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Abstract

Age estimation from tooth – coronal index (TCI) using dental radiographs based on reduction in the size of the dental pulp cavity
with advancing age as a result of secondary dentin deposition, has been presented. The study aimed to assess the accuracy of age
estimation from TCI of mandibular premolars and molars (except wisdom teeth) of both sides using panoramic radiographs of
known age and sex and to develop regression equations that can be used in the Egyptians. The study was conducted on 234 Egyptian
subjects (119 males and 115 females) of known age and sex. The length of tooth crown and that of coronal pulp cavity (in mm) of
845 mandibular premolars and 835 mandibular molars were measured. Then TCI was computed for each tooth and regressed on
the real age of the sample. The results reveal that the mean ± SE age of the studied subjects is 25.52 ± 0.84 years (ranges from 8 to 74
years). There is no difference in TCI between both sexes. TCI for premolars is larger than those of molars and it is higher in males
than females (27.24 ± 0.077 to 28.51 ± 0.755 in females; 27.26 ± 0.748 to 28.66 ± 0.846 in males); and (24.79 ± 0.763 to 28.44 ± 0.680
in females; 24.81 ± 0.835 to 29.45 ± 0.866 in males) respectively. Also there is highest significant correlation of the 2nd right premolar
TCI with age (p ≤ 0.05). It could be concluded that TCI method of mandibular teeth was found to be the best radiologic; rapid and
non - invasive method for age estimation and the regression equations should be applied cautiously for different populations and
time periods.
Keywords: Age estimation; Teeth; Tooth pulp; TCI; Dental radiograph; Identification

Introduction
In forensic science; identification of a person is a fundamental question. It is an important basis for legal and ethical issues and
declaration of death reports. Also there is an increasing demand for age estimation in living persons to clarify criminal and civil
liability and social issues [1,2]. One of the most reliable methods for age estimation in forensic science is based on teeth examination.
Teeth are the hardest part of the body and could be preserved for a long time after death without gross changes [3-6]. Different
methods for teeth examination; morphological, biochemical and histological; could be used [7-9].
However these methods are invasive and require tooth extraction [10-15]. Furthermore; non-invasive radiographic techniques
have been developed for measurements of the reduction in the dental pulp cavity associated with advancing age due to secondary
dentin formation [16-19].
Once tooth crown is fully formed secondary dentin begins to form. Dentin formation continues throughout life, and layers of
secondary dentin (also known as regular secondary dentin) are continuously deposited by odontoblasts lining the pulp chamber
[20]. Since regular secondary dentin is laid down at the pulpal end of the primary dentin, the pulp cavity decreases in size with age.
If dentin is exposed to acute damage, for example dental caries, some of the underlying odontoblasts die, this irritation or response
dentin is often known as irregular secondary dentin, and sometimes referred to as tertiary dentin [21,22].
Teeth consist of enamel as the outermost covering of tooth crown and dentin underneath, both of which are hard tissues resistant
to decomposition, followed by pulp as the innermost soft tissue core. Likewise cementum is the outermost covering for the surface
of root which is also resistant to decomposition [9,23,24]. Age estimation in children and adolescents can be performed with a
standard technique given by Schour and Massler’s [25]; Demirijian’s method [26] and Ikeda et al. [27]. Gustafson’s method is
still in practice by the forensic odontologists in medicolegal issues, he evalueted the extent of six changes correlated teeth with
increasing age. These are: the degree of attrition, the position of epithelial attachment, the amount of secondary dentine, the
cemental thickness, the degree of root resorption and the transparency of root dentine; although a lot number of modifications to
this method have been described [28].
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These modifications were done by Kilian’s method [29] which is based on the evaluation of six markers: the degree of attrition, the
secondary dentin, the secondary cementum, the resorption, the transparency and the position of epithelial attachment. However,
Kashyap and Koteswara [30]; modified Gustafson’s criteria to make it more objective; it is based on the quantitative evaluation of
four markers: the abrasion, the secondary dentin, the secondary cementum and the transparency.
Since 2004, Cameriere et al. [31-33] have studied method of age estimation using the pulp/tooth area ratio to quantify the apposition
of secondary dentin. The method has elicited more interest than others and has been tested on different teeth. Moreover, as stated
by Bashet et al. [16] radiographic evaluation of secondary dentin may be the only non-invasive approach to estimate age from fully
developed teeth.
On the other hand Kvaal et al. [34] introduced a radiographic method in which tooth extraction was not required as it was done
by indirectly measuring deposition of secondary dentin (by measuring pulp radiolucency) and correlated it to age. The study of
Ikeda et al. [27] measured the tooth-coronal index (TCI) [Tooth – Crown index = Length of the coronal pulp cavity / Length of the
Crown X 100] after it was computed for each tooth and regressed on real age. In 1993, Drusini [20] following Ikeda et al. method,
soft X-ray photos were taken to measure the length (in mm) of the crown (CL) and the length of coronal pulp cavity (CPCL). Then,
the coronal index was computed for each tooth and regressed to obtain equations that allow estimation of age in unknown bodies
and isolated teeth [21].
Many of these studies have discussed methods based on measurements on various radiographic and morphological parameters
and developed formulas on such basis [33]. However, the reproducibility of these parameters is uncertain, as the values may be
different for individuals from different ethnical groups [35].
The present study aims to assess the accuracy of age estimation from tooth - coronal index (TCI) of mandibular premolars and
molars (except wisdom teeth) of both sides using panoramic radiographs of known age and sex individuals and to develop
regression equations that can be used in the Egyptians.

