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A BSTRACT

 Forensic age determination has evolved to be intriguingly signifi cant and relates 
to the challenges originating from globalisation as a result of a growing amount of foreign 
nationals with questionable birth date information and to identify victims who are unknown.

Aim of this research was to evaluate the estimation of age through visualisation 
of periodontal ligament (PDL) around fully mineralised lower third molars in the Chennai 
population, and also to assess the 18-year age threshold using PDL visibility.

 The research was a retrospective analysis that involved 100 OPGs 
(orthopantomographs) from the archives of the Department of Oral and Maxillofacial Radiology 
from 2021 to 2022 were analysed to determine PDL present around the mandibular third molars. 
Grading each mandibular third molar was done by two observers. IBM SPSS version 23 was used 
to statistically evaluate the gathered data.

 Among 100 study subjects, the mean age group was found to be 24.2 years. The 
frequency distribution of age was inferred from that of the study participants, 15% were under 
the age of 18, and 85% were above the age of 18. Males and girls with both lower third molars on 
the left and right had grades of stage 1 (34%), stage 2 (31%), and stage 3 (20%) at the age of 18. 
The 18-year threshold can be established by using periodontal ligament visibility, according to 
our fi ndings, starting from Stage 1. The relationship between the variables was examined using 
the Chi square test, which produced a very signifi cant p value of 0.00.

 Radiographic age evaluation was a simple, repeatable, non-invasive technique 
that can be applied to both living and deceased people. Our research indicated that less than 
18 years old was the minimal age for Stage 0 in both males and females. At the onset of stages 
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1, 2, and 3, all males and females were at 
least eighteen years old. Stages 1, 2, or 3 
indicate that the person is older than 18. The 
populace of Chennai would benefi t from this 
innovative method of age estimation for use 
in forensics.

 Age estimation; Periodontal 
ligament; Mandibular third molar; Forensic.



Forensic age determination has evolved to 
be intriguingly signifi cant and relates to the 

challenges originating from globalisation as a result 
of a growing amount of non-national individuals 
with uncertain information about their birth date 
and to identify unknown victims, calculating 
the age at death, identifying cluster victims, 
fi guring out who qualifi es for social benefi ts, and 
helping immigration services in the processing 
of undocumented immigrants.1 Accurately 
determining the person’s age is crucial when 
attempting to identify a deceased person.2 Third-
molar mineralization has frequently been employed 
as a technique for forensic age determination.
Estimating age is required throughout both criminal 
and civil processes.3 Teeth eruption or formation 
can be used to gauge dental development. In 
contrast to eruption, which is a discontinuous and 
variable measurement infl uenced by a number of 
factors including dental caries, malnutrition, early 
loss of deciduous teeth, and malalignment, root 
formation is thought to be a more robust measure 
with a low coeffi  cient of variation, high heritability, 
and resistance to environmental eff ects.4 Research 
on the growth and development of teeth benefi ts 
from knowledge of the time and sequence of 
tooth eruption. To determine a child’s or adult’s 
chronological age, several techniques are available.5

The primary radiographs of specifi c structures, 
such as the fusion of long bones, the epiphyseal 
union of the anterior iliac crest, the epiphyseal head, 
the fusion of the sphenoid bone with the basilar part 
of the occipital bone, and the medial extremity of 
the clavicle, are used to estimate age using skeletal 
maturity.6,7 The most frequently used techniques for 
determining chronological age are those that use an 
orthopantomograph or cephalometric radiograph 
to visualise dental development.8 The presence 
or absence of wisdom teeth, the age at which they 
erupt, the eruption’s position and direction, and its 
timing are important factors, especially in forensic 
dentistry.9 With the exception of the third molars, 
most teeth have calcifi ed and erupted after the early 
teen years. Therefore, the most important factor in 
determining age between the late teens and early 
twenties is the third molar’s development.10 Thus, 
the evaluation of dental radiographs is capable of 
being easy and non-invasively used to staging a third 
molar. To describe the dental maturation process, 
several staging systems have been developed.11 Olze 
et al. presented a technique for estimating dental 
age in the German population by visualizing the 

PDL of the mandibular third molars from dental 
radiographs taken of patients between the ages of 
15 and 40. The PDL visibility was classifi ed into 
four stages from 0 (entirely visible in both roots) to 
3 (visible in only part of one root. The chronological 
age for each grade of periodontal ligament visibility 
(PLV), along with the minimum age and suggested 
PLV, was reported in this study, which was useful in 
identifying individuals who were younger than 18 
or who were between the ages of 18 and 21 years.12

