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Around 1 out of 5, or 150 million children, under the age of 5 worldwide are unregistered or lack a
birth certificate. Unaccompanied minor migrants have many benefits that are inaccessible to adults.
It is evident that the age of migrants is one of the key variables that must be ascertained. Equally, it is
important that juveniles are housed under safe conditions, including not with adults who are profes-
sing to be children.

In contrast to teeth, bone growth is dependent on nutrition and external factors. Teeth and bone
develop independently and, consequently, it might be a good argument for using both dental and bone
development in medical age estimation.

The Nordic countries use dental development to estimate the age especially by staging wisdom
teeth from radiographs. All countries also estimate age based on skeletal maturity. In addition, Fin-
land and Denmark use physical maturity criteria and Denmark uses sexual maturity. Various recogni-
sed scientific methods are used by the different countries.

All EU + countries, except Ireland, approve some form of medical age assessment. 21 use dental
radiograph analysis and 16 dental observations. 23 countries use carpal (hand/wrist) radiographs, 14
collarbone radiographs and 2 knee MRIs and 8 sexual maturity observations.
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Clinical relevance
Around 1 out of 5 children under the age of five worldwide are unregistered or lack a birth certificate.
Unaccompanied minors have benefits in asylum processes; therefore, their age must be ascertained. All
of the Nordic countries stage wisdom teeth from radiographs and all also estimate age based on skeletal
maturity. Teeth and bone develop independently, hence the use of both is beneficial. In addition, Finland
and Denmark use physical maturity and Denmark sexual maturity. All EU+ countries, except Ireland,
approve some form of medical age assessment. Dentists should have a basic understanding of medical age
estimations in order to be able to answer questions from patients.
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naccompanied minors are children under the

age of 18 years (1), who have been separated

from both their parents and other relatives

and are not being cared for by an adult who, by law, is
responsible for doing so.

Today, around 1 out of 5, or 150 million children,

under the age of 5 worldwide are unregistered or lack

a birth certificate (Figure 1). This essential document
serves as proof of registration and is critical for acquir-
ing nationality and ensuring that children can enjoy
their rights from birth (2). In Table 1 and Figure 2, the
percentage of children with a birth registration on a
global level is illustrated.

Figure 1. Number of infants under age 1 whose births are not registered, by region. Source UNICEF 2024 (2).

Children under 1year Children under 5 years

East Asia and Pacific 85
Europe and Central Asia 99
Eastern Europe and Central Asia 99
Western Europe 100
Latin America and Caribbean 90
Middle East and North Africa 87
North America 100
South Asia 71
Sub-Saharan Africa 46
Eastern and Southern Africa 52
West and Central Africa 43
Least developed countries 43
World 4

03
100
99
100
95
89
100
76
52
46
57
49

77

Table 1. Percentage of birth registration of children under the age of 1and 5 worldwide. Source: UNICEF 2024 update (3).
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B Above 90%

B 76-90%
51-75%
25-50%

. Less than 25%

[ comparable data on birth
registration from 2014 or
later are not available in the
UNICEF global database

Figure 2. Percentage of children under age 5 whose births are registered. Source UNICEF 2024 (2).

Countries with the lowest level of birth
registration are primarily in Sub-Saharan Africa

A rapidly growing child population means that if cur-
rent trends continue, there could be close to 115 mil-
lion unregistered children under the age of 5 in sub-Sa-
haran Africa by 2030 (2).

Many migrants in Europe and the Nordic coun-
tries come from Africa and South Asia, stating that
they are unaccompanied minors and submitting cre-
dentials which are questioned. It is, therefore, evident
that the age of migrants is one of the key variables that
must be ascertained, since it carries significant legal
implications. Many benefits that unaccompanied mi-
nors have in asylum processes are usually inaccessible
to adult migrants. Equally, it is important that juve-
niles are housed under safe conditions, including not
with adults who are professing to be children (4).