Subjects and Methods
Samples
This study was conducted on a total of 234 Egyptian subjects (119 males & 115 females) with 1680 intact teeth of known age and
sex. They were subjected to panoramic radiographs after taken written informed consent. These panoramic radiographs were
provided by a private radiologist (Hyperion X7, MYRAY - Imola, Italy). The panoramic radiographs were chosen because most of
intraoral films were exposed to reveal pathologies such as caries and inflammatory process. But with panoramic radiographs it is
possible to select teeth free from pathology with a distinct pulp chamber. The advantages of using panoramic X-ray photographs
are: 1) Cutting the teeth is not necessary; 2) Panoramic X-ray is a very common dental-test, so it could be examined in a short time;
3) All the mandibular and the maxillary teeth are on one film; 4) Gross lesions (fractures, unerupted teeth) are readily visible. 5)
Vertical measurements had acceptable accuracy and reproducibility when a software-based calibrated measurement tool was used
[36]. Panoramic X-ray shows a lack of detail in comparison with the intraoral radiography, especially for the anterior teeth, and the
projection can only be taken at one angle. For these reasons, the posterior teeth where the pulp chamber is normally fully visible
were only chosen, disregarding all the pathological specimens [21,24]. The exposure parameters were set according to the patient’s
age and size. The patient’s identification number, sex, age and date of radiographic taking were recorded. The exclusion criteria
were: subjects with any developmental, endocrine or nutritional disorder and special dental diseases. Also panoramic radiographs
showing impacted teeth, teeth with root canal treatment, crown restorations, broken teeth, teeth with large areas of enamel overlap
between neighboring teeth, missing one of the studied teeth or unclear radiographs were excluded.
The study included 845 mandibular premolars (394 from males and 451 from females) and 835 mandibular molars (393 from
males and 442 from females) of both sides (with exclusion of wisdom teeth) because they were more visible than maxillary teeth
as suggested by Drusini et al. [24]. Protocol of the study was approved by Ethical Committee of Faculty of Medicine, Mansoura
University.

Measurements
On all photographs with a fully visible pulp cavity two measurements were taken (Figures 1, 2). Height of the crown (CH) and
height of the coronal pulp cavity (CPCH). Then tooth – coronal index (TCI) for each tooth was calculated as follows: TCI =
CPCH X 100 / CH. The use of an index instead of absolute measurement excludes possible errors resulting from different scales
of X - ray photos (Drusini [21,24]). All measurements were taken using image processing software (ImageJ) to the nearest 0.01
mm. To ensure the accuracy of the technique used for measuring TCI a detailed reference points used: Cervical line that connect
two landmarks to be measured; the mesial and distal cementoenamel junction points; and divides the tooth into crown and root.
Crown height is the maximum perpendicular distance from the cervical line to the tip of the highest cusp of teeth. While pulp
height is the distance from cervical line to the coronal tip of the pulp chamber. All measurements were carried out twice by two
observers and the mean was recorded to minimize intra and inter - observer errors.
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Figure 1: Premolar panoramic X - ray shows the measurements of TCI. The transverse line (red) represents the cementoenamel junction
between crown and root. The black line represnts crown height (CH) and blue line represnts coronal pulp cavity height (CPCH). D =
distal side and M = mesial side

