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Introduction
Identification of   living and  dead  persons is of paramount 
importance in routine forensic odontology [1,2]. Age determination 
plays an important role in forensic medicine, not only in identification 
of bodies, but also in connection with crimes [3]. Age estimation 
is a subtle discipline of the forensic sciences and it should be an 
important part of every identification process, especially when 
information which is related  to the deceased is unavailable. When   
subjects have undergone changes which are so extensive that 
external characteristics yield no information, teeth are often the only 
means of identification [4]. The hard tissues of the human dentition 
are able to resist decay and degradation, long after other tissues are 
lost. This resistance has made teeth useful indicators for assessing 
variations in diet, expression of metabolic diseases, and calculation 
of age at the time of death [5].

Gradual structural changes which occur in teeth throughout  life are 
the basis for age estimation. The enamel, dentin, and cementum 
that  constitute teeth  are used to estimate the chronologic ages of 
unidentified individuals. Cementum in humans increases in thickness 
with age, and new layers are deposited on the outside of the 
dentin throughout the life of the individual. Because of its position, 
cementum has not been used to the extent  that enamel and dentin 
were used. However, the counting of cemental annulations may offer 
a more accurate method for age estimation in human beings [6]. 

Cementum is a connective tissue that surrounds tooth roots in 
incremental layers, resulting in the appearance of concentric lines 
in the cementum, which are known as salter lines, which can be 
equated with years. Each pair of lines corresponds to one year of life 
and it constitutes a biological record that can be used to estimate 
the age of an individual [7,8].
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Many authors have described the contribution and importance of  
cementum in studies that used one or multiple dental parameters 
[9]. Cementum is formed as a result of a continuous process 
throughout life and it has been shown to triple in thickness between 
the ages of 20 and 60 years [10]. It was hypothesized that since 
cemental annulations have been observed in all mammalian genera 
which have been studied, they may also be found in humans and 
may be used to determine age in that genus. The ability to accurately 
estimate the ages of victims of natural or manmade disasters, would 
be a valuable tool in forensic dentistry [11].

Zander and Hürzeler [12], stated that cementum was potentially a 
better age-estimating tissue due to its unique location in the alveolar 
process. It has been hypothesized that these incremental lines in 
the tooth cementum can be used as a more reliable age marker 
than any other morphological or histological trait in the human 
skeleton. This hypothesis is based on the biological factors of the 
Tooth Cementum Annulations (TCA) formation which has been 
known so far.

With aging, the pulpal cavity becomes smaller, because of 
continuous deposition of secondary dentin [13]. Secondary dentin 
forms continuously throughout life, after the completion of the 
primary dentine and it starts at the moment that the related tooth 
root is completed. Hence, its amount can be used to estimate the 
age of an individual [14]. Secondary dentin deposition is regular 
when it is not under the influence of dental caries or other physical/
chemical insults to the tooth.

The purpose of this study was to examine the correlation between 
age and number of incremental lines in human dental cementum 
and to correlate age with the thickness of secondary dentin.
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Background: Age estimation is an important factor in the 
identification of an individual in forensic science. The hard tissues 
of the human dentition are able to resist decay and degradation, 
long after other tissues are lost. This resistance has made 
teeth useful indicators for age calculation. Recent research has 
indicated that Tooth Cementum Annulations (TCA) may be used 
more reliably than any other morphological or histological traits 
of the adult skeleton, for age estimation.

Aims: The purpose of this study was to examine the correlation 
between age and the number of incremental lines in human 
cementum and to correlate age with thickness of secondary 
dentin.

Materials and Methods:  The study sample consisted of 100 
teeth. Teeth which were extracted because of periodontal disease 
and orthodontic, and prosthetic reasons were used in the study. 
The exclusion criterion was teeth with carious lesions. The age of 
the individuals at the time of tooth extraction ranged from 25-60 

years. Longitudinal ground sections of each tooth were prepared 
and examined.

Statistical Analysis: Correlation between estimated age, which 
was calculated by using cemental lines and thicknes s of secondary 
dentin and actual age, was found by using Pearson’s correlation 
coefficient. Correlation of increase in thickness of secondary 
dentin in different age groups was analyzed by ANOVA test.

Results: A strong positive correlation was found between the 
estimated age, which was calculated by using cemental lines 
and thickness of secondary dentin and  actual age. Correlation of 
increase in thickness of secondary dentin in different age groups 
was found to be non significant.

Conclusion: Countable cemental annulations are present in 
human teeth. Quantification of cementum annuli is a moderately 
reliable means which is used for age estimation in humans. As 
the age advances, the thickness of the secondary dentin also 
increases; hence, the amount of secondary dentin can also be an 
indicator of age of an individual.
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Number of incremental lines (n) = X / Y.

By adding average age of eruption in years for each tooth, as 
was presented in Gray’s anatomy,  from the counted number of 
incremental lines, the chronological age of the individual was obtained 
as E = n + t, where Estimated age (E) = number of incremental lines 
(n) + and eruption age of tooth= (t) [15].

