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GENERAL INTRODUCTION

Chapter One

BACKGROUND
In talented athletes, injuries account for a considerable amount of time
loss from training and competition [8, 29]. Although literature shows
that the nature and incidence of injuries vary for different sports, the
problem is substantial overall. In talented soccer players injury rates of
5.6 injuries per 1000 hours of exposure and 37.6 injuries per 1000 match
hours have been found, including both traumatic and overuse injuries.
Between 10% and 40% of these injuries can be classified as overuse
injuries [3, 10, 19]. In talented tennis players, injury rates of between
2.3 injuries per 1000 hours of exposure and 21.5 per 1000 injuries
athletic exposures have been mentioned in literature. The proportion
of overuse injuries is higher compared to soccer players: between 47%
and 55% of the injuries can be classified as overuse injuries [16, 18,
28]. Since there is only restricted time available for talented athletes to
reach the elite level, optimal performance development is crucial and
injuries will hinder this performance progress. Also, severe injuries can
result in negative long-term health consequences [8, 31]. Therefore,
injury prevention in the target group of talented athletes, such as soccer
and tennis players, is of utmost importance.

MATURATION
In talent development programs, substantial increments in volume
and intensity of training and matches take place during the pubertal
years, resulting in a higher load placed on the developing adolescent
bodies [9, 27, 30]. These increments in load overlap a period in which
all talented athletes experience progress towards maturity or towards
their biologically mature state [1, 25]. Maturation is the driving force for
many processes, such as the adolescent growth spurt, the development
of secondary sex characteristics, and behind development of the
brain, leading to many emotional and behavioral changes that make
adolescents explore adult behavior [1, 33]. Maturation is a process that
should be viewed in two concepts: tempo and timing. Tempo refers to
the rate at which maturation progresses, e.g. how quickly or slowly a
youngster passes through the adolescent growth spurt. Timing refers
to when specific maturational events occur, e.g. the age at the beginning
of the development of secondary sex characteristics, or the age at the
8
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beginning of the adolescent growth spurt. It has been suggested that
the combination of these maturation-driven processes, and a high
training and match load in the same period, could increase the risk on
both traumatic and overuse injuries in talented athletes [4, 8, 14, 25,
27].

THE ADOLESCENT GROWTH SPURT
By the time girls are 9 to 10 years and boys 11 to 12 years old, their
rate of growth begins to increase, until it reaches a peak around age 12
in girls and age 14 in boys. During this adolescent growth spurt (often
referred to as Peak Height Velocity (PHV), girls gain on average 9 cm,
and boys 11 cm in height per year [26]. The growth rates of different
tissues, such as bone tissue, muscle tissue and tendon tissue differ [21].
These different growth rates result in several injury risk factors, such
as increased tightness and inflexibility around joints and decreased
neuromuscular control [13,15]. Also, growth cartilage seems more
vulnerable to high training and match loads during periods of growth,
and the same accounts for bone tissue, leading to skeletal fragility and
increased fracture incidence during the adolescent growth spurt [4,
11]. However, knowledge on the influence of tempo of growth and at
what moments around their Peak Height Velocity athletes are especially
vulnerable, is currently lacking.
Besides the influence of tempo of the growth, the timing of the adolescent
growth spurt has long been discussed as a potential risk factor for
injuries. Due to differences between athletes in timing of biological
maturation, there is considerable variation in size, power, speed and
agility of talented athletes, mostly in favour of earlier maturing players
[12, 17]. Although some studies have examined differences in training
and match injury incidence in talented players with different timing of
PHV, none have done this prospectively.

ADOLESCENT RISK-TAKING
In addition to the above mentioned dramatical physical changes,
maturation also has a profound effect on structural and functional
9
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brain development. Basic cognitive control functions such as inhibition,
task-switching and working-memory are not fully mature until young
adulthood and might even show a decrease in performance on these
functions in early adolescence [7, 23]. The use of complex cognitive
control functions (metacognitive skills, used to solve problems and to
progress towards a goal) gradually increases. Brain systems responsible
for motivation of behavior, such as reward and emotional systems, are
more active during adolescence, and start to have more influence on
the use of cognitive control functions. As a result, adolescents are more
sensitive from rewards from the social domain. Especially acceptance of
the peer-group becomes more important. Also, increases in sensationseeking and novelty-seeking are seen, and adolescents have more
intense emotional experiences [7].
The above mentioned changes lead to increased risk-taking behavior
that is potentially damaging the health of adolescents. For instance,
taking bold actions in the presence of peers, reckless traffic behavior,
but also gambling, alcohol and tobacco use, and excessive gaming or
internet use [24, 33, 34]. Risk-taking mainly takes place in situations that
are important for the adolescent and occurs often in social situations
with peers. The elite sport context is a major peer group for adolescent
athletes: they spend an enormous amount of time focusing on sport
and its intertwined social domain, at the exclusion of almost everything
else. Several authors have described the sport context as a ‘culture of
risk’ in which athletes willingly accept or ignore risks of pain and injury
[32]. The combination of the risk-culture in which talented athletes move
and the cognitive maturational processes that take place within them,
could lead to increased risk-taking behavior, resulting in vulnerability
for injuries. However, as far as the authors know, there is no research
that has investigated this relationship.

METACOGNITIVE SKILLS
As mentioned above, the use of metacognitive skills increases during
adolescence. It is known that talented athletes use metacognitive skills
such as reflection, planning, monitoring, and evaluation, to constantly
improve their performance in their road to success [20]. We also
know that adult athletes are actively engaged in trying to manage the
10
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threats of injuries [29, 35]. They speak of this as a learning process,
whereby they become to understand their bodies’ capacities and limits
and how to respond to them. There are indications that metacognitive
skills might not only be of use in performance progress, but also in
regulating one’s health and preventing oneself from becoming injured
[2, 6]. Knowledge on the role of metacognition in relation to injuries can
give coaches and athletes increased understanding on how they can be
used in prevention, while striving for expert performance.

THESIS OUTLINE AND RESEARCH QUESTIONS
This thesis sheds light on the role of maturation-driven processes in
the occurrence of injuries in talented soccer and tennis players. Yet
unanswered questions in literature are identified and studied, such as:
what is the influence of the adolescent growth spurt on injury risks in
talented athletes? Is this relationship different for traumatic than for
overuse injuries? What is the relationship between risk-taking during
adolescence and occurrence of injuries? And what is the role of
metacognitive skills in the occurrence of injuries?
The main goal of this thesis is 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
those aspects can help to develop prevention strategies for injuries.
In Chapter 2 we will look at the role of the adolescent growth spurt
in the occurrence of injuries in talented soccer players, by identifying
differences in traumatic and overuse injuries in the year before, the
year of and the year after Peak Height Velocity. In Chapter 3, we focus
on the influence of tempo of physical maturation (measured as changes
in height, BMI and fat free mass) on the occurrence of injuries. This
is done by frequent anthropometric measurement and registration of
injuries in a cohort of 101 talented soccer players. In Chapter 4 we
focus on the influence of timing of the adolescent growth spurt, by
identifying differences in injury occurrence between earlier and later
maturing soccer players. In Chapter 5 we investigate the relationship
between risk-taking and overuse injuries in a population of talented
tennis players. 73 talented male and female tennis players were
11
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followed during one season. In Chapter 6 we will look on the possible
protective role of metacognitive skills for having overuse injuries, in
a group of talented tennis players. This thesis ends with Chapter 7,
discussing the relevant outcomes of the studies, recommendations for
future research and practical implications.

12
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Chapter Two

ABSTRACT
In young athletes, demands of sport are superimposed on normal
growth and maturation. It has been suggested that this causes a
temporarily increased vulnerability for injuries. We followed 26 talented
soccer players (mean age 11,9 ± 0,84 years) longitudinally for three
years around their adolescent growth spurt, called peak height velocity,
to identify differences in number of traumatic and overuse injuries and
days missed due to injuries. Peak height velocity was calculated according
to the Maturity Offset Protocol. Numbers of injuries were calculated for
each player per year. A repeated measurement analysis showed that
athletes had significantly more traumatic injuries in the year of peak
height velocity (1.41) than in the year before peak height velocity (0.81).
A moderate effect size of 0.42 was found for respectively the difference
in number of overuse injuries per player per year before (0.81) and
after peak height velocity (1.41). Finally, a moderate effect size of 0.55
was found for difference between days missed due to injuries before
(7.27 days per player per year) and during peak height velocity (15.69
days per player per year). Adolescent growth spurt seems to result in
increased vulnerability for traumatic injuries. Afterwards athletes seem
susceptible for overuse injuries.
Keywords: growth spurt, development, trauma, maturity, longitudinal
study, sport, adolescent
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INTRODUCTION
To attain an expert level of performance in soccer, many hours of
deliberate practice are needed [12, 16, 20, 35]. In young athletes,
substantial increments in training occur during pubertal years that
correspond to the period of maximal annual gains in stature and
body mass [11, 25]. This means that the demands of the sport are
superimposed on those of normal growth and maturation. It has been
suggested that high training load overlapping with maximal annual
changes in growth increases the risk of sport injuries [9].
Several mechanisms are being mentioned in the literature to explain
an increase in traumatic and overuse injuries during years of maximal
growth. Changes in joint stiffness and a temporarily variation in bone
density during the maximal rate of growth during the adolescent growth
spurt, called PHV, have been linked to temporal ‘skeletal fragility’ and
acute fracture incidence [4, 13, 15, 22]. Also, “adolescent awkwardness”,
(a period in which trunk length and leg length have already increased,
but muscles still have to reach their full size and strength) is mentioned
as a potential cause, as well as an imbalance between strength and
flexibility following the adolescent growth spurt [8, 26, 34]. This may
lead to abnormal movement mechanics and a decline in performance
on motor tasks during the interval of PHV [3]. Possibly, this temporarily
decline in essential motor performance during years of maximal growth
contributes to an increase in traumatic injuries.
Concerning overuse injuries, changes in the length, mass and body
composition are mentioned as potential causes [1, 9, 19]. Studies on
youth soccer players found a growth-related increase in overuse injuries
and a higher incidence of severe injuries with age into adolescence [2,
24]. Overuse syndromes like Osgood Schlatter Disease and Sinding
Larsen Johansson Disease are also typically linked to growth [9, 21].
These changes put an increased stress on the muscle-tendon junctions,
bone-tendon junctions (apophyses), ligaments and growth cartilage.
Those tissues are not immediately able to deal with the increased
stress, resulting in a temporary imbalance in load placed on these
tissues and the capacity to deal with this load. Especially in elite youth
athletes, where this imbalance is combined with intensive training this
19
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may increase susceptibility for overuse injuries. For example, chronic
wrist pain occurred more in 10-14 year old elite gymnasts than in
younger and older groups [9]. During puberty, the cartilage of the
tibial tuberositas is weakened and repetitive forces (for example due
to intense training) result in avulsion of segments of the cartilage and
bone [21, 30, 31].
Longitudinal studies that follow injury incidence in relation to peak
height velocity are lacking. Authors have pointed out the importance
of examining how injury incidence and patterns evolve in elite youth
players when they progress through the different age groups [24]. Young
soccer players are often selected based upon chronological age groups
and talented players tend to be exposed to more training hours, as well
as training sessions and matches that are characterized by a higher
intensity. Inter-individual variability in biological maturation probably
corresponds to variation in readiness for sport and by inference in
vulnerability to injuries [10].
Therefore, the purpose of this exploratory study was to follow talented
soccer players longitudinally and identify differences in traumatic and
overuse injuries before, during and after the maximal rate of growth
during the adolescent growth spurt, called peak height velocity (PHV).
Better understanding in how injury rates evolve prospectively in talented
soccer players during different phases of PHV is relevant because it
makes it possible to develop strategies to prevent youth athletes from
becoming injured.

MATERIAL AND METHODS
Participants
Participants of this study were talented soccer players, which we
defined as being selected for the talent development program of a
Dutch professional soccer club. The level of competition within the
Dutch professional soccer clubs and their development programs are
among the highest in the world. All players competed on the highest
level of their age category and belonged to the best 0.5% of the total
number of players in their age group (National Soccer Association,
20
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KNVB). Participants were selected for the talent development program
by the scouts, trainers and staff of the professional soccer club between
the seasons 2002/2003 and 2006/2007. Anthropometric measures
to predict PHV, were standard measures performed at the start of
their selection for the talent development program. In this study, we
only included those players who continued to participate in the talent
development program for at least three years around their peak height
velocity, with one year before, one year during and one year after
experiencing their peak height velocity. Players who dropped out of
the program during one of the three years around their peak height
velocity were excluded, as well as players whose PHV started within 1,5
year from their selection for the talent development program. Of the
approximately 120 players who have been selected for at least one year
for the talent development program in the study period, 26 of them
met all inclusion criteria and could be followed for three years around
PHV. Players in this group had an average age of 11.9 (±0.84) years at
the time of their first selection. They were heterogeneous in height and
weight, with a mean height of 157,01cm (±9,14) and a mean weight of
45,89 kg (±9,52) at the time of their first selection.
The study fits the established ethical standards for sports medicine [18].
An institutional agreement was signed between the Faculty of Human
Movement Sciences of the Rijksuniversiteit Groningen and the soccer
club to assure data collection.

Peak height velocity
The algorithm derived from two longitudinal studies of Canadian youth
and one of Belgian twins was used to predict the time the soccer players
were before PHV in years, termed maturity offset (R = 0.94, R2 = 0.89,
and SEE = 0.59) [29]. For males, equation 3 was used, which calculates
maturity offset as follows: -9.236 + (0.0002708 * (Leg Length *Sitting
Height)) + (-0.001663 * (Age * Leg Length)) + (0.007216 * (Age*Sitting
Height)) + (0.02292 * (Weight/Height*100)). Afterwards, predicted age
at PHV was estimated as chronological age (CA) plus maturity offset.
Finally, the year of peak height velocity was set by taking six months
before and six months after the age at peak height velocity. Injuries in
21
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this year were compared to injuries in the year before the year of PHV
(called pre-PHV) and injuries in the year after PHV (called post-PHV).

Injury data
The physician of the club diagnosed and recorded injuries during the
period in which the soccer players were in the talent development
program. The definitions and data collection procedures that were used
follow the recommendations of the consensus statement for soccer
injury studies, i.e. the FIFA registration system [17]. An injury was defined
as: “Any physical complaint sustained by a player that results from a
soccer match or a soccer training, irrespective of the need for medical
attention or time loss from soccer activities.” Injuries were reported if a
player was unable to take full part in future soccer training or match play
for at least 24 hours (time loss injuries) or if a player needed medical
attention, but was still able to take part in training or competition
(medical attention injuries). Traumatic injuries were defined as injuries
that resulted from a specific, identifiable event. Overuse injuries were
defined as injuries that resulted from repeated micro trauma without a
single identifiable event. Injuries were classified according to location,
type, mechanism and severity of the injury. The severity of the injury
was defined as the number of days that the player was not able to take
full part in competition or training: slight (no absence from training or
match, also recorded as ‘medical attention injury’), minimal (1-3 days
time loss), mild (4-7 days time loss), moderate (8-28 days time loss),
severe (more than 28 days time loss) and career ending injuries.

Calculation of exposure and injury incidence
Information on training and match hours in the three measurement
periods was gathered through a questionnaire that players filled in for
research purposes. In case of missing data, training and match hours
were replaced by the average amount of training hours or match
hours for the corresponding age category in that year. Training and
match injury incidence was calculated as the number of injuries/1000-h
exposure in training and matches.
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Statistical analysis
Descriptive statistics (means and standard deviations) were calculated
by measurement period (year before, year during or year after peak
height velocity) for training and match injury incidence and for number
of traumatic injuries, number of overuse injuries and missed days due
to injuries. The assumption of sphericity (equality of the variance of
differences between measurement moments) was met for our data (p>
0.05 for all dependent variables). Longitudinal changes were therefore
investigated using repeated measures of analysis of variance (ANOVA)
in SPSS 17.0 [14]. Post-hoc tests using the Bonferroni correction for
multiple comparisons were used to compare scores on the three
different measurement moments. Cohen’s d was calculated as a
measure to interpret the scores. An effect size of approximately 0.20
was considered small, 0.50 moderate and 0.80 large (8). All p-values
were 2-tailed, significance was set at p<.05.

RESULTS
Injuries
During the period of data collection (three years for each player), 178
injuries were recorded among the 26 talented soccer players. About
61% of the reported injuries (108 occurrences) were time loss injuries
and an additional 70 (39%) were classified as medical attention injuries.
With one exception, all players had been injured at least once during
the study period. Mean and standard deviation for the total group
were 6.85 (±5.46) injuries during the three years. Most injuries were
located in the lower extremities (82%). The most common injuries were
muscle strains/ruptures/tears/cramps (57%) and joint/ ligament injuries
(20.8%), followed by contusions/haematoma (12.9%), fracture/bone
stress (5.1%) and concussion/nerve injuries (1.1%). 2.8% were classified
as other injuries (see figure 1).
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Figure 1. Injury locations (and severity) for 26 soccer players in the 3-year period
around PHV.

