

ABSTRACT
Dental age indicators should be evaluated in different populations. The 
aim of the study was to evaluate the accuracy of the estimated age 
results of tooth coronal index (TCI) and to develop a new staging 
system using panoramic radiography for the southern Turkish popula
tion. The study group consisted of panoramic radiographs of 1000 
individuals aged 11–77 years. The study group was divided into four 
subgroups according to age of patients: Group 1 (11–18 years of age), 
Group 2 (18–29 years), Group 3 (30–50 years), Group 4 (51–77 years). 
The mandibular first molar was measured. TCI and a new staging 
system were assessed in the southern Turkish population by two 
observers. The novel model includes six new parameters. Multiple 
regression models, intraclass correlation coefficient and Durbin- 
Watson analysis were used. The estimation error of TCI and the novel 
model were 14.25 and 11.04, respectively. The parameters of the novel 
model were more powerful than TCI’s. There was no significant differ
ence in sex. For both methods, the estimated age in Group 3 (between 
30–50 years) provides the highest accuracy in all age groups. The 
results showed that the novel age estimation model is more reliable 
in the southern Turkish population.
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Introduction

Age estimation is an important aspect of forensic and anthropological practice 1. Due to 
economic and political reasons, the migrant population has increased among countries in 
recent years. The International Organization for Migration reported that 3.5% of the 
world’s population (272 million) migrated in 2019 2. As the processes of global migration 
deepen, the number of foreigners who do not have documentary evidence of birth date is 
increasing. Hence, the age determination of living individuals for medico-legal, civil, and 
social purposes has become a crucial aspect of forensic science 3.

Dental and skeletal age indicators are evaluated to determine chronological age. Age 
estimation methods should be based on tissues and organs that are least affected by 
environmental and hormonal factors, and metabolic diseases. However, tooth and skeletal 
systems have different developmental processes in ageing. While the embryonic origin of the 
tooth structure is ectomesenchyme, the skeletal tissue is mesoderm 4. Therefore, tooth 
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development and maturation stages are biological processes independent of skeletal devel
opment that are affected by many chemical, mechanical, and hormonal stimulations 5.

Many methods based on histological, morphological, and biochemical determinants can be 
used for dental age estimation. However, some methods involving cross-sectioning of the 
tooth and chemical analysis are destructive because they require tooth extraction and their use 
is limited to deceased individuals 6. Furthermore, destructive methods such as amino acid 
racemization and dental nuclear tests are time-consuming and expensive 7. To determine the 
chronologic age, the Forensic Anthropology Society of Europe and Study Group on Forensic 
Age Diagnostics recommend the examination of dental radiographic images. Radiographic 
examination is non-invasive, easy-to-access, and can be used in both deceased and living 
individual s8.

Dental age determination is very useful in the forensic field to identify cases thanks to 
different age-related dental development stages and secondary dentin accumulation that 
continues in adulthood. In children, dental age estimation is generally based on the 
degree of mineralization of dental hard tissue observed in panoramic radiographs. 
However, morphological changes observed after the root formation and mineralization 
of the dentition are used for age determination in adults 9. The formation of secondary 
dentin is one of these physiological processes in ageing teeth and can be considered as 
a dental age indicator 10. Kvaal et al. 11 reported a method that secondary dentin 
accumulation observed on radiography was used as an age indicator. Secondary dentin 
deposition results in changes in pulp chamber volumes. Pulp width in the mesiodistal 
aspect and pulp height decreases with ageing 12. Therefore, pulp dimension measure
ments can be used as a dental age indicator. Tooth coronal index (TCI) is a method that 
uses secondary dentin accumulation and pulp size as an age indicator 5. In order to follow 
the age-related changes in teeth more clearly, the inclusion of multiple parameters and 
the use of non-misleading reference points increase the reliability of age estimation 
methods in adults.

