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Abstract The present paper analyses the applicability of
the clinically prevalent skeletal age determination method
of Tanner and Whitehouse for forensic age estimation in
living individuals. For this purpose, the hand X-rays from
48 boys and 44 girls aged 12–16 years were evaluated
retrospectively. The minima and maxima, the mean values
with their standard deviations as well as the medians with
upper and lower quartiles, are presented for the skeletal
ages 12–16 years estimated by the TW2 and TW3 methods.
In the legally relevant skeletal age group 14–16 years, the
differences between the skeletal age and the mean value of
the chronological age were between −0.1 and +1.4 years for
the TW2 method. For the TW3 method, the differences
between the skeletal age and the mean value of the
chronological age were between −0.4 and +0.2 years in
the relevant age group. Due to the risk of serious
overestimations, the TW2 method seems to be unsuitable
for forensic age diagnostics. The application of the TW3
method for forensic age estimations can be recommended.

Keywords Forensic age estimation . Skeletal age .

TW2 . TW3

Introduction

An important issue regarding the assessment of the
sentence in criminal proceedings is the clarification of the
defendant’s age. Especially in foreigners without valid
identification documents, difficulties arise when it comes to
deciding whether juvenile or adult criminal law is to be
applied. In most countries, the relevant limits are between
14 and 18 years of age [10].

In recent years, age estimations of living individuals in
criminal proceedings have become an essential part of
forensic science [5, 7, 24, 25, 36, 37, 39, 40].

Today, in accordance with the recommendations of the
Arbeitsgemeinschaft für Forensische Altersdiagnostik
(Study Group on Forensic Age Diagnostics; http://
rechtsmedizin.klinikum.uni-muenster.de/agfad/index.htm),
the examination findings of the signs of maturity from three
independent developmental systems are combined to
achieve the maximum possible diagnostic accuracy and to
improve the estimation precision.

The physical examination includes the determination of
anthropometric measurements as well as the inspection of
the signs of sexual maturity. At the same time, it provides
the opportunity to reveal diseases that might have an impact
on maturation.

The dental examination includes both an inspection of the
oral cavity and the assessment of an orthopantomogram to
determine the signs of maturity of the dental development.

The signs of maturity of the skeletal development are
evaluated by means of a radiologic examination of the left
hand. In addition, a conventional X-ray or computed
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tomography examination of the clavicles is done to decide
whether an individual has completed the 18th year of life.

The X-ray examination of the hand skeleton is particularly
important among the applied methods due to the differenti-
ation, occurring at different points in time, of the varying
epiphyses until maturation is completed at the age of 18.

The established methods for the determination of the
hand ossification follow two different basic principles.

By use of the atlas methods, bone age can be determined
by comparing the total maturity pattern of an X-ray with
standard X-rays of corresponding age and sex [14, 46, 47].
The most commonly used and most accepted method of this
group worldwide is the atlas method of Greulich and Pyle.
Both its clinical [18, 23, 26–28] and its forensic applica-
bility [38] have been demonstrated in several studies. Due
to the more relevant reference population, the atlas method
of Thiemann and Nitz can be recommended for forensic age
diagnostics as well [31, 34, 35].

The single bone method is based on the determination of
the degree of maturity of selected skeletal elements on an
X-ray. Specific scores allow the assessment of the total
bone age by calculating the sum of the assigned maturity
scores [29, 42, 43, 45]. Especially in Europe, the radius,
ulna, short bones (RUS) score of Tanner and Whitehouse is
widely applied in clinical examinations and research [12].

Within the present paper, the forensic applicability of the
skeletal age determination method of Tanner and White-
house for the forensic age estimation is studied.

Materials and methods

The X-rays of the left hand from 48 male and 44 female
children and adolescents aged 12–16 years were evaluated
retrospectively.

Table 1 shows the number of cases by sex and chronolog-
ical age.