Children have different rights from those of adults
Unaccompanied minors constitute a vulnerable group
and are legally entitled to protection and special treat-
ment, including the right to a guardian, education and
healthcare (2, 5). National legislation determines the
acquisition of specific rights and obligations at varying
age thresholds (5). In the Nordic countries, key legal
age thresholds include 15 years, which is the age of

criminal responsibility and sexual consent, except for
sexual consent in Finland and Norway, where it is 16
years. The age of majority for all Nordic countries is 18
years (6, 7).

The effect of ethnicity, diseases and nutrition on
age analysis

In the past, ethnicity was often considered to play a
significant role in medical age assessment (8). Howev-
er, more recent studies have challenged this perspec-
tive, suggesting that the ethnicity may not significantly
impact the dental development or skeletal maturity
(9—12). The studies that suggest that ethnicity could
influence dental maturity (13) could be subjected to
age mimicry, meaning that the differences are more
likely to reflect variations in the study populations
(14). Others attribute these differences to variations in
socioeconomic factors (15).

Stress and living conditions, as well as systematic
diseases, are also believed to impact skeletal and den-
tal development (16, 17). Skeletal age is often delayed
in individuals from lower socioeconomic backgrounds,
leading to an underestimation of their chronological
age (18, 19). A study by Cardoso shows that socioeco-
nomic factors impact skeletal growth more than dental
development, indicating that dental development is
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less influenced by environmental factors (18). Conse-
quently, individuals from lower socioeconomic back-
grounds may be assessed as being younger than their
actual age.

AGFAD

The Arbeitsgemeinschaft fiir Forensische Altersdiag-
nostik (AGFAD) is a multidisciplinary working group
that brings together forensic pathologists, forensic
odontologists, radiologists, and anthropologists. Its
primary goal is to harmonise different evidence-based
approaches that are used in forensic age estimation
and to ensure the quality of the assessments based on
available scientific data and expert opinions. AGFAD
works to develop and standardise guidelines and
methodologies for determining age, particularly in sit-
uations where the age of individuals is uncertain, such
as in cases involving migrants without any valid iden-
tification (20).

Ionising radiation

X-rays, a type of ionising radiation, are useful for diag-
nostic purposes, including an assessment of dental and
skeletal development. Ionising radiation is a type of
energy released by atoms that can be viewed as either
electromagnetic waves or photons and can be harmful
to humans. However, people are exposed to natural
sources of ionising radiation, including background
radiation and man-made sources, such as medical ra-
diation (21).

Age assessment in the Nordic countries

Iceland

An agreement between the University of Iceland and
the Directorate of Immigration (UTL) on age assess-
ment was not renewed, as the university believed that
psychological interviews had not been carried out.
There has been criticism towards the use of medical
age estimation, i.e. in the university. It went so far that
the university did not authorise age assessment at the
Faculty of Odontology. To fulfil social responsibilities,
forensic odontologists undertook the assessment on a
private basis. An agreement has now been signed be-
tween the UTL and the National Police Commissioner
to host the assessments.

Two forensic odontologists perform age estima-
tions. A panoramic radiograph and intra-oral radio-
graphs of third molars are analysed according to Liv-
ersidge (8), Mincer et al. (22), Kullman et al. (23) and
AlQahtani et al. (24). Skeletal age is estimated from the
hand and wrist according to Greulich and Pyle (25).
The margin of error is given by the averages and SD
of each method. The final results are submitted as to

whether it is likely that the applicant is younger than
18 years of age. The applicant benefits from any doubt.

Denmark

Medical age estimations are performed by request of
the Danish Immigration Service. A physical exami-
nation is conducted by a forensic pathologist and in-
cludes an interview that gathers anamnestic informa-
tion on general health and upbringing conditions, as
well as anthropometric measurements of height and
weight, and a visual assessment of secondary sexual
development based on Tanner stages (26).

