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Abstract
Background. Cheating often occurs in sports that are defined by age 
when older participants compete by falsifying their true age. In some 
cases administrators have responded by implementing a programme 
that attempts to establish true age by measuring the skeletal age of com-
petitors. However, because the technique has not been validated in this 
context there is a risk that competitors who are the correct age may have 
been unfairly excluded from competition based on these tests.
Objective. To determine whether this technique has sufficient precision 
to be used effectively to identify ‘age cheats’. 
Methods. Twenty-three males (14 - 18 years) volunteered for the study. 
Their skeletal age was determined by means of an X-ray assessment of 
the hand and wrist undertaken by nine experienced radiologists.
Results. The coefficient of variation of skeletal age for each subject pre-
dicted by the different radiologists ranged from 0% to 3.8%. The average 
difference between the chronological and skeletal ages was -0.5 years  
(95% confidence interval: -0.9 - -0.1 years), with a maximum under-
prediction of 2.4 years and maximum over-prediction of 0.9 years. The 
magnitude of the error in the prediction did not seem to be related to 
either the mass or stature percentile of the subjects.
Conclusion. The technique of assessing skeletal age in an attempt to 
identify sports participants who are older than the prescribed age limit 
lacks the necessary precision. Until such time as an objective biological 
method is available to predict age more accurately, sport administrators 
should rather develop structures that can verify the accuracy of birth 
certificates. 

Introduction
The incidence of age cheating in sport has increased and has caused a 
problem comparable to athletes taking illegal substances.1,2 For example, 
it has been alleged that the captain of the South African under-14 
national soccer squad was a 17-year-old student playing under a 
false name.3,4 Furthermore, more than half of this team that won the 
International Four Nations Tournament for underprivileged children in 
1998 were over the age limit.5 Identity documents or birth certificates 
cannot be used with confidence to identify age, particularly in develop-
ing countries. In South Africa, soccer administrators responded to the 

age cheating by introducing skeletal age determinations at some of the 
major age-group tournaments6 in an attempt to identify players older 
than the prescribed age limit. They assessed the skeletal maturity of 
the players as they were under the impression that this technique was 
definitive and without error. Several players were excluded from tourna-
ments for ostensibly being over-age, causing a reaction from many of 
the parents of these players who claimed that their children had been 
disqualified unfairly.

Skeletal maturity or bone age describes the degree of biological 
maturation.7 The most common method of skeletal maturity assessment 
uses a radiograph of the left hand and wrist to determine the different 
stages in bone maturation.8 There are two different techniques, namely 
the Tanner and Whitehouse II (TW2)9 and Greulich and Pyle10 methods. 
Both techniques have similar reproducibility8 and are used to predict 
either the adult height of a child or to evaluate advanced or delayed 
growth. The Greulich and Pyle method is faster and easier to score and 
it is often the preferred method for a clinical application.8 However there 
are no data on the precision of this technique in predicting age, particu-
larly in a sporting context. 

Objective
The aim of this study was to establish the reliability of determining 
chronological age in adolescent boys via hand and wrist X-rays using 
the Greulich and Pyle method.10 The goal was to determine whether this 
technique has a practical application in verifying chronological age of 
boys competing in specified age groups.  

Methods
Twenty-three subjects between the ages of 14 and 18 years volunteered 
for the study. Written consent was provided by the parents after the 
study was explained. The study was approved by the University of Cape 
Town Research and Ethics Committee. All subjects had their age verified 
by official identity documents which were derived from original birth 
certificates. The stature and mass of each subject was measured to the 
nearest cm and 0.5 kg respectively. Each subject then reported to the 
same radiology practice and had an X-ray taken of their left hand and 
wrist measured in the anterior-posterior position. The X-rays were 
distributed to 9 independent, experienced radiologists who assessed the 
skeletal maturity and predicated chronological age from this X-ray using 
the Greulich and Pyle method.10 The radiologists were blinded to the 
identity and age of each subject.