These images had been prepared between 1986 and 2002
at an orthopaedic practice in Papenburg (Lower Saxony,
Germany) for the purpose of predicting adult height. All
patients included in the study were children and adolescents
displaying normal physical development for their respective
age group. Individuals with signs of bone development
disorders were excluded from the study.

The dorsopalmar X-rays of the left hand were available in
a digitalized form at a scale of 1:1. An expert for the
assessment of hand radiograms determined the skeletal age
according to the method of Tanner and Whitehouse by
means of the sex-specific RUS score. For this, the respective
degree of maturity of the distal epiphyses of radius and ulna
and/or the epiphyses of the ossa metacarpalia I, III and V, the
basophalanges I, III and V, the mesophalanges III and V as
well as the telephalanges I, III and V was assessed with a
scoring system. Corresponding to the sum of these scores,
the respective bone age was assessed in conformity with the
second (TW2) and third version (TW3) of the atlas by
Tanner and Whitehouse [43, 45].

The statistical analysis of the data was carried out with
the help of Statistical Package for the Social Sciences
(version 12).

Results

Tables 2 and 3 show the results of the analysis for the
skeletal ages 12 to 16 by sex. The minima and maxima,
the mean values with their standard deviations as well as
the medians with upper and lower quartiles, are presented

Table 1 Number of cases by age and sex

Age Male Female

12 10 10
13 10 10
14 10 10
15 10 10
16 8 4
Total 48 44

Table 2 Statistical parameters (in years) by sex for skeletal ages 12–16 years (TW2)

Skeletal age Sex Min–Max Mean±SD Median, LQ, UQ

12 Male 12.6–14.0 13.1±0.6 12.9, 12.6, 13.7
Female 12.2–12.8 12.5±0.5 12.5, 12.2, 12.8

13 Male 12.0–14.6 13.0±1.0 13.0, 12.0, 13.9
Female 12.5–14.4 13.4±0.8 13.4, 12.6, 14.2

14 Male 12.8–16.6 14.1±1.0 14.0, 13.4, 14.6
Female 12.1–13.1 12.6±0.4 12.4, 12.2, 13.0

15 Male 12.7–15.5 14.3±1.1 14.5, 13.1, 15.3
Female 12.6–16.2 14.1±0.9 14.0, 13.5, 14.6

16 Male 13.8–16.4 15.2±0.9 15.2, 14.6, 16.0
Female 12.7–16.6 15.2±1.0 15.4, 14.7, 15.9

Min Minimum, Max Maximum, SD Standard deviation, LQ Lower quartile, UQ Upper quartile
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as statistical parameters. As the number of cases was too
low for TW3 in females, no parameters are indicated for the
skeletal age of 16 years.

Both for TW2 and TW3, a strong correlation between
skeletal age and chronological age was determined; this
means that, in most cases, the mean values and medians of
the chronological age increased with increasing skeletal
age.

The statistical parameters for the skeletal ages of 14, 15
and 16 years are particularly important in forensic age
estimation practice to establish whether a person is at least
14 years old. For the TW2 method, the standard deviations
for the girls in this age group were between 0.4 and
1.0 years and for the boys between 0.9 and 1.1 years. For
the TW3 method, the standard deviations in this age group
were between 0.6 and 1.0 years for girls and between 0.6
and 1.1 years for boys. In this age group, the differences
between the skeletal age and the mean value of the
chronological age were between −0.1 and +1.4 years for
the TW2 method. Here, a negative sign means that the
skeletal age is lower than the chronological age. For the
TW3 method, the differences between the skeletal age and
the mean value of the chronological age were −0.4 to
+0.2 years in the relevant age group.

