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Abstract

Nowadays, the clinical forensic medical management of migration flows comprises the age assessment of unaccompanied
minors. The process of age estimation is a fundamental pillar for legally ensuring the minors’ rights and their protection
needs. The procedure is complex and involves different phases and actors, from medical doctors to law enforcement offic-
ers. The present study aimed to investigate the performance of Greulich and Pyle, Demirjian, and Mincer methods when
performed by raters both trained and without training. Also, the interrater reliability within groups of raters from different
areas of expertise was evaluated. A total of 36 participants were enrolled for this study, divided in two groups according to
their level of experience with age estimation methods. Each rater was asked to allocate stages and standards for age assess-
ment, evaluating ten orthopantomograms and ten hand-wrist roentgenograms. The interrater reliability expressed through
the Fleiss Kappa coefficient and the agreement with the reference standard were calculated. The results showed that none
of the categories analyzed could reach a good interrater reliability (x > 0.8) for both methods. The study results highlighted
variation and disagreement in the interpretation of the sample among raters and in the subsequent stages and standards
allocation. In conclusion, the results of this study highlight that expertise does influence the reliability of the most utilized
methods of age estimation of living individuals and stress the importance of proper training and practice, which could greatly
increase the accuracy of age assessments.

Keywords Age assessment - Clinical forensic medicine - Forensic anthropology - Unaccompanied minors - Interrater
reliability

Introduction

In the global phenomenon of migration, age assessment
has gained increasing importance as many countries are
obliged to regulate, sort, and “place” the great numbers of
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individuals crossing their borders without identification
documents. The management of migration flows comprises
the identification and the protection of the most vulnerable
among migrants, such as unaccompanied minors and asylum
seekers. From a humanitarian perspective, the detention and
treatment of minors as adults may have a negative impact
on the individuals given their more susceptible condition to
mental and emotional distress [1-3]. Today, age assessment
not only does entail the legal guarantee of rights to minors,
but also determines the criminal liability or conviction of
adults involved in child pornography.

With regard to unaccompanied foreign minors, age esti-
mation represents a fundamental step to ensure the fulfil-
ment of their protection needs, and it is a complex procedure
involving different phases and actors [4-9]. In the Italian
context, the so-called Zampa Law (Law n.47/17) [10] pro-
vided comprehensive legislation aimed at filling existing
gaps in the protection of unaccompanied minors arriving
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in Italy. Moreover, it introduced important provisions on
age assessment procedure, which should only be performed
when there is a reasonable doubt concerning a child’s age
and by using the least invasive methods possible. Never-
theless, the law does not establish a specific trained pro-
fessional figure responsible for age estimation. Different
professionals can be in charge of the process, from medi-
cal doctors to law enforcement officers, often with inter-
regional differences. In 2008, the Study Group on Forensic
Age Diagnostic (AGFAD) provided recommendations for
age estimation in the living [11], consisting in a three-step
procedure which includes a physical examination (anthropo-
metric data, assessment of sexual maturation and identifica-
tion of potential age-relevant developmental disorders) and
an evaluation of the dental status, along with X-ray exami-
nations of the dentition, the left hand, and the clavicle. This
latter method is used when the bones of the hand and wrist
have completed their development. Indeed, the clavicle has
an extended developmental period of its medial epiphysis,
thereby providing accurate age estimates of young adults
[12]. With a simple three-phase scoring system, the analy-
sis of the medial clavicular epiphysis proved to be the least
subjective, while retaining accuracy levels [13].

Although developed several decades ago, the Greulich
and Pyle “Radiographic Atlas of Skeletal Development of
the Hand and Wrist” [14] and the methods on dental devel-
opment by Demirjian and colleagues [15] and Mincer and
colleagues [16] are still commonly utilized in forensic prac-
tice and have been tested in different populations across
the world [17]. However, at present, there are no studies
that have examined how the level of expertise of the rater
can influence the performance of such methods in the age
assessment.

In this perspective, the present study has a twofold objec-
tive: On the one hand, it aims to investigate the performance
of Greulich and Pyle, Demirjian, and Mincer methods when
performed by raters trained on age assessment and raters
without training; on the other hand, it aims to assess the reli-
ability of agreement within six groups of raters belonging to
different areas of expertise (forensic physicians, odontolo-
gists, anthropologists, radiologists, non-forensic physicians,
and medical students).

Materials and method

The sample sent to the participants consisted of ten ortho-
pantomograms and ten hand-wrist roentgenograms belong-
ing to twenty subjects from a database owned by the Univer-
sity Institute of Legal Medicine of Milan. The full database,
obtained from the Sesto San Giovanni Hospital (Milan),
consists of 385 orthopantomograms and 55 hand-wrist
roentgenograms belonging to individuals ranging from 8 to
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25 years. For the present study, the best radiographs in terms
of image quality were chosen from subjects aged between 8
and 19 years (mean=13.19 with SD=3.11), with an equal
ratio of boys and girls (1:1). No individuals presented any
congenital or acquired malformation. An example of the
questionnaire is provided in Supplementary Materials 1 (a
12-year-old male) and 2 (a 17-year-old female).

