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Abstract

Background The incidence of soccer (football) injuries is
among the highest in sports. Despite this high rate, insuf-
ficient evidence is available on the efficacy of preventive
training programmes on injury incidence.

Objective To systematically study the evidence on pre-
ventive exercise-based training programmes to reduce the
incidence of injuries in soccer.

Data sources The databases EMBASE/MEDLINE, Pub-
Med, CINAHL, Cochrane Central Register of controlled
trials, PEDro and SPORTDiscus™ were searched for rel-
evant articles, from inception until 20 December 2011. The
methodological quality of the included studies was asses-
sed using the PEDro scale.

Study selection The inclusion criteria for this review were
(1) randomized controlled trials or controlled clinical trials;
(2) primary outcome of the study is the number of soccer
injuries and/or injury incidence; (3) intervention focusing
on a preventive training programme, including a set of
exercises aimed at improving strength, coordination, flex-
ibility or agility; and (4) study sample of soccer players (no
restrictions as to level of play, age or sex). The exclusion
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criteria were: (1) the article was not available as full text;
(2) the article was not published in English, German or
Dutch; and (3) the trial and/or training programme relates
only to specific injuries and/or specific joints. To compare
the effects of the different interventions, we calculated the
incidence risk ratio (IRR) for each study.

Results  Six studies involving a total of 6,099 participants
met the inclusion criteria. The results of the included
studies were contradictory. Two of the six studies (one of
high and one of moderate quality) reported a statistical
significant reduction in terms of their primary outcome, i.e.
injuries overall. Four of the six studies described an overall
preventive effect (IRR<1), although the effect of one study
was not statistically significant. The three studies that
described a significant preventive effect were of high,
moderate and low quality.

Conclusions Conflicting evidence has been found for the
effectiveness of exercise-based programmes to prevent
soccer injuries. Some reasons for the contradictory findings
could be different study samples (in terms of sex and
soccer type) in the included studies, differences between
the intervention programmes implemented (in terms of
content, training frequency and duration) and compliance
with the programme. High-quality studies investigating the
best type and intensity of exercises in a generic training
programme are needed to reduce the incidence of injuries
in soccer effectively.

1 Introduction
With approximately 265 million participants, soccer
(football) is the most popular sport in the world across both

sexes and all age groups [1]. In addition to the social aspect
of the sport, soccer also has beneficial health-related effects
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[2]. It challenges physical fitness by requiring a variety of
skills at different intensities. Running, sprinting, jumping
and kicking are important performance components,
requiring maximal strength and anaerobic power of the
neuromuscular system [3, 4]. Consequently, this popular
sport also has high injury rates [5].

Soccer injuries come in a wide variety, but most injuries
affect the lower extremities, including the upper leg, knee
and ankle [6, 7]. In view of the frequency of injury, the
resulting costs and not least the personal suffering of the
injured players, many studies have focused on injury pre-
vention measures in soccer [8—10]. Several options for
preventing soccer injuries have been developed, ranging
from protective equipment (e.g. shin guards) [11-13], to
warm-up and cool-down routines [11, 14-16].

Intervention programmes focusing on intrinsic risk fac-
tors for specific injuries have achieved significant reduc-
tions of soccer injuries. For instance, previous studies
showed that eccentric strength training reduced the risk of
hamstring injury in heterogeneous populations of soccer
players [17-19]. It has also been shown that neuromuscular
training appears to be effective to reduce the risk of ante-
rior cruciate ligament (ACL) injury in both male and
female soccer players [20, 21]. A set of exercises focusing
on balance, strength, flexibility and stability has been found
to reduce the risk of ACL injuries in female youth soccer
players [22, 23].

Despite the relatively high incidence of injuries in soc-
cer, insufficient evidence is available on the efficacy of
generic (non-specific) preventive training programmes in
reducing injury incidence. These multifaceted programmes
contain different exercises focusing on multiple joints and/
or muscle groups and target prevention of the most com-
mon soccer injuries. The purpose of this review is to sys-
tematically examine the evidence on the effect of
preventive exercise-based training programmes to reduce
the incidence of soccer injuries in general.

