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The aim of this thesis was to identify risk factors for injuries in talented 
adolescent athletes, specifically related to maturation-driven processes 
that are typical for this target group. More knowledge on these aspects 
can help to develop prevention strategies for injuries in these athletes.

SUMMARY OF MAIN FINDINGS

The results of this thesis confirm that both tempo and timing of growth 
are risk factors in itself for injuries in talented soccer players. In chapter 
2 we concluded that during the year of Peak Height Velocity (PHV), 
talented soccer players have significantly more traumatic injuries and 
seem to miss significantly more days from training and competition. 
Chapter 3 showed that anthropometric factors, i.e., growth, BMI-
increase and low fat percentage, can be used to recognize players who 
are at risk for injuries. In chapter 4 we concluded that later maturing 
players have overuse injuries both before and during the year of PHV. 
In chapter 5 we found that adolescent risk-taking in talented male 
tennis players contributed significantly to time loss overuse injuries. 
Chapter 6 addressed the relationship between meta-cognitive skills 
and overuse injuries. High self-monitoring skills were related to less 
time loss overuse injuries in female tennis players. High reflection skills 
were related to higher overuse severity scores. 

THEORETICAL CONSIDERATIONS OF THE 
ADOLESCENT GROWTH SPURT

The fact that we followed talented soccer players longitudinally around 
an individually determined period of PHV led to better understanding 
on how the occurrence of injuries fluctuates in this period. A period 
of intensive growth was related to an increase in the occurrence of 
injuries in talented soccer players. In chapter 2, it was shown that this 
increase can be seen over a longer period, the year in which PHV takes 
place. Chapter 3 supported the fact that this increase can also be seen 
short-term, within a month after a period of growth. In chapter 2, we 
only found a significant increase in traumatic injuries, that result from 
a specific, identifiable event. This is in line with studies that described 
that as a result of intensive growth, changes in body structures take 
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place, such as joint stiffness in hip, knee and ankle, reduced flexibility of 
lower back and hamstrings and problems in motor coordination. These 
physical changes have been related to traumatic injuries [11, 25]. In 
chapter 3, growth was related to an increase in injury occurrence in 
the month afterwards. In this study, traumatic and overuse injuries 
were taken together as an independent variable, and over half of the 
injuries in this study were overuse injuries. It seems therefore that 
growth was not only related to an increase in traumatic injuries, but 
also in overuse injuries. Overuse injuries in talented athletes have 
been related to rapid increases in total load placed on the athlete [11, 
31]. It could be, that as a result of growth, athletes have a temporarily 
lower capacity. In the same period in which they participate in talent 
development programs, training and match load, often referred to 
as external load, that is placed upon players stays the same or even 
increases [8, 32]. As a result, the internal load (the actual amount of 
physiological stress experienced by an individual athlete during training 
and competition) increases (Impellizieri et al.2005). Several studies have 
shown a relationship between internal load and injuries [3, 12, 13]. In 
this regard, it is interesting that the internal load of training sessions, 
is often perceived higher by youth soccer players themselves, than 
intended by their coach [4]. It could well be, that this discrepancy in 
intended and perceived load holds true even more in players who are 
experiencing a growth spurt. 

Later maturing talented soccer players seem to have an extra 
disadvantage around periods of intensive growth, compared to their 
earlier maturing counterparts. Besides an increase in injuries in the 
year in which they have their PHV, they experience substantially more 
overuse injuries than earlier maturing players, both before and during 
their year of PHV. It seems that they have to overcome a period in their 
talent development process that is ‘hard to survive’. Before their PHV, 
they are surrounded by (earlier maturing) players that are physically 
more developed and therefore taller, heavier and stronger. Since, later 
maturing players are chronologically older when their PHV commences, 
they play in older age groups, and are exposed to more, longer training 
sessions of higher intensity and play more intensive matches, while at 
the same time needing energy to mature [9, 15, 32].  This results in 
a higher internal training load compared to earlier maturing players, 
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that again can be the cause for overuse injuries. A recent study that 
points in the same direction is that of Stracciolini [29], on the relative 
age effect in relation to injuries: the relatively older individuals within 
an age group sustain lesser injuries than the ones that are relatively 
younger. From past research we know that chronologically younger 
athletes (the ‘relative age effect’) and/or biologically younger athletes 
(later maturing) have a smaller chance of being selected for talent 
development programs [8, 10, 16]. Apparently, being biologically or 
chronologically younger is also a disadvantage for an athlete when it 
comes to sustaining injuries. This indicates a ‘double disadvantage’ for 
the later maturing athlete.

THEORETICAL CONSIDERATIONS OF ADOLESCENT 
RISK-TAKING AND META-COGNITIVE SKILLS

Risk-taking is typical for developing adolescents [28]. It was positively 
related to overuse injury severity and to time loss injuries in talented 
male tennis players. Crone & Dahl (2012) suggest that risk-taking is 
partly caused by heightened sensitivity to social evaluation, particularly 
by social groups that are of importance to an adolescent. The social 
context of elite sport (trainers, coaches, other athletes) is probably of 
high importance to talented athletes; they make many training hours, 
often at the cost of other age-typical non-sports activities. At the 
same time, the culture of elite sport has been described as a ‘culture 
of risk’ itself: athletes willingly accept, minimize or ignore risks of pain 
and injury and athletes sometimes tend to promote this among each 
other  [22, 27]. This might make developing athletes extra vulnerable: 
because of structural and functional brain development that results 
from maturation, and because of the social context in which they move.

