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Background. !e chronological age of the ordinary Ghanaian has o"en been di#cult to verify as registration at birth is not compulsory. 
Consequently, an accurate method of age determination is needed in competitive age-restricted sports.
Objective. To evaluate the age of Ghanaian soccer players who are aspiring to play for the national under-17 (U17) team, using the degree 
of fusion of the distal radius on magentic resonance imaging (MRI) and comparing it with the Fédération Internationale de Football 
Association (FIFA) MRI grading.
Methods. MRI scans of the le" wrists of 86 players aspiring to play for the national U17 football team were recruited for the study during a 
‘justify your inclusion tournament’ organised by the Ghana Football Association between June and August 2012. !e study was conducted 
in a diagnostic centre in Accra using a 0.35T MRI scanner. !e images were analysed using the previously published FIFA grading system. 
Results. !e mean chronological age of the players was 15.4 years (standard deviation ±0.7; range 12 - 17). !e study showed that 43.0% of 
the MRI images were grade 6 (≥17 years) in relation to the degree of fusion of the distal radius, and 93.0% of the grade 6 players were aged 
15 - 16 years chronologically. !ere was no signi%cant correlation between the chronological age and the degree of fusion (r=0.075; p=0.493). 
Conclusion. Ghanaian U17 soccer players seem to be more biologically mature than a normative population of the same age category. !e 
lack of correlation between age category and degree of fusion supports the suspicion that most Ghanaian players may not know their true age.
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Despite the increasing use of radiological investi-
gations worldwide as a result of their known bene%ts 
to society,[1] diagnostic X-rays are by far the largest 
contributor to the collective dose of all man-made 
radiation.[2,3] Exposure to such radiation is associated 

with an increased long-term risk for malignant disease.[4,5] !e basic 
safety standards of the International Atomic Energy Agency (IAEA) 
for the protection against ionising radiation and safety of radiation 
sources[6] recommends considering alternative imaging methods (e.g. 
magnetic resonance imaging (MRI) or ultrasound) if they provide 
equal or better information. !ese modalities avoid the use of ionising 
radiation and the subsequent risks to the patient.[7]

Accurate age determination is vital in any competitive age-
restricted sport; inconsistencies in age lead to unequal chances and 
counter both the spirit of the game and ‘fair play’. !e determination 
of skeletal maturity has an important place in the practice of 
paediatrics, especially in relation to endocrinological problems and 
growth disorders.[8] Standard radiographs of the le" wrist are widely 
used for assessment of skeletal age, although they may vary depending 
on ethnic origin.[9,10]

The need for an alternative method of determining age and 
maturity has been raised by the IAEA,[9] which does not allow an 
X-ray examination except when clinically justi%ed for the individual. 
!erefore, the use of X-rays (a radiation exposure) to determine 
players of over age is not allowed by a court of law, as the action does 
not amount to criminal action.

Whereas standard radiographs with the attendant radiation risk 
cannot be justi%ed as the screening tool in soccer populations, age 
estimation on the basis of grading of fusion of the distal radius 
by MRI has been shown to be a reliable and valid method in 14 - 
19-year-old soccer players.[11] In Ghana, chronological age has o"en 
been a di#cult challenge, as registration at birth is not compulsory. 
!is gives room for falsi%cation of true age, which could lead to 
cheating.[10] 

It has been suggested that age, experience, body size and stage of 
puberty contribute considerably, in di&erent combinations, to the 
variance of some football skills such as dribbling with a pass, ball 
control with the body and shooting accuracy.[12] Also, players with 
a greater relative (or possibly false lower) age are more likely to be 
identi%ed as ‘talented’ because of the likely physical advantages that 
they have over their ‘younger’ peers.[12] 

We aimed to evaluate the age of aspiring Ghanaian under-17 (U17) 
footballers using the degree of fusion of the distal radius on MRI and 
to compare it with Fédération Internationale de Football Association 
(FIFA) MRI grading.

Methods
The study was prospective and cross-sectional, employing MRI 
scans of the le" wrist of 86 players aspiring to play for the national 
U17 football team. Table 1 summarises the characteristics of the 
MRI equipment used in the study. Participants with a chronological 
age of 12 - 17 years were recruited during a ‘justify your inclusion 
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tournament’ organised by the Ghana Football 
Association between June and August 2012. 
The study was conducted in the Sweden 
Ghana Medical Centre (SGM) in Accra. 
!e degree of fusion of the le" distal radial 
physis was determined by a team comprising 
two consultant radiologists. !e images and 
their corresponding reports were analysed 
concurrently using the previously published 
FIFA grading system.[9,11]

Statistical analysis
Inter-rater agreement was calculated using 
kappa.[13,14] Kappa values can range from 0  
(no agreement) to 1 (total agreement). To 
measure the inter-rater agreement, a random 
selection of 20 of the images which had been 
assessed by the %rst consultant radiologist 
were graded blindly by the second consultant 
radiologist and vice versa. !e results were 
then compared and kappa was calculated 
using SPSS (version 17) to determine the level 
of inter-rater agreement. Both descriptive 
and inferential statistics were carried out 
using SPSS. 

Results
Age and degree of fusion
A total of 86 players with self-reported ages 
of 12 - 17 years presented for the MRI scan 
of the le" wrist. !e mean age of the players 
was 15.4 years (SD ±0.7). !e majority of 
the players (80/86; 93%) were aged  between 
15 and 16 years. Table 2 shows the cross-
tabulation of self-reported chronological age 
and the degree of fusion. Table 3 summarises 
the distribution of players according to each 
grade of fusion.

