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ABSTRACT

The aim of this study was to examine maturation selection bias and injury in a secondary school sports academy. Male students

(n=98) from a Boys High School had their anthropometric measurements taken (standing height and weight). Estimated percent

of predicted adult height (%PAH) was derived using the Khamis-Roche method. Percent of PAH was used to estimate maturity

status and timing. Participants also completed an injury history survey designed to record injuries experienced over the previous

three months. Most participants were early maturers (65%, n=64), suggesting a bias towards the selection of more mature

players. Late maturers accounted for only 1% (n=1) of players selected. Injury history identified that 60% (n=52) of participants

had been injured in the three months prior to data collection but there was no association with maturity status. Increased

awareness of the potential for maturity-based selection bias in secondary school team sports is needed.

INTRODUCTION

Youth sport is popular around the world and it is generally
accepted, the primary reason younger children (ages 5-10
years) participate in sport is because it is fun, and they enjoy
it.40 However, as young children move towards and into
adolescence, sporting goals and reasons for playing sport
often change. While fun is still a factor, performance
orientated goals relating to team selection and skill
enhancement become more important.14 In many
environments sport team selection based on ability can occur
at a very young age, with trials for premier teams beginning
from as young as nine years old.30

It is generally acknowledged that in team selection during
adolescence, coaches select players that possess greater
physical capabilities and subsequently better athletic
performance?8. As a result, many authors have identified that
biological maturation must be factored in when selecting
youth for sports teams to avoid the potential for
inappropriate early deselection of late maturers.13,16,19 This
can potentially result in talented young people not being
retained in sport and/or late maturers dropping out because
they are being told they are not good enough. This leads to an
ineffective and inefficient selection system as better physical
capabilities associated with more advanced biological
maturation are known to have a minimal impact on
performance differences once players fully mature.1 Thus,
an understanding of biological maturity status is important
when selecting adolescents to ability-based sports teams.

An awareness of maturational status is also important to help
reduce injury risk. Injuries are a concern in youth sport as
they can negatively impact sports participation and physical
activity increasing the risk of chronic disease.2! Previous
research suggests there are periods of time during maturation
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where players are more susceptible to injury.2 The highest
rate of injuries has been reported during the period of peak
height velocity (PHV), potentially due to rapid
anthropometrical, neuromuscular, and structural changes.”/15
Players circa-PHV (average age 12 years in girls and 14 years in
boys) have been reported to experience the highest injury
rate.1> The severity and burden of injuries has also been
shown to vary across maturation?. As the risk, severity and
burden of injuries change across the stages of maturity,
monitoring maturation allows training to be adapted to
potentially reduce injury risk.34 Maturity estimation based on
anthropometric measurements used to estimate current
percentage of predicted adult height (%PAH) is widely used in
youth sport settings.34

To date there is little evidence in youth sport in New Zealand
regarding potential maturity related selection bias in
secondary school sport nor the association between maturity
and injury history. Thus, the aims of this research were to
investigate (i) the maturity status of players selected to a
performance-based sport academy and (ii) the association
between maturity and injury history.

METHODS

Participants

Ninety-eight males in school years 9 and 10 selected for
premier youth sports teams at a boy’s high school were
recruited to participate in this study. Prior to participation, all
participants and parents completed consent and assent forms
as appropriate. Ethical approval was given for the study by the
University Ethics Committee.



Biological Maturity Estimation

To estimate biological maturity status and timing,
anthropometric data including standing height and weight
was recorded for all participants. Height was measured with a
stadiometer and weight with standard scales. Additionally,
the participant’s biological parents were asked to estimate
their height. A previously published excel spreadsheet was
used to estimate %PAH based on the Khamis Roche method.37
Participants with a %PAH less than 88% were categorised as
pre-PHV, between 88% and 93% circa-PHV and greater than
93% as post-PHV8. Maturity timing estimations were
calculated by converting %PAH to standardised z-scores,34 as
has been reported previously.13 Z-scores are derived from
reference data reported in the longitudinal Berkley Growth
Study.5 Two criteria were used to estimate maturity timing.
Participants with z-scores of -0.5 to +0.5 were categorised as
on-time; a z-score greater than +0.5 was categorised as early
and below -0.5 as late. A more conservative criterion was
also applied where z-scores of -1.0 to +1.0 were categorised
as on-time; a z-score greater than +1.0 was categorised as
early and below -1.0 as late.

