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Abstract

Background Exercise-based strategies are used to prevent muscle injuries in football and studies on different competitive-
level populations may provide different results.

Objectives To evaluate the effectiveness of exercise-based muscle injury prevention strategies in adult elite football.
Methods A systematic search was conducted in PubMed (MEDLINE), Web of Science, Cochrane Library, and SPORTDis-
cuss (EBSCO). We considered only elite adult (> 16 year-old) football players with no distinction for gender; the intervention
to be any exercise/s performed with the target to prevent lower-limb muscle injuries; the comparison to be no injury preven-
tion exercise undertaken; the outcome to be the number of injuries, injury incidence, and severity. We searched systematic
reviews, randomized-controlled trials (RCTs), and non-randomized-controlled trials (NRCTs), limited for English language.
Risk of bias was assessed using the Risk of Bias in Systematic Reviews tool, the Cochrane Collaboration’s Tool for assessing
risk of bias in RCTs, and the Risk of Bias in NRCTs of Interventions tool.

Results 15 studies were included. Three systematic reviews showed inconsistent results, with one supporting (high risk of
bias) and two showing insufficient evidence (low risk of bias) to support exercise-based strategies to prevent muscle injuries
in elite players. Five RCTs and seven NRCTs support eccentric exercise, proprioception exercises, and a multi-dimensional
component to an injury prevention program; however, all were deemed to be at high/critical risk of bias. Only one RCT was
found at low risk of bias and supported eccentric exercise for preventing groin problems.

Conclusion We found limited scientific evidence to support exercise-based strategies to prevent muscle injury in elite
footballers.

Trial Registration Number PROSPERO CRD42017077705.

1 Introduction

Muscle injuries in professional football are of major concern
to teams as they can have a negative impact on performance
(through lower player availability) and club economy as well
as the potential for increased risk of subsequent injury. Mus-
cle/tendon injuries show high incidence (assessed as number
of injuries per 1000 h of activity) compared to contusions,
other injuries, joint and ligaments, bone fractures, and skins
lesions (i.e., 4.6 vs 1.4, 0.6, 0.4, 0.2, 0.05 per 1000 h of
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activity, respectively) [1]. The mean absence from activity
due to muscle injuries has been showed to be 15.9 days with
an injury burden of 43.1 days per 1000 h of total activity
that has been assessed in a cohort of 24 teams participating
in the UEFA Champions League study [2]. A professional
team with a squad of 25 players can expect approximately
16 time-loss muscle injuries per season with most (92%)
affecting the hamstrings, quadriceps, adductors, and calves
[2]. Specifically, the average number of muscle injuries in
men’s professional football can be broken down to 6 ham-
string, 3 quadriceps, 3 adductors, 1-2 calves, and 1-2 ‘other’
muscles [3].

The gold standard approach to optimising high-perfor-
mance outcomes such as injury prevention in professional
team sports is considered through the adoption of an ‘evi-
dence-based practice (EBP) approach’ [4]. An EBP approach
involves a combination of high-quality research (i.e., scien-
tific evidence) and current best practice (i.e., practitioner
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Systematic reviews (level 1 evidence) do not support
the belief that exercise-based strategies are effective for
preventing muscle injury in elite football players.

Randomized-controlled trials do support the use of
eccentric exercise; however, they are mainly at high or
unclear risk of bias.

Non-randomized-controlled trials also support eccentric
and proprioception exercises with a multi-dimensional
component to an injury prevention program, but they
showed critical risk of bias.

There are no clear practical applications for exercise-
based muscle prevention strategies in elite football play-
ers that are based on high level of scientific evidence.

experience). In professional environments, EBP can be
implemented by integrating knowledge and key findings
from research evidence with coach/practitioner experience,
players’ values, and feasibility/practicality of implementing
such evidence.

