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Abstract 
Background: Migration brings numerous challenges, especially when undocumented minors arrive in large num-
bers. Age determination is essential in providing minors with legal protection while preventing abuse of systems 
designed for their welfare. Traditional methods, such as hand radiographs and orthopantomography, have faced cri-
ticism for their lack of precision and reliance on outdated standards. This study evaluates contemporary approaches 
for determining age, emphasizing the need for updated protocols. 
Material and Methods: The study examines the legal framework in Spain regarding age determination of undocu-
mented migrants, emphasizing the phased process involving physical examinations, dental radiographs, and CT 
scans of the clavicle. The challenges of using traditional methods, including variations in bone maturation across 
ethnic groups, are addressed. 
Results: Analysis revealed limitations in traditional methods such as the Greulich and Pyle atlas and orthopanto-
mography. These methods tend to overestimate age in certain populations and lack applicability in diverse ethnic 
contexts. CT of the clavicle emerged as a more reliable tool for late adolescents, despite its higher radiation dose. 
Discussion: The findings underscore the importance of adapting age estimation methods to diverse populations 
and leveraging advanced imaging technologies. Radiological techniques must be used judiciously to balance ac-
curacy and ethical considerations. Updating protocols to include multidisciplinary approaches and integrating new 
technologies can significantly improve outcomes. Conclusions: Modernizing age determination practices is crucial 
to align with contemporary needs and protect the rights of migrants. Establishing detailed and specific protocols 
tailored to diverse populations will ensure both scientific reliability and humanitarian principles in forensic and 
legal applications.
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Introduction
Many of the immigrants arriving at our borders are 
undocumented and some of them are minors. In 2023, 
more than 56,000 illegal immigrants arrived in Spain, 
5,000 of whom were children.  The regulations of the 
European Union (EU) and of each of the member coun-
tries determine the guidelines for action in the face of 
the massive arrival of immigrants and how to respect 
their fundamental rights. Minors are taken in and expul-
sion orders are not enforced against them in most EU 
countries, or at least not enforced until the migrant has 
reached the age of majority. The age of majority is set at 
18 in all EU countries.
The majority of migrants arriving in Spain come from 
Central African countries. There are many reasons why 
many migrants arrive undocumented. Some are tricky 
in order to pretend to be minors and be accepted by the 
system. Others because they have never had documen-
tation. In fact, more than 64% of births in sub-Saharan 
African countries are not registered. The administration 
of justice has a dual task: on the one hand, to provide 
legal 
protection, guardianship and care for minors; on the 
other hand, to prevent abuse of our protection systems. 
In Spain, migrant minors enjoy a system of rights and 
protection under both national legislation and interna-
tional conventions, with the aim of guaranteeing their 
welfare, fundamental rights and comprehensive develo-
pment.
Specifically, minors arriving in Spain enjoy:
-Right to Education: All minors, including undocumen-
ted migrants, have the right to access free and compul-
sory education up to the age of 16. The autonomous 
regions are responsible for ensuring school places and 
integration programs to help migrant minors adapt cul-
turally and linguistically.
-Right to Health Care: Migrant minors, regardless of 
their legal status, have access to public health care. This 
right guarantees basic and specialised services, and prio-
ritises physical and mental health care for minors in vul-
nerable situations.
-Special Protection for Unaccompanied Minors (ME-
NAS by its acronym in Spanish): Unaccompanied 
minors, i.e. those who arrive in Spain without adult 
guardianship, receive special attention. The public ad-
ministrations are responsible for their guardianship and 
for providing accommodation, education and psychoso-
cial care. These minors are placed in specialised centres 
that promote their integration and well-being.
Spain has developed a robust protection system to gua-
rantee the rights of migrant minors, geared towards their 
well-being and comprehensive development. However, 
there are challenges, such as the saturation of minors’ 
centres in certain regions and the complexity of regulari-
sation processes, which requires a constant effort on the 

part of the authorities to improve and adapt protection 
mechanisms.
Age determination is a necessary practice in situations 
where the age of an undocumented person cannot be con-
firmed through official documents. This determination is 
critical because, if a migrant is considered a minor, he or 
she will have access to legal and social protection that is 
not granted to an adult. However, the use of radiographic 
tests and the lack of precision in some procedures, ba-
sed on studies developed more than 50 years ago, have 
generated criticism and a call for reform of protocols to 
protect the fundamental rights of migrants [1-7].