2 Methods
2.1 Search Methods

The databases EMBASE/MEDLINE, PubMed, CINAHL
(Cumulative Index to Nursing and Allied Health Litera-
ture), Cochrane Central Register of controlled trials, PEDro
(the physiotherapy evidence database) and SPORTDis-
cus™ were searched for relevant articles, from inception
until 20 December 2011. The search strategy for MED-
LINE was set by one author (NvdH), after which this
strategy was modified for use in the other databases. The
following combination of key words was used: ((preven-
tion AND training) AND (soccer OR football) AND
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injury). The searches in CINAHL and SPORTDiscus™
were restricted to peer-reviewed articles. The full search
strategy is available on the Online Resource 1. Subse-
quently, the databases were searched independently by two
authors (NvdH, AvB). The results of these searches were
combined and duplicates were removed. Reference lists of
included studies and relevant systematic reviews were also
screened for relevant studies.

2.2 Eligibility Criteria

The relevant citations were first screened on the basis of
title and abstract. Articles were independently selected by
two authors (NvdH, AvB) if the study met the following
criteria.

Inclusion:

e Randomized controlled trial (RCT) or controlled clin-
ical trial (CCT).

e Primary outcome of the study is the number of soccer
injuries and/or injury incidence.

e Intervention focusing on a preventive training pro-
gramme, including a set of exercises aimed at improv-
ing strength, coordination, flexibility or agility.

e Study sample of soccer players (no restrictions as to
level of play, age or sex).

Exclusion:

e The article was not available as full text.

e The article was not published in English, German or
Dutch.

e The trial and/or training programme relates only to
specific injuries and/or specific joints.

Full text of relevant articles was obtained and checked
for inclusion and exclusion criteria independently by two
authors (NvdH, AvB). Disagreements between the two
authors regarding a study’s eligibility were resolved by
discussion until consensus was reached or, where neces-
sary, a third author (IvdP) made the final decision.

2.3 Data Collection

The following data were extracted by two authors (NvdH,
AvB): first author; year of publication; follow-up period;
number of participants; sex and age of participants; defi-
nition primary outcome; description of the intervention;
and effect of the intervention.

Initially, the effect of the intervention was assessed by
analysing the results in terms of the primary outcome of a
study. If different methods are used to describe the primary
outcomes in the included studies, the incidence risk ratios
(IRRs) were calculated to compare the effects of the
intervention between the studies. The IRR is the ratio of the
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injury rate (injured players divided by all players) in the
intervention group divided by the corresponding rate in the
control group. In addition, statistically significant results in
terms of secondary outcomes were recorded.

2.4 Assessment of Risk of Bias in Included Studies

Two authors (NvdH, AvB) independently assessed the
methodological quality of the included studies using the
PEDro scale [24]. The PEDro scale is an 11-item checklist,
based on expert consensus, which can be used to rapidly
determine the internal validity and statistical quality of
RCTs or CCTs [25]. The first item is not used to calculate
the total PEDro score, so the maximum score was 10
points. Criteria were only scored as ‘yes’ or ‘no’. Dis-
agreements on the PEDro score were resolved by discus-
sion between the two assessors. If consensus was not
achieved, a third author (IvdP) was consulted. A study was
considered of moderate quality if the PEDro score was at
least 4, and of high quality if the score was 6 or higher [26,
27].

3 Results
3.1 Study Selection

Electronic and manual searching yielded 925 relevant
articles, with 265 duplicates. Of the remaining 660 articles,
639 were excluded after screening the title and abstract.
Twenty-one articles were retrieved from the literature
search and subsequently evaluated. After reading the full
text we excluded a further 15 articles, without disagree-
ments between the two authors regarding a study’s eligi-
bility. No additional reports were found by screening the
reference lists and reviews. Articles were predominantly
excluded because the intervention protocol used was not in
agreement with our definition or the article did not describe
an outcome in terms of injuries and/or injury incidence

(Fig. 1).
3.2 Study Characteristics

Six studies with a total of 6,099 participants were included
in this review [28-33]. Four studies were RCTs [28, 31-33]
and two CCTs [29, 30]. The number of participants per
study ranged from 194 to 2,540 players. The samples
consisted of youth and adult soccer players, both male and
female. Except for the study by Emery and Meeuwisse
[28], all studies involved outdoor soccer players. All
included studies had a follow-up period of one season
(ranging from 20 weeks to 8 months), except for the study
by Junge et al. [30] (their follow-up period was 1 year

during two seasons). Table 1 shows the main characteris-
tics of the included studies.