Secondary dentin and age estimation
Thickness of secondary dentin was measured in three areas [Table/
Fig-3]. 

a.    At coronal 1/3rd of the root [Table/Fig-4].

b.    Middle 1/3rd  of the root [Table/Fig-5].  

c.    Apical 1/3rd  of the root [Table/Fig-6].

Average thickness of secondary dentin was obtained. Teeth were 
further divided into three groups, according to age (at the time of 
tooth extraction) as following:

Group I = 25 - 34 years.

Group II = 35 - 44 years. 

Group III = 45 - 54 years.

Materials and Methods 
The present study was carried out in the Department of Oral Pathology 
and Microbiology, M.M. College of Dental sciences and research, 
Mullana, India, from June 2010 to October 2010. The study sample 
consisted of 100 teeth obtained from different individuals of known 
ages. Teeth which were extracted because of periodontal disease 
and orthodontic, and prosthetic reasons were used in the study. 
The exclusion criterion was teeth with carious lesions. The ages of 
the individuals at the time of tooth extractions ranged from 25-60 
years. Longitudinal ground sections of each tooth were prepared 
and they were examined under research microscope, Nikon eclipse 
80i, Japan.

Cementum and age estimation
In each section, the area at the junction of apical and middle third of 
root, regardless of  whether the cementum was cellular or acellular, 
was selected for counting. These areas were photographed,   
images were transmitted from the microscope to a computer 
monitor, and counting was done with the help of image analysis 
software. First, the width of the cementum from the dentin-cemental 
junction to the surface of the cementum was measured in an area 
where the lines seemed to run approximately parallel [Table/Fig-1]. 
Then, measurement of the width which was occupied by the two 
adjacent incremental lines [Table/Fig-2], which were most easily 
recognizable was made, and the number of incremental lines in the 
total cementum width was calculated. Where, X is the total width of 
cementum (from dentinocemental junction to cementum surface) 
and Y is the width of cementum between the two incremental lines, 
as shown in [Table/Fig-1,2]. 

[Table/Fig-1]:	 Ground section of the tooth showing the width of cementum
from the dentin-cemental junction to the surface of the cementum

[Table/Fig-2]:	Ground section of the tooth showing the width occupied
by the two adjacent incremental lines of the cementum

[Table/Fig-3]:	Ground section of the tooth showing the three areas in
which thickness of secondary dentin was measured

Observations and Results
The readings were subjected to statistical analysis. Correlation 
between estimated age, which was calculated by using cemental 
lines and actual age was found by Pearson’s correlation coefficient, 
which indicated a strong positive correlation between the two 
variables, thus indicating that the counting of cemental annulations 
may offer an accurate method for age estimation in human beings 
[Table/Fig-7]. 

Correlation  between secondary dentin thickness and actual age 
was also analyzed by Pearson’s correlation coefficient and it was 
also found to be strongly positive, thus indicating that as the age 
advanced, the thickness of the secondary dentin also increased 
[Table/Fig-8].

Correlation between increase in thickness of secondary dentin in 
different age groups was analyzed by ANOVA test and it was found 
to be non significant i.e. no correlation was found between amount 
of secondary dentin and age [Table/Fig-9].

Discussion
Cementum is the calcified tissue that surrounds the root portion of 
dentin and it forms the attachment site for the periodontal fibres 
that link the tooth to the alveolar bone. In cementum formation, 
hypermineralized layers of extracellular matrix alternate with less-
mineralized layers. The first layer of acellular cementum is produced 
before the tooth erupts, and further layers are added during and 
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life and that it constituted a biological record that could  be used to 
estimate the age of  an individual [7].     

The first use of cementum in human age estimation began with 
measurements of width of the total cementum layer, rather than 
the number of incremental lines [3]. Stott et al.,  first used Tooth 
Cemental Annulations (TCA), as an age estimation method in 
humans and concluded that these annulations which were counted 
from a photograph provided a close estimate of the actual age of 
the individual from which the tooth was extracted [11].

In the present study, Pearson’s correlation coefficient between 
estimated age from cemental lines and actual age was found 
to be strongly positive i.e. significant at a level of 0.01. Thus, 
counting of cemental annulations may  be an accurate method 
for age estimation in human beings. Kvaal  and Solheim  found a 
positive correlation of 0.73 between the estimated age which was 
calculated from cemental lines and the actual age of the individual 
[17]. Aggarwal P et al., found a fairly strong positive correlation 
between the two variables of estimated age which was calculated 
from cemental lines and the actual age [1]. According to Avadhani 
et al., in 18 of 19 specimens, the estimated age varied from 
chronological age by about 2-3 years. The reliability of this method 
was found to be 94.73 % [18].

Further technical improvements led to the suggestion that the TCA 
was superior to other tooth-based methods of age estimation in the 
adult skeleton [19]. Initially, the TCA method was applied to freshly 
extracted teeth, but Grosskopf, in 1989, showed that this method 
was also applicable to historical skeletons and cremations [20]. 
These findings added further support to the idea that the number of 
incremental lines was a stable property, even under circumstances 
where other characteristics of the lines (e.g., width and degree 
of mineralization)  were altered by environmental or physiological 
perturbations. It was on the basis of these results, that the TCA 
method  was recently recommended as a reliable technique for 
age estimation in adults,  on using skeletal materials. 