However, talented athletes are probably not passively accepting the 
risks of injuries. Chapter 6 showed that the meta-cognitive skill of self-
monitoring possibly protects talented athletes from having time loss 
overuse injuries. Self-monitoring handles about the awareness an 
athlete has about his or her actions during execution. Female tennis 
players with high self-monitoring skills than their peers, might be better 
able to keep track of their training load and their (bodies’) response 
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to it (their internal training load) and react in an injury preventive 
manner. The self-monitoring skill typically makes an athlete aware of 
what he or she feels ‘right here, right now’. This could be of importance 
in the use of Athlete Self-Report Monitoring systems (ASRM). ASRM is 
increasingly used in elite sport settings to monitor performance and to 
prevent injuries. It assumes that players are capable of giving feedback 
in an honest and meaningful way, for example the way they perceived 
training and match load [26]. Only then, such systems will be useful in 
the prevention of injuries. 

STRENGTHS, LIMITATIONS AND 
RECOMMENDATIONS FOR FUTURE RESEARCH

In this thesis, over 200 talented soccer players and 74 talented tennis 
players were prospectively monitored to find risk factors related to 
maturational processes. In the first cohort of soccer players (2004-
2006) injuries were monitored for three years around their individually 
determined age of Peak Height Velocity (APHV), providing insight over 
a longer period. The second cohort (2012-2013) was followed for one 
season, in which height and body mass were measured on a monthly 
basis, while fat free mass was monitored on a 3-month interval. The 
advantage of this design was that we could determine short-term 
influences of growth and maturation.  In the cohort of tennis players 
we used a new instrument to monitor overuse injuries: the Oslo 
Sports Trauma Research Center Overuse Injury Questionnaire [5]. This 
provided detailed insight in the occurrence and severity of overuse 
injuries. 

The injury rates we found in the talented soccer players were comparable 
or somewhat lower than those found in other studies [3, 14]. The select 
group of 26 players that could be followed for three years around their 
PHV is a reasonable explanation for this, since it indicated a selection 
bias in favour of players selected by the staff. We will discuss this below. 
In chapter 5 and 6, we focused on overuse injuries in talented tennis 
players. The proportion of overuse injuries in our data (77% of total 
injuries) was comparable to that found by Stracciolini et al. [29] and was 
higher than that found in a study of Hjelm et al. [17]. Differences are 
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probably due to differences in population and measurement method. 
Hjelm et al. (2010) studied recreational tennis players and only included 
time loss overuse injuries.

A potential limitation of the work described in this thesis is that the 
influence of the adolescent growth spurt, risk-taking and metacognitive 
skills were studied separately, but that they may interact. Due to 
relatively small sample sizes, it was not possible to use a multidisciplinary 
approach in which these factors were combined. It is well possible, that 
a combination of for example being late mature, experiencing a period 
of PHV and having a high amount of risk-taking and low monitoring 
skills, is disastrous for the development of injuries. Future research 
should try to combine these factors in larger groups of athletes.

In chapter 2 and 4, we included soccer players we were able to follow 
for three years around Peak Height Velocity, which indicates a selection 
bias in favour of players that stayed part of the talent development 
program. It is well possible that injuries were the reason players 
dropped out of the program and that the injury problem is even bigger 
in this group. We speculate that the injury problem is even bigger for 
players with late maturation than was found in chapter 4: we made 
a distinction in earlier and later maturing players by median split. Of 
these later maturing players, only two officially fall in the category of late 
maturation (having a skeletal age of more than one year behind their 
chronological age). Therefore, future research could include players 
dropping out of selection programs and extent the focus on players 
maturing at later moments than the ones in our sample.

In chapter 2, 3 and 4, we used conventional methods to monitor injuries, 
with no particular focus on overuse injuries. This probably resulted in an 
underestimation of the real overuse problem. The increase in overuse 
injuries over three years around PHV seemed more gradual, and did 
not really seem to peak into PHV. However, when we look at the medical 
attention overuse injuries only, a steeper increase in the number of 
overuse injuries into the year of PHV indeed can be seen compared to 
the year after (from just over 12 pre-PHV to over 20 during PHV and 
23 post-PHV). Also, some other overuse related differences between 
earlier and later maturing players that resulted from this study are 
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very interesting and yield for further investigation: in the group of later 
maturing players, 23 overuse injuries related to the knee were found, 
compared to only 7 in the earlier maturing group. Osgood Schlatter 
syndrome occurred in both groups, but the average days missed 
because of it, were 58 in the later maturing group, compared to 15 in 
the earlier maturing players.  In recent years, new instruments have 
been developed to record the extent and severity of overuse injuries 
more accurately, such as the Oslo Sports Trauma Center Questionnaire 
[5]. These were not available when we performed our studies in 
soccer players, but using them would probably shine more light on the 
development of overuse injuries around the adolescent growth spurt. 

