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Abstract

Introduction In recent years, there has been a notable increase of migratory movements into Europe with the arrival of not
(reliably) documented young individuals within EU-Member States. Accordingly, the need for forensic age assessments
likewise increased in order to administratively differentiate along the legally relevant cut-off age of 18 completed years. The
objective of our study was to analyse the expert reports of forensic age estimation issued in Barcelona between 2011 and 2018.
Method In all cases, data on the medical history, physical examination, radiology of the left hand and orthopantomography
were collected. In cases without third molars and a complete ossification of the hand, a CT scan of the clavicles was also
performed.

Results A total of 2754 expert reports were evaluated; 96.7% were males, the majority were of North African origin, mainly
from Morocco (63.6%), and 19.6% were sub-Saharan Africans; 65.4% had a level of bone maturation corresponding to the
last three standards of Greulich and Pyle. Most cases had mineralization of the third molar corresponding to the F, G or H
stages of Demirjian.

In 85.9%, there was a correspondence between bone and dental age. A total of 28.8% of the subjects were evaluated as being
aged over 18 years; 86.2% of North Africans were considered to be younger than 18, and 82% of sub-Saharan Africans were
considered to be over 18 years old.

Conclusions In Barcelona, most of the subjects evaluated were male and North African, and 71.2% of the cases were con-
sidered to be minors.

Keywords Forensic age estimation - AGFAD recommendations - Bone age - Dental age - Unaccompanied minors

Introduction

Forensic age estimation is common within the field of
forensic medicine, both in the living and in cadavers. The
way in which this estimation is carried out is explained in
the classic reference textbooks [1-3], but the procedure
has greatly improved in recent years [4]. Since the early
1990s, the increase in migratory movements in Europe due
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to socio-economic problems, armed conflicts and other rea-
sons, has led to a dramatic increase in requests for expert
reports on forensic age estimation [5]. Allegedly doubtful
minors must be evaluated because they lack documents prov-
ing their identity and thus their age, with an administrative
objective. In most European countries, the relevant age limit
for the compulsory protection of minors is 18 years [4, 6].

Due to its geographical location close to the African con-
tinent, Spain has experienced a particularly high influx of
migrants in recent years. According to Eurostat data [7],
from 2011 to 2018, Spain was among the top four coun-
tries in the European Community with the highest number
of migrants welcomed (with 200 unaccompanied minors
and 28,725 first-time applicants of subjects younger than
18 years), being second after Germany in the years 2016 to
2018, with a significant increase in cases in the years 2017
to 2019.
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According to a report of the State Attorney General’s
Office for the year 2019, around 2000 files for age estimation
were initiated per year in Spain from 2013 to 2015, 2971 in
2016, 5600 in 2017 and 12,152 in 2018 [8]. This implies a
notable increase in the production of forensic age estimation
reports in recent years in Spain, before the SARS-CoV-19
pandemic.

Garamendi and Lopez-Alcaraz recently published an arti-
cle on the current situation in Spain regarding forensic age
estimation reports, in which they described recent advances
in the use of international protocols in many Spanish Insti-
tutes of Legal Medicine and Forensic Science [9].

Currently, the reference recommendations for forensic
age estimation are those approved by the “Study Group on
Forensic Age Diagnostics (AGFAD)” of the “German Soci-
ety of Legal Medicine”, which was established in 2000 in
Berlin and organizes an annual meeting of the group and a
Proficiency Test that consists of correctly solving two prac-
tical expert cases [4, 10, 11]. The objective of these tests
is to improve the quality of expert reports on forensic age
assessment and to harmonize the approach in different coun-
tries [10-12]. In Spain, we follow the “Recommendations
on methods of forensic age estimation in unaccompanied
foreign minors. Consensus Document on Good Practices
among the Institutes of Legal Medicine of Spain” (2010)
[13], which are different to those of the AGFAD [4, 14].

From the legislative point of view, in Europe, article 25 of
Directive 2013/32/EU specifies the path of commissioning
medical age assessments by administrative authorities within
asylum procedures and remarks that a medical assessment
should only be performed in case of a doubtful minority alle-
gation and not as a general evidence gathering in all minors
[15]. Besides, in 2014, in Spain, the “Framework Protocol
on certain actions in relation to Unaccompanied Foreign
Minors” was published in the Official Gazette of the Span-
ish State, which regulates, among others, the performance
of age estimation tests, following the previously mentioned
Consensus Document [13, 16].

Here, we present the results of a review of the expert
age estimation reports, issued in the city of Barcelona, from
2011 to 2018.

