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CLINICAL RELEVANCE BOX

« Dental age estimation is used in clinical dentistry and
orthodontics. In forensic odontology it is an important
tool in assessing the age of asylum seekers and
establish the identity of the deceased. Different
methods for the living and deceased exist.
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Age estimation by
means of teeth

Mari Metsaniitty, Sigridur Rdsa Vidisdottir og Sigrid I. Kvaal

In forensic sciences, age estimation is applied mostly when the age of
the asylum seekers is unclear especially in cases of the unaccompa-
nied children and in victim identification in reconciling the identity
of the deceased. In young individuals the maturation status of teeth
as well as eruption of teeth are inspected, and in older individuals de-
generative changes like secondary dentine deposits can be evalua-
ted. From a deceased individual tooth specimens can be extracted
for age estimation purposes which is obviously not possible for the

living. Age estimation methods by means of the teeth are reviewed.

In forensic medicine, age assessment of an individual may be requ-
ired, when the chronological age is unknown or cannot be verified.
Besides victim identification, age assessment has become more fre-
quent in establishing the age of an unaccompanied asylum seeking
minor. Age assessment can also be requested by police authorities
or in some countries by courts to clarify the legal age [1]. In pe-
diatric and orthodontics dentistry dental development is used in
diagnosis and treatment planning [2]. In forensic anthropology
and archeology, age assessment is used to find the demography of
the population[3]. Forensic age assessment may also be applied in
competitive sports when an individual claims to be younger or ol-
der than chronological age. The sport competitor can have advanta-
ges by unfair physical superiority[1].

Different dental age estimation methods are applied for chil-
dren, adolescents, and adults. The development of teeth is strongly
genetically regulated, and the influence of environmental factors is
small [4]. In adults, regressive changes in teeth must be used. Den-
tal age assessment is considered reasonably reliable. Ionizing radi-
ation is used, but the exposure is small, as well as the psychological
burden of the method [5].

In the deceased this problem does not exist. In addition, teeth

can be extracted for laboratory methods of age estimation, which
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would be unethical for the living. Eruption of the teeth can be ap-
plied as a clinical dental age estimation method during the active

periods[6].

Asessment of tooth eruption in forensic age estimation

Tooth formation starts before birth at around 6 weeks of gesta-
tion for deciduous teeth and around 16 weeks for permanent
teeth [7]. Different stages of tooth development define the den-
tal age.

Tooth eruption can be assessed by clinical examination and/or
by evaluation of dental radiographs. Eruption begins when the root
starts to form and the emergence of teeth through the gingiva is a
single event for each tooth. The stage of teeth eruption of an indivi-
dual is compared with standard tables or atlas and then translated
into a probable chronological age, however, the large variation in
ages must be taken into account [8][9]. When analyzing the erupti-
on of third molars panoramic radiographs are commonly used. Ho-
wever, in third molars visualizing the alveolar bone level, defining
gingival or partial eruption, and recognizing full eruption may be
difficult [9].

The timing and the path of emergence of permanent teeth may
be affected by premature extraction of primary teeth and orthodon-
tic treatment [10]. Impaction and pathological conditions may also
affect the dental eruption [9].

In forensic age estimation, eruption may be used as a supple-
ment to other dental age estimation methods [1]. The accuracy of
dental age assessment will diminish without the use of imaging
procedures [11]. The assessment of mandibular third molar erup-
tion in panoramic radiographs cannot be relied upon for determi-

ning the age of majority [6].
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Figure 1. Third molars are ap-
plied in forensic age estimation
when all the other permanent
teeth are mature.

Radiographic assessment of dental maturity in forensic age
estimation

Previous studies have shown significant correlations between con-
secutive stages of dental development and chronological age. Pan-
oramic radiographs are most often used to assess dental age [1]
(figure 1).

In the Demirjian et al. method [12] the development of the se-
ven left mandibular permanent teeth (FDI 31 to 37) are staged. The
contra-lateral tooth can be used when one or more index teeth are
missing. The eight stages of development are named with letters
from A to H, from the first appearance of calcified points to the
closure of the apex (figure 2). Willems et al. [13] adapted Demi-

rjian’s method using a large Belgian Caucasian reference sample
~ '
A B C D
E F G H

Figure 2. Eight Demirjian stages for permanent multirooted teeth adap-
ted after Demirjian et al. (1973).
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and simplified the method so that calculation of maturity scores is
avoided. The Willems method, when all the teeth 31-37 are mature,
estimates the minimum age of 15.8 years for girls and 16.0 years for
boys. This method seems to give best results.

