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ABSTRACT

Aim: Dental ageing systems are useful for forensic, research and clinical purposes. The present review article is
aimed at describing the radiological methods utilised for human age identification.

Methods: The application and importance of radiological methods in human age assessment were discussed
through the literature survey.

Results: Dental tissue is often preserved indefinitely after death. Implementation of radiography is based on the
assessment of the extent of calcification of teeth and in turn, the degree of formation of the crown and root
structures, along with the sequence and the stages of eruption. Several radiological techniques can be used to
assist in both individual and general identification, including determination of gender, ethnic group and age. The
radiographic method is a simpler and cheaper method of age identification compared with histological and
biochemical methods. Radiographic and tomographic images have become an essential aid for human
identification in forensic dentistry, particularly with the refinement of techniques.

Conclusion: Based on the appropriate knowledge of the available methods, forensic dentists can choose the
most appropriate since the validity of age estimation crucially depends on the method used and its proper
application. The multifactorial approach will lead to optimum age assessment.

Keywords: Age estimation, Dental Radiology, Dental age, Chronological age, Forensic odontology, Human
identification.

INTRODUCTION

Age, or the time that a person has lived since birth,
is an important cultural, religious and social
phenomenon. !Radiology plays an indispensable
role in human age determination. Radiological
images are utilised in the process of age estimation,
which is one of the essential tools in identification
in forensic science. Growth is recognised as an
indicator of health. The process of growth and
development has been of considerable interest to
physicians, anthropologists and dentists who have

required guidance on normal development in order
to correctly identify abnormalities.?2 Saunders, was
the first to publish information regarding dental
implications in age assessment by presenting a
pamphlet entitled “Teeth A Test of Age” to the
English parliament in 1837. 1

The application of radiology in forensic sciences &
odontology was introduced in 1896. Since 1982,
dental radiography, a non-destructive and simple
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technique used daily in dental practice, has been
employed in methods of age estimation.2
Developing teeth are used most reliably in age
estimation as teeth are the most indestructible part
of the body and exhibit the least turnover of natural
structure. They, therefore, remain relatively
unchanged for many thousands of years.? Dental
development has been shown to correlate with
chronological age and be less affected by
malnutrition.

The methods based on the stages of tooth formation
as appreciated on radiographs seems to be more
appropriate in the assessment of age than those
based on skeletal development as the dental
development, and calcification is controlled more by
genes than by environmental factors. 45 Teeth are
less susceptible to nutritional, hormonal and
pathological changes.

Various radiographic images that can be used in age
identification are intraoral periapical radiographs,
lateral  oblique radiographs, cephalometric
radiographs, panoramic radiographs, digital
imaging and advanced imaging technologies.3 The
analysis of the digitised images of the available
radiographs for the volume measurements has
provided new perspectives in the field of age
estimation.

The current article presents a simple and
comprehensive picture with regard to the human
age estimation using various radiological methods.

Review of literature:
Maturity Markers:12-

The maturity markers available for age estimation
in children and adolescents include:

'l Morphological Age.
U] Skeletal Age:
= Ossification of the hand-wrist
= Ossification of the sternoclavicular joints
Secondary sexual characteristics
Psychological development.

' Dental Age (DA):
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= Tooth eruption

= Tooth mineralisation assessed from dental
radiographs

Chronologic Age

CA was calculated by subtracting the date of the
birth from the date of the panoramic radiograph
after having converted both to a decimal age*.

Morphological Age

Height was used to assessing the growth and
maturity of an individual and was historically used
for age estimation (Horner 1834). ¢ An individual®s
height is mainly determined by their gender,
parents" height, and ethnicity*.

Skeletal Age

Skeletal age is the degree of maturation of bones.
Skeletal age gained prominence owing to the ease of
use of radiographs of the hand and wrist, following
the development of the Greulich and Pyle Atlas
(Greulich & Pyle 1959).7

Secondary sexual characteristics

During puberty, the secondary sexual
characteristics appear. These changes are caused by
hormonal effects, mainly testosterone and
oestrogen, which produce characteristic changes
such as body hair, deepening of the voice in boys
and onset of menarche in girls.3* Once sexual
maturity has been completed, and this is of limited
use as it is not possible to say exactly when this has
occurred, only that a person is fully mature. In
addition, puberty maturation is unreliable as a
means of estimating age, due to the wide age range,
especially in relation to ethnicity.6

Psychological maturity

Psychological maturity or intellectual development
is often assessed in children and young adults using
Piaget's Stages of Cognitive Development. This is
based on defined stages of development related to
brain growth.”

