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Abstract One of the main criteria used for age estimations
of young living subjects is the developmental status of the
ossification of hand bones. The impact of economic prog-
ress and modernization in medicine on ossification rates
in a given population still requires further clarification.
We selected 36 samples from literature for which the os-
sification status had been determined with the Greulich—
Pyle method and analyzed specific economic data (per
capita income) and demographic data (life expectancy at
birth) as parameters of modernization. To describe the in-
fluence of these parameters on the rate of ossification, we
performed a regression analysis and found that a relative-
ly high level of economic progress and modernization in
medicine coincides with high ossification rates, while rel-
atively low modernization seems to delay ossification. When
performing age estimations, the expert opinion should
therefore pay attention to the issue of different moderniza-
tion levels.

Keywords Forensic age diagnosis - Skeletal age -
Modernization

A. Schmeling (<)) - R. Schulz
Institut fiir Rechtsmedizin,
Charité—Universitatsmedizin Berlin,
Hittorfstr. 18,

14195 Berlin, Germany

e-mail: andreas.schmeling@charite.de
Tel.: +49-30-450525050

Fax: +49-30-450525903

B. Danner

Abteilung Biometrie und Medizinische Dokumentation,
Universititsklinikum Ulm,

Schwabstrasse 13,

89070 Ulm, Germany

F. W. Résing

Institut fiir Humangenetik und Anthropologie,
Universitéatsklinikum Ulm,

Parkstrasse 11,

89070 Ulm, Germany

Introduction

Age estimations of living subjects for forensic purposes,
i.e., to assess their criminal liability and decide whether
adult criminal law applies, is one of the more recent re-
search areas of forensic science [23-25, 33, 34]. In many
countries, the age thresholds of relevance to criminal pros-
ecution lie between 14 and 21 years [5]. In line with rec-
ommendations for determining the age of living subjects
for the purposes of criminal prosecution drawn up by the
Study Group on Forensic Age Diagnostics (http:/www.
charite.de/rechtsmedizin/agfad/index.htm), a forensic age
estimation should consist of a physical examination, an X-
ray of the left hand, and a dental examination which records
dentition status and evaluates an orthopantomogram. In
addition, a radiological or CT examination of the medial
clavicular epiphysis is recommended to establish whether a
person has attained 21 years of age [32].

One of the main criteria used in radiological age di-
agnostics is the developmental status of the ossification of
hand bones. An as-yet-insufficiently-answered question of
major significance to age estimation practice is how eco-
nomic progress and modernization in medicine influence
the rate of ossification in a given population. For the pur-
pose of this article, modernization means the changes
that have restructured societies throughout the world over
the last two centuries. These changes include progress in
the medical field, the spread of sanitary knowledge, the
evolution of industry, and the associated economic growth
[37]. Modernization began in Europe and has been com-
pleted in most European countries today, while many de-
veloping countries have not yet experienced this stage.

This paper aims at quantifying the impact of moderniza-
tion on ossification rates, using regression analysis.

Material and method

The radiographic atlas method developed by Greulich and
Pyle [9] is the most commonly used method for deter-
mining the skeletal age of living non-adults. We culled 27
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studies and found usable data for 36 samples which pro-
vide insights into the ossification rates of the populations
examined by reference to the Greulich—Pyle method [1-4,
6, 8, 10-19, 21, 22, 26-30, 35, 36, 41, 42]. For the 36
samples, and separately for both sexes, we recorded the
year of publication, the time of examination, the number
of cases, and the age group examined. We found that the
samples included different age groups, with four samples
only covering the age group of 0-9 years and the other
four covering the age group of 10—18 years. For each age
within a group, and separately for both sexes, we deter-
mined the deviation of skeletal age from that of the
Greulich—Pyle population. The mean deviation of the skel-
etal age of one sample is expressed as the arithmetic mean
of these values. In addition, for each sample (i.e., for the
country and year of the study) we recorded per capita in-
come as an economic parameter and life expectancy at birth
as a demographic parameter ([20]; OECD 2001, CD Health
Data, Paris; [38—40]). Data were interpolated for a small
number of cases where no information was available on the
year of examination.

For describing the relationship between the variables,
regression analysis is the method of choice. For the three
variables, income, life expectancy, and ossification, mul-
tiple regression seemed to suit the purpose best; in this
case, however, variability was very high, and it was almost
impossible to fit a line through the relatively small cloud of
points, so only simple regressions were computed.