Longitudinal comparisons
Table 1 and Figures 2a and 2b present injury incidence, number of
traumatic injuries, number of overuse injuries and missed days due to
injuries on the three measurement periods. A significant main effect
for measurement period was noted F(14.00, 88.00)=1.602. p=0.046.
Univariate tests showed a significant difference in number of traumatic
injuries, F(2, 50)=3,768). Post-hoc tests using the Bonferroni correction
for multiple comparisons revealed that number of traumatic injuries
were significantly higher in the year of PHV than in the year before PHV
(F(1,25)=3.320, p=.006, d=0.50.
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1.15 ± 1.29

1.42 ± 1.33

15.91 ± 21.03

23.08 ± 28.80

1.86 ± 2.41

3.84 ±3.48

10.73 ± 17.77

1.42 ± 1.50

1.39 ± 1.50

Note: d=0.20 (small+), d=around 0.50 (moderate#), d=around 0.80 (large^); *p <.05

0.81 ± 1.10

Traumatic injuries

(n=26)

(n=26)
0.03
0.19+
+

0.26
+

0.09

+

0.33

0.37+
0.17+

0.26+
#

#

#

0.28+
0.12+

0.46

0.44

0.53

0.50

+

Post-PHV

PHV
#

versus

versus

PHV

Pre-PHV

PHV

Pre-PHV

Post

Effect sizes (Cohen’s d)

Means and standard deviations

0.29+

0.09+

0.12

+

0.38

+

0.24

+

0.42#

0.44#

Post-PHV

versus

Pre-PHV

0,888

1,317

1,865

2,079

2,364

2,410

3,768

F-value

0,418

0,277

0,165

0,136

0,104

0,100

0,030*

p-value

Table 1. Mean scores (±standard deviations), effect sizes, F-values and p-values for injury incidence, traumatic injuries,
overuse injuries, and days missed due to injuries in talented soccer players before, during and after peak height velocity.
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3,5

Number of injuries

3
2,5
2

1

1,39

1,42

1,5
0,81

0,5

0,81

1,15

1,42

0
Pre-PHV

PHV

Overuse Injuries

Post-PHV
Traumatic injuries

Figure 2a. Means and standard deviations for number of traumatic and overuse
injuries in talented youth soccer players.
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0
Pre-PHV

PHV

Post-PHV

Figure 2b. Means and standard deviations for missed days due to injuries in talented
youth soccer players.
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DISCUSSION
The purpose of this exploratory study was to follow talented soccer
players longitudinally and identify differences in traumatic and overuse
injuries before, during and after the period overlapping with maximal
rate of growth termed peak height velocity (PHV). First, the training and
match injury incidences found on the three different measurement
periods (year before PHV, year of PHV and year after PHV) give the
possibility of making a comparison with incidences found in other
studies. The repeated measurement analysis did not show a significant
difference in match injury incidence over the three measurement
moments. However, the tendency of the match injury incidence to
increase over the three measurement periods is similar to that found in
other studies addressing talented soccer players. For example, match
injury incidences of 9.5 injuries per 1000 hours of match exposure in
players under-14 years, 10.4 in under-15 players and 14.2 in under-16
players were found in a study in elite young soccer players [24]. Another
study [32] documented an increment in injury incidence from 6 injuries
per 1000 hours of exposure in players aged 14-16 years to 6.6 injuries
per 1000 hours of exposure in players aged 16-18 years. Several authors
stated intensity and competitiveness of soccer matches at older age as
the probable cause for this [24, 33].
The training injury incidence found in this study increases during PHV
and decreases thereafter for both total training injuries and time loss
training injuries. Although there was no significant within subjects
effect, moderate effect sizes were found for difference in training
injuries between pre-PHV and PHV. In all three measurement periods
training injury incidence of our study is lower compared to that of
other studies [23, 24] which found rates of 3.7 to 4.1 per 1000 hours of
practice. In contrast to the current study, the above mentioned studies
only registered injuries that resulted in absence from training and
competition for longer than 48 hours or even longer, whereas in line
with studies investigating similar populations of talented soccer players
[5], the current study registered injuries that resulted in 24 hours of
absence or longer. This means that our training injury incidence would
be even lower when we had used an even more strict definition of injury.
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A possible explanation for this relative low training injury incidence
is the select group of players in our study. After all, players were only
included when they participated in the talent development program
for at least three years, with one year before, one year during and one
year after peak height velocity. This indicates a selection bias in favor of
players being selected by the staff (who selected only the players they
considered to be the best). Also, players who suffer from many injuries,
have more days absence from training and competition. This will hinder
their development as a player and decrease chances on being selected.
Still, the results show an increase in injuries developed during training
in the year of PHV, and a decrease afterwards. Match injuries increase
more gradual over the three years, but when medical attention injuries
are considered, it is possible to note a bigger increment from the year
before PHV to the year of PHV (from 12.84 to 20.50) than afterwards
(23.08). This could indicate an increased vulnerability of players during
PHV. Also, the chance on developing an injury due to the action of an
opponent (apart from one’s own increased vulnerability) is bigger during
matches than during training. So the influence of temporarily increased
vulnerability resulting from PHV, is logically better seen in training
injuries than in match injuries. The fact that training injury incidence
increases during PHV and decreases afterwards, supports the idea of
increased vulnerability during PHV.
The repeated measurement analysis showed a substantial increase in
traumatic injuries from the year before PHV to the year of PHV. In the
year after PHV, no differences were found.. More likely, the year of PHV
is a year of vulnerability for talented soccer players when regarding
traumatic injuries. Although no significant difference was found, the
difference in training injury incidence and missed days due to injury
between the year before and the year of PHV show moderate effect
sizes.. Apparently, players develop more injuries during PHV and these
injuries are more severe, causing more days of absence from training
and/or competition.
It seems that an increase in traumatic injuries takes place mainly during
the year of PHV, while the increase in overuse injuries persists in the
year after PHV.
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The factors that have been responsible for an increase in traumatic
injuries (e.g. joint stiffness, decreased bone density, abnormal
movement mechanics [15, 34] ) have disappeared in the year after
PHV, in contrast to factors contributing to overuse injuries. From a
biomechanical perspective authors have explained causes for the
increased occurrence of overuse injuries after growth spurt. First,
changes in limb mass typically occur before changes in muscle tissue.
Using only a conservative estimate of the change in limb mass of the
lower leg during growth spurt, the muscles of the lower leg already need
to develop about 30% more force after the growth spurt than before,
to produce the same lower leg acceleration, for example required in a
kicking movement like in soccer. If the muscles, tendons and apophyses
associated with that muscle group adapt slowly, and activities are
performed repetitively (like in talented soccer players), overuse injuries
may occur [19]. Second, it is mentioned that the material properties of
tendons change during maturation and that this results in an increase
in strength. This increase, however, results as a response to exercise
and also follows the increase in bone mass and muscle strength, leaving
a period of increased susceptibility after PHV [18].
The current study has identified some interesting results regarding
the development of traumatic and overuse injuries before, during and
after PHV. However, some limitations need to be assumed. First, the
sample size of 26 players is rather small. However, the fact that we were
able to follow these players for three years around their PHV, adds to
cross-sectional data on injuries so far. Additional longitudinal research
on specific trends in injuries among talented soccer players is needed
[24]. Second, it was not possible to conduct statistic tests in order to
find differences in training and match injury incidence between before
PHV, during PHV and after PHV. And last, age at PHV was based on the
formula of Mirwald. Although this is a reliable, noninvasive and practical
solution for the determination of age of PHV, some caution should be
taken regarding the accuracy of the moment of PHV [29].
A recent study [27] evaluated the relationships among indicators
of biological maturation and examined the concordance between
classifications of maturity status in youth soccer players in two age
groups, 11-12 and 13-14 years. Mean predicted age at PHV (13.9±0.4
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years) was similar to the mean age at PHV for the boys upon whom
the maturity offset protocol was developed (13.8±0.9 years). However,
the standard deviation for predicted age at PHV in soccer players was
about one-half of that for the three original longitudinal series. The
discordant observation for predicted age at PHV based on the maturity
offset protocol in soccer players 13-14 years may reflect error in the
prediction equation which has a 95% confidence interval of 1.18 years
[27]. The equation includes interaction terms for leg length and sitting
height, age and leg length, and age and sitting height. The ratio of leg
length to sitting height was, on average, slightly higher in the crosssectional sample of soccer players compared to one of the longitudinal
series upon which the maturity offset equation was developed,
specifically one year before, at and one year after PHV. Sampling per
se and/or population variation in the proportions of the extremities (leg
length) and trunk (sitting height) may be additional factors.
Concerning practical implications of the current study, it is well
documented that there are large individual variations in the timing
of the adolescent growth spurt [6, 27]. Training schedules and talent
development programs should take into account that individuals of the
same chronological age can differ in their biological age and thus in
the period in which they have their PHV. Several studies have pointed
out that athletes more advanced in their biological maturity perform
better than their late maturing peers and have a bigger chance on
being selected [3, 26]. However, in most talent development programs
to date, also in soccer, selection still takes place based on 1-year age
groups and talented players are selected for the next age group when
they are chronologically older and have sufficient quality. Often this
means that in an advanced age group, players are exposed to more
training hours than before, regardless of their biological age and
regardless of being temporarily more vulnerable due to PHV. Soccer
clubs dealing with talented players, should monitor growth of individual
players and take precautions (e.g. in terms of biological age-group
selections and training intensity) in periods of intensive growth. Further
research should focus on the causes behind traumatic and overuse
injuries in order to formulate appropriate actions (e.g. coordination
training during PHV).
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The present study suggests growth and maturation as potential risk
factors for sport injury in talented soccer players. The period of PHV
seems to result in increased vulnerability for traumatic injuries and in
the period after PHV players seem susceptible for overuse injuries.
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ABSTRACT
The aim of the study was to investigate whether an increased risk of
injury occurrence can be determined through frequent anthropometric
measurements in elite-standard youth soccer players. Over the course
of one season, we followed 101 male elite-standard youth soccer
players between 11 and 19 years of age. Height and body mass were
monitored at monthly measurement intervals and fat percentage was
assessed every 3 months by use of the sum of skin-fold method. Growth
in height (cm), alternations in body mass index (kg/m2), fat percentage,
and fat-free mass index (kg/m2) were calculated. Injuries were recorded
in accordance with the recommendations of the FIFA Consensus Model
for Injury Registration. Odds ratio scores and 95% confidence intervals
were calculated using binary logistic regression analyses. The following
anthropometric injury risk factors were identified: 0.6 centimeter
growth per month (p=0.03; OR=1.63; 95% CI: 1.06-2.52), 0.3 kg/m²
increase of body mass index value per month (p=0.03; OR=1.61; 95%
CI: 1.04-2.49) and low fat percentage; i.e. <7% for players aged 11-16
and <5% for players over 16 years (p=0.01; OR=1.81; 95% CI: 1.18-2.76).
Individual monitoring of anthropometrics provides useful information
to determine increased risk of injury occurrence in elite-standard youth
soccer.
Keywords: growth spurt,
adolescent

maturation, sports medicine, football,
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INTRODUCTION
In elite-standard youth soccer, injury occurrence results in a considerable
amount of time loss from soccer training and matches [23, 35]. In
previous literature, injury rates in elite-standard youth soccer vary from
5.6 injuries per 1000 hours exposure [23] to 37.6 injuries per 1000 match
hours [5]. Research also describes that youth athletes are hypothesized
to be susceptible to injuries due to growth and maturation [12, 15, 26,
42]. In the current study, growth is defined as becoming taller and
refers to growth in height [26]. Regarding maturation, a distinction can
be made between timing and tempo. Timing refers to when specific
maturational events occur. Differences in injury incidence between
earlier and later maturing groups in elite-standard youth soccer are
not consistent [23, 24, 43]. A high tempo of maturation and high
growth rates may possibly explain the high incidence of injuries that is
found around the age of peak height velocity (PHV) [42]. Fast growing
adolescents show an increased joint stiffness of the hip, knee and ankle
[15] and a reduced flexibility of the lower back and hamstrings [34].
Increased stiffness during the maximal rate of growth, has been linked
to an increased injury risk in youth athletes [3]. Moreover, adolescents’
cartilaginous structures like the articular surfaces, apophyses and
physes, are in and of themselves more at risk for injury than mature
bones as a result of growth [3, 14, 32]. It is supposed that after a period
of growth, the cartilaginous structures are not immediately able to deal
with a level of high stress, which could result in overuse syndromes like
Osgood Schlatter disease, Morbus Sever disease [11]. Further, growths’
non-linearity and complexity may be of the reasons why adolescents
have to deal with a period of clumsiness in motor coordination that may
underlie a temporarily higher injury risk [2, 3, 11, 14, 36].
Like growth, alternations in body mass index (BMI) and deviations in fat
percentage and fat-free mass have been mentioned as anthropometric
factors that could have an influence on injury risk [30]. Alternations in
BMI may imply changes in moments of inertia, forces and deformations
experienced by various tissues during athletic movement [18].
Furthermore, BMI increases may suggest a high tempo of maturation,
as the great BMI increases are age related, in the years around PHV
in elite-standard youth soccer [27, 29]. Furthermore, it is considered
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that there is an optimal range for fat percentage in terms of injury risk
[33]. High fat percentage has been shown to be associated with injury
risk,particularly in strain injuries [1]. On the other hand, it is supposed
that youth athletes need to have sufficient body- and fat mass to absorb
external forces in clashes with opponents and repetitive impact forces
during running and shooting [4]. Fat-free mass (FFM) will contribute to
this shock absorption and is responsible for generating forces [29].. To
avoid injuries, maturing elite-standard youth soccer players must be able
to cope with the physical demands of soccer and, therefore, deviating
fat percentages and low FFMI-values are potential injury risk factors
[22]. Despite the supposed relationship between anthropometrics and
injuries in elite-standard youth soccer, research in which anthropometric
characteristics and injury occurrence are systematically monitored in
youth soccer players is lacking [9, 12]. Therefore, the aim of the study
was to investigate whether an increased risk of injury occurrence can
be determined through frequent anthropometric measurements in
elite-standard youth soccer players. We hypothesized that high growth
rate, large BMI alternation (both increase and decrease), having lowor high fat percentages and low FFMI values are anthropometric injury
risk factors. Growth and BMI alternations were hypothesized to be
associated with injury, because of their strong relationship to the tempo
of maturation that results in quick changes in body dimensions [11, 15,
26, 36]. Fat percentage and FFMI were expected to be stand-alone risk
factors for injury [1, 9, 29, 30].

METHOD
Study Design
The current study was performed during the 2012-2013 competitive
season from September-April and consisted of 8 mesocycles of 4
weeks. As a part of September was pre-season, injury registration
started in October. A prospective longitudinal cohort design was used
to monitor height, body mass, fat percentage and injuries. Injury risk
factors were assessed, i.e., growth, BMI alternations, fat percentage,
and FFMI and related to injury occurrence. The study was approved by
the local ethics committee of the Center for Human Movement Sciences
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of the University of Groningen and was in accordance with the ethical
standards for sports medicine [20].

Participants
In total, 101 male elite-standard youth soccer players of 8 teams (U12
n=14; U13 n=15; U14 n=14, U15 n=13, U16 n=12, U 17 n=15, U19
n= 18) of one youth academy participated in the current study. Only
outfield players were included, since the load and physical demands of
goalkeepers are different from outfield players [40]. U12 through U14
teams trained 4 times a week with a total soccer training duration of
6 hours per week, whereas U15 through U19 teams trained 5 times a
week with a total soccer training duration of 9 hours per week. Match
duration was 60 (U12 and U13), 70 (U14 and U15), 80 (U16 and U17) or
90 (U19) minutes.

DATA COLLECTION		

		

Anthropometric characteristics
Height and body mass were measured every first Monday of the month,
always before practice and at the same time of day. To measure height,
a tapeline was fixed on the wall and a sliding horizontal headpiece was
placed on the top of the head at a 90-degree angle. Participants were
standing erect without shoes and their heels together and head in the
Frankfort horizontal plane [39]. Subsequently, monthly growth rates
were calculated to the nearest 0.1 decimal place (cm growth/month).
Body mass, which was used to determine BMI alternations (kg/m² per
month) and FFMI (kg/m²), was measured with an analogue scale to the
nearest 0.5 kg. Fat percentage was measured every three months (See
Table 1 for a time schedule).

39

Chapter Three
Table 1. Time schedule anthropometric measurements.
Month

Sept

Oct

Nov

Dec

Jan

Feb

Mar

Apr

Anthropometric

Height

Height

Height

Height

Height

Height

Height

Height

Body

Body

Body

Body

Body

Body

Body

Body mass

mass

mass

mass

mass

mass

mass

mass

measurements

Fat %

Fat %
Start data collection; twice a
to

discuss

Fat %
week meetings

with physiotherapists

the injuries were held

To calculate the percentage of body fat, four sites of skin-fold
measurement were assessed [13]. These included biceps, triceps,
subscapular and iliac crest. Calculations of the body fat were based on
the equation given by Deurenberg [10]. Players were subdivided into
3 groups: low-, average-, and high fat percentage [33]. Categories and
ranges were displayed in Table 2.
One physiotherapist repeatedly performed both the height and body
mass measurements. The club physician performed body fat percentage
estimations. Minimum and maximum values for the short-term reliability
of each anthropometric characteristic were assessed while calculating
the typical error of measurement (TEM) and coefficient of variation
(CV) [21]. In earlier research, height, body mass, and fat percentage
assessments were found to be reliable in highly trained youth soccer
players, in which intra-class-correlation values (ICC) varied from 0.99
to 1.00 for height, 0.99 to 1.00 for body mass and 0.92 to 1.00 for fat
percentage [7]. Age and maturity status both had no clear effect on
ICC [7]. FFMI is calculated by dividing the fat mass by the square of the
height. The unit of FFMI is kg/m2, in which the most recently assessed
height, body mass, and fat percentage were used.
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Table 2. Categories and ranges for fat percentage.
Injury risk factor

Categories

Ranges of scores

Low

≤ 6.99

Average

7 – 13.99

High

≥ 14

Low

≤ 4.99

Average

5 – 11.99

High

≥ 12

Fat percentage
Age 11-16

Fat percentage
Age 17-19

Injuries
All players had free access to the medical staff each training session. The
members of the medical staff, which consisted of two physiotherapists
and one physician, diagnosed the injuries. Twice a week, meetings with
physiotherapists took place to record the injuries. Injuries were defined
following the recommendations of the FIFA Consensus Model for Injury
Registration [17] and included registration of type, severity, mechanism
of injury (acute or overuse), and activity (see Figure 1). Slight injuries
without time loss from soccer training and matches were only included
if medical attention consisted of rehabilitation programs, massages or
mobilizations for more than one day. Injuries that occurred preceding
the testing window were excluded. Fom severe injuries (more than 28
days absence from training and match), only the first 2 months after
occurrence were included.