Material and methods

The forensic age estimation reports issued by the expert
forensic doctors of the Institute of Legal Medicine and
Forensic Sciences of Catalonia (IMLCFC) in the city of
Barcelona, in the period between Jan 01, 2011 and Dec 31,
2018, were reviewed, most of them having been requested
by the Juvenile Prosecutor’s Office in the province of Bar-
celona. In Spain, the Juvenile Prosecutor is also responsible
for age assessments of unaccompanied minors who are not
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accused of any crime. They only requested us these reports
when there was a doubt about the age of the subject.

These reports were based on the standardized forensic age
estimation protocol of the IMLCFC. We recorded sex, birth
country, ethnic background, the reported age, nutritional
information related to childhood, current or pre-existing
diseases (especially those related to growth), medication
and family diseases. The clinical examination included
weight, height, constitutional type, calculated Body Mass
Index, signs of sexual maturation (with specific consent)
and dental examination to evaluate dental eruption, espe-
cially of the third molars. In all cases, an X-ray of the left
hand and orthopantomography were performed. Before tak-
ing the radiographs, the subjects signed a written informed
consent for these examinations, after being advised of the
very improbable health risks. Those reports without a CT
scan of the clavicles were signed by a specialized forensic
physician. When a CT scan had to be evaluated, two experts
signed the report. Cases of missing third molars in which a
CT scan of the medial epiphysis of both clavicles had not
been performed, incomplete reports and cases with severe
dental pathology were discarded. Among a total of 2910
cases, 156 were excluded, leaving a final sample of 2754
cases.

From these, we obtained data referring to the medical
history, physical examination, results of the X-ray exami-
nation of the left hand according to the Greulich and Pyle
standard (G-P) [17], the third molar mineralization accord-
ing to the typology of Demirjian et al. [18] and in some
cases the medial clavicular ossification on CT according to
the Schmeling stages and Kellinghaus substages [19, 20].

All CT studies were performed on two Siemens Somatom
Sensation 64 scanners and one Siemens Somatom go-Top
128 scanner. Subjects were placed in the supine position
on the scanner table with their arms alongside their body.
The FOV (field of view) used was 20 cm including both
medial clavicular epiphyses. The thickness of the applied
slice was 1 mm. A standard bone kernel was used for image
reconstruction. Reconstructions of both medial clavicular
epiphyses were performed in the axial, sagittal, and coronal
planes, and the coronal epiphyses were reconstructed fol-
lowing the axis of the sternum. The images were reviewed
in a bone window.

For data processing, the Statistical Package for the Social
Sciences (SPSS) 17.0 was applied. Descriptive statistics of
all the variables were calculated, and an analysis of vari-
ance was performed to compare bone age (G-P) with dental
maturation (Demirjian stage).

Following the recommendations of the Spanish Consen-
sus Document [13], we considered that a subject was at least
18 years old when the physical examination was compat-
ible, the radiograph of the hand showed a standard of 18
or 19 years according to G-P and the orthopantomogram
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showed a third molar in Demirjian stage H, in the absence of
developmental disorders. In doubtful cases or those without
third molars with a complete ossification of the hand skel-
eton, a CT scan of the medial epiphysis of both clavicles was
performed in axial and coronal projection. Accordingly, we
do not totally follow AGFAD recommendations. The subject
was considered older than 18 years when they had stage 3c,
4 or 5 of clavicular ossification according to the Schmeling
stages and Kellinghaus substages [5, 19-21].

Results

Of the 2754 cases studied, 2672 were requested by the Juve-
nile Prosecutor’s Office, 80 by an investigating court, one
by a criminal court and one by a prison supervision court.

1. Sociodemographic data:

Figure 1 shows the number of cases per year and the
considerable increase from 2016, with cases increasing
to a maximum in 2018. In terms of sex, 96.7% were
male. Over the years we studied, the percentage of
women ranged from 1.2% (2011) to 5.8% (2014).

Regarding the birth countries, it stands out that more
than half came from Morocco (Table 1). By geographi-
cal area, 72% were from North Africa, 19.6% were sub-
Saharan African, 6.5% Asian, 1.5% European and 0.4%
“other” (8 from Chile, 1 from Cuba and 1 from Haiti).
Figure 2 shows the distribution by geographical area
over the years, highlighting that 2011 was the only year
in which sub-Saharan Africans predominated (Fig. 2).

2. Physical examinations: We did not identify any cases
with developmental disorders. 62% of the subjects con-
sented to evaluate the assessment of sexual maturity
signs.

