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HEADLINE

« Medical age estimation attempts to ensure minors their
benefits they have according to international law and
prevent adults from taking rights that are reserved for
children.
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Minor or adult?
A different app-
roach in the Nordic
countries vs Europe

Svend Richter, Sigrid Ingeborg Kvaal, Mari Metsaniitty og Sara
Tangmose Larsen

Around 1 out of 5, or 150 million children under the age of 5 wor-
Idwide are unregistered or lack a birth certificate. Unaccompanied
minor migrants have many benefits, inaccessible to adults. It is evi-
dent that the age of migrants is one of the key variables that must
be ascertained. Equally, itis important that juveniles are housed un-
der safe conditions, including not with adults stating to be children.

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

The Nordic countries use dental development to estimate the
age by staging wisdom teeth from radiographs. All countries, but
Norway, also estimate age based on skeletal maturity. In addition,
Finland and Denmark use physical maturity criteria and Denmark
sexual maturity. Various recognized 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
collar bone radiographs and 2 knee MRI and 8 sexual maturity ob-

servation.

Unaccompanied minors are children under the age of 18 years [1],
who have been separated from both parents and other relatives and
are not being cared for by an adult who, by law is responsible for

doing so.
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Today, around 1 out of 5, or 150 million children under the age

Table 1. Percentage of birth registration of children under the

x| el 5 v, S WINICER 2024 usdlsto 6], of 5 worldwide are unregistered or lack a birth certificate (figure
1). This essential document serves as proof of registration and is

Countries and area Children under Children under critical for acquiring nationality, and ensuring children can enjoy
1ysar 5 years their rights from birth [2]. In table 1 and figure 2 the percentage of

East Asia and Pacific 85 93 children with birth registration on a global level is illustrated.

Europe and Central Asia 99 100

Eastern Europe and Central 90 90 More than 8 in 10 unregistered infants live in Sub-Saharan

Asia Africa and Southern Asia

Western Europe 100 100 A rapidly growing child population means that if current trends

Latin America and Caribbean 90 95 continue there could be close to 115 million unregistered children

Middle East and North Africa 87 89 under the age of 5 in Sub-Saharan Africa by 2030 [2].

North America 100 100

South Asia 71 76 Countries with the lowest level of birth registration are

Sub-Saharan Africa 46 59 primarily in Sub-Saharan Africa

Eastern and Southern Africa 59 46 Many migrants in Europe and the Nordic countries come from

West and Central Africa 43 57 Africa and South Asia, stating to be unaccompanied minors, sub-

Least developed countries 43 49 mitting credentials which are questioned. It is therefore evident that

World 71 - the age of migrants is one of the key variables that must be ascer-

tained, since it carries significant legal implications. Many benefits
LATIN AMERICA
NORTHERN AFRICA AND AND THE CARIBBEAN, - OCEANIA, EXCLUDING AUSTRALIA
WESTERN ASIA, 8 MILLION 3 miLLION + AND NEW ZEALAND, 1 MILLION

EASTERN AND SOUTH-
EASTERN ASIA, 7 MILLION

------- Eastern Africa,
43 million

Central Asia, *~
<100,000

SUB-SAHARAN
AFRICA,
90 MILLION

i
Southern Asia, \ """
42 million

" Western Africa,
25 million

Southern Africa, Middle Africa,
1 million 21 million

Figure 1. Number of infants under age 1 whose births are not registered, by region. Source UNICEF 2024 [2].
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. Above 90%

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

B Less than 25%

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

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

that unaccompanied minors have in asylum processes, are usually
inaccessible to adult migrants. Equally, it is important that juveniles
are housed under safe conditions, including not with adults stating
to be children [4].

Children have different rights from those of adults

Unaccompanied minors constitute a vulnerable group and are le-
gally entitled to protection and special treatment, including the
right to a guardian, education and healthcare [2][5]. National legis-
lation 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 responsi-
bility and sexual consent, except for sexual consent in Finland and
Norway, where it is 16 years. The age of majority is for all Nordic

countries 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]. However, more recent studies have
challenged this perspective, suggesting that the ethnicity may not
significantly impact the dental development or skeletal maturity [9]
[10][11][12]. The studies that suggest that ethnicity could influence
the dental maturity [13], could be subjected to age mimicry, mea-
ning that the differences are more likely to reflect variations in the
study populations [14]. Others attribute these differences to variati-
ons in socioeconomic factors [15].

