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Abstract Due to the requirement to minimise exposure to
radiation, it is desirable to develop non-ionising imaging
procedures for the analysis of skeletal maturation for
forensic age diagnostics in living individuals. The present
pilot study analyses the applicability of ultrasound exami-
nations for the evaluation of apophyseal ossification of the
iliac crest. With reference to the sonographic staging of
clavicular ossification, the maturation stages of the iliac crest
apophysis of 23 male and 16 female subjects, aged 11–
20 years, were determined. Ossification stage I occurred in the
male subjects at a minimum age of 15.7 years. Ossification
stage II was diagnosed in boys at a minimum age of 14.1 years
and in girls at a minimum age of 11.7 years. The earliest
observation of ossification stage III was at a chronological age
of 16.2 years in males and 15.2 years in females. The earliest
age of occurrence of ossification stage IV was at least
18.0 years in male test persons and at least 17.1 years in
female test persons. The results obtained should be reassessed
in a larger number of cases. It is to be expected that
sonographic examination of the iliac crest apophysis will
become established as a valid and efficient method for
forensic age diagnostics in living individuals.
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Introduction

A sustained extensive increase in knowledge has been
recorded in the scientific field of forensic age estimation in
living individuals [2, 12–14, 19–21, 31–33]. Thus, the
international and interdisciplinary Study Group on Forensic
Age Diagnostics (AGFAD; http://agfad.uni-muenster.de)
was able to gather and develop recommendations for age
diagnostics in various relevant legal fields [28, 30].

In contexts of criminal law, this process will help to
determine whether individuals without valid identity papers
have reached the age of criminal responsibility and whether
juvenile criminal law is applicable. In civil guardianship
and trusteeship matters, as well as in questions concerning
the right of asylum of victims of political persecution,
where the age of the individuals concerned is not proven,
there is a need to investigate whether the relevant age limits
have been exceeded. In most countries, the age thresholds
between the completed 14th and 18th year of life are
relevant for the legal assessment of numerous aspects of
criminal, civil and asylum law [9].

Within the area where forensic age estimation in living
individuals can be applied, those maturity indicators that
develop with easily differentiable morphological changes
within the forensically relevant age interval are particularly
important. Apart from the clavicula and the skeletal
elements of the hand, the apophysis of the iliac crest
provides good possibilities for determining skeletal age due
to a relatively late completion of maturation [34]. The age-
dependent ossification process of this apophysis and its
fusion with the iliac bone are well studied, in particular by
means of radiography and computed tomography [5, 8, 16].
In the field of clinical orthopaedics, determination of the
maturation stage of the apophyseal iliac crest to identify the
so-called Risser sign has long been established and can be
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referred to here as a standard instrument for bone age
determination.

In accordance with the current recommendations of the
Study Group on Forensic Age Diagnostics, the degree of
maturity of the skeletal system should be combined with
signs of maturity in physical and dental development in
cases of medico-legal age estimations [30]. To determine
skeletal age and the degree of mineralisation of the wisdom
teeth, the individual must be exposed to radiation. In the
absence of a legal basis for authorising X-ray examinations,
age estimations in asylum and civil proceedings may only
be based on a physical examination as well as a dental
inspection of the oral cavity. As a result, the accuracy of the
age diagnosis is considerably limited [17].

The establishment of non-ionising imaging procedures
for skeletal age determination is an essential research
desideratum of all fields of application of forensic age
estimation in living individuals in order to minimise the
individual radiation exposure of the examined individual,
whilst still being able to rely on important skeletal maturity
indicators. The present paper presents the results of a pilot
study that analyses the forensic applicability of a sono-
graphic evaluation of the apophyseal ossification of the
iliac crest for skeletal age assessment.

Test persons and methods

In this study, we prospectively evaluated the individual
stage of apophyseal ossification of the left iliac crest in a
group of voluntary subjects by means of sonography. The
research project had been given favourable opinion by the
competent ethics committee.

The test group consisted of a total of 23 male and 16
female children, adolescents and adults from Germany aged
11 to 22 years. Table 1 shows details of the test group
figures subdivided by sex and chronological age. None of
the subjects displayed any signs of a disease affecting
skeletal maturation. All subjects or their legal guardians
gave their informed consent for the performance of the
examination. The ultrasound examinations were performed
using a Pro Focus 2202 (B-K Medical, Herlev, Denmark)
equipped with an 8-MHz linear transducer. In prone
position, it was possible to scan the apophysis of the iliac
crest in all subjects by parallel translation of the transducer
in the longitudinal sectional plane setting along its full
anterolateral–posteromedial segment. The study results
were reached by an examiner certified in the field of
skeletal sonography who did not know the subjects’
chronological age.