Injury data collection

A face-to-face paper-based questionnaire was used to capture
injury history. The questionnaire was designed to capture
injuries from youth participants and has been reported
previously.20 Participants were asked if they had sustained any
sport-related injuries during the past 3 months. For every
participant who answered yes, the researcher spoke to them
and verified the location and type (acute or gradual onset) of
each injury. Acute injuries were defined as a sudden pain that
occurred as the result of an identifiable event. Gradual onset
injuries were defined as any physical complaint not induced
by a single sudden event and could include both overuse
problems and growth-related problems. All injuries were
recorded, whether time was lost from sport or not.

Table 1. Descriptive statistics for chronological age (CA), percentage of

predicted adult height (%PAH), maturity timing (%PAH z-score)

Data Analysis

Descriptive statistics were used to examine the extent of any
selection bias towards early maturing players (proportion of
participants in each category) and summarise the survey
responses to the injury history questions (percentage of
participants with an injury). A one-sample t-test was used to
examine the degree to which biological maturation bias
existed across the total sample by comparing the observed
mean z-score value against the value expected for the general
population (mean maturity z-score = 0.0). Results are
presented as z-score mean difference and effect size (Cohens
D +95% confidence interval). Effect size magnitude was
interpreted based on the following scale (small = 0.2-0.49;
moderate = 0.5-0.79; large = 0.8-1.49; very large > 1.5).
Additionally, a Chi-square test was used to analyse the
expected proportion of early, on-time and late maturers
relative to what could be expected based on a normal
distribution. Based on the most used criterion (z-score +1.0),
the expected frequency of early maturing players (z score >
1.0) and late maturing players (z score < 1.0), in a normally
distributed population, would be 15.7 (16% of the 98
participants) and the expected frequency of on-time players
would be 66.6 (68% of the 98 participants). Results are
presented as observed vs expected frequency for maturity
timing. Additionally, an independent samples t-test was used
to compare mean height and weight between early and on-
time/late maturers. Results are again presented as mean
difference and 95% confidence interval. Finally, logistic
regression was used to investigate the association between
injury history and maturity status (pre, circa, post-PHV).
Results are presented as unadjusted odd ratios with 95%
confidence intervals. The threshold for statistical significance
was set at p < 0.05.

RESULTS

Descriptive statistics identifying chronological age (CA) and
%PAH z-score for all participants are reported in Table 1. The
CA range was 13.0 to 15.2 years (mean 14.1 years). Estimated
maturity status, expressed as %PAH,
suggested participants on average were
post-PHV (mean %PAH = 93.1%). Estimated
maturity timing (%PAH expressed as z-

Variables Mean +SD Range scores) was significantly greater than
CA (yrs) 141106 13-15.2 expected in the general population (z-score
% PAH 93.1+3.2 85.8-101.4 . .
% PAH z-score 07406 0.6-28 mean difference effect size = 1.2, 95% Cl =
*significantly different from z=0.0 0.93 to 1.4, p<0.05). Fifty seven percent of
participants were post-PHV (Table 2)
ranging from 21% (hockey) to 68%
. . (basketball).
Table 2. Distribution of academy players by maturity status
Maturity Status (%PAH) Based on the less conservative criterion (z-
Pre (<88%) Circa (88 to 93%) Post (>93%) +0.5). 65% of .
Full Sample (n = 98) 6.1 % (n=6) 36.7% (n=36) 57.2% (n=56)  Score 0.5), 65% of participants were
Sport Pre (<88%) Circa (88% to 93%) Post (>93%) classified as early maturers, 34% on-time
Basketball (n =22) 0% (n=0) 31.8% (n=7) 68.2% (n=15) and 1% late, however this varied by age
Cricket (n=7) 14.3% (n=1) 0% (n=0) 85.7% (n=6)
Football (n = 24) 12.5% (n=3) 25% (n=6) 62.5% (n-15)  &'0uP (Table 3). The percentage of early
Hockey (n = 14) 7.2% (n=1) 71.4% (n=10) 21.4% (n=3) maturers also varied by sport from a high
Rowing (n = 18) 0% (n=0) 33.3% (n=6) 66.7% (n=12) of 89% (rowing) to a low of 29% (hockey).
Rugby (n =13) 15.4% (n=2) 46.1% (n=6) 38.5% (n=5)