Material and Methods
Current protocols in age estimation
In Spain, the age determination process is mainly regu-
lated by Organic Law 4/2000 (LOEX) and its associated 
regulations, which establish that the Public Prosecutor’s 
Office is responsible for ordering the necessary medical 
tests to determine the age of an undocumented migrant.
The current protocol in Spain for age determination for 
legal purposes, in doubtful cases, is carried out, at the 
request of the Public Prosecutor’s Office, by medical 
personnel who determine the tests based on their ‘lex 
artis’ following the criteria set out in the 2011 
document ‘Conclusions of the Working Day on Forensic 
Age Determination of MENAS. Consensus Document 
of Good Practice among the Institutes of Forensic Medi-
cine in Spain’ This document lists the different successi-
ve and complementary phases until reaching an opinion 
of majority or minority of age:
Physical examination, interview and morphological exa-
mination.
Radiological examination of the carpus of the left hand.
Dental orthopantomography (OPG).
Computed tomography (CT) scan of the proximal epi-
physis of the clavicle.
The phases should be carried out consecutively if there 
are doubts about majority or minority. Once a finding of 
majority or minority is reached, no further examinations 
should be carried out.
Medical tests for age determination of undocumented 
migrants suspected of being minors are carried out by 
public health professionals. These tests are usually ca-
rried out in public hospitals or specialised health centres, 
under the direction and supervision of forensic doctors 
or radiologists [5]. They should follow the following 
process:
1. Requesting the tests: Age determination tests are re-
quested by the judicial authorities or the Fiscalía de Me-
nores, in charge of the protection of minors in Spain. 
When the Police or the Guardia Civil intercept a migrant 
with doubts about his or her age, they refer the case to 
the Prosecutor’s Office, which coordinates the procedu-
re and requests the necessary tests [6].
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2. Conducting the tests in health centres: Once autho-
rised by the Public Prosecutor’s Office, the tests are 
carried out in public health centres, usually in hospi-
tals with X-ray equipment and specialists in the inter-
pretation of the results. Radiologists or forensic doctors 
are responsible for performing the tests, such as wrist 
X-rays, orthopantomographies (dental X-rays) and, in 
certain cases, CT scans of the clavicle [7].
3. Evaluation and analysis of results: Forensic physi-
cians compare bone and dental development with refe-
rence standards, such as the Greulich and Pyle method 
for the wrist or orthopantomography for teeth, and issue 
a technical report indicating the estimated age [8]). The-
se methods are widely used, although they may have a 
significant margin of error, especially in non-Caucasian 
populations [9].
4. Sending the results to the Juvenile Prosecutor’s Offi-
ce: The medical report is sent to the Juvenile Prosecu-
tor’s Office, which reviews the results along with other 
factors, such as the migrant’s statements or documents 
submitted. Based on this review, the Prosecutor’s Office 
determines whether to apply the presumption of mino-
rity or, failing that, to establish that the individual is of 
age [10].
The accuracy of the evidence has generated controversy, 
as it can have a considerable margin of error and in some 
cases tends to overestimate the age of minors [11]. For 
this reason, the Supreme Court has ruled that, in situa-
tions of doubt, the presumption of minority should be 
applied, so that the migrant is protected until it is confir-
med that he or she is of age [12,13].
Similar medical tests are used in all European countries. 
However, various criticisms and ethical concerns have 
led some states such as France and Belgium to seek 
alternative methods. In Belgium, for example, the Na-
tional Order of Physicians has expressed reservations 
about the use of X-rays to determine age, and in France, 
the verification of official documents before resorting to 
medical tests is emphasised [11]. The process has been 
criticised for being invasive and not always reliable. Re-
cent legal reforms have sought to introduce a multidis-
ciplinary and holistic approach, as reflected in the Draft 
Bill regulating these procedures [2].
The medical methods are detailed below:
-Radiological examination of the hand. Greulich and 
Pyle method
The Greulich and Pyle method (Radiographic atlas of 
skeletal development of the hand and wrist, 1959) is one 
of the most widely used standard procedures for esti-
mating bone age in children. First published in 1959, 
the method is based on an atlas containing radiographic 
images of the hand and wrist of white American children 
between the ages of birth and 18 years. Each image in 
the atlas (Fig. 1) represents an average of bone matura-
tion for a specific age and allows the observer to compa-