In chapter 4, risk-taking was measured using the Iowa Gambling Task 
(IGT). Although widely used in clinical and non-clinical populations as 
a measure for risk-taking (including health-related risk-taking), there 
is debate about the exact behavioural construct that is measured by 
the task: the task seems a complex behavioural measure assessing a 
complex construct. For example, one suggestion from literature is that 
the last trials of the task measure ‘real’ risk-taking (when the subject has 
figured out the rules for gains and losses), as the first blocks depend 
more on ‘decision making under ambiguity’ (when the outcome is 
completely unknown) [2]. However, it is unclear when this shift takes 
place, and this may differ from person to person. Future research 
should investigate the relationship between these proposed alternative 
IGT scores (such as the scores in the last two or three blocks) and injury 
occurrence. 

Because the IGT was taken only at the start of the season, no insight 
could be provided in the development of risk-taking in talented athletes 
over longer periods. Risk taking behavior over longer periods in time 
is particularly interesting in developing athletes and recommended 
for future research. Also, future research should take into account 
the relationship between the IGT and real-life risk-taking behavior that 
can be related to injuries (for example the relationship with training 
or competing while in pain or despite functional limitations). Last, the 
relationship with traumatic injuries should be studied. 
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Meta-cognitive skills were assessed with a questionnaire measuring 
meta-cognition in a general learning context. It is suggested that from 
the age of 12, meta-cognitive skills become more domain general, and 
learners will use them in other contexts than the context in which 
they learn them, although debate about the conditions for successful 
transfer between domains continues [19, 20, 24]. However, the fact that 
for many athletes, health goals will be inherent to performance goals, 
might have influenced the results. It is well possible that athletes filled 
out this questionnaire while thinking about their sport performance 
goals and not about their health. Self-regulation questionnaires have 
been developed for different domains, such as healthy eating [30]. It 
would be interesting to use (or develop) self-regulation questionnaires 
that are focused on health management and study the relationship 
with injuries in talented athletes.

At last, the results of the current thesis raise questions about 
possible interventions addressing the risk factors specifically related 
to maturation-driven processes that are typical for this target group. 
Future studies should investigate the effect of possible interventions in 
periods of intensive growth and maturation, such as variations in type 
of training or alterations in training load.

CONCLUSION 

This thesis showed that:
• In talented soccer players, the adolescent growth spurt is   
 related to an increase in traumatic injuries. This can be seen  
 short-term, within a month after a period of growth, but also  
 long-term, in the year in which PHV takes place.
• Later maturing talented soccer players are especially at risk  
 for injuries. They experience substantially more overuse   
 injuries than earlier maturing players, not only during their year  
 of PHV, but also in the year before. 
• In talented male tennis players, higher risk-taking is related to  
 more time loss overuse injuries. 
• The meta-cognitive skill of self-monitoring can possibly reduce  
 injury risk in talented tennis players.
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PRACTICAL IMPLICATIONS

The findings of this thesis can be used to protect talented athletes in 
periods in which they are at high risk of maturity-driven processes, such 
as the adolescent growth spurt and risk-taking. These periods should 
be determined individually. The maturity offset protocol [20] provides a 
valuable first indication of when the athletes will have their growth spurt. 
This tool should be used around the age of 12 in boys and around the 
age of 14 in girls, at least before the early maturing players start having 
the Peak Height Velocity. This gives trainers, coaches and other support 
staff a good indication of the variation in maturity of the players they 
are working with. They should be aware of the heightened vulnerability 
of later maturing players. Increased awareness should start at times 
when their teammates are experiencing their growth spurt (but later 
maturing players are not yet). From this period on, players could be 
split up in some parts of the training, based on biological age instead 
of chronological age. This could decrease the chance on injuries in 
this group. The period between 13.5 and 14.5 years of age appears 
to be a period in which it is particularly difficult to balance training and 
match load in talented male athletes: players who mature later are in 
a vulnerable period because they are surrounded by more developed 
players, whereas players maturing at an early age are vulnerable 
because of their PHV. 

During the year of PHV, careful measurement of growth at regular 
intervals (for example every four weeks) can be considered, to identify 
periods of intensive growth, and increased injury risks as a result in the 
weeks afterwards. 

The Iowa Gambling Task can be used to detect players who are likely 
to take more risks. Feedback about risk-taking behavior can be given 
to trainers and coaches, but also to players themselves. Coaches and 
players should be aware of the fact that risk-taking behavior mainly 
takes place in contexts that are of high importance, and under pressure 
of peers. 

To conclude, we consider the Oslo Sports Trauma Research Centre 
Questionnaire as an excellent tool to follow the development of overuse 
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injuries. In using this tool, athletes should be educated to develop 
self-monitoring skills that could help them in preventing themselves 
from injuries.  We recommend future research to come up with clear 
recommendations on injury prevention specifically targeting young 
players at high risk of injury due to maturation-driven processes. 
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