3.3 Methodological Quality

The PEDro scores ranged from 2 to 8 points, with a median
of 5 points. The results of the quality assessment after
consensus are presented in Table 2. Three of the six
included studies [28, 31, 33] were of high methodological
quality, two others of moderate quality [29, 32] and one of
low quality [30]. Some limitations in the low- or moderate-
quality studies were lack of randomization [29, 30], low
statistical power or inadequate sample size calculation [29,
30, 32], no intent-to-treat analysis [29, 30, 32], no exposure
registration [29], and a high dropout rate [30, 32].

3.4 Interventions and Effects

The definition used for injury was similar in nearly all
studies, viz. an injury that results in a player being unable to
take full part in future soccer training or match play (‘time-
loss’ injury) [34]. Two studies also used this definition, but
with the additional element of “or any physical complaint
caused by soccer that lasted for more than two weeks” [30]
and “soccer injuries resulting in medical attention and/or
removal from a session and/or time loss” [28].

All six studies prescribed soccer-specific exercises aimed
at improving strength, coordination, flexibility or agility.
One study [32] required participants to do home-based
wobble-board exercises, and one study [28] combined soc-
cer-specific exercises with home-based wobble-board
training. The participants in the control group of the latter
study engaged in a home-based programme including only
the stretching components. One study [30] used a multi-
modal intervention programme consisting of warm-up, cool-
down, taping of unstable ankles and rehabilitation combined
with an exercise-based programme. The exercises focused
on balance, flexibility, strength, coordination, reaction time
and endurance. The other three studies implemented a pre-
ventive training programme during the warm-up of training
sessions [29, 31, 33]. One programme, the Frappier Accel-
eration Training Programme, consists of exercises to
improve speed and agility [29]. Another one, called Thell,
focuses on core stability, balance, dynamic stabilization and
eccentric hamstring strength [33], while the last one,
Thell4-, combines key exercises from Thel1 and additional
exercises to provide variation and progression with running
exercises [31]. The teams in the control groups of these
studies were asked to continue their warm-up and training as
usual during the season. More detailed information about the
interventions studied is provided in Table 1.

Only two of the six studies reported a significant
reduction in terms of their primary outcome, i.e. injuries
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CINAHL Cochrane EMBASE/ PEDro PubMed SPORTDiscus™
(n=110) (n =85) MEDLINE (n=14) (n =284) (n =269)
(n=163)
[ I
A
Articles identified through
database search
(n =925)
Duplicates
(n =265) <

A 4

Titles and abstracts
screened for relevance

(n = 660)

Excluded on basis of
title and abstract

A

(n = 639)

A 4

Full-text screened

(n=21)

Excluded (n = 15)
No full text (n = 2)
Not in English/Dutch/German (n = 2)
No exercise-based prevention programme (n = 4)

A

No outcome in terms of injuries / injury incidence (n = 3)
Not RCT/CCT (n = 3)
Targeting specific injuries (n = 1)

A 4

Articles identified for review

(n=6)

Fig. 1 Flow diagram literature search and selection. CCT controlled clinical trial, RCT randomized controlled trial

overall. One of these studies was a high-quality study [28],
the other was of moderate quality [29]. Emery and Mee-
uwisse [28] showed that the injury rate in the intervention
group was significantly lower (2.08; 95 % CI 1.54, 2.74
injuries/1000 h) than in the control group (3.3; 95 % CI
2.65, 4.17 injuries/1000 h). Heidt et al. [29] reported a
significantly lower injury incidence in the intervention
group than in the control group (14.3 % vs. 33.7 %). The
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statistically significant results in terms of secondary out-
comes are presented in Table 1.

To compare the effects of the different interventions we
calculated the IRR for each of the included studies (see
Table 1). Four of the six studies [28-31] reported an
overall preventive effect (IRR<1), although the effect in
one study was not statistically significant [31]. The three
studies that described a significant preventive effect were
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Table 2 Assessment of the methodological quality of the included studies with PEDro criteria [24]

Study, year Random  Concealed Baseline Blinded Blinded  Blinded Adequate Intent-  Between- Point Total
allocation allocation  comparability —subjects therapists assessors follow-up to-treat  group estimates
analysis comparisons and
variability
Emery and 1 1 1 0 0 1 0 1 1 1 7
Meeuwisse
2010 [28]
Heidt et al. 1 0 0 0 0 1 1 0 1 0 4
2000 [29]
Junge et al. 0 0 1 0 0 0 0 0 1 0 2
2002 [30]
Soderman et al. 1 0 1 0 0 0 0 0 1 1 4
2000 [32]
Soligard et al. 1 1 0 0 0 1 0 1 1 1 6
2008 [31]
Steffen et al. 1 1 0 0 0 1 1 1 1 1 7
2008 [33]
0 no, I yes

of high [28], moderate [29] and low quality [30]. The mean
reduction in injury rate in these studies was 44 % [28-30].
The mean overall reduction (for the six included studies)
was 19 % [28-33].