In another study, Timme et al. found that while the 
minimum age of periodontal ligament visibility 
stages was appropriate for males under the age of 
21, but not for females, it was unable to distinguish 
between individuals under the age of 18.13

As a result, age estimation varied across diff erent 
population groups and location, previous studies 
are reported in Germany12, Chinese14, Portuguese15

and in India Mumbai.16 Studies were not available 
for the Chennai population. Therefore, the purpose 
of this study was to determine the 18-year age 
threshold using PDL visibility and to evaluate the 
estimation of age using visualizing the periodontal 
ligament around fully mineralized lower third 
molars in the Chennai population.

100 orthopantomographs from the archives of 
Saveetha Dental College and Hospital’s Department 
of Oral Medicine and Radiology in Chennai were 
screened for the visibility of PDL surrounding the 
mandibular third molars between the years of 2021 
and 2022. This is a retrospective study.

Inclusion Criteria: Patients with fully 
mineralized mandibular third molars, ranging in 
age from 17 to 40 were included.

Exclusion Criteria: This study did not include 
any pathological conditions that could impede PDL 
visibility, radiographs that were faulty, or periapical 
pathology related to mandibular third molars, such 
as cysts and tumors.

Radiological evaluation of the third molars:

One hundred OPGs were assessed for the 
mandibular third molars on the left or right side. 
Two selected observers examined the radiographs. 
Scores were assigned to every mandibular third 
molar by observers. Olze et al. assigned the PDL 
visibility of third molars with full root formation 
including apical closure wherein four scores were 
given.12 (Fig. 1)
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Stages:

Stage 0: PDL is visible along the full length of 
all roots

Stage 1: PDL is invisible in one root from apex to 
more than half root.

Stage 2: PDL is invisible along almost the full 
length of one root or along part of the root in 2 
roots or both.

Stage 3: PDL is invisible along almost the full 
length of 2 roots.

Fig. 1: The radiographic visibility in lower third molars is displayed by the 
OPG as follows: (A) Stage 0 (B) Stage 1 (C) Stage 2 (D) Stage 3.

Fig. 1: The frequency distribution of age groups is displayed in a bar 
graph. The X-axis indicates the age group above or below 18 years. The 
percentage of people who reported to this study is shown on the Y-axis. 
Highest prevalence was among above 18 years of age group (green) and 
below 18 years were 15%.

Fig. 2: The gender distribution is shown in a bar graph. Males are 
indicated by red, and females by yellow. Males (59%) made up the 
majority of the patients reported for the study, compared to females 
(41%).

Orthopantomographs was assessed and cross-
checked by 2 oral radiologists. Data was collected 
and compiled in an excel spreadsheet. IBM SPSS 
v23 software was used to perform statistical 
analysis on the data. To investigate the relationship 
between the various research variables, the chi 
square test was used. ANOVA test was performed 
to identify the mean of age in diff erent populations.

Among 100 study subjects, the mean age group 
was found to be 24.2 years. 15% of the study 
participants were under the age of 18, and 85% 
were over the age of 18, according to the frequency 
distribution of age shown in Fig. 1. Hence, the above 
18 years age group was reported higher in number. 
The gender distribution of the patients was reported 
as 59% were males and 41% were females shown 

in Fig. 2, Fig. 3 shows the periodontal ligament 
visibility frequency distribution. The vast majority 
of the study participants belonged to Stage 1 (34%) 
followed by Stage 2 (31%), Stage 3 (20%) and Stage 
0 (15%). Fig. 4 shows the frequency distribution 
of the age group with PDL visibility stage. It was 
inferred participants below 18 years belong to stage 
0 and stage 1, 2 and 3 was seen in above 18 years age 
group. Using the chi square test, the relationship 
between the variables was assessed, and a p value 
of 0.00 indicated that it was highly signifi cant. Fig. 
5 shows tooth number and PDL visibility stage. The 
most common third molars in stage 1 (18%) were 
lower left (38) and most common in stages 1 and 2 
(16%) were lower right (38) molars. Chi-square was 
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Fig. 3: The PDL visibility stage frequency distribution for each individual 
is displayed as a bar graph. Stages 0–3 are indicated by the X-axis. 
The percentage of participants in this study is indicated on the Y-axis. 
Highest prevalence was among stage 1 (light green) followed by stage 
2 (orange) was 31%, stage 3 (red) was 20% and stage 0 (purple) was 15%.