Stress and living conditions, as well as systematic diseases, are

also believed to impact skeletal and dental development [16][17].

26 2026

Skeletal age is often delayed in individuals from lower socioecono-
mic backgrounds, leading to an underestimation of their chronolo-
gical age [18][19]. A study by Cardoso shows that socioeconomic
factors impact skeletal growth more than dental development, indi-
cating that dental development is less influenced by environmental
factors [18]. Consequently, individuals from lower socioeconomic

backgrounds maybe assessed as younger than their actual age.

AGFAD

The Arbeitsgemeinschaft fiir Forensische Altersdiagnostik (AG-
FAD) is a multidisciplinary working group that brings together
forensic pathologists, forensic odontologists, radiologists, and an-
thropologists. Its primary goal is to harmonize different eviden-
ce-based approaches used in medical age estimation and to ensu-
re the quality of the assessments based on available scientific data
and expert opinions. AGFAD works to develop and standardize
guidelines and methodologies for determining age, particularly in
situations where the age of individuals is uncertain, such as in cases

involving migrants without valid identification [20].

lonizing radiation

X-rays, a type of ionising radiation, is useful for diagnostic purposes
including 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 hu-
mans. However, people are exposed to natural sources of ionising
radiation, including background radiation and man-made sources,

such as medical radiation [21].
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Age assessment in the Nordic countries
Iceland
An agreement between the University of Iceland and Directorate of
Immigration (UTL) on age assessment was not renewed as the uni-
versity believed psychological interviews had not been carried out.
There has been criticism to use of medical age estimation i.e.
in the university. It went so far that the university did not autho-
rise 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 between the
UTL and National Police Commissioner to host the assessments.
Two forensic odontologists perform age estimation. A panora-
mic radiograph and intra-oral radiographs of third molars are ana-
lysed according to Liversidge [8], Mincer et al. [22], Kullman et al.
[23] and AlQahtani et al. [24]. Skeletal age is estimated from hand
and wrist according to Greulich and Pyle [25]. The margin of errors
is given by 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 Im-
migration Service. A physical examination is conducted by a forensic
pathologist and includes an interview gathering anamnestic informa-
tion on general health and upbringing conditions as well as anthro-
pometric measurements of height and weight, and a visual assess-
ment of secondary sexual development based on Tanner stages [26].

Bone age is assessed by a radiologist using a radiograph of the
left hand-wrist and the Greulich and Pyle (GP) Atlas method [25].
Dental age is evaluated through panoramic radiographs, comple-
mented by radiographs of all four third molars. The crown and root
development of these molars is analyzed by a forensic odontologist
using the 10 stages (C% - Ac) by Gleiser and Hunt, modified by
Kohler [27]. Each of the four third molars contribute one stage. Re-
ference 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 +/- 1 year. 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,

2026

to unaccompanied migrants without credible documents, or uncer-
tainty of age after interviews with social services [29]. The proce-
dure is voluntary and requires written consent from the applicant
[30]. Since 2016 the Swedish National Board of Forensic Medicine
is commissioned to conduct medical age assessments, both within
the asylum process and in criminal proceedings.

The chosen method is based on a validated statistical model that
determines the developmental stage of third molar in combination
with a skeletal indicator, i.e. MRI of the distal femur [31], radio-
graphs 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
is analysed according to Demirjian [35]. Assessments are presen-
ted as probabilities that a person is over or under the age threshold
of interest and not as an exact chronological age. 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 minimum re-
sult of 0.8 (Cohens Kappa). The same requirements are used for

assessing skeletal maturity.

Norway

If the Norwegian Directorate of Immigration (UDI) is in doubt as
to whether an applicant is minor when seeking asylum, the applica-
nt is asked to undergo an age assessment.