3. Findings of radiology:

The results of the radiographs of the left hand are
detailed in Table 2, which highlights that 65.4% cor-
responded to the last three standards of G-P [17].
Review of these data for the two main geographical
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Fig.1 Number of forensic age estimation reports issued each year

397
Table 1 Distribution of cases by country of origin
Country of origin Number Per cent
Morocco 1753 63.65
Algeria 210 7.63
Ghana 147 5.34
Guinea Conakry 104 3.78
Pakistan 77 2.80
Gambia 67 2.43
Mali 44 1.60
Senegal 41 1.49
Afghanistan 30 1.09
Nigeria 30 1.09
Ivory Coast 27 0.98
Viet Nam 23 0.84
Cameroon 20 0.73
Other countries 181 6.57
Total 2754 100

areas revealed that the 18- and 19-year-old standards
predominated among sub-Saharans, whereas the 16- and
17-year-old standards predominated among the North
Africans (Fig. 3).

The Demirjian stage of the third molar is presented
in Table 3; most of the cases were in stages F, G and H
[18]. Considering only the two main geographical areas,
we observed the predominance of stages G and H among
sub-Saharans and stages D, E, F and G in North Africans
(Fig. 4).

Fifteen CT studies of the medial epiphysis of both
clavicles were performed (Table 4), most of them due
to the absence of third molars, except for two that were
ordered directly by the judicial authority.

Figure 5 shows the relationship between the result of
the X-ray examination of the hand and the mineraliza-
tion stage of the third molar in our series. A high cor-
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Fig.2 Distribution of cases by geographical area over the studied
period
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Table 2 X-ray examination of

G-P (years) Number Per cent
left hand (G-P*)

10 1 0.04
11 5 0.18
11.5 1 0.04
12 2 0.07
12.5 12 0.44
13 37 1.34
135 28 1.02
14 193 7.01
15 228 8.28
155 86 3.12
16 352 12.78
16.5 8 0.29
17 685 24.87
18 450 16.34
19 666 24.18
Total 2754 100
*Greulich and Pyle
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Fig.3 Bone maturation in the two predominant populations (G-P
standards)

Table 3 Third molar Demirjian stage

Demirjian stage Number Per cent
A 1 0.04
B 2 0.07
C 12 0.44
D 347 12.60
E 378 13.73
F 534 19.39
G 627 2277
H 842 30.57
Absence of third molars 11 0.40
Total 2754 100
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Fig.4 Demirjian stages of the third molar in the two predominant
populations

relation between bone and dental maturation (p <0.001)
was observed.

Bone age (classified as > 18 years if we had obtained
a G-P standard in the hand radiograph of 18 or 19 years,
or < 18 years if we had evaluated another standard)
was related to dental age (classified as > 18 years if we
had recorded a Demirjian H stage in the third molar,
or < 18 years if we had recorded an A-G stage). Con-
cordance was found between the results of the two tests
in 85.9% of cases. In cases of discrepancy, there was
more often complete bone maturation and incomplete
dental mineralization (Fig. 6).

4. Conclusions of the expert reports:

A total of 71.2% of the individuals were assessed
as being under 18 years old (28.8% were older than
18 years). By geographical area, 86.2% of North Afri-
cans, 18% of sub-Saharans, 80.9% of Caucasians, 61.2%
of Asians and 100% of others were considered younger
than 18 years old.

Discussion

We reviewed 2754 forensic age estimation reports issued
in Barcelona over 8 years (2011-2018). This is similar in
number to the Hamburg series, which included 2578 cases
in the period from 2009 to 2015 [12]. Most of the subjects
were male (96.7%), and the percentage remained fairly
stable throughout the period studied. Other series were
also dominated by men: in Berlin (91%) [22] and Miinster
(91.8%) [23], and in Danish (93.1%) [24] and French series
(97.7%) [25]. In our series, 91.6% came from the African
continent. Of the total, Moroccans (63.6%) and sub-Saha-
rans (19.6%) predominated; the majority were sub-Saharan
(56.2% of a total of 249) only in 2011. In Spain, there has
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Table 4 Findings of the cases in which clavicle CT was performed (n=15)

Country

Geographical areas

Hand x-ray
(G-P) (years)

Orthopantomogram (third ~ Clavicle CT (Schmeling stage Medicolegal assess-
molar’s Demirjian stage) and Kellinghaus substage) ment (> 18 years
or< 18 years)