Statistical analysis
For each month, participants’ anthropometric injury risk factors and
injury status were determined. At the end of the testing window, the
number of observations reached a total of 696 (101 players * 7 months
minus the observations that were excluded from the study). Injury risk
factors were included as independent variables and injury occurrence
was the dependent variable. Observations were divided into 2 groups:
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the experimental group, which consisted of players who had injury in
the particular month and the control group, which consisted of noninjured players in the particular month. The age of the participants was
recorded in years to 2 decimal places at time of measurement and to
create standardized age groups, i.e. a 13-year-old player was defined
as a player tested within the age range of 12.50 to 13.49 years. Age was
included as a possible co-founder for injury risk because no reference
values are available for growth, BMI-alternations, and FFMI. Data were
analyzed using binary logistic regression in SPSS 20.0 (SPSS, Chicago,
Illinois). Variables were checked for normality by assessments of the
bell-shaped symmetrical curve [16]. Continuous injury risk factors that
had a p-value below 0.10 were converted into discrete variables [8]. The
regression analysis was executed by using the forced entry method.
For all injury risk factors, odds ratios (OR) and 95% confidence intervals
(CI) were calculated and differences were considered significant when
the p-value was less than 0.05. The Hosmer and Lemeshow Goodnessof-Fit Test was performed to determine whether the model fitted the
data. The Nagelkerke’s R2 was calculated to determine the power of
the model [31].

RESULTS
Injuries
During the 7-month study, a total of 134 injuries occurred. The injury
incidence was 5.9 per 1000 training and match hours. 63 injuries
were recorded during matches and 71 injuries were recorded during
training sessions. Injury rate in matches was 18.2 per 1000 hours and in
training 3,3 per 1000 hours training. Furthermore, 88 injuries occurred
traumatically, and 46 injuries were a result of overuse. 25 players
suffered no injury during the testing window, 38 players suffered one
injury and 38 players suffered multiple injuries. The mean (SD) number
of time loss from soccer activities was 14 (15) days. See Figure 1 for an
overview of the most prevalent injury types.
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Figure 1. Injury type and severity of injury. Injuries: slight (no absence from training
and match, but medical attention was needed); minimal (1-3 days); mild (4-7 days);
moderate (8-28 days), severe (more than 28 days).

Injury risk factors
Table 3 shows descriptive statistics for anthropometric characteristics
and anthropometric injury risk factors over the different age categories,
assessed in October. TEM values for height were 0.3-0.4 and CV values
were 0.3. Regarding weight, TEMs varied from 0.5 to 0.7 and CVs were
0.6-0.7. For fat assessments, TEMs varied from 0.6 to 2.2 and CVs varied
from 0.5 to 2.2. Table 4 shows descriptive statistics of injury risk factors
for the experimental group compared to the control group for different
age categories. In most age categories, injured players show higher
average growth rates than non-injured players. Furthermore, many
players under-16, were categorized as having a low fat percentage, and
many players categorized as having a low fat percentage also suffered
an injury.
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Total mean

44
16.2 (0.9)

7.1 (3.2)

17.4 (1.2)

40.1 (5.5)

Results are presented as mean (±SD)
SD, standard deviation, BMI, body mass index, FFMI, fat-free mass index

15.3(1.5)

7.4 (2.6)

16.6 (2.1)

38.4 (6.6)

17.2 (0.8)

8.0 (2.4)

18.7 (1.3)

47.2 (5.0)

17.5 (1.6)

7.7 (3.2)

19.0 (1.9)

53.9 (6.2)

18.9 (1.1)

7.2 (2.1)

20.4 (1.4)

62.6 (7.4)

19.4 (1.4)

8.3 (3.2)

21.2 (2.1)

21.1 (1.7)

8.0 (3.2)

21.3 (6.8)

20.5 (0.9)

9.0 (3.8)

22.5 (1.2)

66.9 (10.1) 71.6 (10.5) 72.3 (7.3)

20.6 (1.0)

10.6 (3.8)

23.1 (1.9)

79.7 (9.2)

18.3 (2.2)

5

19

FFMI (kg/m²)

7

18

7.9 (2.9)

12

17

Fat (%)

13

16

19.7 (3,3)

13

15

BMI (kg/m²)

13

14

56.8 (14,8)

11

13

Body mass (kg)

23

12

169.0 (13.1) 151.9 (5.6) 151.3 (6.3) 158.7 (8.0) 168.7 (5.6) 174.8 (8.0) 177.3 (8.3) 175.9 (5.3) 179.1 (7.8) 185.6 (4.7)

4

11

Height (cm)

Number of players in October 101

Age

Table 3. Anthropometric characteristics and anthropometric injury risk factors of the elite-standard youth soccer players.
Data collected at the start of the study (October).
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0 (0)

0 (0)

-

Average

High

FFMI (kg/m²) (SD)

16.3
(1.0)

(0.8)

0 (0)

4 (5)

14 (17)

(0.3)

0.1

14.9

0 (0)

18 (3)

82 (14)

(0.2)

(0.4)

0.6

18 (22)

Injured

123

12

(0.9)

16.4

4 (5)

41 (50)

37 (46)

(0.3)

0.0

(0.5)

0.5

(101)

82

injured

Non-

BMI, body mass index; FFMI, fat-free mass index

0 (0)

Low

observations)

(number of

Percentage

Fat

(SD)

-

0.0

(kg/m²/month)

BMI alternations

0.5

(0.3)

-

(17)

(cm/month)

Growth (SD)

observations)

(number of

100

Percentage

0 (0)

injured

Non-

injured

Injured/non-

Injured

17

Number of

observations

11

Age

(0.9)

17.4

0 (0)

14 (14)

9 (9)

(0.2)

0.1

(0.4)

0.7

23 (23)

Injured

100

13

(0.9)

16.9

2 (2)

46 (46)

29 (29)

(0.3)

0.1

(0.4)

0.5

77 (77)

injured

Non-

(0.9)

17.7

0 (0)

9 (7)

15 (12)

(0.4)

0.2

(0.4)

0.6

23 (19)

Injured

81

14

(1.4)

17.9

0 (0)

37 (30)

40 (32)

(0.3)

0.1

(0.4)

0.5

77 (62)

injured

Non-

(0.9)

18.8

0 (0)

6 (6)

17 (19)

(0.3)

0.2

(0.3)

0.5

23 (25)

Injured

109

15

Table 4. Descriptive statistics of injury risk factors per age category.

(1.3)

18.6

0 (0)

38 (41)

39 (43)

(0.3)

0.1

(0.3)

0.4

77 (84)

injured

Non-

(1.7)

19.1

1 (1)

18 (14)

9 (7)

(0.3)

0.1

(0.3)

0.2

28 (22)

Injured

79

16

(1.3)

20.0

8 (6)

49 (39)

15 (12)

(0.3)

0.0

(0.3)

0.1

72 (57)

injured

Non-

(1.5)

20.4

0 (0)

15 (13)

7 (6)

(0.4)

0.0

(0.3)

0.1

21 (19)

Injured

89

17

(1.6)

20.7

3 (3)

67 (60)

8 (7)

(0.3)

0.1

(0.3)

0.1

79 (70)

injured

Non-

(1.3)

21.2

4 (2)

37 (19)

0 (0)

(0.3)

0.0

(0.2)

0.1

41 (21)

Injured

51

18

(1.4)

21.5

8 (4)

51 (26)

0 (0)

(0.2)

0.1

(0.2)

0.0

59 (30)

injured

Non-

(0.8)

20.6

2 (1)

19 (9)

4 (2)

(0.2)

0.2

(0.3)

0.1

26 (12)

Injured

47

19

(1.1)

20.7

21 (10)

(20)

(5)43

11

(0.4)

0.0

(0.3)

0.1

74 (35)

injured

Non-
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Relation between injury risk factors and injury occurrence
Binary logistic regression analysis showed that players with growth
rates of at least 0.6 cm/month had a higher risk for injury (p=.03;
OR=1.63; 95% CI 1.06-2.52), see Table 5. Furthermore, players showing
a monthly BMI-increase of >0.3 kg/m² were at a higher risk for injury (p=
0.03; OR=1.61; 95% CI 1.04-2.49). A decrease in BMI-value of at least
0.4 kg/m² per month is also associated with injury occurrence (p=.06;
OR=1.97; 95% CI 0.97-4.00). Regarding fat percentage, players with
low fat percentages were at higher risk for injury (p=.01; OR=1.81; 95%
CI 1.18-2.76) and players with high fat percentage had fewer injuries,
although this was not significant (p=.06; OR=0.33; 95% CI 0.117-1.04).
No significant results were found for FFMI (p=.43; OR=1.07; 95% CI
0.91-1.25). The Hosmer and Lemshow Goodness-of-Fit Test revealed
that the model fitted the data, Χ² = 9.86, df = 8, p= .28. The Nagelkerke
R² indicated that the models’ explained variance was 7%.
Table 5. Binary regression of injury risk factors.
Injury risk factor

Border values

Growth (cm/month)
BMI-increase (kg/m²/month)

≥ 0.6
≥ 0.3

OR
1.63*
1.61*

CI (95%)
1.06
1.04

2.52
2.49

p
0.03
0.03

BMI-decrease (kg/m²/month)

≤ -0.4

1.97

0.97

4.00

0.06

Fat percentage
Low
High

1.81*
0.33

1.18
0.11

2.76
1.04

0.01
0.06

FFMI (kg/m²)

1.07

0.91

1.25

0.43

* Difference between injured and non-injured players significant at p<0.05 level. OR, odds ratio; CI, confidence
interval; P, p-value; BMI, body mass index; FFMI, fat-free mass index.

DISCUSSION
The aim of the study was to investigate whether an increased risk of
injury occurrence can be determined through frequent anthropometric
measurements in elite-standard youth soccer players.. Our findings
demonstrated that anthropometric characteristics are indeed related
to injuries in elite-standard youth soccer players. Growth, BMI increase
and having a low fat percentage have been identified as anthropometric
injury risk factors. The methodological approach advances current
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knowledge, because no studies have monitored anthropometric
characteristics and injuries in a longitudinal design so far. The current
study’s injury incidence (5.9/1000 training and match hours) was slightly
higher, when compared with previous literature (5.6 injuries per 1000
hours exposure) [25]. The mean (SD) time loss from soccer activities
in the current study was 14 (15) days, which was slightly lower than
the average time loss of 21.9 (33.63) days that was described by Price
[35].

Interpreting anthropometric injury risk factors
Youth players who grow at least 0.6 cm in the previous month are at
higher risk to suffer an injury. This particularly holds true for players
around the age of their PHV, who frequently show monthly growth
rates of at least 0.6 cm. Regarding the relative risk, the odds ratio score
for growth was 1.63. This indicates that players growing at least 0.6 cm
per month have at least 1.63-fold greater chance to suffer an injury as
compared with those who stay at the same height. In earlier literature,
maximum growth rates from 8 cm/year [27], 9 cm/year [44] and 9.7
cm/year [34] in elite-standard youth soccer players were comparable
with the growth rates found in the current study. However, a clear link
between high growth rate and injuries has never been demonstrated.
The relationship between high growth rates and injuries provides more
insight into the injury problem between the year before PHV to the year
of PHV [12, 43].
A similar relative risk was found for a monthly increase in BMI-value
of at least 0.3 kg/m² (odds ratio of 1.61). In earlier research, large BMI
increases were found in youth athletes as well [27]. However, monthly
BMI increases have never been monitored in combination with an
accurate injury registration in youth athletes. When interpreting the
relationship between BMI increases and injuries in youth athletes, it
is essential to consider whether the increase is greater than what may
be expected with normal growth and maturation [28]. Although, the
relationship between BMI decreases and injury occurrence was nonsignificant in this study, BMI decreases can be meaningful. Coaches and
medical staff should be aware of the presence of large BMI decreases in
elite-standard youth soccer [9, 30].
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Players having a low fat percentage are at significantly higher risk for
injuries (odds ratio score of 1.81), while a high body fat percentage did
not increase injury risk. In earlier literature, fat percentages in elitestandard youth soccer ranged from 11.8 (2.6) in U15 teams [19] to
11.9 (2.5) in U14 [25] and U19 teams [37]. However, literature in which
body fat percentage is linked to injuries is lacking, and optimal values
for elite-standard youth soccer players were not defined in literature
[12, 38]. Our classification was therefore based on those composed
for wrestlers [33], but was useful to identify players at higher risk for
injuries due to body fat percentage nevertheless. We support the notion
that more research is needed to compose ranges of recommended
fat percentages in elite-standard youth soccer [38]. Outcomes of the
current study can contribute to this.

Methodological considerations
Fat measurements occurred every three months. However, conducting
monthly fat estimations would have given more accurate values, as
fat percentage is supposed to be variable and influenced by growth
and maturation [6, 29]. Moreover, the applicability of anthropometric
injury risk factors will differ between age groups. The identified
anthropometric injury risk factors focus in particular on the tempo of
maturation, which peaks around the age of 13-14 [25, 41]. Players aged
16-19 rarely show monthly growth rates higher than 0.6 cm (Table 4).
It is very likely that during the late adolescent years, other risk factors
may provide a better explanation. For instance, adolescents’ physical
and psychological demands, which are experienced more highly in the
late adolescent years, are the underlying reasons for their resultant
injuries [12]. Monitoring of individual exposure, stress, and recovery
can provide better insight into the load undertaken by each player [5].
In addition, dietary intake may play a role [9].
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Conclusions
The current study adds new insights into the relationship between
anthropometric characteristics and injuries in elite-standard youth
soccer. Our findings demonstrated that anthropometric injury risk
factors, i.e., growth and BMI-increase, as well as low fat percentage can
be used to recognize elite-standard youth soccer players who are at
risk of injury and this may play a role in prevention strategies.

49

Chapter Three

REFERENCES
1. Arnason A, Sigurdsson SB, Gudmundsson A, Holme I, Engebretsen L, Bahr R. Risk
factors for injuries in football. Am J Sports Med 2004; 32: 5-16.
2. Beunen G. Adolescent growth and motor performance: a longitudinal study of belgian
boys. Champaing, 2: Human Kinetics; 1988.
3. Blimkie CJ, Lefevre J, Beunen G, Renson R, Dequeker J, Van Damme P. Fractures,
physical activity, and growth velocity in adolescent Belgian boys. Med Sci Sports Exerc
1993; 25: 801-808.
4. Bradburry S. Histology for medical students. London & Tonbridge: Heinemann
medical books 1973; 87.
5. Brink MS, Visscher C, Arends S, Zwerver J, Post WJ, Lemmink KA. Monitoring stress
and recovery: new insights for the prevention of injuries and illnesses in elite youth
soccer players. Br J Sports Med 2010; 44: 809–815.
6. Brito J, Malina RM, Seabra A, Massada JL, Soares JM, Krustrup P, Rebelo A. Injuries in
Portuguese youth soccer players during training and match play. J Athl Train 2012; 47:
191-197.
7. Buchheit M, Mendez-Villanueva A. Reliability and stability of anthropometric and
performancemeasures in highly-trained young soccer players: effect of age and
maturation.J Sports Sci 2013; 31: 1332-1343.
8. Cerquides J, Mantaras RL. Proposal and empirical comparison of a parallelizable
distance-based discretization method. In KDD97: third international conference on
knowledge discovery and data mining 1997; 139-142.
9. Comfort E, Abrahamson P. Sport rehabilitation and injury prevention. Chichester:
Wiley-Blackwell 2010; 245-274.
10. Deurenberg P, Pieters JJL, Hautvast JGAJ. The assessment of the body fat percentage
by skinfold thickness measurements in childhood and young adolescence. Br J Nutr
1990; 63: 293-303.
11. DiFiori JP. Evaluation of overuse injuries in children and adolescents. Curr Sports
Med Rep 2010; 9: 372-378.
12. DiFiori JP, Benjamin HJ, Brenner JS, Gregory A, Jayanthi N, Landry GL, Luke A. Overuse
injuries and burnout in youth sports: a position statement from the American Medical
Society for Sports Medicine. Br J Sports Med 2014; 48: 287-288.
13. Durnin J, Womersley J. The assessment of the amount of fat in the human body from
measurements of skinfold thickness. Br J Nut 1967; 21: 681-689.
14. Flachsmann R, Broom N, Hard A, Moltschaniwskyi G. Why is the adolescent joint
particularly susceptible to osteochondral shear fracture? Clin Orthop Relat Res 2000;
381: 212-221.
15. Ford K, Myer G, Hewett T. Longitudinal effects of maturation on lower extremity joint
stiffness in adolescent athletes. Am J Sports Med 2010; 38: 1829-1837.
16. Frankena K, Graat EA. (1997). Multivariate Analysis: Logistic Regression. In Application
of Quantitative Medthods in Veterinary Epidemiology. Wageningen: Wageningen Pers.
1997; 135-169.
17. Fuller CW, Ekstrand J, Junge A, Andersen TE, Bahr R, Dvorak J, Hägglund M, McCrory
P, Meeuwisse WH. Consensus statement on injury definitions and data collection. Scand
J Med Sci Sports 2006; 16: 83-92.
50