Figure 2: Molar panoramic X -- ray shows the measurements of TCI. The transverse line (red) represents the cementoenamel junction
between crown and root. The black line represnts crown height (CH) and blue line represnts coronal pulp cavity height (CPCH). D =
distal side and M = mesial side
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Statistical Analysis
The statistical analysis of data done by using excel program for figures and SPSS (SPSS, Inc, Chicago, IL) program statistical
package for social science version 17. The description of the data done is in the form of mean (+/-) SE for quantitative data;
frequency & proportion for qualitative data.
The analysis of the data was done to test statistical significant difference between groups. For quantitative date, student t-test was
used to compare between two groups. Repeated measure ANOVA to compare same group in different times followed by post Hoc
test for intra-time comparison. Pearson correlation was done to detect the association between two continues variables. Linear
logestic regression was done to predict unknown variable (age) by using teeth measurements significant in univarate analysis. Inter
and intra - observer agreements were determined using non-parametric -t- test.
N.B: p is significant if ≤ 0.05 at confidence interval 95%.

Results
The paired t-test to evaluate potential observer error revealed no statistically significant intra- and inter-observer differences
between the paired sets of measurements carried out on the re-examined panoramic radiographs (p > 0.05).
Descriptive analysis of the studied subjects by means of age (n = 234) are summarized in Table 1. The mean ± SE age of the studied
subjects is 25.52 ± 0.84 years (ranges from 8 to 74 years). Males represent 50.9% with mean ± SE age of 28.43 ± 1.27 years; while
females represent 49.1% with mean ± SE age of 22.49 ± 11.04 years.
Gender

Mean + SE

Min

Max

T

p

Males (n = 119) (50.9%)

28.43 ± 1.27

8.4

74

3.61

<0.001***

Females (n = 115) (49.1%)

22.49 ± 11.04

8

55

Total (n = 234) (100%)

25.51 ± 0.84

8

74

SE = Standard error; Min = minimum; Max = maximum; p < 0.05 is considered significant

Table 1: Descriptive Statistics of the Studied Subjects by Means of Age (n = 234)

Comparison of tooth – coronal index (TCI) of the right and left teeth between both sexes are demonstrated in Table 2. There is no
significant difference between sex and TCI. Also the mean of TCI for premolars is larger than those of molars and it is higher in
males than females (27.24 ± 0.077 to 28.51 ± 0.755 in females; 27.26 ± 0.748 to 28.66 ± 0.846 in males); and (24.79 ± 0.763 to 28.44
± 0.680 in females; 24.81 ± 0.835 to 29.45 ± 0.866 in males) respectively.
Gender
Tooth (TCI)

N

Mean ± SE

t

p

103
112

28.22 ± 0.802
28.51 ± .0.755

0.262-

0.793

Left 1st premolar (4th)
Male
Female

27.26 ± 0.748
28.92 ± 0.811

-1.494-

0.137

96
112

Right 2nd premolar (5th)
Male
Female

28.66 ± 0.846
28.23 ± 0.748

0.376

0.707

99
115

Left 2nd premolar (5th)
Male
Female

28.57 ± 0.802
27.24 ± 0.777

1.185

0.237

96
112

Right 1st molar (6th)
Male
Female

28.08 ± 0.786
27.64 ± 0.716

0.417

0.677

91
109

Left 1st molar (6th)
Male
Female

29.45 ± 0.866
28.44 ± 0.680

0.926

0.356

100
107

Right 2nd molar (7th)
Male
Female

24.81 ± 0.835
24.79 ± 0.763

0.016

0.987

96
113

Left 2nd molar (7th)
Male
Female

25.83 ± 0.780
25.40 ± 0.715

0.408

0.683

106
113

Right 1st premolar (4th)
Male
Female

SE = Standard error; TCI = tooth coronal index; t = student t – test; p < 0.05 is considered significant

Table 2: Comparison of Tooth - Coronal Index (TCI) of the Right and Left Teeth
Between both sexes (n = 234)
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The correlation between tooth – coronal index (TCI) of the right and the left teeth and age in all studied subjects (n = 234) is
represented in Table 3. There is positive correlation between TCI and age. The correlation is more in females than males (0.051 –
0.261; 0.069 - 0.223 for premolars & 0.079 – 0.245; 0.136 – 0.170 for molars) respectively. The 2nd right premolar TCI has a higher
significant correlation with age in all studied subjects (p ≤ 0.05).
Combined group