Guinea Conakry  Sub-Saharan 19 38H 5 > 18 years
Afganisthan Asian 19 Third molars missing 3c > 18 years
Morocco North African 19 Third molars missing 3a <18 years
Morocco North African 15.5 Third molars missing 1 <18 years
Morocco North African 19 38H 3c > 18 years
Algeria North African 19 Third molars missing 3c > 18 years
Algeria North African 19 Third molars missing 3c > 18 years
Morocco North African 18 Third molars missing 3c > 18 years
Morocco North African 19 Third molars missing 3c > 18 years
Morocco North African 19 Third molars missing 2a <18 years
Algeria North African 19 Third molars missing 2b <18 years
Guinea Conakry  Sub-Saharan 19 Third molars missing 2b <18 years
Morocco North African 19 38 missing. 48H 3c > 18 years
Albanian European 18 38 and 48 missing 2c <18 years
Morocco North African 19 Third molars missing 3b <18 years
G-P Greulich and Pyle
Fig.5 Correlation between
bone maturation and third molar 20
mineralization
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been a progressive increase in cases from 2016, with a maxi-
mum in 2018, reflecting the massive increase in immigration
[26], a pattern analogous to that observed in our series. In
the Finnish series [27], an increase in cases was observed in
2015 (149 cases) compared to previous years. In the Miinster

DEMIRJIAN STAGES 38/48

series [23], there was an increase in the number of reports
in 2015, a subsequent decrease and a further increase in
2018, although the number of immigrants recorded this year
was clearly lower than in 2016. These differences could be
explained by the origin of the migratory flow. In Barcelona,
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Fig.6 Relationship between bone and dental age results (N=2754)

72% of the subjects came from North Africa, 19.6% were
sub-Saharan, and 6.5% were Asian (includes individuals
from Middle Eastern countries). Morocco was the prevailing
country of origin in our study, which reflects its proximity to
Spain as a country providing access to Europe. In contrast,
in Finland, most came from Afghanistan, Iraq and Somalia
[27]; in Berlin, from 1992 to 2000, the main countries of
origin were Vietnam, Romania, Lebanon, Bangladesh and
Turkey [22]; and in Miinster, Asian subjects predominated
between 2009 and 2016, whereas sub-Saharans predomi-
nated in 2017 and 2018 [23]. In contrast, in Montpellier,
80.4% of the cases evaluated were sub-Saharan [25].

Of the total number of cases included, 40.5% had a G-P
standard of 18 or 19, unlike in the Danish series, in which
almost all cases (91.4%) had a G-P standard of 18 or 19
[24]. In the majority of our series (85.9%) and in all the
populations studied, there was a strong correlation between
the results of bone age and dental age, as it was explained
previously. When there was a discrepancy between the
results, it was more frequent to find complete bone matura-
tion and incomplete dental mineralization. The correlation
between these two parameters was also evaluated in the Dan-
ish series, with a correlation in 94% of cases; in most of the
cases where there was no correlation, dental age was greater
than bone age, unlike in our series [24].

The difference between our protocol [13] and the AGFAD
protocol [4, 5] is that in the AGFAD, a CT scan of the clavi-
cles is performed in all cases in which the ossification of
the hand is complete [28], as carried out by the working
groups of Rudolf et al. [29], Hagen et al. [23] and Lossois
et al. [25]. We performed 15 CT scans of the clavicles, and
in all cases, the scan allowed us to estimate the forensic age
beyond reasonable doubt [5]. Obviously, in our fourth CT
case (Table 4), the CT was wrongly indicated because the
X-ray hand was not completely ossified. It was a mistake by
an inexpert forensic physician on duty at the beginning of
the period using the CT in our institute. Identifying that error
has allowed us to prevent it from happening again.
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The objective test that an individual has reached the age
of 18, without doubt, is the presence of stage 3c, 4 or 5 ossi-
fication on the CT scan of the clavicles [5, 20, 21, 23, 30].
However, only 12 of 30 European countries use radiology
of the clavicles in forensic age studies [23, 31]. In Spain,
the Consensus Document [13] mentions the possibility of
performing a CT scan of the clavicles as an option in doubt-
ful cases, or in a population that has not been well studied,
if the X-ray of the hand indicates a bone age > 18 years; the
importance of keeping in mind the radiation dose of the
examinations, of medically assessing its indication and not
repeating tests, is also emphasized.