Applying the more commonly used but

more conservative criterion (z-score +1.0),
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Table 3. Distribution of academy players by maturity timing (z-score +0.5)

age, an additional year in the sport and
boys advanced in maturity (early

Maturity Timing*

maturing) being selected in greater

Age Group Late On-time Early . .
Full Sample (n = 98) 1.0% (n=1) 33.7% (n=33) 65.3% (n=64) pr°p°r“°”5: The average age of PRVin
13-13.9 (n = 43) 2.3% (n=1) 46.5% (n=20) 51.2% (n=22) ~ male youth is approximately 14 years
14-14.9 (n = 46) 0% (n=0) 23.9% (n=11) 76.1% (n=35) of age.118 This is also the period when
15-16(n=9) 0% (n=0) 22.2% (n=2) 77.8% (n=7) more mature players dominate their
Sport Late On-time Early less mature counterparts. Irrespective
Basketball (n = 22) 0% (n=0) 27.3% (n=6) 72.7% (n=16) of the criterion used, the percentage of
Cricket (n =7) 0% (n=0) 28.6 % (n=2) 714 (n=5) late maturing players did not exceed
Football (n = 24) 4.2% (n=1) 29.2% (n=7) 66.6% (n=16) o

Hockey (n = 14) 0% (n=0) 71.4% (n=10) 28.6%(n=a) 170 Of the whole sample, further
Rowing (n = 18) 0% (n=0) 11.1% (n=2) 88.9% (n=16) suggesting a maturity-based selection
Rugby (n =13) 0% (n=0) 46.1% (n=6) 53.9% (n=7) bias.

*On-time = z-score +0.5, Late = z-score < 0.5, Early = z score >0.5

Table 4. Distribution of academy players by maturity timing (z-score +1.0)

Favouring more mature players in team
selection is likely due to the increase in

Maturity Timing*

physical size and the associated

Age Group Late On-time Early enhanced performance capabilities.
Full Sample (n = 98) 0% (n=0) 65.3% (n=64) 34.7% (n=34) B hysical :
13-13.9 (n = 43) 0% (n=0) 62.8% (n=27) 37.2% (n=16) etter physical performance
14-14.9 (n = 46) 2.1% (n=1) 63.8% (n=30) 34.1% (n=16) capabilities are common in more
15-16 (n=9) 0% (n=0) 77.8% (n=7) 22.2% (n=2) biologically mature youth athletes
) compared to less mature athletes of
Sport Late On-time Early ]
Basketball (n = 22) 0% (n=0) 63.6% (n=14) 36.4% (n=8) the same chronological age. For
Cricket (n=7) 0% (n=0) 85.7 % (n=6) 14.3% (n=1) example, increased muscle mass seen
Fooiba“((” = 2‘;) 0% E”:O; 66.7% 2"216; 33.3% E":sg in early maturers has been linked to
Hockey (n =14 0% (n=0 78.6% (n=11 21.4% (n=3 .
Rowing (n = 18) 0% (n=0) 38.9% (n=7) 61.1% (n=11) g.reat‘ajr Streng.th' sprint, change of
Rugby (n = 13) 0% (n=0) 76.9% (n=10) 23.1% (n=3) direction and jump performance.1219
*On-time = z-score +1.0, Late = z-score < 1.0, Early = z score >1.0 However, these maturity-related
enhancements do not continue into
Table 5. Relationship between injury history and maturity status adulthood and may inappropriately
Circa Post Unadjusted OR P value result in less mature players being
(95% CI) deselected.39 Furthermore, sporting
History any Injury (%) 58 61 1.16 (0.48 - 2.79) 0.74 performance is not solely dictated by
History overuse Injury (%) 39 35 0.84 (0.34 - 2.04) 0.69 physical characteristics, but rather a
History acute injury (%) 19 26 1.56 (0.54 - 4.6) 0.41 !

35% of participants were classified as early, 65% on-time with
no late maturers (Table 4). The percentage of early maturers
again varied by sport from a high of 61% (rowing) to 14%
(cricket). Results of the Chi-square analysis showed
significantly more early maturers than expected (p<0.05),
based on the more commonly used criterion (z-score £1.0),
(Table 4).

Eighty-seven participants provided information on their
recent injury history with 60% (n=52) reporting an injury in
the previous 3 months (38% acute injuries and 62% overuse
injuries). The most common injury locations were the knee
(29%) and ankle (17%). There was no significant association
between injury history and maturity status (note pre-PHV not
included in the injury analysis due to small n) (Table 5).