Teeth (TCI)

Males

Females

R

P

R

P

R

P

Right 1st premolar (4th)

0.107

0.118

0.082

0.408

0.154

0.106

Left 1st premolar (4th)

-0.034-

0.623

-0.069-

0.506

0.051

0.594

th

Right 2 premolar (5 )

0.241

< 0.001***

0.223

0.027*

0.261

0.005**

Left 2nd premolar (5th)

0.085

0.221

-0.102-

0.322

0.237

0.012*

th

Right 1 molar (6 )

0.157

0.026*

0.138

0.191

0.172

0.073

Left 1st molar (6th)

0.197

0.005**

0.146

0.147

0.245

0.011*

Right 2nd molar (7th)

0.119

0.087

0.136

0.186

0.108

0.253

Left 2nd molar (7th)

0.13

0.054

0.17

0.081

0.079

0.403

nd

st

SE = Standard error; TCI = tooth coronal index; r = correlation coefficient; p < 0.05 is considered significant.

Table 3: Correlation between tooth-coronal index (TCI) of Right and Left Teeth and Age in all Studied Subjects
(n = 234)

Multivariate logestic regression analysis with the use of most significant tooth – coronal index to determine age is demonstrated
in Table 4.
Group

Variable

B

SE

Constant

10.940

2.947

Combined group

TCI of right 2nd
premolar (5th)

0.445

0.098

Constant

18.545

4.371

Males

TCI of right 2nd
premolar (5th)

0.329

0.146

Constant

9.195

4.246

0.454

0.143

Females

TCI of right 2
premolar (5th)

nd

Beta

0.323

0.223

0.299

T

Significance

3.712

95 % Confidence
Interval for B
Lower
Bound

Upper
Bound

0.000

5.124

16.755

4.533

0.000

0.251

0.639

4.243

0.000

9.870

27.220

2.250

0.027

0.039

0.620

2.165

0.033

0.773

17.617

3.177

0.002

0.171

0.738

SE = standard error; p = significance; Exp = exponential

Table 4: Multivariate Logestic Regression Analysis with the Use of Significant Tooth - Coronal Index (TCI) to Predict Age

So for determination of age (Y), the following equations are used in combined group; males and females respectively.
Age (Combined group) = 10.940 + 0.445 X combined sample.
Age (Male) = 18.545 + 0.329 X males.
Age (Female) = 9.195 + 0.454 X females.
X is the TCI of 2nd right premolar tooth.