Inferential analysis
!e self-reported chronological ages accord-
ing to the six grades of distal radius fusion 
are presented by the error bar plots in Fig. 
1. Mean ages and 95% CIs were calculated 
using SPSS (version 17). A scatter plot of self-
reported chronological age v. degree of fusion 
is presented in Fig. 2.

Inter-rater agreement
Kappa was calculated to determine the level 
of agreement between the two radiologists. 
A kappa value of 0.94 (94.0%) was recorded, 
indicating very good agreement. However, 
there was no signi%cant correlation between 
the chronological age and the degree of 
fusion (r=0.075; p=0.493). 

Discussion
In FIFA U17 competitions, players must 
have been born on 1 January and/or be <17 
years old before the year of the tournament, 
i.e. the players in FIFA U17 can be aged 
17 years at the start of the championship. 
Because of biological variability, the ‘true’ age 
of an individual can only be estimated with a 
certain probability, but MRI of the wrist has 
shown to be a valid and a reliable method 
for estimating age in 14 - 19-year-old soccer 
players in a normative population.[9] FIFA 
requires all players to undergo a mandatory 
MRI test before the regional and U17 world 
cup tournament. Based on the findings 
of previous studies, [9, 10] the probability of 
complete fusion occurring prior to 17 years 
of age is <1%. In other words, if MRI shows 

Table 1. Characteristics of the MRI 
equipment used in the study
Parameter Description
Scanner make
Magnet type
Magnetic %eld strength
Type of coil
Protocols for le" wrist  
(bone age determination) 
Frequency 
Phase number
NSA 
!ickness
Interval
Field of view 

Hitachi
Permanent
0.35 T
Wrist
Coronal 

256 Hz
224
4
3 mm
2.5 mm
180 mm

16.5

15.5

14.5

16.0

15.0

14.0

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6

FIFA grade of distal radius fusion
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Fig. 1. Error bar plot with 95% CI for chronological age by degree of fusion.
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Fig. 2. Scatter plot of self-reported chronological age v. degree of fusion. 
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complete fusion of a player’s wrist, the player is likely to be older than 
17 years with a certainty of >99%. However, this study did not include 
any black Africans.

In the present study, the MRI images of 43.0% (n=37) of the aspiring 
players were graded 6, i.e. completely fused or over-age, which is 
substantially higher compared with the %ndings of other studies in 
Europe and Asia.[9,10] !e highest number of players with complete 
fusion (Grade 6) was found among those with a chronological age 
of 16 years. Approximately three-quarters (75%) of the players aged 
15 and 16 years were over-age (Grade 6). From the MRI results, 
the aspiring players seemed to be more mature than a normative 
population of soccer players. 

No signi%cant correlation was observed between age category and 
grade of fusion (r=0.075; p=0.493). !is %nding is consistent with 
previous studies (p=0.13).[9,10]

!e missing correlation between the age presented by participants 
and biological maturity assessed from fusion of the distal radius 
cannot be explained definitively. This discrepancy may support 
the suspicion that some U17 players are older than stated in their 
o#cial documents; however, ethnic variations may also account for 
the di&erence between chronological age and the degree of fusion on 
MRI. It is reported that prepubertal American children of European 
descent have significantly delayed skeletal maturation compared 
with those of African descent, and postpubertal American children 
of European descent have signi%cantly advanced skeletal maturation 
compared with postpubertal children of African descent.[15]

Conclusion
!e use of MRI to investigate the degree of fusion of the le" distal 
radius has given an indication of the maturity of aspiring U17 soccer 
players in Ghana. On the basis of the %ndings, the self-reported ages 
of these players might not have been correct compared with results 
from normative studies, although other factors may be responsible 
for the di&erences. 

Accurate age determination of participants is important in competi-
tive sport. However, predicting age using the degree of fusion of the 
le" distal radius of the wrist as a method to verify chronological age 
may lack the accuracy needed and may result in many false-positive 
or false-negative results, until a normative study is carried out on 
black Africans. Registration at birth is not compulsory in many 
African countries such as Ghana; therefore, it has been argued that 
a normative study may be di#cult to carry out. However, there are 
various ways to verify the ages of 14 - 19-year-olds, especially in a 
situation where there is no incentive for one to hide their true age. 
!ere is an urgent need for a comprehensive study involving black 
Africans to ensure that the black African footballer is given a fair 
playing ground by the FIFA.
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Table 2. Cross-tabulation of self-reported chronological age 
and degree of fusion

Degree of fusion

Self-reported chronological 
age (years)

Total12 14 15 16 17
Grade 1 0 1 4 0 0 5 
Grade 2 0 0 2 3 0 5 
Grade 3 0 0 2 3 0 5 
Grade 4 0 0 4 6 0 10 
Grade 5 1 0 11 11 1 24 
Grade 6 0 3 15 19 0 37 
Total 1 4 38 42 1 86 

Table 3. Distribution of players in each grade of fusion
Degree of 
fusion n (%)

Self-reported chronological 
age (years), mean (±SD)

Grade 1 5 (5.8) 14.8 (±0.5)
Grade 2 5 (5.8) 15.6 (±0.6)
Grade 3 5 (5.8) 15.6 (±0.6)
Grade 4 10 (11.6) 15.6 (±0.5)
Grade 5 24 (27.9) 15.4 (±0.9)
Grade 6 37 (43.0) 15.4 (±0.7)
Total 86 (100) 15.4 (±0.7)