Anthropometric Injury Risk Factors in Elite-standard Youth Soccer
18. Hawkins D, Metheny J. Overuse injuries in youth sports: biomechanical considerations.
Med Sci Sports Exerc 2001; 33: 1701-1707.
19. Hammami MA, Ben Abderrahmane A, Nebigh A, Le Moal E, Ben Ounis O, Tabka
Z, Zouhal H. Effects of a soccer season on anthromotric characteristics and physical
fitness in elite young soccer players. J Sports Sci 2013; 31: 589-596.
20. Harriss DJ, Atkinson G. Etical Standards in Sport and Exercise Science Research:
2014 Update. Int J Sports Med 2013; 34: 1025-1028.
21. Hopkins WG. Measures of reliability in sports medicine and science. Sports med
2000; 30: 1-15.
22. Jackowski SA, Faulkner RA, Farthing JP, Kontulainen SA, Beck TJ, Baxter-Jones AD.
Peak lean tissue mass accrual precedes changes in bone strength indices at the
proximal femur during the pubertal growth spurt. Bone 2009; 44: 1186-1190.
23. Johnson A, Doherty PJ, Freemont A. Investigation of growth, development, and
factors associated with injury in elite schoolboy footballers: a prospective study. BMJ
2009; 26: 338:b490.
24. Le Gall F, Carling C, Reilly T. Biological maturity and injury in elite youth football.
Scand J Med Sci Sports 2007; 17: 564-572.
25. Le Gall F, Carling C, Williams M, Reilly T. Anthropometric and fitness characteristics
of international, professional and amateur male graduate soccer players from an elite
youth academy. J Sci Med Sport 2010; 13: 90-95.
26. Malina RM, Bouchard C, Bar-or O. Growth, Maturation and Physical Activity, 2nd
Edition. Champaign, Human Kinetics 2004; 277-333.
27. Malina RM, Morano PJ, Barron M, Miller SJ, Cumming SP. Growth status and estimated
growth rate of youth footbal players. Clin J Sport Med 2005; 3: 125-132.
28. Malina RM. Body composition in athletes: assessment and estimated fatness. Clin
Sports Med 2007; 26: 37-68.
29. Malina RM, Geithner CA. Body composition of young athletes. Am J Lifestyle Med
2011; 3: 262-278.
30. Meltzer S, Fuller C. Sports nutrition, a practical guide to eating for sport. London:
New Holland publishers 2005; 125-146.
31. Nagelkerke N. A note on a general definition of the coefficient of determination.
Biometrika 1991;78: 691-692.
32. Nakase J, Aiba T, Goshima K, Takahashi R, Toratani T, Kosaka M, Ohashi Y, Tsuchiya
H. Relationship between the skeletal maturation of the distal attachement of the
patellartendon and physical features in preadolescent male football players. Knee Surg
Sports Traumatol Arthrosc 2014; 22: 195-199.
33. Oppliger RA, Case HS, Horswill CA, Landry GL, Shelter AC. American College of Sports
Medicine position stand: weight loss in wrestlers. Med Sci Sports Exerc 1996; 28: 9-12.
34. Philippaerts RM, Vaeyens R, Janssens M, Renterghem B, Matthys D, Craen R, Borgois
J, Vrijens J, Beunen G, Malina R. The relationship between peak height velocity and
physical performance in youth soccer players. J Sports Sci 2006: 24: 221-230.
35. Price RJ, Hawkins RD, Hulse MA, Hodson A. The Football Association medical
research programme: an audit of injuries in academic youth football. Br J Sports Med
2004; 38: 466–471.
36. Quatman-Yates CC, Quatman CE, Meszaros AJ, Paterno MV, Hewett TE. A systematic
review of sensorimotor function during adolescence: a developmental stage of
51

Chapter Three
increased motor awkwardness? Br J Sports Med 2012; 46: 649-655.
37. Rebelo A, Brito J, Maia J, Coelho-e-Silva MJ, Figueiredo AJ, Bangsbo J, Malina RM,
Seabra A. Anthropometric characteristics, physical fitness and technical performance
of under-19 soccer players by competitive level field position. Int J Sports Med 2013;
34: 312-317.
38. Reilly T, George K, Marfell-Jones M, Scott M, Sutton L, Wallace JA. How well do skinfold
equations predict percent body fat in elite soccer players. Int J Sports Med 2009; 30:
607-613.
39. Ross WD, Marfell-Jones MJ. Kinanthropometry, physiological testing of the highperformance athlete. MacDougall JD, Wenger HA, Green HJ. Human Kinetics Books.
1991; 223-308.
40. Salvo VD, Benito PJ, Calderon FJ, Di Salvo M, Pigozzi F. Activity profile of elite
goalkeepers during football match-play. J Sports Med Phys Fitness 2008; 48: 443-446.
41. Tanner JM. Growth at adolescence, 2nd-Edition. Oxford: Blackwell Scientific
publications, and Springfield Thomas 1962; 313.
42. Van der Sluis A, Elferink-Gemser MT, Coelho-e-Silva MJ, Nijboer JA, Brink MS, Visscher
C. Sport injuries aligned to peak height velocity in talented pubertal soccer players. Int J
Sports Med 2014; 35: 351-355.
43. Van der Sluis A, Elferink-Gemser MT, Brink MS, Visscher C. Importance of peak
height velocity timing in terms of injuries in talented soccer players. Int J Sports Med
2015; 36: 327-332.
44. Valente-dos-Santos J, Coelho-e-Silva MJ, Simoes F, Figueiredo AJ. Modeling
developmental changes in functional capacities and soccer-specific skils in male players
aged 11-17 years. Pediatr Exerc Sci 2012; 24: 603-621.

52

Anthropometric Injury Risk Factors in Elite-standard Youth Soccer

53

CHAPTER

4

IMPORTANCE OF PEAK HEIGHT VELOCITY TIMING IN TERMS
OF INJURIES IN TALENTED SOCCER PLAYERS.

Alien van der Sluis, Marije T. Elferink-Gemser, Michel S. Brink, Chris
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ABSTRACT
The purpose of this study was to identify differences in traumatic and
overuse injury incidence between talented soccer players who differ
in the timing of their adolescent growth spurt. 26 soccer players
(mean age 11,9 ± 0,84 years) were followed longitudinally for 3 years
around peak height velocity, calculated according to the Maturity Offset
Protocol. The group was divided in an earlier and later maturing group
by median split. Injuries were registered following the FIFA consensus
statement. Mann-Whitney tests showed that later maturing players
had a significantly higher overuse injury incidence than their earlier
maturing counterparts both in the year before peak height velocity
(3.53 versus 0.49 overuse injuries/1000 hours of exposure, U=49.50,
z=-.2.049, p<.05) and the year of peak height velocity (3.97 versus 1.56
overuse injuries/1000 hours of exposure, U=50.5, z= -1.796, p<.05).
Trainers and coaches should be careful with the training and match
load they put on talented soccer players, especially those physically not
(yet) able to handle that load. Players appear to be especially vulnerable
between 13.5 and 14.5 years of age. Training and match load should
be structured relative to maturity such that athletic development is
maximized and the chance on injuries is minimized.
Keywords: maturation, development, traumatic, overuse, longitudinal
study, sport, adolescent
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INTRODUCTION
The topic of size and maturity mismatch in youth sports has been
discussed for a long time in relation to unfair competitive advantages
and to the risk of injury [21]. Talented adolescent soccer players as a
group are advanced in maturity as compared to the general population
[23] and the number of late maturing players decreases in the
chronologically older selection groups of talent development programs
in soccer [11, 28, 35]. This indicates an advantage in being selected
for these programs on the part of early maturing players. It has been
mentioned that coaches and scouts give preference to players of greater
size and power in talent development programs which leads to the
exclusion of their potentially talented peers who are smaller and have
less strength and power due to a later timing in their maturation [22].
Another plausible factor that might play a role in the disadvantageous
position of late maturing players is a heightened vulnerability to injuries.
The most commonly used indicators of maturation include skeletal
age (SA) and secondary sex characteristics (pubic hair, genitals,
testicular volume). Age at peak height velocity and percentage of
mature (adult) height attained at a given age, are low invasive, feasibly
practical indicators of somatic maturation [2] Due to the differences
in biological maturation, there is considerable variation in size and
power of adolescent soccer players [6, 11]. Players more advanced
in biological maturation tend to be taller, heavier, stronger and faster
than players who are more delayed in maturation [7, 12, 25]. In the
study of Figueireido and colleagues (2010) the differences in average
height and weight between the least and most mature players in the
same age group (13-14 years old) are 15 centimeters and 21 kilograms
and the difference in skeletal age (Fels method) is as great as 3.7 years
[11]. The early maturing players score significantly better on power
and agility tests. In addition, late maturing players might have an extra
disadvantage, due to a supposed temporarily decrease in performance
on motor skills during PHV [32], taking place in the same period in which
early maturing players in the same age group are already past their
PHV. Taken together, this mismatch in height, weight, power, speed and
agility between players in the same chronological age group possibly
results in a game dominated by boys who are advanced in maturity.
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For later maturing players, this may result in a higher risk for traumatic
injuries, as has been mentioned by some authors [21, 34]. Still, evidence
is not consistent [1, 9, 18 ,20].
Late maturing players may also run an increased risk of overuse injuries.
In soccer, the training load intended by coaches is often referred to
as the external load [16]. The actual amount of physiological stress as
experienced by an individual athlete during training and competition,
often referred to as internal training load, is determined by the external
training load and individual factors, such as training status or (maturity
associated) endurance [16]. Talent development programs should
be maximizing individual development and minimizing the chance of
injuries. However, whether this is actually the case remains unknown.
Training programs are scheduled per chronological age group and not,
for example, in terms of maturity category. Over these chronological
age groups, the external training load increases [8, 37]. The same
training stimulus may improve performance in one player, maintain
the performance in another and cause injuries in a third player [19].
Late maturing players may be exposed to a higher internal training load
since their physical capacities are less developed as compared to early
maturing players and they may therefore be more prone to injuries.
The same possibly applies for match-play: the total distance, high
intensity distance, and very high intensity distance that players cover
increase with older ages [14] the same being true for acceleration,
maximum running speed and repeated sprint ability [29]. Some studies
have analyzed differences in injury occurrence between early and
late maturing soccer players (e.g. [18, 27] ), without, however, always
yielding clear results. Recently we conducted a study in which we
focused on differences in injury occurrence in talented pubertal soccer
players during different phases of maturation (before, during and after
PHV). We concluded that players were more vulnerable for traumatic
injuries during PHV [36], and suggested that this might be even more
the case for later maturing players. As far as the authors know, no
studies have looked at injury occurrence during different phases of
maturation aligned to the timing of peak height velocity. Furthermore,
the mechanisms that cause traumatic and overuse injuries could well
be different. Studies concerning injuries in early and late maturing
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players have so far mainly examined match and training injury incidence
(e.g.[20]) and have made no distinction in type of injury (traumatic or
overuse). Information on differences in traumatic and overuse injury
incidence, injury location and severity would contribute to having a
grasp of the injury incidence associated with maturity status.
The purpose of this study is therefore to follow talented soccer players
who differ in the timing of their Peak Height Velocity longitudinally for
three years around Peak Height Velocity and to identify differences
in traumatic and overuse injury incidence. We hypothesize that later
maturing players have a higher risk of both traumatic and overuse
injuries.

MATERIAL AND METHODS
Participants
In an earlier study we followed a group of soccer players for three years
around Peak Height Velocity to identify differences in injury occurrence
during those measurement periods [36]. Because of the presumption
that the disadvantage from injury occurrence would be even greater
for later maturing players, in the current study we stratified the same
data in a different way in order to focus on differences between those
players maturing at a younger and at an older age. Participants were
soccer players in a Dutch professional soccer club, competing at the
highest level of their age category and therefore belonging to the best
0.5% of the total number of players in their age group (National Soccer
Association, KNVB). They were selected for the talent development
program by the scouts, trainers and staff of the professional soccer
club. Only those players were included who had been participating in
the talent development program of the club for at least three years
around their PHV (one year before, one year during and one year after
PHV). As a consequence, players were excluded if they dropped out of
the program during one of the three years, or if they had their age at
Peak Height Velocity within 1.5 year after their selection for the talent
development program (after all, these players could not be followed
during their complete year before PHV, because this year runs from
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1.5 year before PHV until half a year before PHV). Of the approximately
120 players who were selected to participate for at least one year in the
talent development program for the study period of four consecutive
years, 26 of these met all the inclusion criteria and were included in the
study.

Peak height velocity
In order to divide the group into players maturing at younger and older
ages, the algorithm derived from two longitudinal studies of Canadian
youth and one of Belgian twins was used to predict the time in years
the soccer players were before PHV, termed maturity offset (R = 0.94,
R2 = 0.89, and SEE = 0.59) [28]. For males, equation 3 was used, which
calculates maturity offset as follows: -9.236 + (0.0002708 * (Leg Length
*Sitting Height)) + (-0.001663 * (Age * Leg Length)) + (0.007216 *
(Age*Sitting Height)) + (0.02292 * (Weight/Height*100)). The equation
has a 95% confidence interval of 1.18 years [24], and is mainly applicable
and accurate for boys measured during the interval of the growth spurt
(12 to 15 years) and who are on time in their maturation [26].
The anthropometric data for the equation were collected as follows:
height was measured to the nearest millimeter, with a body length
meter (Schinkel Medical, Nieuwegein, the Netherlands) that was fixed
on a wall. Boys were standing erect without shoes and the heels
together with the head in the Frankfort horizontal plane [33]. Sitting
height was measured from the ground to the head, while players sat on
a table with a straight back against the wall. By subtracting the height of
this table from the measured height, sitting height was calculated. Leg
length was calculated by subtracting the sitting height from the total
height (i.e., height of players while they were standing against a wall).
Weight was measured using an analogue scale to the nearest 0.1 kg. All
measurements were taken at the end of the season and were carried
out by skilled testers.
After calculating maturity offset, predicted age at PHV was estimated
as chronological age (CA) plus maturity offset. The group of players was
then divided in two by median split based on this predicted age at PHV,
resulting in 13 players who had their PHV at an earlier age (moment of
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PHV between age 12.85 and 13.91) and 13 players who had their PHV
at an older age (moment of PHV between age 13.92 and 15.41)
The groups were heterogeneous in height and weight at the time of
their first selection, with a mean height of 158.2 ±9.3 cm and a mean
weight of 46.4 ±7.2 kg for the group maturing at an older age and a
mean height of 155.8 ± 9.1 cm and a mean weight of 45.9 kg ± 9.5 cm
for the group maturing at a younger age.
Both groups were followed for three years around PHV (one year before,
one year during and one year after). The year of PHV was set by taking
six months before and six months after predicted age at PHV. The 12
months before this year of PHV were assigned as the year before PHV
(Pre-PHV), the 12 months after the year of PHV were assigned as the
year after PHV (Post-PHV).

Injury data
The club physician diagnosed and recorded injuries during the period in
which the soccer players were in the talent development program. The
definitions and data collection procedures that were used follow the
recommendations of the consensus statement for soccer injury studies
( the FIFA registration system) [13]. An injury was defined as: “any physical
complaint sustained by a player that results from a soccer match or a
soccer training, irrespective of the need for medical attention or time
loss from soccer activities.” Injuries were reported if a player was unable
to take full part in future soccer training or match play for at least 24
hours (time loss injuries) or if a player needed medical attention, but
was still able to take part in training or competition (medical attention
injuries). Traumatic injuries were defined as injuries that resulted from
a specific, identifiable event. Overuse injuries were defined as injuries
that resulted from repeated micro trauma without a single identifiable
event. Injuries were classified according to location, type, mechanism
and severity of the injury. Defined in terms of the number of days the
player was not able to take full part in competition or training sessions,
the severity of the injury was deemed slight (no absence from training
session or match, also recorded as “medical attention injury”), minimal
(1-3 days time loss), mild (4-7 days time loss), moderate (8-28 days time
loss), severe (more than 28 days time loss) and career-ending injuries.
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Calculation of exposure and injury incidence
Information on training and match hours in the three measurement
periods was gathered through a questionnaire that players filled in for
research purposes and checked against the actual amount of training
and match time as provided by the club. In case of missing data, training
and match hours were replaced by the average amount of training
hours or match hours for the corresponding age category in that year.
Traumatic and overuse injury incidence were calculated for the three
measurement moments (year before PHV, year of PHV and year after
PHV) as the number of traumatic/overuse injuries/1000-h exposure to
training sessions and competition.