Exercise-based strategies are frequently used by profes-
sional teams to prevent muscle injury [3]. To the authors’
knowledge, the most recent systematic review (considered
a high level of evidence) addressing exercise-based pre-
vention strategies specifically in professional footballers
was published in 2015 and searched only articles up until
3 September 2014 (~5 years old) [3]. McCall et al. [3]
assessed the scientific evidence underpinning what profes-
sional football team practitioners actually prescribe to their
players. Overall, while the most commonly used exercise-
based strategies included eccentric exercise and balance/pro-
prioception, the actual scientific evidence supporting these
strategies was weak. Since this systematic review, research,
and practitioners interest in the area of injury prevention
have continued to increase and, therefore, an update includ-
ing the last half decade would be appropriate and useful.
Additionally, while we expect to capture the same studies
pre 2015 as the review by McCall et al. [3], they, however,
did not assess the risk of bias of the studies and this would
be a key insight for a more accurate interpretation of the
results and practical applications.

Therefore, the aim of the present study is to carry out a
systematic review to determine the current level of scientific
evidence (i.e., based on the risk of bias of studies) regarding
the effectiveness of exercise-based muscle injury prevention
strategies in adult elite football.

2 Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) has been used as guide-
line. The Methods section was registered at PROSPERO
(ID=CRD42017077705) and no deviations have been made.

2.1 Eligibility Criteria

To provide a best evidence-based synthesis, we included a
variety of levels of evidence (i.e., not only level I); meta-
analysis, systematic reviews, randomized-controlled trials
(RCTs), and non-randomized studies (NRCTs). All of these
levels of evidence are used by practitioners to guide their
practice and provide recommendations to their athletes;
therefore, it was important not to exclude based on study
type. To be included, studies were required to be full text
(not abstract only) and satisfy the following criteria: only
elite (defined as players involved in the top three leagues of
each country) adult (> 16 years old) football players were
considered with no distinction for gender. The only restric-
tion in eligibility criteria was the language, as only articles
in English were considered.

2.2 Search Strategy

The same systematic search was performed in PubMed
(MEDLINE), Web of Science, Cochrane Library, and
SPORTDiscus (EBSCO) until June 2018 (with an updated
search at November 2019) with no restriction for year of
publication. The Medical Subject Heading (MeSH) tool was
used to create a list of terms that were used to perform the
systematic search. The text “exercise as prevention strategy
of muscle injuries in elite football and soccer” was added in
the MeSH on demand tool and the following terms resulted:
soccer, football, muscular disease, and exercise. The follow-
ing search strategy adapted for each database (full text and
Medical Subheading terms where appropriate) was used:
(soccer OR football) AND (exercise) AND (muscle injury
prevention OR muscular disease). In addition, hand search-
ing and reference checking have been performed to search
other relevant reports in addition to consulting research
experts in the relevant area. SPORTDiscus database was
used for checking the Grey literature and clinicaltrials.gov
for registered protocols and studies.

The inclusion criteria were based on the Population,
Intervention, Comparison, Outcome (PICO) concept as fol-
lows: population was considered as elite (high level) adult
soccer and/or football players; interventions were considered
as all physical exercises performed to prevent lover limb
muscle injuries; comparisons were considered as no injury
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prevention exercise undertaken; outcomes were consid-
ered as the number of injuries, injury incidence, and injury
severity.

2.2.1 Study Selection

Two authors (MF and IBS) independently performed the
study selection based on title and abstract screening and sub-
sequent full-text evaluation. Studies were included following
agreement between the two authors (MF and IBS). Disagree-
ments were solved after involvement of a third author (AM).
After inclusion of the studies, data regarding sample size,
gender, age, muscle group, intervention, and results were
extracted and reported independently by two authors (MF
and AM) and verified for accuracy. PRISMA flow diagram
for the description of the overall process is in Fig. 1. The list
of included and excluded studies (with reasons) is presented
as supplementary material (Appendix 1).

2.3 Level of Evidence and Risk of Bias

The level of evidence was assessed with the Oxford Cen-
tre for Evidence-Based Medicine 2011 levels of Evidence
(OCEBM) for treatment benefits [5].

In addition as a summary of the level of scientific evi-
dence, the following classifications as suggested by van
Tulder et al. [6] have been adopted: strong evidence: pro-
vided by two or more high-quality studies and by generally
consistent findings across these studies; moderate evidence:
provided by one high-quality study and/or multiple studies
of acceptable quality and by generally consistent findings;
limited evidence: provided by one study of acceptable qual-
ity and/or one or more studies of borderline quality; conflict-
ing evidence: inconsistent findings in multiple studies. Find-
ings in the studies have been rated consistent or inconsistent
when >75% or<75% of the studies reported same directions
in the findings [7].