Discussion

Assessment of the pulp/tooth index is an indirect quantification of secondary dentin deposition37. The aim of this study is to
assess the accuracy of age estimation from the tooth – coronal index (TCI) of mandibular premolars and molars (except wisdom
teeth) of both sides using panoramic radiographs and to develop regression equations that can be used in the Egyptians.
The present results revealed that there is no sex difference in TCI. This is in agreement with studies done in Italy by Drusini et
al. [24]; Drusini [21]; Zadzinska et al. [38]; in India by Shrestha [9]; in Egypt by Khattab et al. [39] and in Western Australia by
Karkhanis et al. [40]. They stated that sex of individual appears to have no significant influence on age estimation, so that sex specific
formulae are not necessary for age estimation in specimens of unknown sex. On the other hand this result is on contrary to that of
Agematsu et al. [41] in Japan; Igbigbi and Nyirenda [42] in Malawi; who mentioned that gender has a significant influence on age
estimation using TCI and hence there is need for sex – specific formulae in the sampled population. They explained this difference
by the influence of estrogen on the formation of secondary dentin. Hietala et al. [43] and Silvana et al. [44] reported the existance
of an estrogen receptor in odontoblast of human pulp tissues. In addition, Yokose et al. [45] reported that estrogen deficieny
promotes the substrate synthesis of odontoblast. These reports suggest that estrogen exerts a strong influence on formation of
secondary dentin.
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Moreover; the current work revealed that the mean TCI of premolars is larger than those of molars and it is higher in males than
females (27.24 ± 0.077 to 28.51 ± 0.755 in females; 27.26 ± 0.748 to 28.66 ± 0.846 in males); and (24.79 ± 0.763 to 28.44 ± 0.680 in
females; 24.81 ± 0.835 to 29.45 ± 0.866 in males) respectively. This difference is considered to be due to the fact that the mandibular
molars have morphological diversity than premolars. So the difference in decrease in pulp chamber volume in different age groups
was not clear in molars as in premolars. Also may be because of mandibular premolar teeth are more visible than molars in
radiographs. In addition to the overall size of the pulp cavity and lower resolution of the panoramic radiography for molars
where the pulp cavity upper limits are sometimes less visible (Drusini [21]). These findings are consistent with that of Igbigbi and
Nyirenda [42] in Malawi whom mentioned that the TCI for molars were lower than those of premolars.
Furthermore; to the best of our knowledge, this is the only work that studied the effect of side (either right or left teeth) on TCI.
There is significant difference between right and left teeth as regard TCI. This may be due to developmental or morphological
changes or the accuracy of radiographs. This finding was in contradiction with other studies done in Italy by Drusini [21], Drusini
et al. [24]; Zadzinska et al. [38]; in Malawi by Igbigbi and Nyirenda [42]; in India by Saxena [35]; Chandramala et al. [37]; Bagh et al.
[46]; in Egypt by Khattab et al. [38]; Afify et al. [47]; in Western Australia by Karkhanis et al. [40] and in Belgium by Thevissen and
Willems [48] which demonstrated that difference between teeth side is negligible in radiographic age estimation and they chose
the side where the pulp chamber was more visible. Kvaal et al. [34] applied his study on left side and if due to tooth positioning,
tilting or overlapping, insufficient tooth information was available, the corresponding tooth of right side was measured.
Furthermore, there is positive correlation between TCI in the present work and age and the correlation is more in females than
males i.e. the index increases with increasing age (0.051 – 0.261; 0.069 - 0.223 for premolars & 0.079 – 0.245; 0.136 – 0.170 for
molars) respectively. This is similar to Shrestha’ study [9] in India which mentioned that TCI was significantly increased with
increased age. While Drusini [21]; Drusini et al. [24]; Zadzinska et al. [38] in Italy; Igbigbi and Nyirenda [42] in Malawi and
Karkhanis et al. [40] in Western Australia reported that there were negative correlation between TCI and age. This could be
explained by relatively young age of the present work samples as the age ranged from 8 – 74 years with mean age of 25.51 ±
0.84 years; so the decraese in pulp cavity due to dentin deposition is not evident. It is more in females than males may be due to
hormonal changes.
Moreover, the current results stated that 2nd right premolar tooth is the most significant in the studied groups (p ≤ 0.05). This is
inconsistent with studies done in Italy by Drusini [21]; Drusini et al. [24] who mentioned that there was no significant differences
between either 1st and 2nd premolars or 1st and 2nd molars and there was a strong correlation for molars than premolars in males.
Also Zadzinska et al. [38] in Italy proved that male premolars had the highest correlation with age. While it is similar to that of
Afify et al. [47] in Egypt which revealed that 2nd premolar was the most closely correlated with the age. Also Igbigbi and Nyirenda
[42] in Malawi postulated that correlation was higher for premolar than molar teeth. This may be an expression of the overall size
of the pulp cavity. In addition; Agematsu et al. [41] in Japan declared that females showed a stronger correlation between volume
ratio of the pulp chamber and age for central incisor and 2nd premolar. Also Chandramala et al. [37] in India proved that upper 2nd
premolar had highest correlation followed by lower 1st premolar. In addition Karkhanis et al [40] in Western Australia mentioned
that 1st right premolar had the highest correlation.
The variations among individuals as well as across populations and between the sexes; could be attributed to socioeconomic status,
cultural and racial differences, genetic differences, difference in behavior, environmental factors, diet and disease (Slaus et al. [49]).
Moreover, the differences between the present results and other studies could be explained by differences in studied populations,
difference in sample size and teeth examined in each study.

Conclusion
From the present work it could be concluded that age estimation from TCI is a precise, non-invasive, not time consuming;
not requires highly specialized equipment and applicable to both living and dead individuals. Also the result concluded that
gender has no effect on TCI, and there was significant difference between the right and the left teeth so they should be taken into
consideration. In addition, the 2nd right premolar TCI was the most significant in Egyptian males; females and combined group.
The regression equations should be applied cautiously for different population and time periods.
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