Corresponding to the constellation of the sonomorpho-
logical findings, the ossification stage of the apophyseal
iliac crest was determined with reference to the definition of

the four stages of clavicular ossification according to
Schulz et al. [33].

– Stage I. The upper margin of the iliac crest is
configured at an acute angle. A secondary ossification
centre (apophysis) is not educible in the entire region
under examination.

– Stage II. The upper margin of the iliac crest is separated
from a secondary ossification centre (apophysis) by an
ultrasound gap in the entire region under examination.

– Stage III. Both section planes with an ultrasound gap
between the upper margin of the iliac crest and the
secondary ossification centre (apophysis), as well as
section planes with a convex curve of the upper margin
of the iliac crest without a separate ossification centre
(apophysis), are educible in the region under examination.

– Stage IV. The upper margin of the iliac crest presents a
convex curve in the entire region under examination. A
separate ossification centre is not definable.

Figure 1 shows the diagram of the sonomorphological
staging of apophyseal ossification of the iliac crest. The
sonograms in Figs. 2 and 3 show the characteristic
sonomorphological findings of stages II and IV.

Results

Classification of the respective sonographic ossification
stage of the iliac crest apophysis was possible in all 39 of
the examined cases.

Table 2 shows the established minimum and maximum
ages, as well as the calculated mean values and standard
deviations of ossification stages I to IV, categorised by sex.
According to this, the mean values of the subjects’
chronological age increase with progressive ossification

Table 1 Number of cases (n=39)

Chronological age Female Male

11 1 –

12 – 1

13 – 1

14 3 5

15 1 4

16 2 3

17 3 4

18 2 5

19 – –

20 2 –

21 1 –

22 1 –

Σ 16 23
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stage. The minimum age for ossification stage I was
15.7 years in boys; ossification stage I could not be
established in any of the female subjects of this study
group. The earliest observation of ossification stage II was
at a chronological age of 14.1 years in males and 11.7 years
in females. Ossification stage III first occurred at the age of
16.2 years in males and 15.2 years in females. The earliest
age of occurrence of ossification stage IV was at least
18.0 years in males and at least 17.1 years in females.

Discussion

Skeletal maturity can be considered to be the most
important indicator of growth and differentiation processes

of the human organism as a whole. In the course of
ontogenesis, the genetically determined maturation sequen-
ces of the various skeletal elements occur with great
regularity within a certain variation range [3, 15, 23, 29].
This chronological dependency of skeletal development is
therefore an essential basis for clinical and forensic
estimation of the age of the individual.

There are very close relationships between the matura-
tion processes of different parts of the human skeletal
system [22]. For this reason, the stage of maturity of
individual-defined skeletal elements can be interpreted as a
manifestation of general skeletal maturity. In this context,
the ossification process of the iliac crest apophysis was also
analysed dependent on the skeletal age of the hand
according to Greulich and Pyle, as well as on chronological

Stadium I Stadium II Stadium III Stadium IV 

Fig. 1 Diagram of the sonomorphological staging of apophyseal ossification of the iliac crest

Fig. 2 Sonomorphology of
ossification stage II of the iliac
crest apophysis
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age [6, 10, 34]. The majority of authors sees a reliable
maturity indicator in the developmental progress of the iliac
crest apophysis. Thus, Scoles et al. [34] conclude in view of
the data they collected that the degree of maturity of this
skeletal element in connection with secondary sexual
characteristics allows for sufficient conclusions regarding
the general progress of ossification in relation to chrono-
logical age. Even when the hand skeleton is fully
developed, further reaching conclusions regarding chrono-
logical age can be drawn by reference to the iliac crest
apophysis [4, 18, 38].

So far, collection and interpretation of radiological
characteristics of maturity of the pelvis have played a
decisive role mainly in the clinical area of application. The
first basic knowledge of the development of the iliac crest
apophysis goes back to Risser and Ferguson [27]. Their
studies led to the development of a classification of
maturity based on X-rays of the pelvis (so-called Risser
stages), which could be correlated with the residual

potential for overall growth of an individual. The potential
degree of deformability of the spine dependent on the
Risser stages was considered an indication of disease
progression in patients with idiopathic scoliosis and thus
determines the respective therapeutic approach to this day
[25, 26]. According to Risser and other authors, the
ossification process starts at the time of the biggest growth
spurt in the antolateral area of the spina iliaca anterior
superior (ASIS) (Risser stage I) and progresses poster-
omedially towards the spina iliaca posterior superior
(PSIS); apophyseal fusion with more extensive parts of
the iliac crest (Risser stage V) is only observed on
completion of skeletal development [16, 25, 34]. Diedrichs
et al. [8] updated the standard values for the ossification
stages according to Risser with due regard to secular
acceleration and thus reconfirmed their normal sequence.
Determination of the Risser stage by radiographic or
computer tomographic means requires a gonadal radiation
exposure of the examined children and adolescents that