Discussion

In 1962, Tanner et al. developed a skeletal age determina-
tion method by means of the degree of maturity of
individual bones of the hand (Tanner–Whitehouse method
1, TW1) on the basis of the Oxford method [1, 41]. In the
second version of this method (TW2), which was published
in 1975, the stages that are difficult to determine were
eliminated and the maturity scores were revised [42, 43].
The reference population of the TW2 method included
about 3,000 British children from the lower and middle
classes. The X-rays had been taken between 1946 and

1970. Particularly, the RUS score is widely applied in
clinical practice due to its restriction to radius, ulna and the
short bones of the first, third and fifth digit ray. For the
TW3 method, which was published in 2001, the reference
population was adjusted to the secular trend. The updated
reference values are based on studies from Belgium [4],
Spain [17] and the USA [44]. The stage descriptions and
the assigned scores, however, have not been changed since
the TW2 version. Ahmed and Warner [2] criticized that the
TW3 method had hitherto hardly been known in Great
Britain and, thus, had rarely been applied.

The suitability of the Tanner–Whitehouse method for
clinical issues has been studied in numerous papers [3, 6, 9,
16, 48].

An important advantage of the Tanner–Whitehouse
method for clinical concerns, in comparison with the atlas
methods, is the applicability in dissociated bone maturation,
a possible consequence of diencephalic and/or hypothalamic
disorders [13, 33]. But as these developmental disorders
contraindicate forensic age estimations, this advantage of the
Tanner–Whitehouse method is of no significance for forensic
age estimations.

The relatively high time exposure per skeletal age
determination needs to be mentioned as a disadvantage of
the Tanner–Whitehouse system. Several papers demonstrate
that this time exposure is out of all proportion to a possible
improvement of the estimation accuracy of established atlas
methods [3, 8, 20, 21, 49]. The required processing time per
X-ray can be reduced with increasing experience, but
compared to the atlas method of Greulich and Pyle it takes
four to five times longer even for an experienced examiner
[20, 21].

Furthermore, the practicability of the skeletal age
determination method of Tanner–Whitehouse is limited
because it is relatively difficult to learn. Like all single bone
methods, it is based on the assessment of the degree of
maturity of selected skeletal elements of the hand. Thus, in
the RUS score, the distal epiphyses of the radius and ulna

Table 3 Statistical parameters (in years) by sex for skeletal ages 12–16 years (TW3)

Skeletal age Sex Min–Max Mean ± SD Median, LQ, UQ

12 Male 12.0–14.6 13.4±1.0 13.5, 12.2, 14.4
Female 12.5–14.4 13.4±0.8 13.4, 12.6, 14.2

13 Male 12.7–16.6 14.2±1.2 13.9, 13.3, 15.3
Female 12.1–13.1 12.5±0.4 12.3, 12.1, 13.0

14 Male 13.0–15.3 14.1±1.0 14.5, 13.1, 15.0
Female 12.6–14.7 13.8±0.6 13.8, 13.4, 14.2

15 Male 13.8–16.4 15.4±1.1 15.7, 14.2, 16.2
Female 12.7–16.6 15.2±1.0 15.4, 14.7, 15.9

16 Male 14.8–16.5 15.8±0.6 15.9, 15.1, 16.3
Female – – –

Min Minimum, Max maximum, SD standard deviation, LQ lower quartile, UQ upper quartile
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as well as the epiphyses of the short bones of the first, third
and fifth ray are considered. Depending on their degree of
ossification, their size and shape as well as the degree of
fusion with the metaphysics, a stage of maturity can be
defined for each bone. Both textual descriptions and
illustrations of the feature characteristics in form of
schematic diagrams and comparison X-rays help to deter-
mine the stage of maturity. In all cases of doubt, it is the
written description that should be followed; the diagrams
should serve as an aide-memoire, not as the sole means of
comparison [42]. However, many examiners believe that the
texts are slightly too difficult to understand, promoting an
ostensible concentration on the attached illustrations [9], but
the primary use of diagrams which are reduced to the basic
characteristics is a possible source of diagnostic errors [15].