Risk of bias for systematic reviews, RCTs and NRCTs,
was assessed using the Risk of Bias in Systematic Reviews
tool (ROBIS) [8], the Cochrane Collaboration’s Tool for
assessing risk of bias in randomized studies [9], and the
Risk Of Bias In Non-Randomized Studies of Interventions
tool (ROBINS-I) [10].

Each of the above tools for assessing risk of bias is
domain-based evaluation tools. As supported by Higgins
et al. [9], authors should assess the risk of bias with judge-
ment through different domains and quotes to support their
judgement. The author’s judgement should be preferred
to checklists or scales [9]. ROBIS has three phases: phase
1—assess relevance (that is optional and was not used in
the present study), phase 2—assess concerns in different
domains of bias (i.e., study eligibility, identification and
selection of the studies, data collection and study appraisal,

synthesis, and findings), and phase 3—judgement on risk
of bias in the review. The Cochrane Collaboration tool con-
sists of two parts (description of what has been done in the
study and judgement on risk of bias) based on the assess-
ment in following domains: sequence generation, allocation
concealment, blinding, incomplete outcome data, selective
outcome reporting, and other issues. The ROBINS-I tool
assess the risk of bias in NRCTs based on a priori evalua-
tion of confounders and co-interventions that may lead to
bias in the studies. Previous injury, muscle strength, and/or
endurance and exposure to training and competitions were
considered confounders as they can be considered as risk
factors to muscle injuries. Training and match loads, type
of training (other than exercise prevention), strength train-
ing, flexibility, fitness level, and fatigue were considered as
co-interventions, because they can interfere with the treat-
ment (i.e., injury prevention exercise) and could affect the
outcome of the study.

Two authors (MF and AM) independently performed the
ROBIS and ROBINS-I, agreements and disagreements were
checked and a third contributor (i.e., IBS) was involved in
checking disagreements and had the deciding vote. Risk of
bias for randomized-controlled trials was assessed with the
Cochrane Risk of Bias tool by two authors (MF and IBS)
with the contribution of a third author (AM) to check and
solve disagreements. Percentage agreement between authors
was assessed before the final decision of the third reviewer
for study selection at two stages (i.e., title and abstract screen-
ing and full-test selection); in addition, Kappa coefficient was
calculated (i.e., idostatistics.com) and considered as fol-
lows: 0.01-0.20 slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 substantial agree-
ment, and 0.81-1.00 almost perfect or perfect agreement.

3 Results
3.1 Search results

A systematic search through all the 4 databases provided
8382 records, which were imported into EndNote and dedu-
plicated (i.e., 4207 records were duplicates). After screen-
ing title, abstract, and full text (using Covidence Software,
Covidence.org), our search identified 3 systematic reviews,
4 RCTs, 1 cluster RCT, and 7 (2 after an additional update
search) NRCTs that were included in the final system-
atic review. Percentage agreement and Kappa coefficient
between the two reviewers were 97% and Kappa 0.60 for
title and abstract selection, and were 81% and Kappa 0.36 for
full-test selection, showing substantial and fair agreement
between the two authors at the two stages before the third
author’s judgement. The OCEBM level of evidence is pre-
sented in Table 1 and the PRISMA flowchart in Fig. 1. Data



Fig. 1 PRISMA flow diagram for the description of the overall process

of the included RCTs and NRCTs are presented in Tables 2
and 3. List of excluded studies and reasons for exclusions
are provided in Appendix 1.

3.2 Results from Different Level of Evidence
Level I studies showed contradictory results. The System-

atic review of Michalis and Apostolos [11] supported the
eccentric exercises and neuromuscular training programs
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with stabilization core exercises, balance, as well as flex-
ibility exercises for reducing hamstring strain. However,
the systematic reviews of McCall et al. [3] and Rogan et al.
[12] showed that there is low evidence to support eccen-
tric, balance, and static stretching as exercises to prevent
muscle injuries. Level 2 studies (RCTs) showed contradic-
tory results with some studies [13—15] supporting eccentric
exercises and other studies [16, 17] not supporting eccen-
tric exercise for muscle injury prevention. The level 3 and 4
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studies (NRCTs) [18—24] all supported exercises as effective
to prevent muscle injuries.