Statistical analysis
SPSS 20.0 was used to analyze the data. Descriptive statistics (means
and standard deviations) for age, training hours and match hours
along with traumatic and overuse injury incidences were calculated for
the two groups (reaching their PHV at earlier or older ages) for each
measurement period (year before, year during or year after peak height
velocity). The normality of the distributions (of traumatic and overuse
injury incidence for the two groups (players maturing at a younger
and players maturing at an older age) at the three different periods
(Pre-PHV, PHV and Post-PHV) was tested using Kolmogorov-Smirnov
tests. P-values lower than .05 were considered to be significant, which
was the case for almost all variables, indicating the variables were not
normally distributed. Therefore the execution of a Mixed Design Anova
(GLM 5) or of unpaired samples t-tests was not possible. Differences
in injury incidence between the two groups were tested using MannWhitney tests [10]. All p-values were two-tailed, significance level was
set at p<.05.
The study fits the established ethical standards for sports medicine [15].
An institutional agreement was signed between the Center for Human
Movement Sciences of the University of Groningen and the soccer club
to assure data collection.
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RESULTS
The mean age at PHV was 14.04 (±0.65) years for the whole group (table
1). This means that on average, their year of PHV took place from 13.54
until 14.54 of age, which translates from six months before the moment
of PHV until six months after. The group maturing at a younger age,
had a mean age at PHV of 13.50 (± 0.34), the later maturing group had
a mean age at PHV of 14.52 (± 0.44). The player with the earliest age at
PHV, had an age at PHV of 12.85 year, the player with the latest age at
PHV had an age at PHV of 15.41. Table 1 also provides exposure time
for both groups at the three measurement periods.
Table 1. Mean age in the year of PHV and exposure time (training and match hours) per
year in the 3 measurements periods (pre-PHV, PHV and Post-PHV) for players maturing
at a younger age and players maturing at an older age.
Mean age in year of
PHV

Exposure time prePHV

Exposure time PHV

Exposure time
Post-PHV

Group maturing at
younger age (PHV <
13.92, n=13)

13.50 ± 0.34

428.53

426.11

413.25

Group maturing at
older age (PHV ≥
13.92, n=13)

14.52 ± 0.44

403.45

430.94

484.56

Over the total measurement period, 178 injuries were recorded among
the 26 players, 67 in the group of players maturing at a younger age (PHV
13.92) and 111 in the group of players maturing at an older age (PHV≥
13.92). Figure 1 shows the locations of traumatic and overuse injuries in
both groups. Players maturing at a younger age had 39 traumatic and
28 overuse injuries over the measurement period of three years, as
compared to 51 traumatic injuries and 60 overuse injuries in the group
of players maturing at an older age.
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Figure 1. Injury locations for traumatic and overuse injuries in players maturing at a
younger and older age.

In terms of overuse injuries, the greatest difference between players
maturing at a younger or older age can be seen in injuries located in
the lower limb, mostly those located in the knee. Players maturing at a
younger age had 7 overuse injuries located in the knee as compared
to 23 in the group of players maturing at an older age. The diagnosis
of Osgood-Schlatter Disease for these knee-injuries was given to three
players in the group maturing at a younger age and to four players
maturing at an older age. However, there was remarkable difference
between these two groups in terms of the days missed from training
sessions and competition due to this diagnosis: in the group of players
maturing at a younger age 15 days of training and competition were
missed as compared to 58 in the group of players maturing at an older
age.
Table 2 shows the mean incidences per 1000 hours of exposure for
traumatic and overuse injuries in the two groups, for the three different
measurement periods (the year before PHV, the year of PHV and the year
after PHV). In both groups, the incidence of traumatic injuries increases
from the year before PHV to the year of PHV, and then decreases
thereafter. In terms of overuse injuries, these injuries increase from the
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year before PHV to the year of PHV and further increase in the year after
PHV in the group of earlier maturing players. For the group of players
maturing at an older age, overuse injury incidence in the year before
PHV is seven times as high as the earlier maturing group and increases
only slightly in the year of PHV. The highest injury incidence was found
for overuse injuries in the year of PHV (3.97 ± 3.11), in players maturing
at an older age, followed by traumatic injury incidence in the year of
PHV for the same group (3.96 ± 2.57). The Mann-Whitney test showed
a significant difference in overuse injuries in the year before PHV and
the year of PHV. Players who had their PHV at an older age had a higher
incidence of overuse injuries before PHV (U=49.50, z=-.-2.049, p<.05, r=
.40) and during PHV (U=50.5, z= -1.796, p<.05, r=.35).
Table 2. Incidences of traumatic and overuse injuries in 3 years around PHV, for players
maturing at a younger and older age. Scores are represented as number of injuries per
1000 hours of exposure (training and competition).
Group maturing at a
younger age (PHV < 13.92,
n=13)

Group maturing at an older
age (PHV ≥ 13.92, n=13)

Traumatic injuries
Incidence of traumatic
1.14 ± 1.97
2.33 ± 3.40
injuries Pre-PHV (/1000
hours
Incidence of traumatic
3.14 ± 3.52
3.96 ± 2.57
injuries PHV
Incidence of traumatic
2.95 ± 3.59
2.97 ± 3.74
injuries Post-PHV
Overuse injuries
Incidence of overuse
0.49 ±0.94*
3.53 ±4.63*
injuries Pre-PHV
Incidence of overuse
1.56 ± 1.92*
3.97 ± 3.11*
injuries PHV
Incidence of overuse
2.73 ± 3.84
3.60 ± 2.73
injuries Post-PHV
R=0.10 (small +), r= around 0.30 (medium #), r= around 0.50 (large ^); *p<0.05

Effect size r

0.18+
0.21#
0.03+

0.40^
0.35#
0.24#

The relationship between age of PHV and individual incidence of overuse
injuries is graphically displayed in figures 2 and 3. Figure 2 displays the
individual overuse injury incidence before PHV and the age at which the
individual players experience their PHV. Players in the two groups are
presented using different colors. In figure 3, the same is done for the
individual overuse injury incidence during PHV.
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Figure 3. Age at peak height velocity and incidence of overuse injuries in the year of
PHV

DISCUSSION
The purpose of this study was to follow talented soccer players who
differ in the timing of their Peak Height Velocity longitudinally for three
years around their PHV and to identify differences in traumatic and
overuse injury incidence. In general, the injury problem as a whole
seems to increase from the year before PHV to the year of PHV for
both earlier and later maturing groups. Traumatic and overuse injury
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incidence increases from the year before PHV to the year of PHV. The
results of the current study show that talented soccer players maturing
at an older age experience significantly more overuse injuries than
their earlier maturing counterparts, both before PHV and during PHV.
In earlier studies, no clear difference in injury rates was found between
early, on-time and late maturing players [18, 20, 27]. However, those
studies mostly looked at differences in injuries during one competitive
season. The approach of the current study provides more detailed
insight into differences in injury incidence between players maturing at
a younger and older ages in three individually determined, consecutive
maturation periods of one year. This provides more information on
specific moments during development in which players are vulnerable.
The players maturing at an older age experience an incidence of
overuse injuries Pre-PHV that is seven times higher than their earlier
maturing counterparts in the same maturation period. Apparently, the
later maturing players experience a period in their talent development
process that is “hard to survive”. They are surrounded by players who
are physically more developed and are therefore taller, heavier and
stronger [7, 12, 25]. Furthermore, because they are chronologically
older during their Pre-PHV period (and also during their PHV and PostPHV period) than their earlier maturing counterparts, they are part of
a subsequent selection team. As a consequence, they are exposed to
a higher external training load and play matches of higher intensity the
moment they experience their Peak Height Velocity [8, 14, 37]. As a
result, the internal load that these players experience is possibly higher.
A recent study showed that young elite soccer players perceive training
as harder than intended by their coach [3]. This may become even
more apparent for players who have their PHV at an older age. The
internal load that is placed on their later developing bodies is possibly
higher than is the case for players who have already experienced their
PHV [16] and this may result in a higher incidence of overuse injuries.
Because of the fact that later maturing players are smaller in size,
we also expected to find differences in the incidence of traumatic
injuries between earlier and later maturing players [34]. However, this
difference proved to be not significant. This might be due to the fact that
the average magnitude of growth during the year of PHV in this group
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of players was 6.8 centimeters (7.4 in players maturing at a younger
age and 6.2 for players maturing at an older age), which is rather small
compared to the magnitude of growth during PHV measured in a study
of normal adolescents (10.4 centimeters per year) [16] and Flemish
youth soccer players (9.7 centimeters per year) [31]. In addition to this,
later maturing players, were on average taller before they entered the
phase of PHV than the earlier maturing players, resulting in an smaller
height difference between the two groups during the year of PHV of the
group maturing at an older age. Furthermore, we followed only those
players that were in the talent development program for at least three
years around their PHV. This selective drop-out of (for example players
with severe injuries or late maturing players) may have biased our data.
In other words, the mean age at PHV of the players maturing at an older
age in the current study is 14.52 years. Most of these players fall within
the category of “normal” maturing boys, according to comparable data
of Flemish youth soccer players [31]. Of the 26 players we followed
for three years around PHV, only two of them can be defined as “late
maturing” (having a skeletal age more than one year behind their
chronological age). It is possible that the problem of traumatic injuries
is bigger for players who have skeletal ages that are more than one
year behind chronological age. A limitation of the current study, which
may have biased the data is the fact that we used the maturity offset
protocol [30] in order to predict age at Peak Height Velocity, which is
less precise than for example skeletal age as indicator of biological
maturation. However, this method has the advantage of being low
invasive and seems to be valid during the interval of the growth spurt
(12 to 15 years, which is the case for the current study sample) and for
boys who are on time (average) in maturation [26]. Of the 26 players in
our sample, 23 can be qualified as being on time in maturation.
The fact that we compared injury incidence of players in the same phase
of their biological maturation is a strength but at the same time this
results in a limitation in this study. Players who are in the same phase of
biological maturation differ in the chronological age they have attained
at that moment. This means that other factors may be influencing the
occurrence of injuries, such as the intensity of the training and matches
they participate in. We mentioned that late maturing players might
experience a higher internal training load than early maturing players
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and therefore be more prone to overuse injuries. Past research has
shown that individual monitoring of internal training load, stress and
recovery can contribute to the prevention of injuries [4, 5]. For future
research, we would suggest monitoring those factors (e.g. by monitoring
heart rate, GPS and session RPE) in order to provide more insight into
the difference between players maturing at older and younger age. In
addition to this, we would suggest studying the specific injury related
characteristics of players who drop out of talent development programs
in soccer.
In conclusion, the results of the current study demonstrate that
talented soccer players who mature later than their peers experience a
significantly higher overuse injury incidence. This is especially the case
in the year before PHV and continues into the year of PHV. Trainers
and coaches dealing with talented soccer players should be careful
with the training and match load they put on talented soccer players,
especially with the ones who are physically not (yet) able to bear that
load. The period in which players are between 13.5 and 14.5 years of
age especially seems to be a period in which it is possibly difficult to
balance training and match load. Players who mature later are in a
vulnerable period before their PHV and players maturing at an earlier
age are in the middle of their PHV, which seems to lead to a generally
increased vulnerability to injuries. Training and match load should
be structured in such a way to maturity so that athletic development
is maximized and the chance of injuries is minimized. This could for
example mean that internal training and match load should be carefully
monitored, especially for players maturing at an older age. In case
of large differences in internal training load, the earliest and latest
maturing players could follow different trainings schedules, be selected
for different, biological age groups or split up in some segments of the
training session.
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ABSTRACT
Overuse injuries are a serious problem in junior tennis. Gaining
insight in age-specific risk factors can contribute to prevention. The
developmental cognitive processes that take place during adolescence
make talented players more inclined to take risks. This may be even
more pronounced in the high performance culture in which they move.
Therefore, the current study focuses on the relationship between risktaking and overuse injuries in talented tennis players. 73 talented tennis
players (45 boys and 28 girls, age 11 to 14 years) were monitored for 32
weeks, using the Oslo Sports Trauma Research Centre Questionnaire
on Health Problems. Risk-taking was measured at the start of the
season with the Iowa Gambling Task. Linear regression analyses were
executed to predict (1) overuse injuries, (2) time loss overuse injuries
and (3) overuse severity, by risk-taking, exposure time and injury history.
In boys, risk-taking contributed significantly to time loss overuse injuries
(F(1,39)=7.764, p=.008, R2=.15) and to overuse severity (F(1,39)=5.683,
p=.022, with an R2 of .13) In girls, time loss overuse injuries (F(1,23)=6.889,
p=.018, R2=.20) and overuse severity (F(1,23)=7.287, p=.013, R2=.24)
were predicted by exposure time. Coaches and trainers should be
aware that talented male tennis players who are inclined to take risks,
are more likely to maintain risky behavioral patterns related to overuse
injuries.
Keywords:

youth tennis players, risk-taking, chronic injuries,

prospective cohort study
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INTRODUCTION
Overuse injuries can be defined as injuries that are caused by repetitive
micro-trauma without a single, identifiable event [23]. Overuse injuries
are a serious problem in youth sport and are still under-reported [2].
Most epidemiological studies record time loss injury, whereas overuse
injuries in general lead to functional limitations and pain, but not
necessarily to time loss [16,17]. A recent study indicated that during a
single season 12% of talented tennis players aged 11 to 14, reported
some form of overuse injury and 1 out of 8 players played with pain
every week [37].
In tennis, like in other sports, substantial increments in training occur
during puberty, a period in which as well as physical and cognitive
changes take place [16, 19, 34]. This means that the demands of the
sport are superimposed on those of normal growth and maturation.
It has been suggested that the adolescent years are vulnerable years
for athletes, especially when it comes to overuse injuries in talented
athletes [16, 20].
Some of the drastic physical changes that occur during puberty (such
as the adolescent growth spurt) have been linked to a temporarily
increased risk of both traumatic and overuse injuries [30, 51]. However,
the onset of puberty not only leads to drastic physical changes but also
to emotional, behavioral and social changes [6]. There is substantial
evidence that developmental processes that result from the onset of
puberty, lead to temporarily increased risk-taking in adolescents, with
potential detrimental effects on health [43, 47].
Risk-taking in adolescents probably serves a function from an
evolutionary perspective as it may assist in acquiring the essential skills
to survive away from parental caretakers, and to explore adult behavior
and privileges [43]. However, it also has the potential to produce a
negative outcome. This has been demonstrated for both:
a)

short-term risk-taking behavior, such as reckless driving and
violence, that has been linked to an increase in injuries [44, 45,
49], and
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b)

risk-taking behavior over longer time intervals, such 		
as gambling,alcohol use, smoking, excessive internet gaming
and excessive internet use in adolescents [24, 32, 33].

Crone and van der Molen [13] pointed out that increased risktaking in adolescents reflects the inability to opt for choices that are
advantageous in the long run. Instead, adolescents have an increased
tendency of opting for short-term success, even though this may lead
to future negative (health) consequences. The increase in risk-taking
behavior is found in both boys and girls. The exact behavior that can
be seen may differ though, due to the complex interaction between
biology and social context [12].
Risk-taking in adolescents primarily takes place in ‘affective salient social
contexts’ (in contexts in which they are being observed with peers)
and in emotionally ‘charged’ or ‘hot’ situations (situations in which
they have high-intensive affective experiences) [12]. The elite tennis
context seems to be such a context: from a young age on, athletes
spend enormous amounts of time focusing on sport-related topics and
social domains to the exclusion of almost everything else [1, 5]. Several
authors described the sport culture as ‘a culture of risk’, in which
athletes willingly accept, minimize or ignore risks of pain and injury, and
this applies both to boys and girls [14, 36, 40]. This strategy works as
long as the athletes perceive that they can still perform at their peak.
However, risky behavior like ignoring minor pain and injuries can lead
to overuse injuries, even irreversible injuries or diseases, and negatively
influence long-term sports performance.
Thus, adolescent athletes may be inclined to take increased health risks
from the perspective of the developmental cognitive process that takes
place within them (i.e. puberty) but also from the perspective of the
‘risk culture’ in which they move. Many studies have focused on the
relationship between risk-taking and detrimental behavior in adolescent
health, but none studied talented adolescent athletes, or focused on
the relationship with (overuse) injuries. The aim of the current study
was to investigate the relationship between risk-taking and overuse
injuries in talented junior tennis players. We hypothesize that higher
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risk-taking is related to a higher number of overuse injuries, number
of time loss overuse injuries and overuse severity. We expect this to be
the case for both boys and girls.

METHOD
Study design and procedure
All players participating in the national high performance program of
the Royal Dutch Lawn Tennis Association (KNLTB) took part in the study
(n=73, 45 boys and 28 girls, age 11 to 14 years). Parents and players were
verbally informed of the purpose and procedures of the study during
a pre-season intake and testing day. Written informed consent was
obtained from participating players and their parents and the medical
ethics committee of the VU University Medical Centre, Amsterdam, the
Netherlands approved the study.
The prospective cohort study was performed during the tennis season
(September – June 2012-2013). At the start of the season, players
completed a questionnaire on demographics, tennis experience and
injury history, psychological characteristics and stage of puberty (using
self-assessment Tanner stages: breast development in girls, genital
development in boys and pubic hair development in boys and girls)
[39]. Anthropometry, physical fitness and function, and psychological
characteristics (including risk-taking) were also recorded. Stage of
puberty and anthropometry were relevant because brain development
and behavioral changes, including risk-taking, are related to the onset
of puberty and rapid physical changes such as the adolescent growth
spurt [6].
During the season players received a weekly email invitation (using
online survey software, Questback, Netherlands) in which they were
invited to report their training and match exposure over the previous
week, as well as any health problems they had experienced over that
time. An automatic reminder was sent to non-responders after three
days, urging the player to complete that week’s registration. If an athlete
did not respond for three weeks, or if their answers to the questionnaire
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were unclear, they were contacted by telephone by a KNLTB physician.
For the exact procedure we refer to Pluim et al. [37] .

Participants characteristics
Table 1 provides the characteristics of the tennis players. 45 boys and
28 girls took part in the study. Their mean age was 12.4 (±1.1) years.
Mean Tanner Stage was 2.1 (±1.0). Girls were on average further in
pubertal development than boys (2.5±1.1 vs. 2.0±0.9). The vast majority
of the players (33 boys and 26 girls) had a Tanner stage >1, indicating
pubertal onset. Total tennis exposure was 11.0 (±1.0) hours/week for
boys and 11.6 (±0.8) hours/week for girls.
Table 1. Participant characteristics.