4 Discussion

This review systematically describes the evidence from
RCTs and CCTs on the effect of generic exercise-based
programmes to prevent soccer injuries. The conclusions of
the six included studies were contradictory. Only two studies
reported a significant reduction in terms of the primary
outcome [28, 29]. The result of our analysis is inconclusive,
however, as different outcome measures and injury defini-
tions were used. As regards the effect of the interventions in
terms of one identical outcome, namely IRR, four of the six
studies [28-31] described a preventive effect, although the
effect in one (high-quality) study was not significant [31].
The three studies that described a significant preventive
effect were of high [28] moderate quality [29] and low
quality [30]. The other high-quality study reported no dif-
ferences between the two groups at all [33].

The possible effect of an intervention depends on sev-
eral factors, which were not identical for all included
studies. The first aspect is the study sample in the included
studies. Only two studies included male soccer players [28,
30], and one of these showed a significant reduction in
terms of the primary outcome, i.e. injuries overall [28]. The
other four studies included only female players and two of
them showed a significant preventive effect of the inter-
vention [29, 31]. Each sex may have its own risk factors
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and its own risks of sustaining an injury, or more specifi-
cally an ACL injury [35]. It is well-known that female
players have a 2-3 times higher ACL injury risk than male
players [36, 37]. Nevertheless, a recently published review
reported that females benefit less from ACL prevention
programmes than males (risk reduction of 52 % vs. 85 %,
respectively) [38].

Another important factor that deserves further attention
is the content of the intervention programmes analysed in
this review. Despite the fact that we defined the content in
the inclusion criteria, the contents did differ, which limits
their comparability. In the study by Junge et al. [30] the
exercise programme was part of other general preventive
interventions such as taping, rehabilitation and promotion
of fair play. This makes it difficult to identify the specific
effect of the set of preventive exercises alone. Two other
studies primarily focused on balance training [28, 32],
while the remaining three studies described the effects of a
training programme focusing on several aspects like core
stability, balance, strength and flexibility [29, 31, 33]. A
general comment regarding the content of the programme
is about the rationale for specific parts of the intervention
programmes in the included studies. One can imagine that,
for example, neuromuscular training cannot reduce head
injuries. The hypothesis is that performing certain exercises
on a regular basis would reduce the incidence of the most
common (lower extremity) injuries. However, Soligard
et al. showed no significant reduction for their primary
outcome (all lower extremity injuries), while a significant
risk reduction is found for overall injuries in the inter-
vention group [31]. The majority of the included studies
targeted prevention of all injury [28-30, 33].
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Besides the content of the programme, training fre-
quency and duration also varied greatly between the
included studies. The frequency of the intervention pro-
grammes ranged from one to five sessions a week, during
an intervention period that ranged from 7 weeks to 8
months. The three studies reporting a significant preventive
effect of the intervention programme differ greatly [28-
30]. The participants of one study had 20 sessions over a
7-week period [29]. In the second study a physiotherapist
weekly visited one training session per team and super-
vised the performance of the intervention programme. It is
not reported that the teams also perform the programme
without supervision of the physiotherapist [30]. The third
study did not report the training frequency, but the par-
ticipants performed the intervention during a 20-week
season [28]. Although the participants of the study by
Soderman et al. [32] performed the intervention three times
a week, the effect of preventive exercises in general may be
positively influenced by a higher frequency (more than
once a week). Since the differences in intensity of the
programme compared with the effect of the intervention in
the included studies it would be interesting to study any
underlying dose-response relationship in more detail.