Current practice involves only a radiograph of one of the wis-
dom 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, 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 authorities re-
fer asylum seekers to the Finnish Institute for Health and Welfare
(THL) for medical age assessment. In criminal proceedings the po-
lice can refer an immigrant to THL for age assessment [37]. The
person must give a written consent for the radiographic exami-
nations. The applicant and his legal representatives shall be given
information of age assessment, methods used and potential health

effects, also information of the consequences of undergoing, and
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refusing age assessment [37]. The assessment is largely based on
dental development and is always performed by two forensic odon-
tologists, one affiliated to THL. They need to have a special compe-
tence in forensic odontology, a specialized training program [38].
The examinee is first interviewed including medical history and the
measurement of height and weight is performed. Medical forensic
age assessment includes a dental panoramic radiograph and a ra-
diograph of the left hand and wrist including BoneXpert analysis
(autonomous and validated Al tool, that calculates age) [39].

Age assessment in Europe, EU+ countries

It is recommended to rely on governmental information on age as-
sessment, more than NGOs (nongovernmental organization), often
voluntary organizations operating independently of any govern-
ment, 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 co-
untries, therefore only the 30 so-called EU+ countries will be dis-
cussed.

European Asylum Support Office (EASO) became in 2022 Euro-
pean Union Agency for Asylum (EUAA). It offers practical guidan-
ce, key recommendations and tools on the implementation of the
best interests of the child. It also brings up-to-date information on
the methods conducted by EU+ states [5][41].

12 EU+ countries use a holistic and/or multidisciplinary ap-

proach when assessing applicants’ age, 15 not. An age assessment

2026 - 136 - #1

process conducted in another EU+ country are accepted in 9 EU+
countries, 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 den-
tal observations. 23 countries use carpal (hand/wrist) radiographs,
14 collar bone radiographs and 2 knee MRI and 8 sexual maturity
observation [5][41].

Advantages of using more than one dental method

Because of the wide variation in material and statistical method,
different dental age estimations will give different answers when
applied to the same material. It has been recommended to use more
than one method, and some believe this would give a more accurate
result. With the current knowledge it is more important to look at
the background material which constituted the research material

and the statistical approach (figure 3).

Advantages of using estimation analysis of teeth and bone
together

Like dental development is staged, so is bone growth. The most
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 development. Research has demonstrated
that there is a close correlation between bone and dental age [43]. If

bone age and dental age is close it might also be close to chronolo-

] \.‘?/ 4—

Figure 3. To determine whether
an immigrant is a minor or an
adult, third molars are useful.
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gical age, but if they differ one must look for a reason behind such

difference.

Staging whether in bone or teeth is always subjective. BoneXpert
is the only automatic and objective grading [39]. 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 result of age estimation, age range, etc.
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 inclu-
ding a margin of error [42][43]. Some advocate for expressing this
uncertainty through a Bayesian or transition analysis approach to
reduce the age-mimicry bias [11][44]. The AGFAD propose using
the minimum-age as a conservative approach, reducing the unet-
hical risk of erroneously assessing children as adults [6]. However,
this can lead to more adults being misclassified as children, poten-
tially compromising the protection of minor s rights and privileges.
Integrating multiple biological traits into a single age estimate
presents significant challenges, including the need for large referen-
ce samples and complex computational methods [7][34][44][45].

While Denmark, Iceland and Finland still base the age estimate on

30 2026

Figure 4. According to Greulich and
Pyle (25), left: 14 years old boy, right:
the epiphyseal lines are obliterated.
Male at least 19 years old and female
18.

reference samples reporting mean ages and standard deviations,
Norway and Sweden have successfully developed models that use
a Bayesian approach for age assessment. The BioAlder present age
estimates as either 75% or 95% probability intervals [7], whereas
the Swedish age assessment method reports likelihood ratios, indi-
cating how probable specific developmental stage combinations are
for individuals aged e.g. 18 years or older compared to those under
18 years [34].

To reduce inconsistencies in age estimation practices, the Nordic
countries should work toward a more unified approach to forensic
age estimation in unaccompanied asylum-seeking migrants where

the age is questioned.
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