Even though dental age staging methods can be used in different populations, the 
accuracy of these methods varies. Therefore, the applicability of the methods in popula
tions should be evaluated. In addition, population-specific age estimation systems can be 
developed for the determination of chronological age. A previous study concluded that 
maximum accuracy in age estimation is ensured with regional and population-specific 
formulae 13. However, Turkey is a large transcontinental country that was home to 
numerous ancient civilizations. Different ethnic populations, socio-economic differences, 
changes in climate may cause biological differences in Turkish subpopulations 14. Thus, 
the study aims to evaluate the accuracy of the estimated age results of the tooth coronal 
index and to develop a new staging system using panoramic radiography for the south
ern Turkish population.

Materials and methods

Study sample

This retrospective study was approved by the local ethics committee. The study group 
consisted of 1000 patients (aged 11–77 years, mean age 33.67) who referred to the private 
dental clinic from June 2019 to 2020 for various dental complaints that were included in 
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this study. All panoramic images were obtained from Orthophos (Sirona Dental Systems, 
Bensheim, Germany) using Sidexis software. Age, sex, and date of the panoramic image of 
patients were recorded. Mandibular first molars with complete root formation and good 
diagnostic quality were measured.

The TCI method and the novel age estimation method using six different parameters 
were applied. The study group was divided into four subgroups according to age of 
patients: Group 1 (between 11 and 18 years of age, mean age 14.22), Group 2 (between 19 
and 29 years, mean age 23.49), Group 3 (between 30 and 50 years, mean age 38.17), 
Group 4 (between 51 and 77 years, mean age 58.08). All measurements were performed 
by the same radiologist (four years’ experience) and the endodontist (four years’ experi
ence). Fifty samples were re-evaluated by two observers to assess inter-observer and 
intra-observer agreement. Each observer was blinded to the data of patients.

Exclusion criteria

Two-hundred and fifty-one patients were excluded from the study sample (42 patients 
with missing mandibular first molar, 72 patients with endodontic treated teeth, 23 
patients with poor image quality in the selected area, 98 patients with decayed or 
restored teeth, and the canals of the mandibular first molar cannot be observed in 
panoramic radiography for 16 patients).

Radiographic examination

TCI method: Coronal height (CH) was measured from the cementoenamel junction to the tip of 
the cusp. Coronal pulp cavity height (CPCH) was measured from the cementoenamel junction 
to the tip of the pulp horn (Figure 1). Then TCI was calculated as follows: TCI = CPCH×100/CH5.

New staging system: Six measurements were identified on the panoramic radiographs 
for estimated age (Figures 2–5):

(1) Pulp horn (A) was measured from the furcation line to the tip of the pulp horn.
(2) Crown height (B) was measured from the furcation line to the highest dentin point.
(3) Pulp width (C) was measured from the midline of the pulp chamber.
(4) Crown width (D) was measured from the midline of the crown without including 

enamel.
(5) Root dentin thickness (RDT) was measured at 4 mm below the furcation.
(6) Distal canal width (E) was measured at 4 mm below the furcation.

Statistical analysis

Statistical analyses were performed by using SPSS software version 22.0 (SPSS Inc., 
Chicago, USA). A multiple linear regression model has been applied for parameters of 
TCI and a new staging system. Intraclass correlation coefficient (ICC) and Durbin-Watson 
analysis were used to evaluate the reliability of measurements between dental age and 
chronological age. For intra-observer and inter-observer agreement, 20% of all samples 
were re-evaluated using ICC.
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Results

The distribution of the study population according to sex and age groups is shown in Table 1. 
Data obtained from measurements were evaluated. There is a significant difference between 
age groups. Based on our results, a new staging system had more accurate findings than the 
TCI method (Figure 6). The estimation error of the two models according to the sex is shown 
in Figure 7. There was no significant difference in sex. For both methods, the estimated age in 
Group 3 (between 30 and 50 years) provides the highest accuracy in all age groups. Group 4 
(between 51 and 77 years) had the lowest values compared with the other groups (Table 2).

The estimation errors of a new staging system and TCI were 11.04 and 14.25, respectively.
Regression analysis was used to assess the correlation between dental age and chronolo

gical age. Multiple regression models showed a poor correlation for the TCI model 
(R2 = 0.204), but a powerful correlation for the novel model (R2 = 0.652) to estimate real 
age. Regression formulae were calculated for the whole study population based on mandib
ular first molars.