The size of the 36 samples differed very widely. There-
fore, the square root of the number of cases was used for
weighting.

Results

Figures 1, 2, 3, and 4 show separately for the two sexes the
regression lines with confidence intervals, the regression
equations, and the correlation coefficients describing the
influence of per capita income and life expectancy at birth
on the rate of ossification.

The correlation coefficients are relatively low and lie
between 0.16 (life expectancy at birth and ossification rate
in females) and 0.43 (per capita income and ossification
rate in females). The deviation of individual points for the
observed pairs was accordingly high.

A 95% confidence interval for the regression line means
that there is a 95% probability that other regression lines for
additional data will lie within that interval. A 68 (95)%
confidence interval means that 68 (95)% of the values
actually observed lie within that interval.

Discussion

A questionnaire survey on the current state of forensic age
diagnostics in the German-speaking area found that the
main countries and regions of origin of the persons under
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Fig. 1 Regression for the influence of per cagita income on ossification rates in males. MD indicates mean deviation of the skeletal age of
the sample from that of the Greulich—Pyle; 7, correlation coefficient; n, number of cases; CI, confidence interval
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Fig. 4 Regression for the influence of life expectancy at birth on ossification rates in females

examination are Africa (29%), Turkey (27%), Rumania
(26%), the Balkans (7%), Lebanon (4%), and Vietnam
(3%) [7]. Studies on skeletal maturation that might aid
forensic investigations are not usually available for these
regions. This raises a question of major practical relevance
when estimating age, namely, whether the reference data
customarily used for forensic diagnosis, derived from white
North Americans on the one hand and central and northern
Europeans on the other, can also be applied to members of
other ethnic groups.

In a comprehensive study of relevant literature, we were
able to demonstrate that the geneto-geographic origin of a
person does not appear to affect skeletal maturity [31].

The present study is the first to investigate the impact of
medical and economic progress on the rate of ossification.

The regression lines (Figs. 1, 2, 3, and 4) are notably
below the zero point on the axis of ordinates. This means
that the ossification rate of almost all samples examined is
retarded compared to that of the Greulich—Pyle population.
The reason for this is the extremely high socioeconomic
status of the subjects examined by Greulich and Pyle.

The computed correlation coefficients are relatively
small, and the deviations of observed points from the
regression line are accordingly high. This can be explained
if one looks at the factors affecting the variability of the
growth rate. The dominant factor is heritability, i.e., genetic
control. The second most important factor is the systematic
difference between the sexes. Other major factors are as-
yet-immeasurable influences and chance. There is then a

group of “minor” factors, such as physical constitution,
illnesses, and modernization, which are less significant by
comparison. Overall, variability between individuals is
greater than between populations.

The heterogeneous age structure of the samples exam-
ined should be discussed as another reason for the rela-
tively high confidence intervals of regressions. Moreover,
it may be assumed that the samples included in the ex-
amination do not in every case represent the population of
the respective country as a whole. Neither can it be ruled
out that in less developed countries with limited statistical
data collection, publicly available data on per capita in-
come and life expectancy at birth are not reliable.

The following example is meant to illustrate the forensic
relevance of the regressions determined. If we assume a life
expectancy at birth of 40 years in a given African country
(e.g., Burkina Faso in the mid-1980s) for the year the
subject was born, the mean skeletal age of the population of
that country would be 15 months below the Greulich—Pyle
standard. Therefore, the skeletal age diagnosed in an in-
vestigation involving an adolescent offender would have
to be increased by this amount. As a consequence, the sus-
pect will be estimated as older, and there is less chance of
falling below the age thresholds relevant for criminal pros-
ecution. However, the accuracy of the corrective values is
mitigated by the relatively high variation. In the example
given above, the 68% confidence interval would be £7
months, and the 95% interval, +14 months.



Conclusions

A high level of medical and economic development ac-
celerates ossification rates, whereas a low modernization
level delays ossification. If radiological age diagnostics use
the Greulich—Pyle standards for persons originating from
a country with a comparatively low modernization status,
the age of that person will be underestimated. When per-
forming age estimations, the expert opinion should there-
fore draw attention to the issue of different modernization
levels.
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