Fig. 4: Bar graph shows the age group and PDL visibility stage. The age 
group is shown on the X-axis, and the number of participants in our study 
is shown on the Y-axis. Stage 0 (purple) was seen only in individuals 
below 18 years (15%) and stage 1 (light green) was seen in the majority 
of the above 18 years old age group (34%) followed by stage 2(orange) 
was 31% and stage 3(vermillion) was 20%. Chi- square p value=0.00, was 
statistically signifi cant.

Fig. 5: The tooth number and PDL visibility stage are displayed in a bar 
graph. The tooth number is indicated on the X-axis, and the number of 
participants in our study is indicated on the Y-axis. The most common 
third molars in stage 1 (18%) were lower left (38) and most common in 
stages 1 and 2 (16%) were lower right (38) molars. The chi-square p-value 
of 0.01 indicated statistical signifi cance.

statistically signifi cant, with a p-value of 0.01. In 
stage 1, the lower right third molar (48) and lower 
left third molar (38), respectively, had the highest 
prevalence (18% and 16%). Statistics showed that 
the chi-squared p value=0.01 was signifi cant.

In case of males, radiography visibility of 
48 revealed the following results: The mean 
age was statistically signifi cantly diff erent for each 
stage category (p< 0.01), with the mean value being 
lowest in stage 0 and highest in stage 3. Stage 0 was 

initially identifi ed at the age of 17, with a mean age 
of 18. At the age of 19, stage 1 was noted, with a 
mean age of 22. Stage 3’s fi rst indication appeared 
at age 25, with a mean age of 37.4 years, while stage 
2’s fi rst indication appeared at age 24, with a mean 
age of 33.5 years. (Table 1).

Table 1: Mandibular right third molar age and stages of radiographic 
visibility of the periodontal ligament in males.

PDL 
Visibilty 

stage

N Mean Std. 
Deviation

Std. 
Error of 

Mean

Minimum Maximum

0 2 18.00 1.414 1.000 17 19

1 8 22.00 2.976 1.052 19 29

2 12 33.50 7.740 2.234 24 48

3 7 37.43 11.253 4.253 25 39

In female cases, radiographic visibility of 
48 produced the following outcomes: There was 
a statistically signifi cant diff erence (p 0.01) in the 
mean age between the Stage categories, with the 
mean values being highest in Stage 3 and lowest in 
Stage 0. At 17.4, the fi rst indications of stage 0 were 
observed, with a mean age of 17.4 years. At age 20, 
stage 1 was fi rst observed, with a mean age of 21.7 
years. Stage 2 was fi rst noticed at age 21, with a 
mean age of 33, and stage 3 was noticed at age 32, 
with a mean age of 39.3 years. (Table 2).
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Table 2: Age and stages of the female mandibular right third molar’s 
periodontal ligament’s radiographic visibility.

PDL 
Visibility 

stage

N Mean Std. 
Deviation

Std. 
Error of 

Mean

Minimum Maximum

0 5 17.40 .548 .245 17 18

1 7 21.71 1.604 .606 20 25

2 4 33.00 8.042 4.021 21 37

3 3 39.30 14.422 8.327 32 40

In male cases, radiographic visibility of 38 
showed the following results: A statistically 
signifi cant (p<0.01) diff erence in mean age was 
observed between the Stage categories. At the age 
of 17, with a mean of 17.67 years, stage 0 was fi rst 
observed. For Stage 1 the fi rst observed age was 
20 years with mean age 23.8 years. Stage 2 was 
noted at 30 years old, with a 35.1-year-old mean. In 
stage 3, the mean age was 38.25 years, and the fi rst 
observed age was 34 years. (Table 3).

Table 3: Mandibular left third molar age and stages of radiographic 
visibility of the periodontal ligament in males

PDL 
Visibility 

stage

Mean N Std. 
Deviation

Std. 
Error of 
Mean

Minimum Maximum

0 17.67 3 .577 .333 17 18

1 23.80 10 2.348 .742 20 28

2 35.11 9 4.457 1.486 30 36

3 38.25 8 9.004 3.183 34 39

In female cases, radiographic visibility of 38 
produced the following outcomes:

A statistically signifi cant diff erence was observed 
(p<0.01). With a mean age of 17.8, the fi rst 
appearance of Stage 0 occurred at 17 years old. 
Stage 1 was fi rst observed at 17 years old, with a 
mean age of 17.8 years. In Stage 2, the mean age 
was 31.5 years, and the fi rst recorded age was 28 
years. The mean age for Stage 3 was 39.7 years, with 
the fi rst observed age being 30 years (Table 4).