	
Fig. 1: Image of the cover of the second edition of Greulich and 
Pyle’s Atlas, jointly published by Stanford and Oxford Universities. 
Left Hand X-ray of an 18-year-old male as a reference image for age 
assessment (1959).

re the individual’s radiograph with reference images to 
estimate bone age [8].
Limitations of the Method
Greulich and Pyle developed the atlas from a large but 
geographically limited sample. The technique is consi-
dered reliable for determining bone age up to adoles-
cence, as hand bone development follows a well-defined 
pattern during these growth stages.
The method allows for a quick and practical estimation 
of bone age, which is especially useful in clinical and 
forensic contexts. Its ease of application makes it one 
of the preferred methods in paediatrics and orthopaedics 
[9].
As a widely validated method used in numerous popula-
tions, it has been shown to have good reliability in many 
regions of the world, although it has been identified that 
it may have variations in accuracy depending on ethni-
city or geographic group [8]. The Greulich and Pyle me-
thod has been validated in several populations, although 
its accuracy may vary by ethnicity due to differences in 
bone growth patterns.
The following are some of the ethnicities and popula-
tions in which the method has been used and validated:
-Caucasian population (US and European): The Greulich 
and Pyle method was originally developed and validated 
in a sample of Caucasian children in the United States 
[8], making it particularly reliable in this population.
-Latin American population: Studies in Latin America 
have shown that the method can be applied effectively, 
although with certain limitations in accuracy depending 
on the specific ethnic group. Adjustments have been 
made in countries such as Brazil and Mexico [14].
-Asian population: It has been tested in children from 
several Asian countries, such as Japan, Korea and China. 
In Japan, validation has been favorable, while in Korea 
and China the method tends to overestimate age compa-
red to local bone maturation [15].
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-Middle Eastern and North African population: Applica-
tion in Middle Eastern populations, including Saudi Ara-
bia, has shown some accuracy, although some studies 
have recommended adjustments to improve accuracy 
compared to the reference population [16].
-African population: In Africa, it has been used in coun-
tries such as Nigeria and South Africa, although it has 
been reported that bone maturation in some African eth-
nicities may differ significantly from the original refe-
rence population, affecting the accuracy of the method 
in these regions [17].
-Indian population: In India, studies have shown that the 
method can be applied, although there are differences in 
bone maturation in some regions of the country, leading 
to specific adjustments to increase accuracy [18].
Each of these studies suggests that while the Greulich 
and Pyle method is a useful starting point for estimating 
bone age, accuracy may vary by ethnicity and adjust-
ments may be advisable in some populations to obtain 
more accurate results.
Advantages of the method
Relevance to pediatric development: Bone maturation is 
a reliable marker of biological development of indivi-
duals, more accurate than chronological age in reflecting 
growth and development. This is especially useful in 
children with growth faltering, in whom bone age may 
indicate the need for medical intervention [19].
Forensic and legal applications: In legal and forensic 
contexts, the method allows the approximate age of in-
dividuals to be established in identification cases and in 
age studies in migration situations, where age documen-
tation may be insufficient or non-existent [20].
Robust statistical basis: The methodology is based on 
statistical analysis of a large amount of radiographic 
data, which supports its validity and makes it reliable 
for estimating bone age in many infant and juvenile po-
pulations [20].
The accuracy of the method is compromised when 
applied to populations of different ethnicities or with va-
riations in physical developmental conditions, such as 
differences in nutrition and general health. In addition, 
the original atlas is based on data from several decades 
ago, which raises the need for updates to reflect contem-
porary trends in bone development [20].
Radiation Dose
The wrist X-ray used in this method has a relatively 
low radiation dose, approximately 0.005 milliSieverts 
(mSv), 0.001 mSv with digital radiology, which is com-
parable to the exposure received during a few hours of 
aeroplane flight. This makes it safe for occasional use in 
medical and forensic contexts [21].
-Dental Orthopantomography
Orthopantomography, or panoramic dental radiography, 
is an imaging technique that allows the visualization of 
the teeth, maxilla and mandible in a single radiograph, 