The stature and mass of each subject was compared with norma-
tive data derived from a similar population of boys (N = 2 167) (Sports 
Science Institute of South Africa - unpublished data). The percentiles 
for stature and mass were calculated for these data for the ages of the 
subjects in this study.  
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Statistics
Data are expressed as mean ± standard deviation (SD) or as 95% con-
fidence intervals (CIs) where appropriate. The repeatability of the age 
predictions was determined using an analysis of variance with repeated 
measures. The coefficient of variation ((mean/standard deviation) x 100) 
of the age assessments by the 9 different radiologists was calculated for 
each subject. A Pearson’s moment correlation coefficient was calculated 
to determine the relationship between chronological and skeletal age. 
The limits of agreement between these variables were calculated using 
the Bland-Altman test.11 Statistical significance was accepted as p < 
0.05.

 Results
General characteristics of all 23 subjects are shown in Table I. The aver-
age body mass was 64.6 ± 14.4 kg, with a range from 39.9 to 96.4 kg. The 
mass percentile ranged from 9% to 97%. Stature varied from 150.0 cm 
to 186.0 cm, with an average of 173.6 ± 8.9 cm. The stature percentiles 
ranged from 5% to 99%. The chronological ages of the subjects ranged 
from 14.1 to 17.9 years (15.7 ± 1.2 years). The skeletal age of each subject 
determined from the scores of 9 independent radiologists are shown in 
Table I with their 95% CIs. The coefficient of variation of skeletal age 
for each subject predicted by the 9 different radiologists ranged from 
0% to 3.8 % (mean ± SD 2.1 ± 1.0%). The average difference between 
the chronological and skeletal ages was -0.5 years  (95% CI: -0.9 to -0.1 
years) with a maximum underprediction of 2.4 years and maximum 
overprediction of 0.9 years. The relationship between the chronological 
age and skeletal age (average of the 9 scores) was r = 0.71 (p < 0.0001). 

The mean difference between chronological and skeletal age for 
each subject is plotted against mass percentile (a) and stature percentile 
(b) (Fig. 1). Negative deviations show an underestimation of the chrono-
logical age whereas a positive deviation shows an overestimation. The 
limits of agreement between chronological age and skeletal age were -2.4 
- 1.4 years. There was no obvious systematic bias in predicting skeletal 
age related to either mass or stature percentiles (Fig. 2). 

Discussion
Our main finding showed that the coefficient of variation of skeletal age 
for each subject predicted by the 9 different radiologists ranged from 
0% to 3.8 %. This was not dependent on either the mass or the stature 
percentile of the subject. The mean difference between chronological 
and skeletal age for all the subjects was -0.5 years (95% CI:  -0.9 - -0.1 
years) which defines the precision with which this type of test can be 
interpreted. In 1 subject the difference between the chronological age 
was underestimated by 2.4 years (Fig. 1).  Clearly the method lacks the 
level of precision required for the purpose of screening players at age-
group tournaments where a player 1 day older than the defined age is 
regarded as ‘too old’ for the competition. 

In a similar study on Dutch children (N = 572) the chronological age 
preceded skeletal age by 1.7 months in girls and 3.3 months in boys.12 
In that study only 2 assessors were used, which may have contributed 
to the increased precision of their data compared with the data in our 
study where 9 assessors were used. The Greulich and Pyle method10 was 
developed on white children from England and should be used with 
reservation for children of different ethnicities.13 For example, prepu-

bertal American children of European descent have significantly delayed 
skeletal maturation when compared with those of African descent, and 
postpubertal American children of European descent have significantly 
advanced skeletal maturation when compared with postpubertal chil-
dren of African descent.14 Another factor affecting the accuracy of the 
assessment of skeletal age is the experience of the assessors.15 In that 
study 4 radiologists (2 experienced paediatric radiologists and 2 radi-
ology residents) measured the skeletal age of 47 children (2 months 

Fig. 1. Relationship between the deviations between chronological age and 
skeletal age and percentiles for body mass (a) and stature (b). A negative 
value means that chronological age has been underestimated by skeletal 
age. Each data point represents the mean difference for each subject ( N = 
23) with the standard deviations for the predictions of the 9 radiologists.