N
Age, years (SD)
Height, centimeters (SD)
Weight, kilograms (SD)
Total exposure hours/week
Training exposure hours/week
Match exposure hours/week

Total
73
12.4 (±1.1)
157.0 (± 8.9)
45.2 (±9.2)
11.3 (±0.7)
9.1 (0.6)
2.2 (0.7)

Boys
45
12.3 (±1.1)
155.4 (±8.5)
43.6 (±7.6)
11.6 (±0.8)
9.3 (0.7)
2.2 (0.7)

Girls
28
12.5 (±1.2)
159.5 (±9.0)
47.6 (±11.0)
11.0 (1.0)
8.7 (0.7)
2.2 (0.9)

Measurement of risk-taking
Risk-taking was measured using a computerized version of the Iowa
Gambling Task [4]. The Iowa Gambling Task (IGT) was originally developed
to measure risky “real-world” decision making in individuals with
ventromedial prefrontal cortex damage but has been used extensively
in both clinical and non-clinical populations, including adolescents [13,
50] and (albeit to a lesser degree) in youth athletes [18, 31]. Buelow and
Suhr [8] conclude in their review of the IGT that the preponderance of
the evidence provides support for using the task to detect risky decision
making deficits in clinical populations (albeit with precautions). This
is especially the case in situations in which decision-making involves
emotional and affective response options (such as the elite sport
context). Impaired scores on the IGT are associated with ‘myopia for the
future’ (focusing more on direct positive outcomes instead of long-term
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positive outcomes). In adolescents, impaired scores on the task predict
future unhealthy behaviour such as smoking and drinking [53, 54] and
‘unplanned risk behavior’ (including risking injury to oneself) [35].
In this task, four decks of cards, labelled A, B, C and D, are presented
to the participant. The participant starts with a virtual currency of
€2000 and the instruction to win as much money as possible by
choosing cards from the different decks. The participant is expected
to make 100 card selections throughout the game, without knowing
the number of trials in advance. For two decks (the ‘disadvantageous’
decks A and B) choosing a card is followed by a high reward (€100,-),
but the selection of the card is associated with an unpredictable high
penalty (bad or disadvantageous decks). For the other two decks (the
‘advantageous’ decks C and D), the immediate gain is smaller (€50,-), but
the unpredictable loss is also smaller (good or advantageous decks).
In deck B the ‘punishment’ is less frequent but of a higher magnitude
than in deck A, where the punishment is more frequent but in smaller
amounts. The same accounts for deck C and D: in deck D losses are less
frequent but of a higher magnitude relative to those in deck C. Thus,
decks A and B are equally disadvantageous in the long run, whereas
deck C and D are equally advantageous. The test was assessed in a
quiet room, in which three participants were taking the test at the same
moment. The participants could not see each other during the test. The
performance on the IGT was assessed in the standard manner using net
scores, measured by subtracting the total number of disadvantageous
deck choices from the total number of advantageous deck choices.

Injury registration
The Oslo Sports Trauma Research Centre Questionnaire on Health
Problems [10,11] was included in the weekly online logs. The
questionnaire has a high internal consistency, with a Crohnbach’s alpha
of .91 and good face validity [11]. The questionnaire was translated into
Dutch from the original Norwegian version using a forward-backward
translation method. The backwards translated Norwegian questions
were discussed within the research group to check for inconsistencies
in the translation process [37].
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The questionnaire consists of four key questions. Each question has
four or five response options leading to scores between 0 and 25. The
questions and response options are provided below:
(1)

(2)

(3)

(4)

Have you had any difficulties participating in full training and
competition due to injury, illness or other problems during the
previous week? Response options: full participation, without
health problems (0), full participation, but with health problems
(8), reduced participation due to injury/illness (17), cannot 		
participate due to injury/illness (25)
To what extent have you reduced your training volume due to
injury, illness or other problems during the previous week?
Response options: no reduction (0), to a minor extent (6), to a
moderate extent (13), to a major extent (19), cannot participate
at all (25)
To what extent have injury, illness or other problems affected
your tennis performance during the previous week? Response
options: no effect (0), to a minor extent (6), to a moderate 		
extent (13), to a major extent (19), cannot participate at all (25)
To what extent have you experienced other symptoms in the
previous week? Response options: no symptoms/health 		
complaints (0), to a mild extent (8), to a moderate extent (17),
to a severe extent (25)

Based on those four questions a severity score is calculated ranging
from 0-100 for each player each week. If no problems were reported
(severity score 0), the questionnaire is finished. If a problem is reported
in any of the four questions, the athlete is asked to specify the problem
(illness or injury). In case of an injury, athletes are asked to specify the
anatomical location of the injury. In case of illness, they are asked to
report major symptoms. The number of complete days which resulted
in time loss (total inability to train or compete) are also registered.
Participants were instructed to report all problems, regardless of
whether or not they had already reported the same problem in the
previous week or received treatment for the problem.
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Classification and diagnosis of reported problems
The sports physician of the KNLTB checked and classified all reported
problems. Players or their physiotherapist were contacted in case of
missing or unclear data. Overuse injuries were defined as those injuries
that could not be linked to a single, identifiable event [38]. Injuries were
classified using the Orchard Sports Injury Classification System V.10 [23].
Recurrent injuries were defined as injuries that occurred at the same
site and were of the same type as the index injury and which occurred
after a player’s return to full participation from the index injury (Fuller
et al, 2006). In order to get insight into overuse problems (and their
relationship with risk-taking), three outcome scores were calculated for
each player:
1)
Number of Overuse Injuries (total number of overuse injuries
in one season)
2)
Number of Time Loss Overuse Injuries (total number of 		
overuse injuries in one season leading to absence from 		
training and/or competition)
3)
Overuse severity (average weekly severity score).

Statistical analysis
Medians and ranges were calculated for IGT net scores, number of
overuse injuries, number of time loss overuse injuries and overuse
severity score - separately for boys and for girls using SPSS 20.0. Multiple
linear regressions (method: forward) were calculated to predict overuse
injuries, time loss overuse injuries and overuse severity scores based
on IGT net scores, exposure time (average hours of tennis exposure
per week) and injury history (dichotomous variable showing if players
had (1) or had not (0) been injured in the 12 months before the start of
the study) [21]. Regression analyses were executed separately for boys
and girls.

83

Chapter Five

RESULTS
All 73 participants were monitored for the entire study period of 32
weeks. The average response rate of the online logs was 80%. In
total, 187 health problems were reported during the study period, of
which 67 were illnesses and 113 were injuries. Of these 113 injuries,
88 (77%) were overuse injuries, occurring in 54 players. Six of the 73
players reported no health problems during the study period. The
most commonly affected areas of overuse were the knee, followed
by the back/spine and shoulder (see Figure 1). The average duration
of the overuse injuries was 2.5 weeks (±2.8). The average duration of
substantial overuse injuries (defined as those leading to moderate or
severe reductions in training volume, moderate or severe reductions
in tennis performance, or complete inability to play tennis) was 3.4
weeks (±3.5). The other 23% consisted of acute injuries (25 injuries
were reported in 23 players, none were recurrent). The most commonly
reported acute injuries were to the ankle (36% of acute injuries),
followed by the groin (25% of acute injuries). The average duration of
acute injuries was 2.2 weeks.
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Figure 1. Affected areas and number of injuries in 73 talented tennis players over a
period of 32 weeks.

Table 2 presents descriptives for IGT net scores, number of overuse
injuries, number of time loss overuse injuries and overuse severity for
boys and girls separately. Median IGT net score was 10.0 for
boys and 6.0 for girls, indicating higher risk-taking in girls. Median
for overuse severity was 2.09 in boys and 6.83 in girls. No significant
differences were found between boys and girls on any of the variables.
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Table 2. Median scores (Inter Quartile Range), minimum and maximum values for IGT
net score, overuse injury variables in talented tennis players.
Boys

Girls

Mdn (IQR)

Min

Max

Mdn (IQR)

Min

Max

Iowa Gambling Task Net score*

10.0 (16.5)

-42

62

6.0 (13.0)

-14

28

Number of overuse injuries

1.0 (2.0)

0

4

1.0 (1.0)

0

2

Number of time loss overuse injuries

1.0 (3.0)

0

3

1.0 (1.0)

0

2

Overuse severity

2.1 (5.1)

0

19.2

6.8 (13.4)

0

45

In boys, a significant regression equation was found for number of
time loss injuries (F(1,39)=7.764, p=.008, with an R2 of .15), in which IGT
net score was a significant predictor of number of time loss overuse
injuries:
EQ.1: Number of time loss overuse injuries = 0.893 - (0.020 (IGT net score))
(see Table 3)
Table 3. Multiple linear regression modelling for prediction of time loss overuse injuries
in boys, by IGT net score.
B

SE(B)

Constant

0.893

0.131

IGT Net score

-.020

.007

β

-.407

t

p

6.807

.000

-2.786

.008

Also, a significant regression equation was found for overuse severity
score in boys (F(1,39)=5.683, p=.022, with an R2 of .13), in which IGT net
score was a significant predictor:
EQ.2: Overuse severity = 4.435 -( .095 IGT net score) (See Table 4)
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Table 4. Multiple linear regression modelling for prediction of overuse severity in boys,
by IGT net score.
B

SE(B)

Constant

4.435

0.713

IGT Net score

-0.095

0.040

β

-0.357

t

p

6.223

0.000

-2.384

0.022

In girls, a significant regression equation was found for number of time
loss overuse injuries (F(1,23))=6.889, p=.015 with an R2 of .20) in which
weekly hours of tennis exposure was a significant predictor:
EQ.3: Number of time loss overuse injuries= -0.944 + (.155 average hours of
tennis exposure per week) (See table 5)
Table 5. Multiple linear regression modelling for prediction of time loss overuse injury
in girls, by tennis exposure.
B

SE(B)

Constant

-0.944

0.707

Exposure time per week

0.155

0.059

β

0.480

t

p

-1.335

0.195

2.625

0.015

Also, a significant regression equation was found for overuse severity
in girls (F(1,23)=7.287 p=.013, with an R2 of .24), in which only weekly
hours of tennis was a significant predictor:
EQ.4: Overuse severity= -22.510 + (2,799 average hours of tennis exposure
per week) (See Table 6)
Table 6. Multiple linear regression modelling for prediction of overuse severity in girls,
by tennis exposure.
B

SE(B)

Constant

-22.510

12.406

Exposure time per week

2.799

1.037

β

0.491

t

p

-1.814

0.083

2.699

0.013

No significant regression equations were found for number of overuse
injuries.
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Figure 2 and 3 show the relationship between risk-taking (measured
as IGT net score) and overuse severity, respectively in boys and in girls.
On the horizontal axis, risk-taking is shown as the netscore on the IGT,
in which a higher score indicates lower risk-taking. Participants high in
risk-taking, are at the left in the figure, whereas the participants lower in
risk-taking are at the right. The vertical axis shows the average overuse
severity score per week. This was based on the weekly score ranging
from 0 to 100, based on the extent to which overuse problems had
affected their (1) tennis participation, (2) training volume, or (3) tennis
performance during the previous week, as well as (4) the extent to
which they had experienced other symptoms.

Figure 2. Relationship between risk-taking (measured as IGT net score) and overuse
severity score in talented male tennis players.
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Figure 3. Relationship between risk-taking (measured as IGT net score) and overuse
severity in talented female tennis players.

DISCUSSION
The focus of the current study was to investigate if risk-taking was related
to overuse injuries in talented adolescent tennis players. A significant
regression equation was found for time loss overuse injuries and for
overuse severity in boys, in which risk-taking (measured with the Iowa
Gambling Task) significantly predicted 15% of time loss overuse injuries
and 13% of overuse severity scores.
The regression equation was significant in boys for both time loss
overuse injuries and for overuse severity but not for total overuse
injuries. Crone and van der Molen [13] pointed out that increased risktaking in adolescents reflects the inability to opt for choices that are
advantageous in the long run. Possibly, the time loss overuse injuries
and overuse severity reflect the long-term consequences of risktaking behavior (e.g. playing with pain or despite functional limitation)
better compared to just the overuse injuries. That is, overuse injuries
in general (playing with pain or despite functional limitation) seem to
be a consistent phenomenon in elite athletes [2, 37]. The decision to
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continue playing despite having symptoms (an indication of risk-taking),
will influence the severity of the injury and in the end the chance of time
loss due to the injury.
Besides being risk-prone from a developmental cognitive perspective,
the context of elite sports may also reinforce risk-taking behavior
and vulnerability for overuse injuries. Bette et al. [5] described the
‘biographical trap’ meaning that the enormous investment of personal
resources in training and competition forces athletes to abstain from
age-typical non-sports activities. As a result, athletes focus themselves
almost exclusively on their social role of athlete, which might lead to
them being “trapped” in the competitive sports system. This means that
regarding their health, athletes are likely to maintain risky behavioral
patterns like ignoring pain as long as possible with possible detrimental
health consequences. Specifically in tennis, not only players but also
parents make extensive investments in emotional, financial and logistical
support and have a strong influence on the players’ sport participation
[3]. Parental pressure, parental criticism and parental expectations
have been related to burnout and overuse in talented athletes, among
which tennis players [7, 25, 29].
We think that it is the combination of the developmental phase of
adolescence and the context of elite sports that contributes to a higher
vulnerability for overuse injuries. However, from a methodological
perspective, it is not possible to draw this conclusion from the current
study. To do so, future research should compare risk-taking and overuse
injuries between adolescent and adult athletes. Also, comparing
adolescent athletes that play tennis in competitive and non-competitive
environments could help clarify this topic.
In girls, risk-taking did not contribute significantly to any of the overuse
scores. A possible explanation is that both the risk-taking scores and the
overuse scores showed less variation in girls than in boys. Also, girls had
lower median scores on the Iowa Gambling Task, indicating higher risktaking compared to boys. Bos et al [50], in a review on sex differences
in the Iowa Gambling Task found that women generally score lower on
the Iowa Gambling task due to an increased sensitivity to initial losses
on decks that are advantageous in the long run. They need more trials
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before they show the same results as men. Therefore, the lower scores
in the first part of the test are not the result of increased risk-taking, but
instead, the result of a higher focus on win-loss frequencies in the first
part of the test. This may reduce the chance on finding a relationship
with injuries. Only exposure time significantly predicted number of
time loss overuse injuries and overuse severity score. Exposure time
has been identified as a risk factor for injuries in recreational youth
tennis [28], but in the current study we only found this to be the case
for girls. As previously mentioned, several studies indicate that overuse
injuries are more common in females than in males [28, 42, 55], but
others do not (e.g. Hjelm et al., 2012), and the underlying mechanisms
are not well understood yet. Structural and bio-mechanical differences
have been mentioned as possible explanations [15, 27], especially in
pubertal females during periods of rapid physical growth, which is the
case for the majority of girls in the current study [9, 22]. However, more
research is needed.
The current study is one of the first that reports overuse injuries
irrespective of time loss. This makes it unique, but limits comparison
with other studies. A total of 77% of the injuries in the current study were
overuse injuries, which is fairly similar to the percentage of 87% found
in Stracciolini et al. [48], but higher than the 54% found in the study
of Hjelm et al. [28]. This is possibly due to the fact that the population
in the study of Hjelm consisted of recreational tennis players and the
authors used a time loss definition of overuse injuries. In contrast to
Hjelm et al. (2010), the girls in the current study tend to score higher
than boys on both time loss overuse injuries and on overuse injury
severity (but not on overuse injuries). Other studies on overuse injuries
in several sports found higher overuse injury rates in girls compared to
boys [42, 55] but data on elite young tennis players are lacking. Studies
measuring injuries in tennis players [41, 41], found higher injury rates
in males than in females, but none of these studies analyzed overuse
injuries separately from other injuries.
One of the strengths of this study was the fact that we used a new
method to monitor overuse injuries [11]. This surveillance method was
designed specifically to monitor injuries that lead to pain or functional
limitations, but not necessarily to time loss, as it has been suggested
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that traditional methods underestimate the true impact of injuries [2,
26]. We calculated the overuse severity score to accurately capture the
extent to which these injuries influence training volume, performance
and cause other symptoms like pain. To ensure a high compliance,
the physician continuously monitored the injury data and encouraged
athletes to fill out the weekly online logs. As a result, the average
response rate was over 80%. In case of an injury, the player was seen
by a physician to confirm the health problem. This provided us with
an opportunity for a valid and more in-depth analyses on overuse
problems and its relation with risk-taking.
A potential limitation of this study is the fact that we measured risktaking at the start of the season and monitored injuries in the 32
weeks afterwards, but not the risk-taking behavior itself. As such the
process of risk-taking and the possible effect on injury occurrence,
could not be taken into account. Also, the Iowa Gambling Task has
been widely used in both clinical and non-clinical populations, including
normal developing adolescents and to a lesser degree in athletes [13,
18, 50]. However, more evidence is needed on the ecological validity
of the task when it comes to the relationship with real-life risk taking
behavior. An important issue that Buelow and Suhr [8] addressed is
that the task is a complex behavioural measure assessing a complex
construct. Although relationships between impaired IGT scores and
unhealthy behaviour have been found in adolescents, and we found
a link with overuse injuries in adolescent tennis players, the exact
construct the IGT measures is still unclear. More research is required
on the exact construct the IGT measures and on the exact behaviours
that are related to the IGT scores. The relationship between IGT scores
and acute injuries is another topic that should be addressed in future
studies.