assessing the development of the crown and roots of per-
manent teeth, particularly the third molars. Since the for-
mation of third molars varies between the ages of 17 and 
25 years, this technique is used to determine whether an 
individual has reached the age of majority, because den-
tal development is a reliable indicator of maturation and 
tends to be less influenced by environmental factors than 
bone development [22,23].
Several age determination tables based on orthopanto-
mography are used. The most representative are:
-Demirjian table: this method was developed by Demir-
jian et al. in 1973 from a sample of French children and 
adolescents and is one of the most widely accepted and 
widely used tables in age estimation from dental radio-
graphs. Demirjian’s table classifies the stages of tooth 
development into eight stages, from ‘A’ to ‘H’, based on 
the formation and maturation of each mandibular tooth 
on one side (Fig. 2). These stages are scored and sum-

	
Fig. 2: Classification of dental development in eight stages. Demir-
jian (1973).

med to calculate an estimated dental age [24]. Althou-
gh designed for a French population, the table has been 
applied in various populations worldwide, albeit with 
some limitations in accuracy, especially in non-Cauca-
sian populations. For this reason, variants of the Demir-
jian method exist to better suit different ethnic groups.
-Nolla table: Created by Carmen Nolla in 1960, this ta-
ble describes 10 stages of tooth development, from the 
onset of calcification to complete eruption of the tooth 
(Fig. 3). Each stage is classified numerically, allowing 
practitioners to derive an estimated age from the stage 
of development observed in the teeth on the radiograph 
[25]. This method has been used to improve accuracy in 
populations where the Demirjian method may not be as 
effective. The Nolla table has been particularly useful 
in forensic and archaeological studies to obtain an age 
estimate in children of different ethnic groups and geo-
graphical backgrounds.
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Fig. 3: Classification of dental development in ten stages, from the absence of crypt to 
complete closure of the root apex. (Nolla 1960).

-Moorrees, Fanning and Hunt table: This method, de-
veloped in 1963 from a sample of the US population, 
proposes a classification of tooth development into se-
veral specific stages for each tooth, which allows for a 
detailed analysis of the maturation of permanent teeth 
(Fig. 4) [26]. Unlike other methods, Moorrees and co-

	
Fig. 4: Moorrees, Fanning and Hunt table (1963).

lleagues classified teeth into 14 stages for crown and 
root formation, which provides a more accurate and 
detailed assessment. Although the method has been less 
popular than Demirjian’s, its use in populations similar 
to the original (such as the United States and Canada) 
has proven to be effective and reliable in studies requi-
ring a high level of detail in age determination.
-Willems’ table: Willems and colleagues adapted Demir-
jian’s method in 2001 to improve the accuracy of age 
estimation in populations where it was observed that the 
original method tended to overestimate age [27]. In this 
approach, Willems adjusted the scores for the develop-
mental stages of the mandibular teeth, resulting in a more 
accurate version that is applicable in European countries 
and some Asian populations. This revised method is wi-
dely used in age studies in forensic and migration con-
texts, as it offers greater accuracy in certain groups.
Each of these tables allows an age estimate to be obtai-
ned from the dental development observed in an ortho-
pantomography. However, it is important to bear in mind 
that dental development may vary according to ethnic 
group and geographical setting, which means that the 
choice of chart must be adapted to the specific popu-
lation under study. In forensic, legal and clinical con-
texts, it is common to combine more than one chart or 
make specific adjustments based on ethnicity to improve 
the accuracy of the estimation. In addition, due to the 
diversity in dental growth patterns, some studies have 
recommended additional validations of these methods 
for use in African, Latin American, and Southeast Asian 
populations.
In summary, orthopantomography and its study using 
the Demirjian, Nolla, Moorrees and Willems charts are 
fundamental tools for age determination in children and 