Fig. 2. The Bland-Altman plot11 for chronological and skeletal age. The 
limits of agreement were -2.4 to 1.4 years (negative differences mean that 
chronological age was underestimated).
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- 19 years). Although it was not significant, the difference between the 
chronological age and the measured bone age was -1.5 ± 7.6 months for 
the experienced readers and 2.7 ± 10.3 months for the radiology resi-
dents.15 In our study all the radiologists were experienced and therefore 
the variation in the results cannot be attributed to this. 

While determination of the skeletal age has important implications 
for forensic studies related to age determination in living people associ-
ated with crime, this is usually a part of a battery of tests including a gen-
eral physical examination, X-rays of the skull, long bones and shoulder 
as well as an examination of the teeth by a dentist.16 Indeed, a combina-
tion of skeletal and orthodontic age variables provide a more accurate 

prediction of the chronological age than either method alone.17

In summary, verifying the age of participants in competitive sport 
defined by age groups is important. However, predicting skeletal age via 
hand and wrist X-ray using the Greulich and Pyle method in an attempt 
to verify chronological age lacks the precision needed and will result in 
many false-positive tests (i.e. saying someone is over-age when in fact 
they are not) or false-negative tests (i.e. failing to detect an over-age par-
ticipant). Until accurate objective biological methods are available the 
authorities should rather implement structures that confirm the validity 
of birth certificates. 

Table I. General characteristics of subjects (N = 23).

Subject Mass Mass percentile Stature  Stature percentile     BMI Chronological     Skeletal age 95% 
 (kg)           (%)   (cm)             (%) (kg/m2)     age (years) confidence intervals*

     1 82.0            91   181.0              65    25.0           17.4              16.9 - 17.2

     2 96.4            96   175.0              69    31.5           17.2              17.6 - 18.1

     3 77.4            95   182.0              99    23.4           16.0              16.7 - 17.1

     4 47.2            15   164.0              30    17.5           16.2              14.2 - 14.9

     5 49.8             9   166.0              29    18.1           17.2              16.9 - 17.2

     6 66.4            53   169.0              13    23.2           16.7              16.9 - 17.2

     7 59.5            52   172.0              38    20.1           15.6              13.8 - 14.4

     8 51.1            32   161.0              29    19.7           15.4              14.9 - 15.2

     9 70.5            67   178.5              54    22.1           16.9              16.0 - 16.0

    10 79.3            89   178.0              47    25.0           17.9              15.2 - 15.8

    11 58.2            25   165.8               5    21.2           16.6              15.1 - 15.5

    12 86.7            97   186.0              82    25.1           15.9              15.9 - 16.8

    13 46.5            69   164.0              81    17.3           14.7              12.8 - 13.6

    14 62.1            87   176.5              99    19.9           14.6              15.8 - 16.4

    15 65.6            84   185.0              95    19.2           14.5              14.7 - 15.4

    16 74.3            94   177.5              85    23.6           14.9              15.3 - 15.8

    17 71.2            92   177.0              83    22.7           14.3              14.1 - 14.7

    18 48.8            22   172.0              89    16.5           15.5              13.0 - 13.5

    19 55.0            69   173.0              89    18.4           14.6              13.9 - 14.7

    20 68.1            81   185.0              93    19.9           15.8              14.8 - 15.2

    21 56.5            62   171.0              70    19.3           16.1              15.1 - 15.5

    22 39.9            11   150.0               7    17.7           14.1              12.3 - 12.7

    23 74.3            94   183.0              93    22.2           14.7              15.1 - 15.5

 Mean  64.6           64.6   173.6            62.8    21.2           15.7              15.1 - 15.6

 ± SD ± 14.4        ± 31.0   ± 8.9          ± 31.5    ± 3.5          ± 1.2

* The confidence intervals are determined for the scores of 9 independent radiologists.
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Conclusions
Age cheats in sport are a reality, and strategies need to be implemented 
to identify players who are older than the prescribed age, and officials 
and parents who condone this behaviour. Whilst predicting age by mea-
suring skeletal development has an important role to play in forensic 
and general medicine, the techniques do not have sufficient precision 
to be used in a sporting context where the accuracy has to be refined. 
At this stage, until a more accurate objective age-assessment technique 
is developed, it is recommended that officials implement strategies to 
verify birth certificates for the purpose of determining true age.
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