Table 2 Statistical parameters (in years)

Ossification stage Sex Number of cases Minimum, maximum Mean value, standard deviation

1 Male 2 15.7, 13.9 13.2±1.1

Female – – –

2 Male 16 14.1, 21.1 15.9±1.3

Female 6 11.7, 17.1 14.8±1.8

3 Male 2 16.2, 18.9 17.6±3.0

Female 6 15.2, 20.8 17.7±1.9

4 Male 4 18.0, 18.7 18,4±0,4

Female 4 17.1, 22.5 20.3±2.3

Fig. 3 Sonomorphology of
ossification stage IV of the iliac
crest apophysis
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cannot be ignored. Particularly due to the risk of generating
germ line mutations through ionising radiation, Exner et al.
[10] favour the determination of the skeletal age of the hand
rather than making Risser images of the pelvis. With their
attempt to perform a sonographic evaluation of the
ossification progress of the iliac crest apophysis, Wagner
et al. [37] were able to combine requirements for radiation
protection and the advantages of a dynamic examination
procedure. In a subsequent study, the comparison between
sonographic and radiographic detection of the Risser stage
in 41 subjects showed a total accuracy of the ultrasound
examination of 90.2% [7].

The establishment of non-ionising imaging procedures for
determining skeletal maturity is also a priority in forensic age
estimation research. In the fields in which skeletal age
estimation has been applied so far, the minimisation of
radiation exposure required for application to human beings
could be met using these methods. Only with them, the use of
crucial maturity indicators becomes possible in legal proceed-
ings without a basis for authorising X-ray examinations for the
purpose of age estimation. As a radiation-free examination
technology, sonography is one of the low-risk imaging
procedures that do not require any radiation protection
measures or instructions. Furthermore, ultrasound examina-
tions can be performed rapidly and deliver the desired
sectional view in real time. Suitable sonography devices
occasion relatively low acquisition and operating costs [33].
Not least because of that, they are generally available. The
limitations of ultrasound include its operator dependence, the
likely lower intrarater and interrater reliability of assessment,
and the difficulties with standardisation of documentation
and imaging transfer. Therefore, an investigator must have
sufficient experience in the field of skeletal sonography and
in assessing the degree of ossification of the medial
clavicular epiphyseal cartilage. In practical application, the
sonographic evaluation of apophyseal ossification of the iliac
crest should be completed by a physical examination to
increase the diagnostic accuracy and to improve the
identification of any relevant developmental disorders.

So far, only a few studies on the applicability of skeletal
sonography in forensic age diagnostics are available [24, 33].
With regard to the development of the iliac crest apophysis,
there are no forensically useable reference data. Within the
scope of the present pilot study, the suitability of ultrasound
diagnostics for determining this maturity indicator in
criminal, civil and asylum proceedings was studied for the
first time.

In order to determine the critical percentage of the
sonographically representable apophysis within the total
expanse of the iliac crest for staging according to Risser, it is
necessary to determine the anatomic points of orientation
(ASIS and PSIS) by palpatory means. In particular, the
differentiation between Risser stages III and IV may cause

significant problems in cases where the PSIS is insufficiently
defined [7, 37]. Moreover, contrary to other reports, the
apophysis of the iliac crest is formed from two separate
secondary ossification centres according to the findings of
several authors [11, 35]. These considerations prompted us to
assess the sonomorphologically determined apophyseal stage
of maturity in accordance with the staging of clavicular
ossification laid down by Schulz et al. [33], which is
independent of size.

A direct comparison of the median chronological age
that we established with the values calculated in various
radiographic studies [1, 8, 34, 36, 39] is out of question due
to overlaps of the differently defined stages of apophyseal
ossification of the iliac crest. However, in consideration of
the deviating methodological approach, diverging results
are on the whole to be expected. For forensic age
diagnostics in living individuals, the earliest possible points
in time, at which the ossification stages appear, are of
tremendous importance. The age minima established within
the scope of the present study indicate the possibility of a
valid and efficient diagnosis of the legally decisive age of
14 years, as well as the age of 16 years, which is relevant in
asylum proceedings. The obtained results should be
checked in a larger number of cases.
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