J Clin Exp Dent. 2025;17(1):e79-86.                                                                                                                                                                                                     Correlation between properties of glass ionomer cements

e84

adolescents. It is necessary to consider that the develo-
pment of third molars can vary significantly between 
individuals and populations. Some individuals may not 
even develop these teeth at all, which limits the accuracy 
of estimation in certain cases [22,23]. The geographical 
and ethnic context should be carefully considered, and 
in some cases, it is advisable to use complementary or 
adjusted methods to obtain an accurate assessment of 
biological age.
Radiation Dose
Radiation exposure during orthopantomography is 
approximately 0.025 to 0.030 mSv, equivalent to three 
days of background radiation [21].
-Assessment of the clavicle by computed tomography 
(CT) scanning
Computed tomography (CT) of the clavicle is an in-
creasingly used method for age estimation, especially in 
adolescents older than 16 years. The clavicle is one of 
the last bones to complete its ossification process, which 
usually ends between the ages of 21 and 25. This me-
thod analyses the fusion of the cartilage at the sternal 
end of the clavicle, which fuses completely later than 
other bones, allowing an accurate estimation of the age 
of majority (Fig. 5) [28,30].

	Fig. 5: Diagram of maturation stages according to the Schmeling and Kellinghaus clas-
sification systems (adapted from Wittschieber et al. 2004).

CT provides detailed three-dimensional images, 
allowing assessment of the different stages of ossifica-
tion of growth plate. It is useful to differentiate between 
adolescents completing maturation and young adults. 
Several studies, such as those by Schmeling et al. (2004) 
and Schulz et al. (2005) have shown that CT of the clavi-
cle is more accurate than conventional radiographs when 
assessing the age of majority in late adolescents, as the 
final fusion of the clavicle may extend up to the age of 
25 years [28,30].
Radiation dose
CT of the clavicle involves a higher radiation dose com-
pared to the two previous methods. Exposure is estima-
ted to be around 1.5 to 8.8 mSv, equivalent to 6 months 

to 3 years of background radiation, significantly higher 
than a wrist X-ray and orthopantomography combined 
[21]. For this reason, it is recommended that CT is only 
used when other methods do not provide conclusive re-
sults and its use is justified due to clinical or forensic 
need.
-Total radiation dose of the entire protocol.
The estimated radiation dose from the three standardized 
tests adds up to approximately between six months and 
three years of natural background radiation [21], (Fig. 
6).
All these tests lead to a diagnosis of majority or minority 
age, with an unquantified, but estimated very high mar-
gin of error [32].

Conclusions
The debate on age of majority determination for undo-
cumented migrants is open and active, reflecting the 
need to balance scientific accuracy and respect for hu-
man rights. Although current methods in Spain and the 
EU remain predominantly medical, there is a movement 
towards multidisciplinary approaches that are more res-
pectful of the dignity of the individual. 
We have detected that there is an abundance of legisla-

tion that regulates general aspects of action in the case 
of suspected minors. However, we have not found pro-
tocols regulating the details of the procedures. We con-
sider it essential to draw up more detailed and specific 
protocols for health personnel, not only based on the 
lex-artis, but also regulating aspects such as: 
1. The type of radiological equipment to be used. Not all 
hospitals in Spain have radiology units equipped with 
modern technology to minimise radiation doses for the 
presumed minor. 
2. The methods/tables to be used depending on ethnicity. 
Not all methods are validated for all ethnicities. In many 
ethnicities a tendency to overestimate age has been de-
monstrated. 
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Fig. 6: Radiation dose in mSv compared to background radiation days. www.radiolgyinfo.org

The protocols are based on studies from more than 50 
years ago. They do not consider the evolution of imaging 
technology, or the many studies carried out in recent 
years that open the door to assessing other anatomical 
parameters for age determination, which could represent 
a significant advance in the accuracy of the reports and 
in the protection of the individual.
These conclusions highlight the need to update and stan-
dardize the methods and resources used in age estima-
tion in the forensic medical field in Spain.
To implement these changes, considerable legislative 
effort and adequate resources are required [2,5,31].
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