The London Atlas, developed by AlQahtani et al. provides fast
method for age estimation [9]. The method applies 13 stages for
crown and root development and a free software program is availa-
ble as well (https:/www.qmul.ac.uk/dentistry/atlas/). The third mo-
lar development is used in dental age estimation when all the other
permanent teeth are mature. Several studies have been performed
on development of third molars. The article “Minor or adult? A dif-
ferent approach in the Nordic countries vs. Europe”, in this thematic

project cover the topic. Recent studies present new methods to de-

cide on minor or adult status by applying transition analysis [14] or
MRI segmentation of tooth tissue [15].
Examples of dental developmental staging techniques in age es-

timation are presented in table 1.

Laboratory methods for dental age estimation in deceased
children and adults

Age assessment in deceased children is the same as used for living
individuals described above. There rare cases are when the age of
an infant under 1 year old needs to be assessed. From ground secti-
ons, made from still developing deciduous teeth, the daily enamel
increments can be counted after the neonatal line, a distinctive line

forming at the time of birth. This gives a more accurate estimate of

Table 1. Examples of dental developmental staging techniques in age estimation, presented in chronological order.

Staging Technique (year) Examined teeth M Age range Cibfnchartzn Mk okt Presentation of
(FDI) (years) results
Gleiser and Hunt (1955) 46 15 0-10 American 50 Tables
Demisch and Wartmann 38, 48 8-16 American 151 Tables
(1956
Garn et al. (1958) 34-38 5 2-15 American 255 Tables
44-48
Nolla (1960) 18-48 11 2-23 American 50 Tables
Moorrees et al. (1963) 3848 13/14 0O-early adulthood American 380 Graphs
Haavikko (1970) 18-48 12 221 Finnish 1,162 Tables
Liliequist and Lundberg 17-27 8 6.5-14.5 Swedish 287 Tables
(1971) 37.47
Demirjian et al. (1973) 31-37 8 220 French Canadian 2,928 Tables and
graphs
Gustafson and Koch 17-47 4 3-13 Swedish 41 Schematic pre-
(1974) 55-85 senfation
Kominek et al. (1975) 18, 28, 38, 48 7 NA*** Czech NA NA***
Anderson et al. (197¢) 18-48 14 3-21 Canadian 232 Tables
Engstrom et al. (1983) 38-48 5 Young individuals Swedish 211 Regression
analysis
Nortjé (1983) 48 8 1521 South African 500 Tables
Harris and 48 5 1521 South African 407 Tables
Nortjé (1984)
Kullman et al. (1992) 38, 48 7 <1525 Swedish 677 Tables
Kaohler (1994) 18, 28, 38, 48 10 15-25 German 938 Tables
Demirjian 2 (Chaillet & 31-38 10 2-18 French 1,031 Tables and
Demirjian, 2004) graphs
De Tobel et al. (2017a)** 18, 28, 38, 48 9 14-26 Belgian 309 Bayes rule

*Age range of the study sample
**Magnetic resonance imaging technique
***NA Not available
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age than development charts [17]. In adults” teeth can be extracted,
radiographed and sectioned. Gustafson [17]was one of the first to
publish a method to assess age in adult teeth namely by grading at-
trition, periodontal recession, secondary dentine deposition, apical
translucency, cementum apposition and root resorption. Gustafson
studies were done on microscope slides of a few teeth — a very tedious
and labourious method. Statistical shortcomings have exposed the
method to criticism. Later studies have used a single factor or two to
four of the factors [18][19][20][21] . Larger material and statistical
calculations with the aid of computers have improved the results.

In single rooted teeth apical translucency and secondary dentine
has been shown to be the two factors most strongly related to age.
With age the apical translucency increases in length from the apex
towards the crown (figure 3). Bang and Ramm developed a method
to estimate age from the length of the apical translucency [18]. Using
formula for intact teeth this is a simple and easy method to perform
and is readily used in post mortem examinations. Lamendin’s method
uses both apical translucency and periodontal recession [20]. Johan-
son scored all six factors using six scores, and with regression analysis
the factors are evaluated according to their influence on age estima-
tion [19]. Solheim studied different methods to quantify each of the
age changes and selected the method which gave best result into a re-
gression formula. This resulted in different methods of measurements
for different types of teeth [21]. Other laboratory methods are radio-
carbon dating (C-14) and amino acid racemization by measuring the

conversion of amino acids from their L-form to the D-form.

Figure 3. Apical
translucency on intact,
extracted tooth.