A total of 36 participants were enrolled for this study,
divided in two main groups according to their level of expe-
rience with age estimation methods. The first group included
six forensic physicians, six odontologists, six anthropolo-
gists, and six radiologists. Among them, four had sporadic
experience in age assessment in the living (two anthropolo-
gists, a radiologist, and a forensic physician), whereas the
remaining raters had only a basic training in age estimation
during their academic education. The second group included
six non-forensic physicians and six medical students without
any training nor experience in age estimation methods.

Each rater received a survey comprising ten orthopanto-
mograms and ten hand-wrist roentgenograms from twenty
subjects, and they were asked to allocate stages and stand-
ards for age assessment of the individuals by applying the
Demirjian method [15] and Greulich and Pyle atlas [14].
Whenever the highest Demirjian score was reached (98.4
for males and 100 for females), the Mincer method—based
on wisdom teeth—was applied. This latter method explores
the maturation stage of the third molar, which is typically the
only tooth still in development during the young adult age
[16]. The third molar is usually considered the most variable
tooth of our dentition. The Mincer method is useful in age
estimation in those cases in which the Demirjian score has
reached its maximum discriminatory potential. A total of
740 determinations were performed.

The statistical analysis was conducted by calculating the
interrater reliability expressed through the Fleiss Kappa
coefficient [18]. Data obtained from surveys were recorded
and entered in a digital data set and subsequently analyzed
using Excel® software. In order to calculate the Fleiss
Kappa coefficient, samples were organized according to age
groups, e.g., 8—10 and 11-13, for a total of six categories.
The Fleiss kappa was calculated for each group of raters
(forensic physicians, odontologists, anthropologists, radiolo-
gists, non-forensic physicians, and medical students) and for
groups according to the level of experience in age assess-
ments (sporadic experience vs no experience). In addition,
the allocations made by two professionals with over 10 years
of experience in age assessment (an anthropologist and an
odontologist) were used as the “reference standard” for the
hand and wrist and dental age estimates respectively. These
data were utilized in order to test the agreement between the
“reference standard” and the allocations of stages and stand-
ards made by each of the other categories (e.g., radiologists
vs “reference standard,” forensic physicians vs “reference
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standard,” anthropologists vs “reference standard”). For the
dental age estimate, the agreement was analyzed not among
estimated ages but among the stages assessed for each tooth
of every radiograph, converting stages A—H to numbers
(from 1 to 8).

Results
Interrater reliability

The results of the statistical analysis for the interrater reli-
ability are shown in Fig. 1. Overall, the highest Fleiss Kappa
for the dental age estimates was obtained by forensic physi-
cians (0.54), followed by odontologists (0.49), anthropolo-
gists (0.41), radiologists (0.36), non-forensic physicians
(0.35), and medical students (0.34). Concerning the Greulich
and Pyle atlas (hand-wrist), the highest interrater reliability
was attained by anthropologists (0.72), followed by foren-
sic physicians (0.41), radiologists (0.33), medical students
(0.32), non-forensic physicians (0.14), and odontologists
(0.07).

Influence of the expertise of the participants

As illustrated in Fig. 2, according to the expertise, the
“expert group” achieved a higher interrater reliability com-
pared to the group without experience. In fact, the analy-
sis of Fleiss kappa coefficient for raters with sporadic or
continuous experience in age estimation resulted in a Fleiss
kappa of 0.37 for the dental methods and 0.70 for the hand-
wrist method. The raters without experience obtained a
Fleiss kappa of 0.34 for the dental methods and 0.32 for the
hand-wrist method.

Fig. 1 Fleiss kappa by profes-
sional category
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Comparison with the “reference standard”

The comparison between each category of raters with the “ref-
erence standard” (Fig. 3) have shown that the highest rate of
agreement for dental methods was obtained by forensic anthro-
pologists (81%), followed by odontologists (76%), forensic
physicians (63%), radiologists (38%), non-forensic physicians
(30%), and medical students (26%). With regard to Greulich
and Pyle atlas, the highest rate of agreement was achieved by
forensic anthropologists (45%), followed by radiologists (30%),
forensic physicians and medical students (20%), non-forensic
physicians (16%) and odontologists (15%).

Discussion
Age assessment of the living has become an important

pillar of the forensic practice [17]. One of the main prob-
lems regarding age estimation is the impossibility to get an
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Fig.3 Percentages of agreement
between each category of raters
with the reference standard
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accurate and definitive result [11, 19-25]. The main reason
for this is the intrinsic biological variability of development
among different individuals, depending on both genetic and
environmental conditions. Each child has a specific and indi-
vidual pattern of growth that can vary widely depending on
the socio-economical, nutritional, and social status of the
child as well as his/her level of physical activity [26-32].