Perspectives
This study is the first that applies the new surveillance method for overuse
injuries [11] to study the relationship with risk-taking in talented tennis
players. We were able to take a closer look at the relationship between
risk-taking and three types of overuse injury variables. Higher risk-taking
is related to a higher number of time loss overuse injuries and to higher
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overuse severity, in male tennis players. They may be more inclined
to maintain risky behavioural patterns - like ignoring pain or playing
with functional limitations with detrimental health consequences
over a longer period. Girls in the present study report higher overuse
severity scores than boys. Future research should identify risk factors
for overuse injuries in talented female tennis players.
From a prevention perspective, the Iowa Gambling Task and the Oslo
Sports Trauma Research Centre Questionnaire on Health Problems
could be used to provide feedback about a player’s risk profile and
about (weekly) overuse severity scores. This could make players, but also
coaches and parents more aware of the risks they are taking regarding
injuries. Some players were so used to playing with pain, that neither
they, nor their parents or their coaches considered they were suffering
from an injury. Good communication between players, coaches and
medical staff is crucial in order to prevent and manage overuse injuries.
With the results of the current study, players who are more inclined to
take health related risks (as identified by IGT net scores), can be made
aware of that fact and receive advice. Players, coaches and trainers can
be provided with regular feedback on pain or physical limitation that
players report, in order to help them plan their training and competition
load better and prevent and manage overuse injuries. Future studies
are recommended to study the effect of providing feedback about risk
taking and injury severity as a preventive intervention.
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ABSTRACT
Talented athletes use meta-cognitive skills to improve their performance.
It is known that these skills are used in health management as well. The
goal of this study was to identify the relationship between meta-cognitive
skills and overuse injuries in talented tennis players. Meta-cognitive
skills were measured in 73 talented tennis players (45 boys and 28
girls, age 11 to 14) at the start of the season, using the Self-Regulation
of Learning Self-Report Scale. Overuse injuries were monitored for one
season using the Oslo Sports Trauma Research Centre Questionnaire
on Health Problems. Ordinal regression indicated that moderate or low
self-monitoring skills (compared to high self-monitoring) (OR 4.555, CI
1.096-18.927, p=.037) and exposure time (OR 1.380, CI 1.106-1.721,
p=.004) were associated with more time loss overuse injuries. A second
analysis showed that this was the case in girls (OR 10.757, CI 1.84562.714, p=.008), but not in boys. Linear regression revealed that
higher reflection scores and exposure time predicted overuse severity
(F(5,58)=2.921, p=.0.020, R2= .201). Possibly, self-monitoring can help
athletes to prevent themselves from time loss overuse injuries. Coaches
should be aware that athletes can differ in self-monitoring ability and
thus in the ability to prevent overuse injuries. The role of reflection
needs more research.
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INTRODUCTION
Junior tennis players increasingly engage in early sport specialization:
intensive year-round training in a single sport at the exclusion of other
sports [15] and since there is only a restricted amount of time available to
train and compete at the elite level, optimal performance development
is crucial for talented athletes [11]. Injuries and any decrease in physical
fitness and injuries can hinder performance progress and severe
injuries can result in long-term health consequences [10, 24]. A recent
study in elite youth tennis players showed that, at any given time, 1 out
of every 8 players reported an overuse injury, that significantly hindered
training or match performance [21]. Overuse injuries were even more
problematic in girls than in boys [30] and injury prevention is therefore
important.
We know that successful athletes are able to make more performance
progress in the same number of training hours, when compared to
less successful athletes, and are therefore better able to constantly
improve their performance [16]. Self-regulatory skills play a crucial
role in this process. Junior international players are better able to set
and attain personal long-term goals, based on their experience and on
their knowledge about their own strengths and weaknesses than their
peers playing at national level [16]. The meta-cognitive components
of self-regulation (reflection, planning, self-monitoring and evaluation)
are particularly important. Elite athletes in individual sports (including
tennis) score highly on all aspects of self-regulation [16] and reflection
(the extent to which individuals are able to appraise what they have
learned and adapt their past knowledge and experiences to improve
performance) seems a crucial skill: junior athletes who reach the top
score consistently higher on this skill [18]. Self-regulation is considered
domain general and it is therefore reasonable to expect that athletes
will use them in multiple aspects of their development [18].
In their goal to reach peak performance, athletes are often conflicted
between protecting their health (to remain competitive), and pushing
the limits of their bodies’ capacities (to reach long-term performance
goals) [8, 26]. This is even more of a problem in adolescent athletes,
where the demands of their sport are superimposed on those of growth
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and maturation [10]. An increased risk for serious overuse injuries has
been proposed by several authors as a negative consequence of early
sport specialization [1, 14, 20].
Although athletes expose themselves to health risks, this does not
mean that they passively accept those risks. On the contrary, they
are actively engaged in trying to manage the threats of injury [22, 28].
Athletes speak of a learning process, as a result of which they come to
understand their bodies’ limits and how to respond to these [28]. Elite
runners use self-regulatory skills not only to improve performance, but
also to monitor bodily sensations, pain and injury in order to reach a
long-term goal [3]. This seems to point in the direction of the importance
of the metacognitive components for health goals. Clark & Zimmerman
[5] proposed a model on how people use these skills to self-regulate
their health, and to prevent or control disease, and several studies have
shown that self-regulatory skills benefit health behavior in adolescents,
e.g. healthy eating [2, 19, 27].
However, as far as we know, no studies have focused on the relationship
between self-regulatory skills and the incidence of overuse injuries.
The goal of the current study is to investigate this relationship. We
hypothesize that higher self-regulatory skills are related to lower rates
of overuse injuries.

METHODS
Study design and procedure
The study was conducted with players participating in the national high
performance program of the Royal Dutch Lawn Tennis Association
(KNLTB, n=73, 45 boys and 28 girls, age 11 to 14 years, mean age 12.4
(±1.1)). Parents and players were verbally informed of the purpose and
procedures of the study during a pre-season intake and testing day.
Written informed consent was obtained from participating players and
their parents and the medical ethics committee of the VU University
Medical Centre, Amsterdam, the Netherlands approved the study.
Participant characteristics are given in Table 1.
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The prospective cohort study was performed during the tennis season
(September 2012 – June 2013). At the start of the season, players
completed a questionnaire on demographics, tennis experience and
injury history, tennis exposure (number of training and match hours
per week) and psychological characteristics, including self-regulation.
During the entire season players received a weekly email invitation
(using online survey software, Questback, Netherlands) in which they
were invited to report their training and match exposure during the
previous week, as well as any health problems they had experienced
over that time. An automatic reminder was sent to non-responders
after three days, urging the player to complete that week’s registration.
If an athlete did not respond for three weeks, or if their answers to
the questionnaire were unclear, they were contacted by telephone by
a KNLTB physician. For the exact procedure, refer to Pluim et al. [15].
Table 1. Participants characteristics: age, tennis experience and tennis exposure.
Total population

Boys

Girls

N

73

45 (61.1%)

28 (38.4%)

Age, years (SD)

12.4 (±1.1)

12.3 (1.1)

12.5 (1.2)

Tennis experience (years) 6.1 (1.7)
(SD)

6.4 (1.5)

5.8 (1.9)

Training exposure
(hours/week) (SD)

9.1 (0.6)

9.3 (0.7)

8.7 (0.7)

Match exposure
(hours/week) (SD)

2.2 (0.7)

2.2 (0.7)

2.2 (0.9)

Measurement of self-regulation
The Self-Regulation of Learning Self-Report Scale [29] was used to
measure the participants’ self-regulatory skills. Only the subscales
measuring the metacognitive skills were used in the current study (i.e.,
planning, self-monitoring, evaluation and reflection). Planning (8 items)
and self-monitoring (6 items) were scored on a 4-point Likert type scale
ranging from 1 (almost never) to 4 (almost always). Evaluation (8 items)
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was scored on a 5-point Likert scale that ranged from 1 (never) to 5
(always). High scores on these subscales indicated more frequent use
of these skills. The reflection subscale (5 items) ranged from 1 (strongly
disagree) to 5 (strongly agree). High scores on this subscale indicated a
low level of reflection. Scores on this scale were reversely scored in our
analysis, so that high scores on this scale signify high reflection skills.
The SRS–SRL is reported to be reliable for adolescents between 11 and
17 years of age and its content and construct validity is supported [29].
The Cronbach’s α’s for the present study were considered sufficient
and ranged between α = .78 and α = .86.

Injury registration
The Dutch version of the Oslo Sports Trauma Research Centre
Questionnaire on Health Problems [9, 10] was included in the weekly
online logs. The questionnaire had a high internal consistency, with a
Crohnbach’s alpha of .91 and good face validity (Clarsen et al, 2013).
The OSTRC Questionnaire consisted of four key questions, that focused
on the extent to which injury, illness, or other health problems had
affected their (1) tennis participation, (2) training volume or (3) tennis
performance during the previous week, as well as (4) the extent to which
they had experienced other symptoms. Based on those four questions
a weekly severity score was calculated for each player ranging between
0 and 100.
If a problem was reported in any of the four questions, the athlete was
asked to specify the problem (illness or injury). In the case of an injuries,
athletes were asked to specify the anatomical location of the injury, and
number of days which resulted in complete time loss (total inability to
train or compete).

Classification and diagnosis of reported problems
A sports physician of the KNLTB checked and classified all reported
problems. Players or their physiotherapist were contacted in case of
missing or unclear data. Overuse injuries were defined as those injuries
that could not be linked to a single, identifiable event [13]. Injuries were
104

Self-regulatory skills: are they helpful in the prevention of overuse injuries in
talented tennis players?

classified using the Orchard Sports Injury Classification System V.10
[23]. In order to get insight into overuse problems two outcome scores
were calculated for each player:
1)
2)

Number of time loss overuse injuries (total number of overuse
injuries in one season leading to absence from training and/or
competition)
Overuse severity score (average weekly severity score related
to overuse injuries).

Statistical analysis
Means and standard deviations were calculated for self-regulatory
scores and for overuse injury severity scores, separately for boys and
for girls, using SPSS 20.0. Because of the limited dispersion of number
of time loss overuse injuries, players were categorized into one of three
categories: (1) no time overuse injuries during the season, (2) one time
loss overuse injury or (3) more than one time loss overuse injury.
Ordinal regression analysis was used to estimate odds ratios (ORs)
and associated 95% confident intervals (CIs) for the association
between self-regulation skills and the number of time loss overuse
injuries (categorized into: no injury, one injury, and more than one
injury). Exposure time (average of weekly match exposure and training
exposure) and sex were added to the analysis. The variables were
checked on linearity of the logits, and this assumption was met for
weekly tennis exposure, reflection and monitoring, but not for planning
and evaluation. Therefore, the self-regulation variables were divided
into three categories: low, moderate, high. The cut off points for the
categories were based on the study of Toering et al. (2009), identifying
differences in self-regulatory skills between 440 elite and non-elite soccer
players. The logistic regression that was used in this study resulted in
different cut off points for each self-regulatory aspect (see table 2). This
is in line with Jonker et al [16, 17], who studied self-regulation in over
1200 talented athletes. Tolerance and Variance Inflation Factor (VIF)
statistics indicated no multicollinearity problems.
The ordinal regression was executed in two steps to decrease
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the chance of a type 1 error. First, the main effects of the four selfregulation variables, exposure time and sex were tested. When a
main effect was found for any of the self-regulation variables, a second
ordinal regression analyses was executed to identify interaction effects
between sex and the self-regulatory skill at hand.
Table 2. Self-regulation variables in categories in talented tennis players (n=73)
Score range

n

Low

1.00-3.50

7

Moderate

3.51-4.00

21

High

4.01-5.00

43

Low

1.00-2.00

7

Moderate

2.01-3.00

35

High

3.01-4.00

28

Low

1.00-2.50

16

Moderate

2.51-3.00

18

High

3.01-4.00

36

Low

1.00-3.00

5

Moderate

3.01-3.50

17

High

3.51-5.00

48

Reflection

Planning

Self-monitoring

Evaluation

Multiple linear regression (method: enter) was done to predict overuse
injury severity scores based on self-regulation skills, exposure time and
sex [12]. Two cases turned out to be influential and were removed from
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the analysis. To decrease the chance of type 1 errors, the regression
was performed in two steps. First, a regression with the whole group
was executed. When significant predictors were found, the linear
regression was repeated separately for boys and for girls with only the
significant predictors.

RESULTS
During the study period, the average response rate of the online
logs was 80%. In the total group, 58 time loss overuse injuries were
recorded in 44 players. 29 players had no time loss overuse injuries, 34
players had one time loss overuse injury, seven players had two time
loss overuse injuries, two players had three time loss overuse injuries,
and one players suffered from four different time loss injuries during
the season. Shoulder and knee were the most affected areas (figure 1).

Number of injuries

15
12
9
6
3
0

Shoulder

Knee

Back/spine Wrist/hand

Leg

Ankle/foot

Elbow

Hip/groin

Other

Figure 1. Affected area and number of time loss injuries .

Table 3 provides the average overuse severity score over the study
period as well as the dispersion of players over the different number
of time loss overuse injury categories. The average reported overuse
related severity score per week was 3.98 for boys and 9.55 for girls. Of
the total group, 34 players (46.6%) had one overuse injury leading to
time loss from training and competition and 13.7% had more than one
overuse injury resulting in time loss (17.9% of the girls and 11.1% of the
boys, table 3).
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Table 3. Number of tennis players per (time loss) overuse injury category and mean
overuse severity scores.
Time loss overuse injuries
None

One

More than one

Total

Boys (n)

20 (44.4%)

20 (44.4%)

5 (11.1%)

Girls (n)

9 (32.1%)

14 (50.0%)

5 (17.9%

28

Total (n)

29 (39.7%)

34 (46.6%)

10 (13.7%)

73

Overuse severity score (µ±sd)
Boys

3.98 (±5.53)

Girls

9.55 (±12.37)

Total

6.12 (±9.14)

To illustrate the diverse development of the overuse injury severity score
in different players over the study period of 31 weeks, figure 2 displays
the course of this score for two different players, who do not differ a lot
in their average weekly severity scores over the whole season.

Overuse injury severity core

70
60
50
40
30
20
10
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Week number
Player A (Mean score 9,97)

Player B (Mean score 11,40)

Figure 2. Illustration of development of the overuse injury severity score over 31 weeks
of two tennis players period.
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Time loss overuse injuries
The ordinal regression analysis showed that exposure time (OR 1.380,
CI 1.106-1.721, p=.004) and moderate or low self-monitoring skills (OR
4.555, CI 1.096-18.927, p=.037) were associated with a higher category
of time loss overuse injuries. Sex, planning, reflection and evaluation
were not related to the development of time loss overuse injuries (table
4).
Table 4. Multiple ordinal regression analysis for the association between self-regulation
skills, sex and exposure time with time loss overuse injuries.
Odds ratio
1.380

95% CI
1.106- 1.721

p
.004*

.517
-

.175- 1.529

.233

Planning
Low
Moderate
High (reference category)

.325
.778
-

.043- 2.454
.246- 2.461

.276
.670
-

Self-monitoring
Low
Moderate
High (reference category)

5.088
4.555
-

.983- 26.346
1.096- 18.927

.052
.037*
-

Reflection
Low
Moderate
High (reference category)

.587
1.072
-

.079- 4.333
.288- 3.989

.601
.918
-

Evaluation
Low
Moderate
High (reference category)

.398
1.909
-

.039- 4.094
.420- 8.679

.438
.403
-

Exposure time
Sex
Male
Female

The second ordinal regression showed an interaction effect between
sex and self-monitoring on time loss overuse injuries; having low or
moderate self-monitoring skills (OR 10.757, CI 1.845-62.714, p=.008,
table 5) was related to development of time loss overuse injuries in
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girls, but not in boys (OR 2.968, CI: 0.523-16.845, p=.219).
Table 5. Multiple ordinal regression analysis for the association between self-monitoring
skills and time loss overuse injuries in girls.