Following Schmeling, the radiation required to perform
an X-ray of the hand is 0.0001 mSv, and for an orthopanto-
mography, it is 0.026 mSv [4], which are considered almost
completely harmless doses [32]. The irradiation required for
a CT of the proximal end of the clavicles would be about
0.6-0.8 mSv [32], but this amount would be much lower
than the annual natural radiation dose in Germany, with
averages 2.1 mSv and in some regions up to 2.6 mSv per
year [4, 33, 34]. That is, the radiation doses necessary to
perform radiological tests for forensic age estimation are
below the radiation exposures of daily life [33, 34]. There-
fore, in cases where a clavicular CT scan is indicated, if it is
performed by expert radiologists and in subjects around the
age of 18 years or older, it can be performed with virtually
no risk [32].

In 2003, Schmeling et al. reviewed 247 age assessments,
performed in Berlin, which were based on history, physical
examination, hand X-ray, orthopantomography and in some
cases on clavicle X-ray. They obtained an error of + 12 months
in the 45 subjects whose ages were verified [22].

In other series, such as the Finnish and Danish series, the
clavicle was not evaluated. In the Finnish work, forensic age
assessment from 2005 to 2015 was based on hand radiogra-
phy and orthopantomography [27], and in the 2012 Danish
series, it was based on physical examination (without clinical
dental assessment), hand radiography and dental radiographs
(orthopantomography and third molar intraoral radiographs)
[24]. As in our work, the 2017 Hamburg study limited CT
scan of the clavicles to doubtful cases. However, it differed
in that orthopantomography was performed first, and this
test carries a lot of weight; if it was not conclusive, an X-ray
of the hand was performed, which helped to calculate the
minimum age if the subject was less than 18 years old. They
only performed a CT scan of the clavicles when the third
molars were missing or the two radiographic tests give quite
different results [12]. Therefore, in these three publications,
they do not follow the AGFAD recommendations.

The combination of physical examination, hand radiog-
raphy and orthopantomography was recommended in the
Moroccan population by Garamendi et al. in 2005 [35] to
avoid false positives of people over 18 years old (underage
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subjects considered as older, which would be an ethically
unacceptable error), despite increasing the number of false
negatives (older subjects evaluated as minors). Using the
two tests, we ensured a very high probability that the sub-
ject was over 18 years old, as corroborated in the Hamburg
study [12]. However, in the sub-Saharan population, we
know that the minimum age of a subject with a lower third
molar in stage H is 17.3 years [36], and therefore, in these
cases, when the ossification of the hand is complete, a clav-
icular CT scan should be performed [4, 5]. In any case, we
believe that the percentage of error in these cases is very
low, since a recent meta-analysis of the mineralization of the
third molar in 19,690 subjects of all ethnic groups confirmed
that the percentage of false positives was very low, at 3.1%
[37]. Likewise, in the recent work by Lossois et al., in which
80.4% of the subjects evaluated were sub-Saharan, 89% of
the orthopantomographies performed found a Demirjian H
stage in the third molars and, given that they followed the
AGFAD recommendations for forensic age estimation (a cla-
vicular CT scan was performed in all cases with complete
ossification of the hand), they concluded that 95.85% of the
cases studied were most likely at least 18 years old [25].

The difference between the high number of CT studies
performed in Miinster and Austria [23, 29], compared to
the few or lack of CT studies performed in Hamburg, Den-
mark, Finland, Sweden and Barcelona [12, 24, 27, 38], can
be attributed to the high radiation exposure and cost, and
lack of therapeutic purposes.

On the other hand, in Sweden [38], forensic age estima-
tion is based on MRI of the knee and radiographic study of
the third molar in the mandible, in which subjects who have
completed maturation in one or the two tests are assessed as
adults (Schmeling et al. stage 4 or 5 in the knee or Demirjian
stage H in the lower third molar); however, the authors con-
sidered that around 33% of juvenile males were erroneously
classified as adults. These results exemplify the importance
of reducing the ethically unacceptable error highlighted by
Garamendi et al. in 2005 [35], in the sense of minimizing to
the maximum the number of minors misclassified as adults.

In our sample, 28.8% of individuals were assessed as older
than 18 years, whereas in the Miinster series, Hagen et al.
reported that 74.5% of the subjects had most probably reached
the age of majority [23]. These results also differ from the
Finnish study conducted in 2015, which concluded that 28%
of their series were minors, although in 11% of cases, the
results were inconclusive [27]. In the Danish series, 80% were
assessed as being older than 18 years, bearing in mind that the
authors accepted a risk of age overestimation, although it was
low, by not using a clavicle scan [24]. In the Austrian series,
61% were considered older [29] and in the French series [25],
95.85% were considered older than 18 years.