Radiographic age assessment methods in adults

The pulp size is inversely related to age because of continuous de-
posit of secondary dentin and Kvaal et al. and Cameriere et al. me-
asured the size of the pulp on radiographs in relation to age [3][22]
[23]. The methods are used worldwide and have become popular
because they can be used in living people. “The Kvaal method” (fi-
gure 4) uses relative measurements on radiographs to avoid varia-
tions with different angles between the tooth and the film (sensor)
[3]. Cameriere et al. also used dental radiographs and measured
the area of the tooth and the pulp on canines both in the upper and
the lower jaw [22][23]. The areas of the tooth and pulp is outlined,
and the area are entered into a regression equation [24]. Because of
the restriction inherited in the regression analysis, new equations
have been developed which uses Bayesian calibrations - a statistical
method which overcome many of the arguments towards regressi-
on [25][26].

With the introduction of computer tomography (CT) and cone
beam CT (CBCT) attempts have been made to get more accurate me-
asurement than can be obtained on a 2D dental radiograph [27]. Me-
asurements have been on the size in the sagittal and axial plane accor-
ding to the “Kvaal method” and also using volume measurement [28]
[29]. The measurements on CBCT either quantitative or volumetric
are more accurate than using plain radiographs but also more time
consuming and a higher x-rays dose is required. Machine learning
procedures in dental age estimation are in its infancy and still require

considerable time per tooth but may get more precise results.

Figure 4. Measure-
ments on radiographs
according to Kvaal et
al. (1995).
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Challenges in age estimation

Assessment of clinical eruption of teeth has limited use during
inactive periods, and it is not as accurate as the mineralization sta-
tus of the teeth [13]. In children the age assessment is performed by
scoring the tooth development from 8-14 stages according to met-
hod. The stages are frequently described and illustrated with dra-
wings and/or photos of single rooted and multirooted teeth. This
grading is subjective, and many studies are based on study material
containing age mimicry (skewed age distribution) and simple sta-
tistics. In addition, some of the stages have a wide age spans often
depending on the number of stages see table 1.

When third molars are applied in forensic age assessment, large
confidence intervals in development are problematic [30]. Earlier a
population-specific reference sample was recommended, but the re-
cent research rather recommends a reference data with uniform age
distribution and a wide age range, and a Bayesian statistical approach
[31]. The Bayesian approach takes into account correlation betwe-
en the age indicators and the problem of missing indicators [32]. A
recent study shows that when different nutritional and /or environ-
mental circumstances are equal ethnic differences are negligible [33].
Malnutrition has little effect on dental development (4) ->[4] , how-
ever, some studies refer to advanced dental development in obese or
overweight children [34] and in children with high-fat intake [35].

Ethical considerations

Dental age estimation plays a vital role in forensic legal cases, such
as identifying migrants and disaster victims. However, it raises se-
veral ethical concerns that must be addressed. For the living ethical
concern is informed consent. Obtaining consent for dental exams
and imaging is crucial to respect autonomy and limit radiation
exposure [36]. Bias and accuracy in age estimation are concerns,

as many methods are based on specific populations and may not

be universally applicable [37]. Errors in age estimation can signifi-
cantly impact legal cases, asylum applications, criminal responsibi-
lity, and social services access [38]. Data protection and privacy are
crucial in forensic investigations. Dental records must be securely
stored and follow ethical guidelines like “General Data Protection
Regulation (GDPR)” [39]. Respecting the dignity of the deceased is
essential in forensics. Ethical guidelines ensure respectful handling

and ensuring that bodies are stored securely [1].

Future perspectives

The future of dental age estimation relies on advanced technologies,

interdisciplinary collaboration, and ethical improvements.

1. Emerging technologies, such as Al and machine learning, can
improve accuracy by analysing large datasets of dental images
and reducing human error [40]. Magnetic Resonance Imaging
(MRI) offers a non-ionizing, safe alternative, providing detailed
images and mimic the risks of radiation [41].

2. Biochemical techniques like aspartic acid racemization and
DNA methylation offer age estimation alternatives when
traditional dental methods are unsuitable. These techniques
allow good precision, when traditional dental methods are not
applicable [42].

3. Standardizing guidelines and creating population-specific
databases will enhance age estimation reliability across ethnic
groups, require collaboration between forensic odontologists,
anthropologists and legal professionals and is necessary to
refine current methodologies [43].

4. Strengthening ethical regulations for dental age estimation
is crucial. Forensic professionals must advocate for policies
ensuring transparency, fairness, and human rights protection,

especially for vulnerable groups like refugees and minors [36].
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