Self-monitoring
Low
Moderate
High (reference category)

Odds ratio

95% CI

p

10.757
10.757
1.000

.876- 132.101
1.845- 62.714
-

.063
.008
-

Overuse injury severity score
A significant linear regression equation was found, in which exposure
time per week and reflection score significantly predicted overuse injury
severity score (F(5,58)=2.921, p=.0.020, with an R2 of .201)(Equation 1
and table 6). Sex, planning, monitoring and evaluation were not related
to overuse injury severity score:
EQ 1: Overuse severity score=-8.239 + .832 (exposure time) + 6.163
(reflection) in which exposure time is measured in average hours per week
and reflection is the average reflection score.
Table 6. Multiple linear regression of exposure time and reflection score on severity of
overuse injuries talented tennis players
Constant
Exposure time per week
Reflection

B
-8.239
.832
6.163

SE(B)
9.604
.356
2.303

β
.281
.403

t
-.858
2.338
2.676

p
.395
.023
.010

When the linear regression was repeated separately for boys and girls,
with exposure time and reflection as predictors, a significant linear
regression equation was found for girls, but not for boys. In girls, only
exposure time (but no longer self-reflection), predicted overuse injury
severity score (F(2,22)=2.822, p=.04, with an R2 of .204 (Equation 2 and
table 7). This was probably due to the relatively small sample size (26
players).
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EQ. 2: Overuse severity score =-34.306+ 2.021(exposure time)+4.225
(reflection) in which exposure time is measured in average hours per week
and reflection is the average reflection score.
Table 7. Multiple linear regression of exposure time on severity of overuse injuries in
girls

Constant
Exposure time per week
Reflection

B
-34.306
2.021
4.225

SE(B)
24.936
.852
4.597

β
.478
.185

t
-1.376
2.371
.919

p
.183
.027
.368

DISCUSSION
The goal of the current study was to investigate the relationship
between self-regulatory skills and overuse injuries in talented tennis
players. Knowledge on the role of these skills in relation to injuries can
give coaches and athletes increased understanding on how they can be
used in the prevention of injury, while striving for expert performance.
High self-monitoring scores were protective for having time loss
overuse injuries and this was specifically the case in girls. Higher scores
on reflection were related to higher weekly severity scores for overuse
injuries but no other relationships between the self-regulation skills
and the overuse severity score were identified. We will discuss these
results in the light of the usage of self-regulatory skills by these talented
athletes, and from the perspective of the relatively new overuse injury
measures that were used in the current study.
Self-monitoring turned out to have a preventative effect on time loss
overuse injuries, at least in girls. Players with moderate or low selfmonitoring skills have a significant higher chance on being in a higher
time loss overuse injury category. The self-monitoring questions
evaluated the awareness of the individual to his or her actions during
execution (e.g.: ‘During execution of a task, I ask myself how well I
am doing’). Clark & Zimmerman [5] mentioned that people use ‘selfobservation’ to manage their health. Self-observation is closely related
to self-monitoring and refers to the attempt to perceive one’s own health
related behavior (e.g. asthma patients monitor their behavior and the
responses in order to stay free from asthma attacks). Players with higher
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self-monitoring skills, are possibly better able to keep track of their
training load and their (bodies’) response to it, and react in a manner
that prevents injury. In this regard, Brick et al [8, 26] showed that elite
runners monitor bodily sensations, pain and injury in order to achieve
a long-term goal. They are able to appraise pain signals accurately,
and use this information to optimize their running performance. Such
monitoring skills could well be used in injury prevention. Brink et al.
[4] have already shown that self-reported intensity scores are related
to injuries in talented soccer players. The individual feedback players
give to trainers is especially important to identify when a player has an
increased risk of injury. This assumes that a player is capable of giving
this feedback in an honest and meaningful way and our results show
that do players do differ in this regard. Saw et al [25] looked at how
Athlete Self-Report Monitoring (ASRM) is used to prevent athletes from
injuries, overtraining and illness. One of their main findings was that for
ASRM systems to be useful, they are highly dependent on the active
engagement of all parties: coaches, athletes and other support staff.
Athletes need to be highly engaged to use the system on a long-term,
daily basis and need to be educated on how to use the systems.
Talented athletes use reflection to set attainment goals based on their
experiences, strengths and weaknesses, thereby creating optimal
performance development in the restricted time that is available to
reach elite level [17]. Since overuse injuries can hinder performance
development and self-regulatory skills are domain general, we expected
athletes to use reflection in preventing overuse injuries. Contrary to our
expectations, tennis players with higher reflection scores reported higher
severity scores. In their goal to reach peak performance, athletes can be
conflicted between protecting their health (to remain competitive), and
increasing the risk of injury (by training to the limit) [8, 26]. The refection
scale measures the extent to which individuals are able to appraise what
they have learned and adapt their past knowledge and experiences to
improve performance (for example: “I often reappraise my experiences
so I can learn from them”). It is possible that the young athletes in the
current study are mainly focused on short-term performance goals,
because these goals are concrete and because they think performing
at the elite level as a junior is essential in reaching the senior elite level.
They might find it difficult to oversee long-term sport consequences of
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for example overuse injuries. This might result in mainly using reflection
for their performance goals, and not (yet) consider the importance of
staying healthy. Theberge et al. [28] showed that senior athletes have
learned the capacities and limits of their bodies and how to respond
in the best way to manage (overuse) symptoms. However, they refer
to this as a learning process, and mention that it takes time for the
individual to gain this knowledge, and attain mastery over their body.
This might not yet be the case in the young tennis players (11 to 14 year
old) in the current study.
Another explanation relates to the meaning of the severity score. This
score is based on four questions about the extent to which an overuse
injury affected players’ (1) tennis participation, (2) training volume or (3)
tennis performance during the previous week, as well as (4) the extent
to which they had experienced other symptoms. These four questions
depend on the reflective skills of the player and it is possible that athletes
with high levels of reflection report higher severity scores because they
are more aware of the burden that overuse symptoms put on their tennis
participation, training volume and tennis performance. Whether or not
these reported overuse severity scores are also predictors for serious
overuse problems, needs to be examined. It would be interesting to see
if the players who reported higher average severity scores for a similar
overuse injury, were able to prevent them from getting more serious.
The fact that we did not find a relationship between reflection and time
loss overuse injuries i.e. higher reflection scores do not go hand in hand
with more injuries, could point into this direction.
One of the strengths of the current study is the fact that we
were able to follow a group of talented tennis players on a weekly basis
and gather detailed information on their overuse injuries by using
the OSTRCQ. The questionnaire provides an excellent structure for
monitoring overuse injuries prospectively, but the relevance of the mean
overuse injury severity scores needs to be examined by comparing
them in larger groups of athletes. The sample size of 73 players (with
a small subgroup of only 26 girls) is a limitation of the study. This is the
reason why we discussed the directions of the relationships between
the metacognitive skills and overuse injuries, but were careful not to
speculate about the strength of the findings and on concrete results.
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We also needed to be cautious about proposing any linear relationship.
Another point that needs to be addressed is the fact that we used a
general self-report questionnaire for measuring self-regulation of
learning. The questionnaire did not specifically ask about usage of the
skills for the sake of the goal of staying healthy and athletes probably do
not have these kind of goals in mind when filling out the questionnaire.
However, self-regulation is said to be a domain general concept, and
it was therefore interesting to see if these general skills are of use for
prevention of overuse injuries. We only looked at the metacognitive
aspects of self-regulation (reflection, planning, monitoring and
evaluation), and did not take into account the motivational aspects
(effort and self-efficacy). The reason for this is that we expected the
metacognitive parts to have a protective effect on the occurrence of
overuse injuries. With regard to effort and self-efficacy, we were unsure
about the direction of the relationship. Self-efficacy (how someone
judges his or her capability to organize and execute required actions)
has been related to better outcome of rehabilitation processes of
athletes [31], but especially effort (the willingness to attain a goal)
might be negatively related to the occurrence of injuries, as an athletes’
primary goal will often be his or her sports goal.

Perspective
Talented athletes use self-regulatory skills to improve their sport
performance. Recently, authors have suggested that these skills are
used in the management of health [5]. The current study was the first to
study self-regulatory skills in relation to overuse injuries in a target group
of talented junior tennis players. Having high self-monitoring skills is
related to having less time loss overuse injuries and by self-monitoring,
athletes can possibly prevent overuse symptoms from becoming time
loss injuries. Educating talented athletes in self-monitoring overuserelated complaints might be a preventive strategy. Players high in
reflection report higher weekly overuse injury severity scores but more
research is needed to explain the meaning of this result. Coaches and
trainers should be aware of the fact that players differ in self-monitoring
skills and that this might play a role in the degree to which they are
able to prevent themselves from injuries. Support staff should be aware
of this when using athlete self-report measures for the prevention of
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injuries and ensure that athletes are educated to develop these skills
for optimal health management.
In conclusion: high self-monitoring scores seem protective for having
time loss overuse injuries. This is mainly the case in girls. Higher scores
on reflection are related to higher weekly severity scores for overuse
injuries. The meaning of this result needs further study.
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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, BMIincrease 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 selfmonitoring 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 (20042006) 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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DUTCH
SUMMARY

Dit proefschrift beschrijft onderzoek naar risicofactoren voor blessures
bij getalenteerde voetballers en tennissers. Deze risicofactoren
zijn specifiek omdat ze plaatsvinden in een periode waarin het
rijpingsproces richting volwassenheid plaatsvindt. Talenten ervaren
een fysieke groeispurt en ook hun brein ontwikkelt zich volop, met
veranderingen in risicogedrag en metacognitieve vaardigheden tot
gevolg. Dit proefschrift richt zich op risicofactoren voor blessures die
samenhangen met het rijpingsproces.
Hoofdstuk 1 bevat het theoretisch kader. Hierin wordt allereerst de
omvang van het blessureprobleem binnen de doelgroep van talentvolle
voetballers en tennissers omschreven. Vervolgens wordt beschreven
welke processen als gevolg van rijping in werking treden, die van
invloed kunnen zijn op het ontstaan van blessures. Aan de hand van
literatuur wordt onderbouwd dat zowel het tempo van, als het moment
waarop de groeispurt plaatsvindt (de timing) een mogelijke risicofactor
voor blessures kan zijn. Ook wordt de mogelijke rol besproken van een
toegenomen risicobereidheid en metacognitieve vaardigheden bij het
ontstaan van blessures.
Hoofdstuk 2 richt zich op het verloop van blessures rondom de
groeispurt. In een groep van 110 voetballers is met behulp van het
maturity offset protocol het moment van de groeispurt (Peak Height
Velocity, PHV) geschat. Van 26 spelers kon gedurende drie jaar rondom
de PHV het aantal acute en overbelastingblessures in kaart worden
gebracht. Voetballers hebben in het jaar van hun groeispurt significant
meer acute blessures dan in het jaar ervoor of erna. Ook het aantal
gemiste trainings- en wedstrijddagen als gevolg van blessures is hoger
in het jaar van de groeispurt.
In Hoofdstuk 3 wordt onderzocht of maandelijkse antropometrische
metingen een toegenomen risico op blessures kunnen voorspellen.
101 voetballers tussen 11 en 19 jaar oud zijn gedurende één seizoen
gevolgd. Maandelijks is hun lengte en BMI gemeten, vetpercentage eens
in de drie maanden. Een toename van 0.6 cm in lengte en 0.3 kg/m3
BMI waarde per maand, gecombineerd met een laag vetpercentage,
geven een hogere kans op blessures in de maand erna. Geconcludeerd
wordt dat individuele monitoring van antropometrie nuttig kan zijn om
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het blessurerisico van jeugdige voetballers in te schatten.
Hoofdstuk 4 gaat in op de invloed van timing van de groeispurt op
blessure-incidentie. Uit een set van 110 spelers zijn 26 spelers opgedeeld
in vroeger danwel later rijpende spelers. Gedurende drie jaar rondom
hun groeispurt is de incidentie van acute en overbelastingblessures
gevolgd. Later rijpende spelers hebben een significant hogere incidentie
van overbelastingblessures, zowel in het jaar vóór hun groeispurt als in
het jaar van de groeispurt.
In Hoofdstuk 5 wordt de relatie tussen risicobereidheid en
overbelastingblessures bij tennissers onderzocht. Adolescenten
nemen meer risico als gevolg van hun cognitieve ontwikkeling. De
prestatiecultuur van sport versterkt dit mogelijk. Van 73 getalenteerde
tennissers is risicobereidheid gemeten met de Iowa Gambling Task.
Gezondheidsklachten werden gemonitord met de Oslo Sports Trauma
Research Centre Questionnaire (OSTRCQ). Hoog risicobereide jongens
hebben meer blessures die tot uitval van training en competitie leiden
en hebben hogere ernstscores.
In Hoofdstuk 6 wordt de relatie tussen metacognitieve vaardigheden
en overbelastingblessures onderzocht. Van 73 getalenteerde tennissers
werden metacognitieve vaardigheden (reflectie, planning, monitoring
en evaluatie) gemeten met de Self-Regulation of Learning Self ReportScale. Overbelastingblessures zijn gedurende één seizoen gemonitord.
Meisjes met lage of gemiddelde monitoringsvaardigheden hebben vaker
overbelastingblessures die tot uitval van training en competitie leiden.
Betere reflectievaardigheden hangt samen met een hogere ernstscore
van overbelasting. Monitoringsvaardigheden hebben mogelijk een
beschermend effect op het ontstaan van blessures.
Hoofdstuk 7 bevat de discussie, conclusie en praktische aanbevelingen.
Factoren die een gevolg zijn van het rijpingsproces, kunnen een risico
vormen voor het ontstaan van blessures in de doelgroep getalenteerde
sporters. Rondom de groeispurt hebben voetballers meer acute
blessures en laat rijpe spelers zijn sterk in het nadeel als het gaat om
overbelastingblessures. Geadviseerd wordt om met het maturity offset
protocol in kaart te brengen wanneer de groeispurt plaatsvindt om
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zo op het juiste moment blessurepreventieve maatregelen te kunnen
nemen. Maandelijkse meting van lengte en gewicht in deze periode
van intensieve groei kan vervolgens helpen om een toegenomen risico
op blessures in de maand erna in te schatten. Risicobereidheid is
gerelateerd aan meer overbelastingblessures. De Iowa Gambling Task
zou ingezet kunnen worden om feedback te geven over welke spelers
meer geneigd zijn tot risicogedrag. Een instrument als de OSTRCQ
kan benut worden om spelers feedback te geven over het verloop van
hun klachten, zodat zij zich bewust zijn van de risico’s die zij nemen.
Tot slot heeft de metacognitieve vaardigheid monitoren mogelijk een
preventieve rol in het ontstaan van overbelastingblessures. Geadviseerd
wordt talentvolle sporters te helpen deze vaardigheid te ontwikkelen.
Toekomstig onderzoek moet zich richten op het in kaart brengen van de
effecten van de in dit proefschrift genoemde preventieve maatregelen.
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ENGLISH
SUMMARY

This thesis describes research on risk factors for injury in talented
soccer and tennis players. These risk factors are specific, because
they take place in a period of maturation into adulthood. Talented
athletes experience an adolescent growth spurt and their brain
develops substantially, leading to changes in risk-taking behavior and
metacognitive skills. This thesis focuses on risk-factors for injury that
are the result of this maturation process.
Chapter 1 contains the theoretical framework of this thesis. First, the
scope of the injury problem in the target group of talented soccer
and tennis players is described. Next, the processes that result from
maturation and that could be of influence on injury are mentioned. With
regard to the adolescent growth spurt, it is substantiated that tempo as
well as timing are possible risk factors for injury. The role of increased
risk-taking behavior that results from puberty is described. Last, the
possible preventive role of the developing metacognitive skills for the
occurrence of injuries is explained.
Chapter 2 focuses on how injuries develop around the adolescent
growth spurt. In a group of one hundred and ten talented soccer
players, Peak Height Velocity (PHV) was determined using the maturity
offset protocol. Twenty-six players could be followed for three years
around this growth spurt, and the numbers of traumatic and overuse
injuries were determined for each player for each year. Players had
significantly more traumatic injuries in the year of PHV, compared to
the year before PHV. Also, the number of days missed due to injuries
seemed higher in the year of PHV.
The aim of Chapter 3 is to investigate whether an increased risk of
injury occurrence can be determined through frequent anthropometric
measurements. One hundred and one soccer players between 11 and
19 years old are followed for one season. Height and body mass are
monitored at monthly measurement intervals and fat percentage is
assessed every 3 months. 0.6 centimeter growth per month, 0.3 kg/m²
increase of body mass index value per month and low fat percentage
lead to an increased risk for injury in the next month.
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In Chapter 4 differences in traumatic and overuse injury incidence
between talented soccer players who differ in the timing of their
adolescent growth spurt are identified. From a set of 110 soccer players,
26 could be followed longitudinally for 3 years around PHV. The group
was divided in earlier and later maturing players by median split. Later
maturing players had a significantly higher overuse injury incidence
both in the year before PHV and the year of PHV.
Chapter 5 focuses on the relationship between risk-taking and overuse
injuries in talented tennis players. Adolescents are more inclined to
take risks as a result of cognitive development. This may be even more
pronounced in the high performance culture of sport. Of 73 talented
tennis players, risk-taking is measured at the start of the season with
the Iowa Gambling Task. Overuse injuries are monitored for one season
using the Oslo Sports Trauma Research Centre Questionnaire on
Health Problems (OSTRCQ). In boys, risk-taking contributes significantly
to time loss overuse injuries and to overuse severity. Tennis players
who are inclined to take risks, are possibly more likely to maintain risky
behavioral patterns related to overuse injuries.
The purpose of Chapter 6 is to identify the relationship between
metacognitive skills and overuse injuries in talented tennis players.
Metacognitive skills are measured in 73 talented tennis players using the
elf-Regulation of Learning Self Report-Scale (SRL-SRS). Overuse injuries
are monitored for one season using the OSTRCQ. In girls, moderate
or low self-monitoring skills (compared to high self-monitoring) and
exposure time are associated with more time loss overuse injuries.
Higher reflection scores and exposure time predict overuse severity.
Possibly, self-monitoring can help athletes to prevent themselves from
time loss overuse injuries.
Chapter 7 contains the discussion, conclusion and practical implications.
Maturation-driven processes can result in risk-factors for injuries in the
target group of talented athletes. Soccer players have more traumatic
injuries around Peak Height Velocity. Later maturing players are
especially at risk for overuse injuries. We advise to estimate the moment
of PHV with the maturity offset protocol to take injury preventive
measures at the right moment. Individual monthly monitoring of length
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and weight could help to predict an increased risk for injury in the next
month. Risk-taking is related to overuse injuries. The Iowa Gambling
Task could be used to provide feedback about which players are more
inclined to maintain risky behavioral patterns. An instrument such as
the OSTRCQ can be used to give players feedback on the development
of overuse complaints, to make them aware of the risks they take. At
last, the metacognitive skill of self-monitoring can possibly reduce injury
risk in tennis players. We advise to educate talented athletes in using
this skill. Future research should focus on the effect of the preventive
measures mentioned in this thesis.
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