Between different levels of evidence, only two studies
[14, 20] examined women’s football. The RCT of Espinosa
et al. [14] supported the eccentric exercise (i.e., Nordic
Hamstring) to prevent the injuries of the hamstring muscles
as well as the NRCT of Kraemer et al. [20] supported bal-
ance and proprioception exercises to prevent hamstring and
calf muscle injuries.

3.3 Risk of Bias Assessment

Systematic reviews showed (ROBIS tool) high risk of bias in
the study of Michalis and Apostolos [11] as well as low risk
of bias in the studies of McCall et al. [3], and Rogan et al.
[12] (Table 4, Fig. 2).

A summary of the risk of bias in RCT’s and the various
domains of potential bias (Cochrane Collaboration’s tool)
are displayed in Table 5 and Fig. 3. For all of the included
RCTs, the main concerns relate to selection bias, perfor-
mance bias, and detection bias. We considered that blind-
ing outcomes (i.e., occurrence of injury) to the participants
is impossible and, therefore, considered this less important
in the summary of risk of bias assessment. The studies by
de Hoyo et al. [16], Engebretsen et al. [17] and Espinosa
et al. [14] were rated at high risk of selection bias due to
a lack of describing the methods used to generate random
sequences and to allocate the participants to experimental
or control group. The study by Askling et al. [13] and Haroy

Table 1 The Oxford Centre for Evidence-Based Medicine levels of
Evidence (OCEBM) for the included studies

Author, year Study OCEBM
level
Michalis 2016 [11] Systematic review 1
McCall 2015 [3] Systematic review 1
Rogan 2013 [12] Systematic review 1
Askling 2003 [13] RCT 2
de Hoyo 2015 [16] RCT 2
Engebretsen 2008 [17] RCT 2
Espinosa 2015 [14] RCT 2
Hargy 2018 [15] Cluster RCT 2
Arnason 2008 [18] NRCT 3
Croisier 2008 [19] NRCT 3
Kraemer 2009 [20] NRCT 3
Elerian 2019 [21] NRCT 3
Owen 2013 [22] NRCT 4
Melegati 2013 [23] NRCT 4
1zz0 2019 [24] NRCT 4

RCT randomized-controlled trail, NRCT non-randomized-controlled
trial

et al. [15] was rated at unclear and low risk of selection bias,
respectively.

Performance bias was judged at high risk of bias for
four studies [13, 15—17], because personnel involved (i.e.,
researchers, fitness coaches, or physiotherapist) were not
blinded to the allocation of participants to the interventions;
the study by Espinosa et al. [14] was judged at unclear risk
of bias. Incomplete outcome reporting was found for de
Hoyo et al. [16], because the number of subjects involved
was different compared to follow-up group. In addition,
another source of bias was found for de Hoyo et al. [16],
because it was not possible to exclude the effects of differ-
ence in training load between the experimental and control
groups. The study of Haroy et al. [15] was rated at low risk
of bias in different domains (selection bias, attrition bias,
and reporting bias).

Of the NRCTs included, there were three cohort studies
[18-20] and four case studies [21-24]. Our results showed
an overall critical risk of bias in all the studies examined
(Table 6). The potential effect of confounders was not con-
trolled at baseline, during the study (by monitoring the over-
all process) and through appropriate analysis in any of the
studies. Selection bias was serious in Arnason et al. [18]
and Croisier et al. [19] (due to self-selection), since each
team decided to be involved in the study as intervention or
control group. Classification of the interventions was not
clearly defined and details of training and/or match loads
were not presented in all the studies. Bias due to deviation
from intended intervention was critical, because co-interven-
tions were not controlled as well as adherence and compli-
ance were either not reported or they were low. Missing data
without adjustment analyses were critical in Croisier et al.
[19] and Melegati et al. [23]. Bias in the outcome assessment
was found in all the studies as none of the assessors were
blinded to the intervention received by the players. Bias due
to selection of the reported results was low for almost all of
the included studies; however, due to a lack of pre-regis-
tered protocol, the rating given was moderate [10]. Elerian
et al. [21] registered (retrospectively) their study protocol;
however, no statistical analysis has been presented in the
method section of the protocol; therefore, the rating given
was moderate.