Table 4: Age and stages of the female mandibular left third molar’s 
periodontal ligament’s radiographic visibility.

PDL 
Visibility 

stage

N Mean Std. 
Deviation

Std. 
Error of 
Mean

Minimum Maximum

0 6 17.83 .408 .167 17 18

1 8 21.13 1.808 .639 19 25

2 6 31.50 4.278 1.746 28 37

3 2 39.70 16.971 12.000 30 39

Teeth are frequently used to estimate age because 
they are preserved for a very long time after all 
other tissues and bones have disintegrated. A quick, 
repeatable, non-invasive technique that can be 
applied to both living and unidentifi ed deceased 
individuals is radiographic age assessment.17

Age estimation is one of the most crucial tasks 
for a forensic department when birth records are 
not well kept. It is an optical phenomenon that the 
periodontal ligament vanishes.18 This could have a 
biological basis in which the membrane becomes 
so thin that radiographs cannot show it.19 The 
development of third molar roots is typically taken 
into account in forensic dentistry when estimating 
age, particularly when establishing the 18-year-old 
cut-off  to distinguish between a person’s status as a 
child or adult.20

It was discovered that individuals under the age 
of eighteen, regardless of gender, exhibited stage 
0. Males’ right and left third molars showed signs 
of stage 1 onward when they surpassed the age 
of 18. It follows that if a person is discovered in 
any of the stages starting with Stage 1, they have 
achieved major status and are older than 18 years 
old. Our fi ndings support the observations made by 
Sequeira et al.15 and Olze et al.12

The age range in our study was 17–40 years, 
whereas the age range in Demirjian et al.’s study was 
only 3–17 years, despite the fact that they presented 
a very good method for age estimation from the 
radiological appearance of the mandibular third 
molar.21 Timme et al.13 found that the minimum age 
for stages 2 and 3 was at least 21 years old in their 
investigation. Our study’s results are consistent 
with this fi nding.

Another observation from our investigation was 
that, starting from stage 2, the participants were 
older than.21 Consequently, stage 2 could be applied 
to establish the 21-year-old cut-off  point. Another 
signifi cant age in forensics is 21. This is consistent 
with the fi ndings of Guo et al.14 regarding the 
Chinese populace. But Sequeira et al. pointed out 
that in the Portuguese population, Stage 3 would 
fulfi ll this function, emphasizing the variation 
seen in various populations. Therefore, in order 
to increase prediction effi  cacy, it is recommended 
that this methodology be evaluated and used in 
particular populations.15

In both the left and right mandibular molars, 
there was a signifi cant positive correlation (p = 
0.000) between the periodontal ligament visibility 
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and chronological age. This was consistent with 
other research.21 Since the entire study depends on 
OPG observation a crucial step in standard forensic 
age estimation the same X-ray can be utilized 
to assess the third molars’ periodontal ligament 
visibility.

In our study, strong positive association was 
observed between chronological age and the 
periodontal ligament visibility in right as well as 
left mandibular molars (p = 0.000). This was in 
accordance with other studies.22 The technique’s 
benefi t is that it will reduce costs and time 
spent without increasing radiation exposure.23

Additionally, exhibits strong intra- and inter-
observer agreement and is a straightforward 
methodology that is applicable on a regular basis.24

There are certain restrictions associated with this 
technique. Specifi cally, third molars must have 
fully developed roots, be free of caries or other 
dental disease, and be fully erupted without being 

impacted. Future research could make use of this 
and assess it.

In our study, both males and females had to be 
younger than 18 years old to be eligible for Stage 
0. For both males and females, the minimum age 
at which Stages 1, 2, and 3 initially manifested 
was greater than 18. We can therefore conclude 
that a person should be older than eighteen if they 
exhibit Stages 1, 2, or 3. Third molar growth and 
calcifi cation are unquestionably not the preferred 
development marker. Still, it makes sense because 
there aren’t any other promising signs in the late 
teens and early twenties.
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