The single bones considered in the RUS score provide a
varied information content regarding the determination of
the total maturity of the hand skeleton. Therefore, they have
a differentiated emphasis in age diagnoses. It should be
critically considered that, in the Tanner–Whitehouse sys-
tem, the scores were assigned to the individual criteria
completely arbitrarily [11]. Unlike the Fels method [29], the
skeletal maturity score of this method does not consider the
probabilities of the inter-individually different presence of
maturity indicators in the reference population [22].

The single bone scores of the distal epiphyses of radius
and ulna are of particular importance for the calculation of
the skeletal age of the hand according to Tanner–
Whitehouse. The difference in the score determination of
two adjacent stages already bares the risk of severe
miscalculations. Considering the great influence on the
overall diagnosis, the present differentiation of stages for
radius and ulna must be regarded as being too rough. Weber
[49] came to similar conclusions. For both bones, an
additional differentiation of the development would be
appropriate especially in the final stage. In consideration of
the forensic importance of the disappearance of the
epiphyseal scar of the radius [37], this characteristic may
be distinguished from the processes occurring at the
beginning of ossification, for example, and/or the complet-
ed ossification of the epiphyseal cartilage.

According to the authors’ knowledge, the present paper
is the first one to study the applicability of the skeletal age
determination method of Tanner and Whitehouse for
forensic age estimation in criminal proceedings.

Methods, which determine the chronological age as
precisely as possible, are desirable for forensic age
estimation. For normal distributions, the standard deviation
of the mean value is a measure of precision. It can be
assumed that the chronological age is almost normally
distributed. In the present study, the standard deviations in
the skeletal age from 14–16 years, which is particularly
relevant for forensic age estimation, were between 0.4 and

1.1 years for the TW2 method and between 0.6 and
1.1 years for the TW3 method. For the atlas method of
Greulich and Pyle, the standard deviations in this age group
were between 0.3 and 1.7 years [38]. For the atlas method
of Thiemann and Nitz, the standard deviations in the
relevant age group were between 0.3 and 1.2 years [34].
However, attention should be paid here to the higher
number of cases in the reference studies of these atlas
methods, which might have led to an increase of the range.
This assumption is supported by the fact that, in clinical
studies, only insignificant differences have been established
between the estimation accuracy of the TW2 method and
the Greulich–Pyle method [3, 18, 19].

Age overestimations, meaning that the examined indi-
vidual was estimated to be older than the actual chrono-
logical age, have to be prevented by all means in age
estimations in criminal proceedings. Therefore, a consider-
ation of the differences between the skeletal ages and the
mean values of the chronological age is of interest. There is
an age overestimation when the difference between the
skeletal age and the mean value of the chronological age
has a positive sign. For the TW2 method, there were
considerably more age overestimations, with a difference
between the skeletal age and the mean value of the
chronological age of up to +1.4 years. For the TW3
method, however, the maximum age overestimation in the
legally relevant age group was merely +0.2 years. This
forensically important difference is caused by the degree of
acceleration of the reference population of the respective
methods because a relatively high socioeconomic status
leads to an acceleration of the skeletal maturation [30, 32].
While the TW2 method is based on British individuals from
the lower and middle classes who had been examined
between 1946 and 1970, the TW3 method is based on a
considerably more accelerated reference population. Due to
the risk of serious overestimation, the TW2 method cannot
be recommended for forensic age estimations.

Conclusions

1. Due to the risk of serious overestimation, the TW2
method seems to be unsuitable for forensic age
estimations.

2. The application of the TW3 method for forensic age
estimations can be recommended.

3. The applicability of this single bone method in
dissociated bone maturation is an important advantage
for clinical issues but irrelevant for forensic age
estimations.

4. Compared to the atlas methods, the higher time
expenditure of the TW method, the difficulty to learn
it, the arbitrary assignment of the scores to the degrees
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of maturity as well as the rough staging of ossification
of ulna and radius must be considered as disadvantages.
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