Tooth eruption

For many decades tooth eruption was the only
criterion available for estimating age. This is
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Fig 1: Diagrammatic representation of a radiograph
of a mandible of a fetus at the thirtieth week of
intrauterine life showing crown completion for
anterior teeth, the fused cusps of the deciduous first
molar, five cusps of the deciduous second molar and
the crypt of a permanent first molar with no
evidence of mineralisation.
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Fig 2: Developmental stages of lower deciduous first

molar by Kraus and Jordan.
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Fig 3: Dental development chart by Schour and

Masseler

unreliable as there is a wide age range for the
eruption of primary teeth (Hagg & Taranger 1986) 8
and permanent teeth (Nystrom et al. 2001).% Other
factors such as the space available, ankylosis and
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early or delayed extraction of primary teeth alter
the normal eruption of the permanent successors.
The advantage of using tooth eruption or tooth

emergence, as an indicator of age is that the
procedure is quick and non-invasive.”?

Fig 4: 14 stages of tooth formation of multi-rooted
tooth (Moorees et al).

Fig 5: Eight stages (A to H) of mineralisation of
tooth (Demirjian system).

Stage O: Absence of crypt
Stage 1: Presence of crypt
Stage 2: Initial calcification
Stage 3: 1/3rd crown completed
Stage 4: 2/3rd crown completed

Stage 5: Crown almost completed

Stage 6: Crown completed

Stage 7: 1/3rd root completed
Stage 8: 2/3rds root completed
Stage 9: Root completed, apex open

Stage 10: Apical foramen closed

Fig 6: Ten stages of tooth formation with
description (Nolla’s method)

Tooth mineralisation

The most widely used methods of attainment of the
developmental stages of tooth growth as a means of
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estimating age, are based on assessment of the
calcifying tooth which is divided into developmental

stages discernible on dental radiographs.®

ec. dentin)

R (resorption) «

Fig 7: Five stages of lower third molar root
development (Harris and Nortje’ method)

Methods of dental age assessment

Pre-natal, neonatal and post-natal age
estimation

Radiographically, the mineralisation of deciduous
incisors starts at the sixteenth week of intrauterine
life.8 Before the mineralisation of tooth germs starts,
the tooth germs may be visible as radiolucent areas
on the radiograph; the subsequent radiographs of
the mandible will depict the deciduous teeth in
various stages of mineralisation as per the pre-natal
age of the fetus.1 A radiograph of the mandible of
the fetus taken at the twenty-sixth week of
intrauterine life shows advanced mineralisation in
anterior teeth. The mineralised outline for the two
cusps of the deciduous first molar, the one cusp
outline for the deciduous second molar and the
crypt of permanent first molar is seen.!!

A radiograph of the mandible of the fetus taken at
the thirtieth week of intrauterine life shows three-
fifth crown completion for anterior teeth. The
deciduous first molar cusps show fusion. The
deciduous second molar with five cusps is seen,
while there is no evidence of mineralisation in the
permanent first molar [Figure-1].1! While the
radiograph of the newly born fetus shows
completely fused cusps for the deciduous first and
second molar, for the deciduous second molar there
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is no continuity across the occlusal surface. Within
the crypt of the permanent first molar, there is
evidence of a tip of one of the mesial cusps.!!

Stages by Kraus and Jordan:

Kraus and Jordan 12 studied the early mineralisation
in various deciduous

teeth as well as in the permanent first molar. The
development is described in ten stages, denoted by
Roman numerical from [ to X; the IXth stage
includes three stages, and the Xth stage includes five
stages. [Figure-2]

Age estimation in children and adolescents

Methods applied for age determination in children
and adolescents:

=  Schour and Masseler method;

=  Moorees, Fanning and Hunt method;

*  Demirjian, Goldstein and Tanner method;
= Nolla’s method (Figure 11); and

=  Age estimation using open apices

Schour and Masseler method:

In 1941, Schour and Masseler 13 studied the
development of deciduous and permanent teeth,
describing 21 chronological steps from 4 months to
21 years of age and published the numerical
development charts for them.[Figure-3]

Moorees, Fanning and Hunt method:

In this method, the dental development was studied
in the 14 stages of mineralisation for developing
single and multirooted permanent teeth and the
mean age for the corresponding stage was
determined.[Figure-4] Moorees et al. 14 used
panoramic radiographs or lateral oblique
radiographs for their study. The earliest age in the
survey was six months, and the data also includes
the development of the third mandibular molar.
Notably, female development was ahead of the
male, and the root formation stages showed
variation compared with crown formation stages.!?