Compliance may also be a key factor in the potential
effect of an intervention programme. Soligard et al. [39]
confirmed in a previous study that the risk of overall
and acute injuries was reduced by more than one-third
among players with high compliance compared with
players with intermediate compliance. Four of the six
included studies recorded the participants’ compliance with
the intervention. The study by Emery and Meeuwisse [28],
the high-quality study that showed a preventive effect of
the intervention, did not clearly report compliance. The
authors stated that response in terms of self-reported
compliance with the home-based programme was very
poor (<15 %). Completion of warm-up was indicated for
every practice and game at all teams for which weekly
exposure data were complete. It is unclear, however,
whether all components of the prescribed warm-up were
completed for each session [28]. In the two Norwegian
studies, compliance with the Thell programme was 52 %
[33] versus 77 % for Thel1+ [31]. Finally, S6derman et al.
[32] excluded 30 % of the participants who had completed
the study but had performed the prescribed balance board
training during fewer than 35 training sessions.

It is hard to conclude from the present review, which
components are relevant in injury prevention programmes.
To be able to develop effective training programmes, it is
highly important to establish the aetiology and mechanisms
of injuries before introducing and implementing a pre-
ventive measure [40, 41]. The training programmes
implemented in the studies included in this review involve
different exercises focusing on the prevention of the most

frequently reported soccer injuries. Since these injuries
have their own aetiologies and risk factors, it is hard to
design a ‘one size fits all’ intervention programme. Even
when focusing on one common type of injury in soccer
(knee injuries), it still seems difficult to decide which
exercises should be implemented in a preventive pro-
gramme. The literature reports contradictory effects of
different exercises. Some studies reported positive, pre-
ventive effects on knee injuries [22, 23, 42], while others
reported only a trend towards reduction [43, 44], or no
reduction at all [45, 46]. Sadoghi et al. [38] recently
reported on the effectiveness of ACL injury prevention
training programmes. In their review, they suggested that
such programmes have a substantial beneficial effect.
However, they were not able to recommend a specific type
of prevention programme on the basis of the currently
published evidence [38]. This confirms the difficulties of
designing an exercise-based intervention programme.

Before introducing and implementing a preventive
training programme, it also seems relevant to improve the
ability to identify players at risk for sustaining an injury [5].
This would make it possible to design such programmes
specific enough to achieve the maximum effect. Finally,
external factors like behaviour/fair play [41, 47] and sports
culture [40] play a role in sustaining injuries. A better
understanding of these factors may lead to improvements in
the prevention of soccer injuries.

A limitation of our review is that the generalizability of
the results remains unclear. The included studies predom-
inantly focused on young, female outdoor soccer players.
The participants’ age was below 19 years in five studies
[28-31, 33]. However, the largest group of active partici-
pants in soccer worldwide concerns is that of adult male
players, who also have high injury rates [1, 5]. It is also
unclear if the results of our review can be generalized to
other levels of play and/or across sexes. Only two studies
included male participants: 44.6 % of the sample in the
study by Emery and Meeuwisse [28] (n = 332) and the
entire study sample used by Junge et al. [30] (n = 194).
Generalizing the results of our review to the largest soccer
population (adult male players) must be done with con-
siderable caution. Finally, it is unclear whether the results
reported by Emery and Meeuwisse [28], who included only
indoor soccer players, can be generalized to outdoor soccer
players. Although indoor and outdoor soccer have several
similarities, it is not evident that the injuries are compa-
rable. Some studies reported that indoor soccer has a higher
injury incidence/risk than outdoor soccer [5, 48], while
others described no differences between indoor and out-
door soccer in injury incidence or risk factors [49].

Drawing conclusions about the effectiveness of an
intervention programme also requires taking the choice of
primary outcome in a study into account. We used the
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results in terms of the primary outcome in the included
studies to describe the effect of an intervention, because
there may be insufficient statistical power for conclusions
based on the secondary outcomes. However, some studies
[30, 31] only reported a preventive effect in terms of sec-
ondary outcomes. Finally, the mean IRR of the six included
studies (19 % reduction) should be interpreted with care.
By calculating this score the methodological quality of the
included studies is not taken into account. Besides this, the
calculation is not based on a meta-analysis. Ideally, relative
weights should be given to each included study before
calculating the overall IRR.

5 Conclusion

The calculated IRRs for the studies included in our review
indicate that there is conflicting evidence for the effec-
tiveness of exercise-based programmes to prevent soccer
injuries. There is thus a need for more high-quality studies
investigating the best type and intensity of exercises in a
generic training programme (for a specific population in
terms of sex, level of play and age), in order to reduce the
incidence of injuries in soccer effectively.
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