DISCUSSION

Findings from this study identified a bias towards more
mature players in a school sports academy. Based on the
criterion (z scores of +0.5), this bias was stronger in the 14-
year age group (76% early maturers) compared to the 13-year
age group (51% early maturers). This is likely due to the older
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combination of physical performance
capability, technical competency,
tactical awareness, and game understanding. Sports teams
are at risk of losing late maturing players who, if retained,
often compensate for reduced physical capability by
developing more advanced technical, tactical and
psychological skills compared to their more mature
counterparts.8

The findings from the current study agree with previous
studies that have also reported a maturity-based selection
bias in youth sport.13,16,19.27 Previous studies have reported
that the 13 and 14 year age groups are dominated by more
mature players (early maturers),13.16 with maturity selection
bias becoming more prominent in the age groups from 13
years of age onwards.13 As several authors investigating elite
football academies have suggested, the underrepresentation
of late maturing and pre-PHV players in academy systems is a
cause for concernd. As noted earlier later maturing players
retained in the system often develop more advanced
technical, tactical and psychological skills. The skill and
knowledge gained during this period is thought to remain into
adulthood whereas early maturing players’ physical
advantages subside.911



Maturity status classifications for the players in the current
study (average age 14 years) further highlights the
disproportionate representation of pre, circa and post-PHV
players in the sport academy system. Post-PHV players
accounted for 57.2% of the group followed by circa and pre-
PHV players, 36.7% and 6.1% respectively. Given the average
age of the players we might have expected more of the
players to be circa-PHV and pre-PHV.

The current study investigated the potential maturity
selection bias across a range of sports. Although formal
comparisons weren’t undertaken (due to small numbers),
maturity status appeared to vary by sport with rowing and
basketball having the highest proportion of early maturers. It
has been reported previously that in a population of 868
Saskatchewan (Canadian) youth that some sports displayed a
bias towards more mature players and some did not. In the
14-year age group hockey and basketball teams were
observed to have a bias towards more mature players but this
was not the case in soccer (football). These findings indicate
that the physical sporting requirements of each sport can
influence player selection due to perceived ability and
maturity-related physical advantages. For example, elite
youth rowers have been observed to be taller and heavier
than sub-elite and reference populations,4! with the stature
of elite youth rowers similar to elite adult rowers.6 Similarly,
findings from the current study agree with a study of elite
Portuguese football players.1® Early maturing players were on
average, taller (mean difference = 11.5cm; 95% Cl = 8.0 to
14.9cm; p<0.001) and heavier (mean difference = 13.6 kg;
95% Cl = 8.1 to 19.0kg; p<0.001) than the on-time/late
maturing players. Observed and expected rowing ability is
strongly associated with height and weight in youth elite
rowers.6 Maturity-related enhancements in field sports such
as football and hockey aren’t as strongly associated with team
selection as rowing. This could be due to the sports having
additional performance indicators such as sprint, COD and
jumping ability as well as tactical game awareness.3

Although this study did not identify any clear association
between maturity status and injury, our findings suggest that
there is a considerable proportion of players circa-PHV (58%)
and post-PHV (61%) who experienced injury within the three
months prior to data collection. This contrasts previous
research identifying that circa-PHV and on-time maturers
experience a higher proportion of injuries compared to pre-
PHV and late maturers’. Comparisons between studies are,
however, difficult due to differences in the methods used to
estimate maturity and to define injury. The high proportion of
circa and post-PHV players injured in this study does raise
concern as to whether the nature of the training and
competition is appropriate for this period of development.
Additionally, within the post-PHV cohort of players 26%
experienced acute injuries. Acute injuries commonly result in
extended periods of time loss where the players cannot train
or compete to their full capacity.32 Several researchers have
observed increased injury rates and severity in academies and
elite teams. Findings suggest that the more mature players

experience injuries of greater trauma and severity at a higher
rate than less mature players.25

There are several limitations to this study that readers need
to be aware of. Firstly, the results are specific to a boy’s high
school academy system in the six key sports that had a
recognised academy system within the school. Additionally
given the differences in biological maturation for young
females there is a need to investigate selection in secondary
school female sport. The results may not be generalisable to
other countries, schools, clubs, and academy systems. The
methods used for the maturity estimation incorporated self-
reported biological parent heights and the reference values
used to estimate maturity status and derive z-scores were
from European participants in America which may not be
representative of the local population. Finally, injury history
data was solely based on participant recall and although it
was over a short time period (3 months) it is susceptible to
recall bias.

CONCLUSION

There was a clear bias toward earlier maturing boys in this
secondary school sports academy, with some indication this
differed by sport. There were no clear associations between
maturity status and recent history of injury, however a large
proportion of this adolescent population reported some
injury in the last 3 months. These findings suggest the need
for selection processes that better acknowledge differences in
maturity to avoid the loss of late maturing boys and the need
to prioritise injury prevention in this adolescent group
irrespective of maturity status.
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