The novel regression formula was formulated as follows: 

Dentalage ¼ 48:775þð� 0:262Þ�SexðMale ¼ 1=Female¼0Þþð� 5:139Þ�A
þð2:640Þ�Bþð� 6:476Þ�Cþð2:239Þ�Dþð5:144Þ�RDTþð� 14:315Þ�E 

Figure 1. Left mandibular first molar measurements to calculate tooth coronal index on panoramic 
radiography. Coronal height (CH) was measured from the cementoenamel junction (red line) to the tip 
of the cusp. Coronal pulp cavity height (CPCH) was measured from the cementoenamel junction to the 
tip of the pulp horn.
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If the sex of the individual is unknown, the novel regression formula was formulated as 
follows: 

Dentalage¼ 48; 657þA�ð� 5; 32ÞþB�2; 638þC�ð� 6; 476ÞþD�1; 232
þRDT�5; 139þE�ð� 14; 316Þ:

Regression formula for TCI method: 

Dentalage ¼ 43:180þð0:264Þ�SexðMale ¼ 1=Female ¼ 0Þþð� 0:493Þ�CH
þð� 3:864Þ�CPCH 

According to the ICC and Durbin-Watson analysis, the novel model has a more reliable 
estimate than the TCI model. Sex, CH and CPCH parameters do not contribute significantly 
to both models. These parameters may explain the poor results of the TCI model (Table 3).

Inter-observer and intra-observer agreement of parameters are shown in Table 4.

Discussion

In forensic medicine, age staging methods are used for the identification of deceased 
individuals in criminal cases. Age is one of the important parameters in determining self- 
defence. In criminal law, crimes committed against adults who are unable to defend 

Figure 2. Left mandibular first molar measurements. Crown height was measured from the furcation 
line to the highest dentin point. The pulp horn was measured from the furcation line (red line) to the 
tip of the pulp horn.
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themselves affect legal consequences. Therefore, to determine the age of deceased adult 
individuals is crucial for criminal purposes 8. In this study, a new staging system can be 
used for the age estimation of the adults.

In forensic science literature, there are numerous age estimation methods in adults. 
Skeletal age estimation methods in adult individuals can be challenged because of 
degenerative changes with age. To evaluate changes in the pubic symphysis, iliac auri
cular surface, sternal rib ends, and sternal end of the clavicle are the mostly used skeletal 
age estimation methods 15–17. These methods were established based on age-related 
morphological and degenerative changes on the joint surface, such as osteophyte for
mation, ridges, and nodules. However, morphological changes can be related to extrinsic 
factors such as diet, physical activity, and medical condition 18. Therefore, using multiple 
indicators and methods leads to more accurate estimate of age staging in adults. Besides 
of this, researchers indicated that dental age staging methods may be more useful than 
skeletal methods in young adults 19,20.

The current study evaluated both the applicability of TCI for the Turkish subpopulation. 
At first, Drusini et al. 21 investigated the effect of the TCI method on age determination. In 
this study, standard error was found to be ±5 years in 81.4% of all samples. Based on the 
findings of other studies assessed by the TCI method, estimation error for mandibular first 
molars was found to be ±6.3–9.85 years in the Western Australian population, ±5.52– 
7.85 years in the Malawian population, and 2.88–4.35 years in the Sulaimani 
population 22–24. A similar study evaluated the reliability of the TCI method and there 

Figure 3. Left mandibular first molar measurements to calculate the novel model on panoramic 
radiography. Crown width was measured from the midline of the crown without including enamel. 
Pulp width was measured from the midline of the pulp chamber.
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was a negative correlation between dental age and chronological age 5. Another study 
found that accuracy levels of TCI were between 88.34% and 99% in the Indian population, 
and premolar teeth were more reliable than molar teeth 25. Shresta et al. evaluated the 
applicability of TCI and Kvaal’s method. Findings of this study revealed that TCI was 
a reliable marker in the 0–20 and 21–40 age ranges 26. There are differences in the results 
of previous studies. Differences in results could be caused by small sample size, different 
populations, or different teeth types. Further studies with large sample sizes are needed 
to confirm the findings of previous studies.