One of the limitations of our work is that it was a retrospec-
tive study, although it should be noted that the assessment and

reporting protocol of the IMLCFC and the Spanish Consensus
Document [13] was followed in all the cases we included.
Probably the number of subjects classified as minors is too
high because we try to avoid ethically unacceptable errors
(minor subjects classified as adults), and that is the reason that
some adults have probably been considered as minors [35].

Another limitation is the assessment method, which did
not include a CT scan of the clavicles in subjects where
skeletal development of the hand was completed, that is,
we do not totally follow the AGFAD recommendations.

In conclusion, in our large sample of forensic age estimation
reports issued in Barcelona, the vast majority were male and
of North African origin (especially from Morocco), and 71.2%
of cases were estimated to be minors. The majority (86.2%) of
North African subjects were minors whereas the majority of
sub-Saharans (82%) were considered to be over 18 years old.
We really suggest modifying our current protocol and adapting
it to AGFAD recommendations [4, 5, 10] as well as applying
the minimum age concept in all cases [4, 5, 14].

Acknowledgements We thank Mrs. Celia Rudilla and Mrs. Maria Luisa
Caro from the library of the Institute of Legal Medicine and Forensic
Sciences of Catalonia for their help in the bibliographic review.

Declarations

This retrospective study conducted with human participants was con-
ducted in accordance with the 1964 Declaration of Helsinki and its
latest amendments or comparable ethical standards. The study was
approved by the “Research Ethics Committee of the Hospital Univer-
sitari de Bellvitge”, L’Hospitalet de Llobregat (Barcelona) (PR286/22).
All the procedures carried out were part of the daily expert practice
requested by the Prosecutor’s Office or judicial authorities.

Conflict of interest The authors declare no conflict of interest.

References

1. Simonin C (1962) Medicina Legal Judicial. Editorial Jims,
Barcelona

2. GisbertCalabuig JA (1977) Medicina Legal y Toxicologia. Fun-
dacién Garcia Muiioz. Seccion SABER, Valencia

3. Simpson K (1979) Forensic Medicine, 8th edn. Edward Arnold,
London

4. Schmeling A, Dettmeyer R, Rudolf E, Vieth V, Geserik G
(2016) Forensic Age Estimation. Methods, Certainty, and the
Law. Dtsch Arztebl Int 113:44-50. https://doi.org/10.3238/arzte
b1.2016.0044

5. Schmeling A (2019) Forensic age assessment. Rev Esp Med Leg
45(4):163-169

6. Jayaraman J, Roberts GJ, Wong HM, McDonald F, King NM
(2016) Ages of legal importance: implications in relation to birth
registration and age assessment practices. Med Sci Law 56:77-82

7. Eurostat asylum statistics. https://ec.europa.eu/eurostat/web/
migration-asylum/international-migration-citizenship. Accessed
10 Aug 2022

8. Memoria elevada al Gobierno de S.M. Fiscalia General del Estado
(2019) [pagina en internet]. https://www.fiscal.es/memorias/memor
1a2020/FISCALIA_SITE/index.html. Accessed 10 Aug 2022

@ Springer


https://doi.org/10.3238/arztebl.2016.0044
https://doi.org/10.3238/arztebl.2016.0044
https://ec.europa.eu/eurostat/web/migration-asylum/international-migration-citizenship
https://ec.europa.eu/eurostat/web/migration-asylum/international-migration-citizenship
https://www.fiscal.es/memorias/memoria2020/FISCALIA_SITE/index.html
https://www.fiscal.es/memorias/memoria2020/FISCALIA_SITE/index.html

402

International Journal of Legal Medicine (2023) 137:395-402

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Garamendi Gonzalez PM, Loépez-Alcaraz M (2019) Sit-
uacidn actual de la estimacion forense de la edad en menores
extranjeros no acompaiiados en Espafia. Rev Esp Med Legal
45:133-135

Arbeitsgemeinschaft fiir Forensische Altersdiagnostik.
(AGFAD). http://agfad.uni-muenster.de/agfad_start.html.
Accessed 10 August 2022

Schmeling A, Fuhrmann AW, Lockemann U, Geserick G (2013)
Qualitédtssicherung von Altersgutachten. 10. Ringversuch der
Arbeitsgemeinschaft fiir Forensische Altersdiagnostik. Rechts-
medizin 23:22-28

Mansour H, Fuhrmann A, Paradowski I, Jopp E, Piischel K
(2017) The role of forensic medicine and forensic dentistry in
estimating the chronological age of living individuals in Ham-
burg, Germany. Int J Legal Med 131:593-601. https://doi.org/
10.1007/s00414-016-1517-y