Demerjian

In 1973 Demirjian et al'> studied, 1446 boys and
1482 girls of French-Canadian origin and gave a
new method of age estimation based on the
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radiological appearance of the seven teeth on the
left side of the mandible. [Figure-5] Each stage of
the seven teeth was allocated a score, and the sum
of the scores gave an evaluation of the subject’s
dental maturity, measured on a scale from 0 to 100.
The dental maturity score of each subject was then
converted to DA by using standard tables and/or
percentile curves which were given for each gender,
separately. 15

Nolla

Each left permanent mandibular tooth was assessed
and assigned a stage of between 1 (no sign of
calcification) and 10 (apical end completed).
[Figure-6] If the tooth was between stages an
appropriate fraction (0.2, 0.5 or 0.7) was added as
recommended by Nolla. The sum of scores was
compared to the average sum for males or females,
and DA calculated.1¢

Age estimation using open apices:

They were using panoramic radiographs of the
patients, which were digitised for the analysis. The
seven left permanent mandibular teeth were
valued. 1315The number of teeth with root
development completed with apical ends
completely closed was calculated. For the teeth with
incomplete root development, that is with open
apices, the distance between inner sides of the open
apex was measured. For the teeth with two roots,
the sum of the distances between inner sides of two
open apices was evaluated. The dental maturity was
calculated as the sum of normalised open apices and
the numbers of teeth with root development
complete.14

Age estimation in adults

1. Volume assessment of teeth:

pulp-to-tooth ratio method by Kvaal
= coronal pulp cavity index.

N

. Development of the third molar:

= Harris and Nortje method
Van Heerden system.

Volume assessment of teeth:

The age estimation in adults can be achieved by
radiological determination of the reduction in size
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of the pulp cavity resulting from a secondary
dentine deposition, which is proportional to

the age of the individual.l”
Method by Kvaal et al:

In this method, pulp-to tooth ratio was calculated
for six mandibular and maxillary teeth, such as
maxillary central and lateral incisors; maxillary
second premolars; mandibular

lateral incisor; mandibular canine; and the first
premolar. The age is derived by using these pulpto-
tooth ratios in the formula for age determination is
given by Kvaal et al. .18

The coronal pulp cavity index:

The correlation between the reduction of the
coronal pulp cavity and the chronological age was
examined in a sample of 846 intact teeth from 433
individuals of known age and sex using panoramic
X-ray photographs.l? For each radiograph, only
mandibular premolars and molars were considered,
as the mandibular teeth are more visible than the
maxillary ones. The side where the pulp chamber
was more visible was chosen. Panoramic
radiography was used to measure the length (mm)
of the tooth crown (CL, coronal length) and the
length (mm) of the coronal pulp cavity (CPCH,
coronal pulp cavity height or length) (Figure 14).
The tooth-coronal index (TCI) was computed for
each tooth and regressed on the real age of
sample.1?

Development of third molar:

The radiographic age estimation becomes
problematic after 17 years of age as eruption of
permanent dentition completes by that age with the
eruption of the third molar. Later, the development
of the third molar may be taken as a guide to
determine the age of the individual.1®

Third molar development by Harris and Nortje
method:

Harris and Nortje 20 have given five stages [Figure-
7] of third molar root development. The males and
females were surveyed separately and no significant
differences were found between them.
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Third molar development by Van Heerden
system:

Van Heerden assessed the development of the
mesial root of the third molar to determine the age.
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He described the development of the mesial root in
five stages using panoramic radiographs. The males
and females were surveyed separately, and no
significant differences were found between them. 21

Table 1: Number of tooth developmental stages by different authors.

Authors

Schour and Massler

Gleiser and Hunt

Garn et al.

Hotz et al.

Nolla

Moorees et al.

Nanda and Chawla

Haavikko (modification of Gleiser and Hunt)
Johanson

Liliequist and Lundberg

Demirjian et al.

Gustafson and Koch

Rosen (modification of Schour and Massler)
Nortje

Gat

Kullman

Mesotten et al. (modification of Gleiser and Hunt)
Sarnat

DISCUSSION

Comprehensive  knowledge of growth and
development is fundamental in gaining an
understanding of morphological variation in
children. An assessment of the state of an
individual's dental development can be important in
the evaluation of his or her overall maturity and can
be used to compare growth and health between
individuals and populations. In addition, the state of
dental development can be used to ascertain the age
of an unidentified child.