A previous study performed by Akay et al. investigated the accuracy of TCI and Cameriere’s 
method in the Turkish adult population 27. According to the study, the TCI method had little 
correlation, whereas Cameriere’s method had good correlation between estimated age and 
chronological age. Recently, another study evaluated the applicability of the TCI method to 
mandibular premolar teeth in the Turkish population 28. The findings of this study indicated 
that the standard errors of estimates ranged from 10.01 to 10.96 years for the TCI method. 
Furthermore, there was no statistical significance with regard to sex. The results of previous 
research on the reliability of the TCI method in the Turkish population support our results.

In the current study, the reliability of the novel method among age groups was also 
examined. It has been reported that the applicability of the novel method is greatest between 
the ages of 30 and 50. The lowest relationship was found in the age ranges of 50–77 and 11– 
18. Secondary dentin deposition is the terminal and longest stage of tooth development and 

Figure 4. The distal root of the left mandibular first molar measurements to calculate a new staging 
system in panoramic radiography. Root dentin thickness was measured 4 mm below the furcation.
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continues throughout the remaining life of the tooth. It has a slower rate at the beginning of 
the process 29. Therefore, it cannot be detected in panoramic radiography. Furthermore, 
secondary dentin formation cannot be observed since apex formation is not completed 
before the age of 14 30. These points can explain why the accuracy of the age estimation 
method based on secondary dentin accumulation is low in sub-adults. On the other hand, 
tertiary dentin formation due to different pathologies such as bruxism, chronic trauma, and 
attrition occurs in addition to secondary dentin accumulation 29. The consequences of these 
pathological conditions become more evident at older ages. Tertiary dentin causes the 
parameter measurements to be blocked, resulting in inaccurate dental age estimation.

TCI uses the ratio of pulp height to crown height as an age indicator 5. Secondary 
dentin distribution is not uniform in all pulp dimensions. Due to the accumulation of 

Figure 5. The distal root of left mandibular first molar measurements to calculate the novel method 
in panoramic radiography. Distal canal thickness was measured 4 mm below the furcation.

Table 1. Distribution of age subgroups and sex in 
the study sample.

Age subgroups Sex Total

Group 1 Female 69 
Male 58

127

Group 2 Female 164 
Male 158

322

Group 3 Female 184 
Male 203

387

Group 4 Female 83 
Male 81

164
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secondary dentin with aging, the decrease in pulp height becomes more than the 
decrease in its width 24. However, using a single parameter reduces the reliability of 
the method due to local morphological variations. In the novel method, both the 
reduction in pulp height and pulp width due to secondary dentin deposition were 
used as parameters and were included in the regression formula. Furthermore, the 

Figure 7. Difference between estimated age and chronological age according to sex for the novel 
model (left) and TCI model (right).

Figure 6. Comparison between estimated age and chronological age for the novel model (left) and TCI 
model (right).

Table 2. Estimation error of two methods according to the age subgroups.
n Mean Median Minimum Maximum SD

Difference between the estimated age and 
chronological age (TCI)

Group 1 127 −18.185 −17.94 −25.03 −11.02 3.03
Group 2 322 −9.879 −10.18 −19.80 0.22 4.24
Group 3 387 4.163 3.47 −8.70 22.04 6.61
Group 4 164 23.665 22.80 12.26 60.06 6.61
Total 1000 0.002 −2.53 −25.03 60.06 14.25

Difference between the estimated age and 
chronological age 

(new age staging model)

Group 1 127 −7.490 −8.49 −40.37 13.59 8.19
Group 2 322 −6.524 −6.82 −40.95 13.80 6.01
Group 3 387 1.122 0.96 −22.78 30.58 7.65
Group 4 164 15.955 15.79 −2.46 40.46 9.92
Total 1000 −0.001 −1.32 −40.95 40.46 11.04
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accumulation of secondary dentin narrows the root canal as well as reducing the pulp 
chamber 30. Therefore, the ratio of canal thickness to root thickness was also examined 
in the current study.