Bone age is assessed by a radiologist, using a ra-
diograph of the left hand-wrist and the Greulich and
Pyle (GP) atlas method (25). Dental age is evaluated
through panoramic radiographs, complemented by ra-
diographs of all four third molars. The crown and root
development of these molars is analysed by a forensic
odontologist, using the 10 stages (C'2 - Ac) by Gleiser
and Hunt, modified by Kohler (27). Each of the four
third molars contributes one stage. Reference studies
by Kohler, Haavikko, and Mincer (22, 27, 28) are used
to determine mean chronological ages for each stage.

The final dental age is calculated by averaging
the individual dental ages and rounding down to the
nearest age. Bone and dental ages are then combined
to produce a conclusive age estimate, which includes a
most likely age/age range and a margin of error at +/-
1, 2, and 3 standard deviations (SDs), using an SD of
+/- 1year. This approach accounts for an overall range
of approximately 8—9 years.

Sweden

To determine if asylum seekers are under or over the
age of 18, a medical age assessment is offered by the
Swedish Migration Agency to unaccompanied mi-
grants without credible documents, or there is an un-
certainty of age after interviews with social services
(29). The procedure is voluntary and requires writ-
ten consent from the applicant (30). Since 2016, the
Swedish National Board of Forensic Medicine has been
commissioned to conduct medical age assessments,
both within the asylum process and in criminal pro-
ceedings.

The chosen method is based on a validated sta-
tistical model that determines the developmental stage
of the third molar in combination with a skeletal indi-
cator, i.e. MRI of the distal femur (31), radiographs of
the hand and wrist (32) or CT scans of the clavicle (33)
based on the age threshold being evaluated in relation
to the 15-, 18- and 21-year-old threshold (34).

Radiographs of the third molar are analysed ac-
cording to Demirjian (35). Assessments are presented
as probabilities that a person is over or under the age
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threshold of interest and not as an exact chronologi-
cal age. The margin of error is always included in the
statement (34). For the staging of third molars, two
forensic odontologists assess a panoramic radiograph,
blinded and independently. If assessments diverge, the
lower stage is chosen.

The forensic odontologist must have knowledge
of age estimation and undergo a calibration exercise,
with a minimum result of 0.8 (Cohens Kappa). The
same requirements are used for assessing skeletal ma-
turity.

Norway

If the Norwegian Directorate of Immigration (UDI) is
in doubt as to whether an applicant is a minor when
seeking asylum, the applicant is asked to undergo an
age assessment. Current practice involves only a radio-
graph of one of the wisdom teeth. Two experienced
dentists gauge the developmental stage according to
Demirjian’s stages (35).

BioAlder, which is a statistical calculation model
based on hand skeleton and lower left wisdom tooth
development and yields 75% and 95% prediction inter-
vals for chronological age and based on results from
radiographs of the wisdom tooth and hand skeleton
(7). When the application is processed, UDI will always
consider the report from BioAlder, together with the
other details about age.

Finland

According to the Aliens Act (36), the immigration au-
thorities refer asylum seekers to the Finnish Institute
for Health and Welfare (THL) for a forensic age as-
sessment. In criminal proceedings, the police can refer
an immigrant to THL for an age assessment (37). The
person must give written consent for the radiographic
examinations. The applicant and their legal represent-
atives shall be given information concerning the age
assessment, methods used and potential health effects,
as well as information on the consequences of under-
going and refusing the age assessment (37).

The assessment is largely based on dental devel-
opment and is always performed by two forensic odon-
tologists, one of whom is affiliated with THL. They need
to have a special competence in forensic odontology, a
specialised training programme (38). The examinee is
first interviewed, including their medical history, and
the measurement of height and weight is performed. A
forensic age assessment includes a dental panoramic
radiograph and a radiograph of the left hand and wrist,
including BoneXpert analysis (an autonomous and
validated Al tool that calculates age) (39).

Figure 3. To determine whether an immigrant is a minor or
an adult, third molars are useful.

Age assessment in Europe, EU+ countries

It is recommended to rely on governmental informa-
tion on age assessments more than NGOs (nongovern-
mental organisation), often voluntary organisations
operating independently of any government, typically
one whose purpose is to address a social or political
issue and often rely on voluntary donations (40).