Despite a number of methods for age estimation of liv-
ing individuals having been developed and tested on several
populations across the world [17], it is still unclear whether
these methods can be applied successfully by raters belong-
ing to different areas of expertise [33—-36]. Moreover, no
study has yet investigated how the rater’s experience in
applying those methods can influence the reliability of the
age estimate. Although population studies are needed, stud-
ies on intrinsic method precision may be even more mean-
ingful than testing on continuously changing populations,
especially with the current increase in migration flows. In
fact, a study by Thevissen and colleagues [6] showed that
country-specific databases hardly increased the mean abso-
lute difference. Consistently, a meta-analysis of published
data from retrospective studies of dental maturity from eight
countries showed no major statistical differences in the tim-
ing of tooth formation stages [34]. These studies were both
on dental development, which is known to be less affected
by environmental factors than skeletal development. Even
regarding skeletal development, however, today’s popula-
tions are far from constant and uniform. A sample of a given
population at a certain time is not necessarily representa-
tive of the same population at another time, as a period of
time has passed characterized by emigration or immigration
flows. Moreover, as the interval of time extends, environ-
mental conditions such as nutrition habits or basic quality
of life also could also have changed.
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In this regard, the interobserver reliability of the most com-
monly utilized methods for skeletal and dental age estimation
was evaluated. This was done on the grounds that the replica-
tion of results means that a method and the results obtained
from it are valid. Indeed, the calculation of the interobserver
error is critical for an objective comparison of different meth-
ods, independently of the sample type. The Fleiss kappa coef-
ficient represents the most popular index to evaluate interrater
agreement: In particular, a k value> 0.8 is generally con-
sidered the minimum satisfactory result [18, 37]. Although
Cohen’s Kappa coefficient is also frequently used in forensic
anthropology, it is not without problems that can yield mis-
leading conclusions under certain conditions [38, 39].

The present study demonstrated how none of the categories
analyzed (forensic physicians, forensic anthropologists, odon-
tologists, radiologists, non-forensic physicians, and medicine
students) could reach a good interrater reliability (x> 0.8) for
both dental and skeletal methods. The highest kappa coef-
ficient was reached by forensic anthropologists (0.73) for
the Greulich and Pyle method and by forensic physicians for
dental methods (0.55). Overall, the dental methods obtained
a higher degree of congruence compared to the Greulich and
Pyle atlas. It should be considered that with the exception
of the six experts, all the other raters received only a basic
training (or no training at all) on skeletal and dental age esti-
mation methods during their academic education. None of
them has ever had a direct experience in age estimation in
the living. Age assessment requires a specific set of skills
(both theoretical and practical) that cannot be fully acquired
during the work experience of the different medical and non-
medical professionals who can deal with age estimation, such
as those considered in this study. In this respect, as expected,
the “expert group” achieved a higher interrater reliability
compared to the group without experience (non-forensic
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physicians and medical students). It is interesting to note that
higher interrater reliability could be achieved by trained per-
sonnel using the hand/wrist standards and that the dental stage
method was overall less reliable and less sensitive to training.
This may be due to the fact dental methods consist of the
sum of different stages on many teeth and therefore could be
subjected to more variability, compared to the qualitative and
more general hand/wrist methods which are less structured.
However, the possible disagreement between raters concerns
mainly the second and thirds molars, hence reducing the
number of variables observed in the dentition making it more
comparable to the hand-wrist assessment.

Consequently, understanding the characteristics of dental
and skeletal indicators of development and the standardiza-
tion of their description remains a crucial topic to address for
correct age estimation, documentation of comparable data,
and accurate assessment. It is likely that specific training in
these methods will increase the accuracy rates and reduce
the variation observed among participants, regardless of
their field of specialization or experience.

In the European context, where a proper ascertainment
of age in minors is frequently badly managed [9], this is
extremely important. Practical guidelines for age assess-
ment of minors [40, 41] recommend adopting a multidis-
ciplinary holistic approach [2]. In Italy, the daily practice
does not include the existence of specifically trained per-
sonnel in hospitals nor do most physicians or policymakers
know about the above-mentioned standards, apart from the
smaller forensic community which is not present in most
hospitals. Radiological methods are frequently left as a last
resort, even if they are more quantifiable and reliable than
neuropsychiatric and psychological evaluations [42]. Profes-
sionals with very different types of training may perform the
age estimate, from social workers to psychologists, to medi-
cal doctors and law enforcement officers, with consequent
paradoxes and poor administration of the rights of minors.

Limitations of this study include the limited number of
radiographs analyzed. The number can be considered sufficient
for the analysis of the interrater reliability (which is the main
focus of this study), whereas, in order to test the accuracy of
the age assessments when compared to the real ages, a larger
sample would have be more adequate. However, this can be
considered a pilot study, and further studies must be conducted
on larger samples. In addition, although the present research
showed how expertise plays a role in the method’s applicabil-
ity, it refers to stage allocation for teeth and hand/wrist, and
not to the specific age estimate. Further considerations about
age estimations based on the stages and standards can be made
only following the examination of a larger population. Moreo-
ver, this investigation involved only Italian experts in different
areas, but the recruitment of more experts, including those of
the international community, is likely to take place in subse-
quent research. Finally, it might be interesting to evaluate how

the quality of radiographic images can influence the interrater
reliability of both skeletal and dental methods.

In conclusion, the results of this study highlight that exper-
tise does have an effect on the reliability of the most commonly
utilized methods of age estimation of living individuals and
show the importance of proper training and practice, which
could greatly increase the accuracy of age assessments.
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