Garamendi Gonzalez PM, Baidn Gonzalez R, PujolRobinat A,
Aguado Bustos FF, LandaTabuyo MI, Prieto Carrero JL et al
(2011) Recomendaciones sobre métodos de estimacion forense de
la edad de los menores extranjeros no acompaiiados. Documento
de Consenso de Buenas Practicas entre los Institutos de Medicina
Legal de Espafia (2010). Rev Esp Med Legal 37(1):22-29

. Schmeling A, Rudolf E (2022) Medical age assessment in living

individuals. In: Madea B (ed) Handbook of Forensic Medicine,
3, vol 2nd. edn. Wiley, Chichester, pp 1027-1053

Directive 2013/32/EU of the European Parliament and of The
Council, of 26 June 2013, on common procedures for grant-
ing and withdrawing international protection (recast). Official
Journal of the European Union, 29 June 2013, L 180/60, 60-95
Ministerio de la Presidencia. Resolucién de 13 de octubre de
2014, de la Subsecretaria, por la que se publica el Acuerdo para
la aprobacion del Protocolo Marco sobre determinadas actua-
ciones en relacion con los Menores Extranjeros No Acompaifia-
dos. BOE. Nim. 251. 16 de octubre de 2014. 83.894-83.919
Greulich WW, Pyle SI (1959) Radiographic atlas of skeletal
development of the hand and wrist, 2nd edn. Stanford Univer-
sity Press, California

Demirjian A, Goldstein H, Tanner JM (1973) A new system of
dental age assessment. Hum Biol 45:211-227

Schmeling A, Schulz R, Reisinger W, Miihler M, Wernecke
K-D, Geserick G (2004) Studies on the time frame for ossifica-
tion of medial clavicular epiphyseal cartilage in conventional
radiography. Int J Legal Med 118(1):5-8. https://doi.org/10.
1007/s00414-003-0404-5

Kellinghaus M, Schulz R, Vieth V, Schmidt S, Pfeiffer H, Schmeling
A (2010) Enhanced possibilities to make statements on the ossifi-
cation status of the medial clavicular epiphysis using an amplified
staging scheme in evaluating thin-slice CT scans. Int J Legal Med
124:321-325. https://doi.org/10.1007/s00414-010-0448-2
Kellinghaus M, Schulz R, Vieth V, Schmidt S, Schmeling A
(2010) Forensic age estimation in living subjects based on the
ossification status of the medial clavicular epiphysis as revealed
by thin-slice multidetector computed tomography. Int J Legal
Med 124:149-154. https://doi.org/10.1007/s00414-009-0398-8
Schmeling A, Olze A, Reisinger W, Konig M, Geserick G
(2003) Statistical analysis and verification of forensic age esti-
mation of living persons in the Institute of Legal Medicine of
the Berlin University Hospital Charité. Leg Med 5:S367-S371
Hagen M, Schmidt S, Schulz R, Vieth V, Ottow C, Olze A et al
(2020) Forensic age assessment of living adolescents and young
adults at the Institute of Legal Medicine, Miinster, from 2009
to 2018. Int J Legal Med 134:745-751. https://doi.org/10.1007/
s00414-019-02239-2

Larsen ST, Arge S, Lynnerup N (2015) The Danish approach to
forensic age estimation in the living: how, how many and what’s

@ Springer

25.

26.

217.

28

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

new? A review of cases performed in 2012. Ann Hum Biol
42:342-347. https://doi.org/10.3109/03014460.2015.1044469
Lossois M, Cyteval C, Baccino E, Peyron PA (2022) Forensic age
assessment of alleged unaccompained minors at the Medicolegal
Institut of Montpellier: a 4-year retrospective study. Int J Legal
Med 136:853-859. https://doi.org/10.1007/s00414-022-02813-1
Nifios migrantes no acompafiados. Unicef. 2021. https://www.unicef.
es/ninos-migrantes-no-acompanados. Accessed 11 August 2022
Metsiniitty M, Varkkola O, Waltimo-Sirén J, Ranta H (2017)
Forensic age assessment of asylum seekers in Finland. Int J Legal
Med 131:243-250. https://doi.org/10.1007/s00414-016-1498-x
Schmeling A, Grundmann C, Fuhrmann A, Kaatsch HJ, Knell
B, Ramsthaler F et al (2008) Criteria for age estimation in liv-
ing individuals. Int J Legal Med 122:457-60. https://doi.org/10.
1007/s00414-008-0254-2

Rudolf E, Kramer J, Gebauer A, Bednar A, Recsey Z, Zehet-
mayr J et al (2015) Standardized medical age assessment of
refugees with questionable minority claim - a summary of 591
case studies. Int J Legal Med 129:595-602. https://doi.org/10.
1007/s00414-014-1122-x