According to the present study, annulation counts in younger age 
group (<55 years) appeared to be very close to the actual ages. 
Whereas, annulations for individuals who were above 55 years of 
age showed an increased tendency to be unrepresentative, may 
be due to a decreased apposition of cementum. Solheim T, in 
1992, showed that cementum apposition diminished by one-third 
after the age of  60 years [21]. 

In the present study, the Pearson’s correlation coefficient value 
between age and secondary dentin thickness was also found to 
be strongly positive and significant at the 0.01 level. Solheim T, 
found a strong positive correlation between the increasing age 
and thickness of the secondary dentin [22]. Rai B, concluded 
that clinical crown pulp area, total pulp area and cervix pulp width 
decreased significantly with advanced age due to increase in 
secondary dentin formation with advancing age [23].

Correlations 

Actual Age Estimated Age (Cementum)

Actual age Pearson Correlation 1 .985(**) 

Sig. (2-tailed) .000 

n 100 100 

Estimated age
(cementum) 

Pearson Correlation .985(**) 1 

Sig. (2-tailed) .000 

n 100 100

Correlations 

Actual Age Estimated Age (Cementum)

Actual age  Pearson Correlation 1 .965(**) 

Sig. (2-tailed) .000 

n 100 100 

Secondary 
dentin 
thickness  

Pearson Correlation .965(**) 1 

Sig. (2-tailed) .000 

n 100 100

after eruption [16]. A biological explanation for these alternating 
layers was given by Lieberman and Schroder. They suggested 
that the dark lines were the stop phases of mineralization during 
continual growth of the fibroblasts, which led to a change in mineral 
crystal orientation. This pattern is visible under the microscope 
as a series of alternating light and dark lines or bands. The dark 
lines have been referred to as incremental lines and the cementum 
between each two lines has been referred to as incremental bands. 
It was shown that each pair of lines corresponded to one year of 

[Table/Fig-4]:	Ground section of the tooth showing the thickness of secondary dentin at the coronal third of the root
[Table/Fig-5]:	Ground section of the tooth showing the thickness of secondary dentin at the middle third of the root
[Table/Fig-6]:	Ground section of the tooth showing the thickness of secondary dentin at the apical third of the root

[Table/Fig-7]:	Correlation b/w actual  age and estimated age  
(calculated using cemental lines)
** Correlation is significant at the 0.01 level (2-tailed)

[Table/Fig-8]:	Correlation b/w actual  age and estimated age  
(calculated using secondary dentin)
** Correlation is significant at the 0.01 level (2-tailed)

Age group  
(years) 

Number
 (n) 

Mean
 (μm) 

Std Dev. 
(±) 

Std 
Error 

Significance

25 -34 27 257.8004 14.26160 2.85232  0

(non
 significant) 

35-44 43 320.1379 26.53106 4.04595 

45-54 30 411.4453 48.30272 8.81883 

Total 100 332.1867 66.97745 6.76574 

Age group  
(years) 

Number 
(n) 

Mean 
(μm) 

Std Dev.
 (±) 

Std 
Error 

Significance

25 -34  27 257.8004 14.26160 2.85232 0

(non
 significant)

35-44 43 320.1379 26.53106 4.04595 

45-54 30 411.4453 48.30272 8.81883 

 Total 100 332.1867 66.97745 6.76574 

[Table/Fig-9]:	Correlation of thickness of secondary dentin with different 
age groups
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In the present study, the increase in secondary dentin thickness 
was found to be non significant, when it was compared in different 
age groups, due to large numerical value of standard deviation 
and standard error. 

Assessment of TCA, for estimating age-at-death, has the potential 
to be used as one of the most valuable tools at the disposal of 
a forensic anthropologist. The accuracy and repeatability of 
the method is not dependent on tooth type or location, but on 
the average which is obtained from making as many counts as 
possible. So, this method can be applied to general populations, 
regardless of systemic or periodontal health [24]. This technique 
may be extremely valuable in forensic medicine, forensic dentistry, 
and anthropology [11].

CONCLUSION
Through proper processing and sectioning, and with the use of light 
microscopy and photography, counting of cemental annulations 
can be used as a reliable means of age determination. As the age 
advances, the thickness of the secondary dentin also increases; 
hence, the amount of secondary dentin can also be an indicator of 
age of an individual. Thus, dental hard tissues are good candidates 
for age estimation and hence, they may serve as a valuable aid for 
forensic identification. 

In the present study, although the TCA method for age estimation 
provided significant results, our sample size was small. This  study 
did not allow us to conduct a detailed investigation on the impact 
of different individual parameters such as sex, tooth position, and 
presence of periodontal disease. So, further studies are needed to 
correlate age changes with cementum and dentin. 
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