In the TCI method, pulp height is examined according to the cementoenamel junction 
line. Due to the position of the tooth in the dental arch, diffuse radiolucent areas, called 
burnout, may occur on the mesial and distal aspects of cervical regions of the teeth on 
panoramic radiography 31. The burnout phenomenon and superimposition of structures 
can obscure the start and end points of the cementoenamel junction line. In addition, 
regardless of age, abfraction at the cervical region due to hard brushing or bruxism may 
result in loss of enamel and consequently inaccurate determination of the cementoena
mel junction 32. Failure to determine the cementoenamel junction on the mesial and 
distal cervical regions results in the baseline not being arranged correctly. This situation 
causes relative results in the measurements of pulp height.

The cementoenamel junction does not allow precise interpretation in cases where the 
pulp is very thin and appears at the apical aspect of the cementoenamel junction. In 
a previous study, it has been shown that the pulp chamber was at the level of the 
cementoenamel junction in 97% of mandibular molars 33. In the novel method, to 
determine the crown height, a line defined as a ‘furcation line’ passing through the 
furcation point was used instead of the cementoenamel junction line. Unlike the cemen
toenamel junction, the furcation point is unquestionably clear on panoramic radiography. 
The location of furcation does not change due to radiographic and external factors. Thus, 
the furcation line is a suitable and more stable line for measurements.

In the new staging system, crown height was measured from the point where dentin 
was the highest, without including enamel. Pathological tooth wear, including attrition or 
erosion, can cause enamel loss as an age-independent process 34. After the enamel 
development is complete, most of the ameloblasts, enamel-producing cells, degenerate, 
and except for the influence of mechanical and pathological factors, the thickness of the 

Table 3. Regression models, parameters, and reliability analysis for each method.
Regression analysis

Model Parameters B P R Durbin-Watson ICC

TCI model (Constant) 43.180 0.000 0.204 1.762 0.148
Sex 0.264 0.770
CH −0.493 0.296
CPCH −3.864 0.000

Novel model (Constant) 48.775 0.000 0.652 1.709 0.748
Sex −0.262 0.710
Pulp horn −5.139 0.000
Crown height 2.640 0.000
Pulp width −6.476 0.000
Crown width 1.239 0.002
RDT 5.144 0.000
Canal width −14.315 0.000

Table 4. Intra-observer and inter-observer agreement values of parameters.
CPCH CH A B C D RDT E

Intra-observer agreement 0.896 0.942 0.906 0.924 0.855 0.892 0.804 0.842
Inter-observer agreement 0.865 0.855 0.955 0.912 0.872 0.877 0.878 0875
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enamel does not change throughout the life of the tooth 35. In the novel method, enamel, 
which does not affect age estimation, was not included in the measurements. Crown 
height measurements were performed from the highest dentin point to the furcation line.

For the reliability of age staging systems, the standard deviation of recommended 
methods should be below ±10 years 36,37. Based on the literature, there are various 
methods to detect chronological age in adults. Kvaal’s method was one of the commonly 
used techniques for age estimation in adults. Previous studies using Kvaal’s formula 
showed that the standard deviation range was from 5.6 to 14.4 years 11,38,39. These studies 
analysed Kvaal’s technique using 100–300 radiographs. A large sample size may provide 
better accuracy. The minimum number of study samples should be 120 for acceptable 
results for age staging research 40. Another limitation of previous studies is using the 
cementoenamel junction as a reference line in Kvaal’s model. The cementoenamel junc
tion, as concluded before, can be a misleading reference point for dental age estimation 
methods. The current study has a large sample size and more reliable reference lines 
compared with previous studies. Another method for age estimation is the Cameriere 
model that examined the pulp/tooth ratio area. Previous studies reported that standard 
error estimation varies between ±1.2 and 12 years 6,41. Standard errors of estimation of the 
novel model exceeded ±10 years (SD = 11.04) whereas the estimation error of the TCI 
model was ±14.25 years. However, standard errors of each subgroup for the novel model 
were found to be ±8.19, 6.01, 7.65, and 9.92 for Groups 1, 2, 3, and 4, respectively. 
According to the previous studies using the TCI model, the correlation coefficient range 
is −0.178 to 0.49 5,24,42. In this study, the correlation coefficient of the TCI and novel model 
was found to be 0.204 and 0.652, respectively. The novel method has a higher correlation 
than the TCI model in our study.