Wittschieber D, Schulz R, Vieth V, Kiippers M, Bajanowski
T, Ramsthaler F et al (2014) The value of sub-stages and thin
slices for the assessment of the medial clavicular epiphysis: a
prospective multi-center CT study. Forensic Sci Med Pathol
10:163-169. https://doi.org/10.1007/s12024-013-9511-x
European Asylum Support Office (EASO) (2018) Practical
guide on age assessment. Publications Office, 2nd edn. https://
www.easo.europa.eu/sites/default/files/easo-practical-guide-on-
ageassesment-v3-2018.pdf. Accessed 11 August 2022
Ramsthaler F, Proschek P, Betz W, Verhoftf MA (2009) How
reliable are the risks estimates for X-ray examinations in foren-
sic age estimations? A safety update. Int J Leg Med 123:199—
204. https://doi.org/10.1007/s00414-009-0322-2

Meier N, Schmeling A, Loose R, Vieth V (2015) Altersdiagnos-
tik und Strahlenexposition. Rechtsmedizin 25:30-33
Schumacher G, Schmeling A, Rudolf E (2018) JRC Science for
Policy Report. Medical Age Assessment of Juvenile Migrants.
An analysis of age marker-based assessment criteria. Publica-
tions Office of the European Union,Luxembourg.https://www.
publications.jrc.ec.europa.eu/repository/bitstream/JRC1092.
Accessed 15 August 2022

Garamendi PM, Landa MI, Ballesteros J, Solano MA (2005)
Reliability of the methods applied to assess age minority in
living subjects around 18 years old: a survey on a Moroccan
origin population. For Sci Int 154:3-12

Olze A, Van Niekerk P, Schulz R, Ribbecke S, Schmeling A
(2012) The influence of impaction on the rate of third molar
mineralisation in black Africans. Int J Legal Med 126:869-874.
https://doi.org/10.1007/s00414-012-0753-z

Haglund M, Mornstad H (2019) A systematic review and meta-
analysis of the fully formed wisdom tooth as a radiological
marker of adulthood. Int J Leg Med 133:231-239. https://doi.
org/10.1007/s00414-018-1842-4

Mostad P, Tamsen F (2019) Error rates for unvalidated medi-
cal age assessment procedures. Int J Legal Med 133:613-623.
https://doi.org/10.1007/s00414-018-1916-3

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


http://agfad.uni-muenster.de/agfad_start.html
https://doi.org/10.1007/s00414-016-1517-y
https://doi.org/10.1007/s00414-016-1517-y
https://doi.org/10.1007/s00414-003-0404-5
https://doi.org/10.1007/s00414-003-0404-5
https://doi.org/10.1007/s00414-010-0448-2
https://doi.org/10.1007/s00414-009-0398-8
https://doi.org/10.1007/s00414-019-02239-2
https://doi.org/10.1007/s00414-019-02239-2
https://doi.org/10.3109/03014460.2015.1044469
https://doi.org/10.1007/s00414-022-02813-1
https://www.unicef.es/ninos-migrantes-no-acompanados
https://www.unicef.es/ninos-migrantes-no-acompanados
https://doi.org/10.1007/s00414-016-1498-x
https://doi.org/10.1007/s00414-008-0254-2
https://doi.org/10.1007/s00414-008-0254-2
https://doi.org/10.1007/s00414-014-1122-x
https://doi.org/10.1007/s00414-014-1122-x
https://doi.org/10.1007/s12024-013-9511-x
https://www.easo.europa.eu/sites/default/files/easo-practical-guide-on-ageassesment-v3-2018.pdf
https://www.easo.europa.eu/sites/default/files/easo-practical-guide-on-ageassesment-v3-2018.pdf
https://www.easo.europa.eu/sites/default/files/easo-practical-guide-on-ageassesment-v3-2018.pdf
https://doi.org/10.1007/s00414-009-0322-2
https://www.publications.jrc.ec.europa.eu/repository/bitstream/JRC1092
https://www.publications.jrc.ec.europa.eu/repository/bitstream/JRC1092
https://doi.org/10.1007/s00414-012-0753-z
https://doi.org/10.1007/s00414-018-1842-4
https://doi.org/10.1007/s00414-018-1842-4
https://doi.org/10.1007/s00414-018-1916-3

	Forensic age estimation in Barcelona: analysis of expert reports issued between 2011 and 2018
	Abstract
	Introduction 
	Method 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgements 
	References