To determine age, compare information obtained
from the skeleton, that is the teeth, and then
translates this morphology into an approximate
chronological age. Dental age is, therefore, a
predictor of actual age. Analysis of subadult
dentition for ageing purposes seems to be fairly
robust, especially since it has been determined that
the formation of the teeth is reasonably resistant to
environmental influences. Tooth formation is
generally viewed as a progressive, continuous, and
cumulative processes.

Year Sample size Number of stages
1941 - 22
1955 50 17
1959 255 3
1959 298 11
1960 50 10
1963 345 14
1966 720 12
1970 1162 12
1971 155 7
1971 287 8
1973 2928 8
1974 41 4
1981 760 19-22
1983 500 8
1984 196 6
1992 677 7
2002 1175 10
2003 693 7

Various methods or surveys have been devised for
evaluation of tooth mineralisation; the preferred
ones are discussed here. Age estimation is relatively
difficult in pre-natal and neonatal phases compared
with the post-natal phase. Though a histological
examination of tooth germs will be able to decide
the age earlier in the prenatal phase, it will be an
invasive and time-consuming procedure.4 From the
pre-natal dental development of the fetus until the
eruption of the first tooth into the oral cavity post-
natally, the radiological examination of the jaw
bones for the developing tooth germs will be the
mainstay for the age assessment.

Various age estimation methods or dental
development surveys are available, although they
are different from each other. They provide us with
two types of information: the sequence of
developmental events and the timing at which these
events occur.

The Schour and Masseler method have some
drawbacks as these charts do not have separate
surveys for males and females, and the mean age
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range of 2-5 years is put at 6 months and is thus too
narrow.13 Later, Ublekar?2 modified these charts to
widen these ranges. Regardless of these drawbacks,
these charts are being used more commonly in age
determination.

Although the method by Moorees et all* has
separate surveys for males and females, the method
by Demirjian et al!> is the most highly
recommended and developed of all dental age
surveys. However, interobserver variation was
found and is confined to j one of the eight stages.
Besides, the ratings in the survey are based on
mandibular teeth only; hence the mandibular teeth
need to be present for the survey to be applicable.
Also, it does not include the third molar in the
classification. Demirjian 15determined that dental
development has a close association with
chronological age.

The advantage of Nolla’s method is that it can be
applied to an individual with or without the third
molar.’® For boys, there was no significant
difference in values when both the methods were
compared; this was in contradiction to girls where a
significant difference in values was found. Overall,
the mean dental ages were underestimated in both
the methods and a significant difference was found
between the estimated dental age and the
chronological age.23

Age estimation in adults would be challenging as the
development of dentition completes by this age, and
there is no clue which could be reliable to assess the
age. The two criteria that can be utilised for age
determination in adults are an assessment of the
volume of the pulp cavity and of third molar
development. The reduction in the size of the pulp
cavity resulting from deposition of secondary
dentine with ageing as assessed by radiography can
be taken as a guide to estimate the age of the
individual.

Various authors have compared dental age with
chronological age and skeletal age. Scheuer and
Black identified three phases that comprise skeletal
development including (1) formation of the centres
of ossification, (2) the growth of the centres of
ossification, and (3) the time during which fusion of
the centre with a separate centre of ossification
occurs. Recently, volume matching of teeth imaged
by cone-beam CT41 and the X-ray microfocus CT21
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can be used to obtain pulp vs tooth volume ratio.
Conventional Xrays provide two-dimensional
information at low resolution while this technique
allows the three-dimensional structure of the root
canal of the extracted tooth. It works with the same
scanning principle as in medical CT; however, the
spatial resolution is an order of magnitude higher.2*

In all the methods used for age determination, the
evaluation of radiographs for stages of tooth
calcification is the most reliable as tooth
calcification can be observed from radiographs for a
period of several years 25> and it is not altered by
local factors such as lack of space or over retention
of deciduous teeth. It also allows the assessment of
the period when no clinical tooth emergence takes
place.? Additionally, age estimation would be
relatively accurate since the number of teeth
passing through various stages of calcification is
available.

CONCLUSION

Radiology has become an essential tool in the
processes of human age identification. There cannot
be rigid guidelines regarding age estimation. Hence
the degree of dental certainty or probability of the
findings may be specified. Use of multiple age
estimation methods, multiple teeth and experienced
investigators aid towards the optimal age
estimation.26
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