The current study reported that there was no significant difference between males and 
females. There was another study using TCI conducted by Tidke et al. 43 using panoramic 
and periapical radiography. Their study observed that using TCI in males has better 
applicable method than females in panoramic radiography 43. In contrast to other studies, 
there was a statistical significance for sex 23,44. The amelogenin gene that was a marker in 
sex determination produced enamelin structures 45. There may be one possible explana
tion for different results for the sex that enamel was not included in our study. The 
amelogenin gene that was a marker in sex estimation produces enamel structures 45. 
However, in the novel method, the crown height was measured without including 
enamel. This may be one possible explanation for the incongruence with previous studies. 
If the sex of an individual cannot be recognized, the new staging system can be useful due 
to not being affected by sex.

There are numerous dental age estimation methods based on radiological findings. 
Radiation-related concerns remain controversial. Panoramic and hand–wrist radiography 
were the mostly used methods in dental age estimation. Despite the radiographic 
techniques using a low radiation dose, experts should avoid radiography in accordance 
with the ALARA (as low as reasonably achievable) principles 46. However, researchers 
reported that dental age estimation methods have better accuracy than other methods in 
estimating chronological age 47,48. Forensic experts should prefer dental methods with 
low radiation doses and digital radiographic techniques. If previous radiography of 
a patient is available, forensic odontologists should use these radiographs and avoid 
taking new radiographs. In accordance with the current literature, non-ionizing imaging 
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techniques, such as magnetic resonance imaging (MRI) and ultrasound, are not applic
able. Further research is needed to assess the maturation of hand and wrist using 
ultrasound and MRI.

In the current study, age indicators were evaluated with panoramic radiography. 
Evaluating panoramic radiography for age estimation is advantageous compared with peri
apical radiography because it provides access to all teeth 5. Furthermore, when using 
periapical radiography, the long-cone paralleling technique should be applied to avoid 
inaccurate measurements due to distortion in the image. However, the film holders and long- 
cones required for the long-cone paralleling technique are not commonly used equipment. 
Tidke et al. 43 compared X-ray techniques in age estimation. They found there was no 
significant difference between panoramic and periapical radiography. Owing to periapical 
radiographs obtained by different techniques possibly causing misleading consequences, we 
preferred panoramic radiography instead of periapical radiography.

The current study examining the novel method on the Turkish subpopulation used 
a limited sample. Previous research indicated that dental formation with age can be 
different in different regions of the same country 49. Various studies that evaluated the 
applicability of the Demirjian method in different Turkish subpopulations indicated that 
the discrepancy between chronological and dental age is range from −1.2 to 
1.69 years 49,50. Another study evaluated the maturation of third molars in Turkish children 
from the Southwest Eastern Anatolian region. The findings of this study revealed that 
development of third molars was earlier in children from the Southwest Eastern Anatolian 
region than for other populations 51. Taken together with previous research, the results of 
our study should be considered to be reliable for the Southern Turkish population. Further 
studies should examine the applicability of the new staging system in different regions of 
the Turkish population and with different populations. The parameters and reference 
points examined in the current study can be used to create regression models in different 
methods and with different populations. In addition, the novel method should be 
examined using periapical radiographs obtained by the long-cone paralleling technique.

Conclusion

(1) Our study showed that the results of the TCI model are not effective method to the 
Turkish population.

(2) The parameters of our novel model have better accuracy than TCI’s. This study 
showed that parameters based on the furcation level as a reference line are more 
reliable than those base on the cementoenamel junction because of the burnout 
phenomenon and the superimposition of structures in panoramic radiography.

(3) Based on the new staging system, sex is not significant for age estimation. The 
reason for this might be not measuring enamel.
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