No reliable information was obtained from some
European countries; therefore, only the 30 so-called
EU+ countries will be discussed.

In 2022, the European Asylum Support Office
(EASO) became the European Union Agency for Asy-
lum (EUAA). It offers practical guidance, key recom-
mendations and tools on the implementation of the
best interests of the child. It also brings up-to-date in-
formation on the methods conducted by EU+ states (5,
41).

Twelve EU+ countries use a holistic and/or
multidisciplinary approach when assessing applicants’
age, and 15 not. An age assessment process conducted
in another EU+ country is accepted in 9 EU+ countries
and not accepted and reassessed in 16 countries (41).
In Table 2, all EU + countries, except Ireland, approve
some form of medical age assessment. 21 use dental
radiographs and 16 dental observations. 23 countries
use carpal (hand/wrist) radiographs, 14 collarbone
radiographs and 2 knee MRIs and 8 sexual maturity
observations (5, 41).

Advantages of using more than one dental method
Because of the wide variation in material and statisti-
cal methods, different dental age estimations will give
different answers when applied to the same material. It
has been recommended to use more than one method,
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and some believe that this would give more accurate
results. With the current knowledge, it is more impor-
tant to look at the background material which consti-
tuted the research material and the statistical approach
(Figure 3).

Advantages of using estimation analysis of teeth
and bone together

In the same way that dental development is staged, so
is bone growth. The most commonly used bones are
those in the hand/wrist (Figure 4). Like teeth, these
bones are graded according to an atlas (25). Teeth and
bone develop independently; consequently, it might be
a good argument for using both dental and bone de-
velopment. Research has demonstrated that there is a
close correlation between bone and dental age (43). If
bone age and dental age are close, it might also be close
to chronological age, but if they differ, one must look
for a reason behind such a difference.

Staging, whether in bone or teeth, is always sub-
jective. BoneXpert is the only automatic and objective
grading (39) process. Although Norway, at present, only
uses Demirjian’s stages on wisdom teeth, the BioAge
tables are based on a very large sample from all over
the world (7).

Presentation of age estimation, age
range, and other results

All age estimates inherently involve uncertainty, which
must be communicated in forensic statements (9).
Ideally, age assessments should be based on multiple
biological traits, with the results including a margin
of error (43). Some advocate for expressing this un-
certainty through a Bayesian or transition analysis
approach in order to reduce the age-mimicry bias (11,
44). The AGFAD propose using the minimum-age as a
conservative approach, reducing the unethical risk of
erroneously assessing children as adults (6). Howev-
er, this can lead to more adults being misclassified as
children, potentially compromising the protection of
minors’ rights and privileges.

A B

Figure 4. A, B. According to Greulich and Pyle (25), left

(A): 14 years old boy, skeletal development is still ongoing;
right: Epiphyseal lines disappear in males at around age 19
and in females at around age 18, as skeletal development
comes to an end.

Integrating multiple biological traits into a single
age estimate presents significant challenges, includ-
ing the need for large reference samples and complex
computational methods (7, 34, 44, 45). While Den-
mark, Iceland and Finland still base the age estimate
on reference samples reporting mean ages and stand-
ard deviations, Norway and Sweden have successfully
developed models that use a Bayesian approach for
age assessment. The BioAlder presents age estimates
as either 75% or 95% probability intervals (7), whereas
the Swedish age assessment method reports likelihood
ratios, indicating how probable specific developmen-
tal stage combinations are for individuals aged, e.g. 18
years or older when compared to those under 18 years
(34).

To reduce inconsistencies in age estimation prac-
tices, the Nordic countries should work toward a more
unified approach to forensic age estimation in unac-
companied asylum-seeking migrants where the age is
questioned. H
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Syntyman rekisterdinti on alhaisinta pdadasiassa Saharan eteldpuolisessa Afrikassa

Table 2. Overview of the procedural safeguards in use during age assessment in 30 EU+ countries.
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