4 Discussion

Exercise is one of the most common and importantly per-
ceived strategies implemented by elite football teams to
prevent muscle injury. Our results, however, revealed two
low risk of bias systematic reviews both concluding that
there is no high-level scientific evidence to support the effec-
tiveness of exercise strategies to prevent muscle injuries in
elite footballers. Despite a number of RCTs advocating the
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Tablefl RiSk of bi?s in Qifferent Review Study eligi- Identification and  Data collec- Synthesis Risk of bias
domains in the reviews (i.e., bility criteria selection of studies tion and study and findings in the review
ROBIS) appraisal

McCall 2016 [3]  © © © © ©

Michalis 2016 [11] @ ® ® ® ®

Rogan2013[12] © © © ? ©

©=low risk; @=high risk; ?=unclear risk

Study eligibility criteria
Identification and selection of the studies
Data collection and study appraisal

Synthesis and finding

RISK OF BIAS IN THE REVIEW

0%

. Low risk of bias

Fig.2 Risk of bias graph of the included systematic reviews

Table 5 Risk of bias in different domains in the RCTs

25% 50% 75%

I
100%

|:| Unclear risk of bias . High risk of bias

Study Random Allocation Blinding of Blinding of out-  Incomplete Selective report-  Other bias
sequence gen- concealment participants and  come assessment outcome data ing (reporting
eration (selection (selection bias)  personnel (per- (detection bias)  (attrition bias) bias)
bias) formance bias)
Askling 2003 ? ? ® ® © © ?
[13]

de Hoyo 2015 ® ® ® ? ® © ®
[16]

Engebretsen ® ® ® ® ? © ?
2008 [17]

Espinosa 2015 ® ? ? ? © © ?
[14]

Hargy 2018 [15] © © ® ? © © ©

©=low risk; @ =high risk; ?=unclear risk

effectiveness of exercise strategies in the same population,
the majority were at high risk of bias. Finally, level 3 evi-
dence studies (NRCTs and case studies) that also supported
exercise strategies were also deemed to be at high risk of
bias. Therefore, we find limited evidence, (as there is only
one study of acceptable quality and some studies of bor-
derline quality) showing the effectiveness of exercise-based
strategies to prevent muscle injuries in elite footballers.

During recent years, there has been (and continues to be)
an influx of scientific research papers published in the injury
prevention domain, with many practitioners looking to this
research to guide and enhance their practice [3]. The primary
source of information for practitioners is recommended to
be studies with the highest level of evidence (i.e., systematic
reviews and meta-analyses) [25] or RCTs (of high quality).
However, as aptly suggested by Weir et al. [26] “all that
glitters is not gold” and readers must critically consider the



1662

M. Fanchini et al.

Random sequence allocation (selection bias) [ ]

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Other bias _

Incomplete outcome data (attrition bias) [ e
Selective reporting (reporting bias) [

0%

. Low risk of bias

Fig. 3 Risk of bias graph of the included RCTs

quality of the systematic reviews and RCTs. It is essential

Table 6 Risk of bias (ROBINS-I) in different domains in the NRCTs

I I I I
25% 50% 75% 100%

Unclear risk of bias . High risk of bias

results. The systematic review by McCall et al. [3] showed

Risk of bias pre-intervention and at-intervention Risk of bias post-intervention domains

domains
Study Bias due to  Bias in selec- Bias in clas- Bias due to Bias due Bias in meas- Bias in selec- Overall
confound-  tion of partici-  sification of deviations from to missing  urement of tion of the
ing pants into the interventions intended inter-  data outcomes reported result
study ventions
Arnason 2008  Critical Serious Critical Critical NI Serious Moderate Critical
[18]
Croisier 2008 Critical Serious Serious Serious Critical Serious Moderate Critical
[19]
Kraemer 2009  Serious NI Serious Critical NI Moderate Moderate Critical
[20]
Owen 2013 [22] Critical NI Serious Critical NI Serious Moderate Critical
Melegati 2013 Critical NI NI Critical Critical Critical Serious Critical
[23]
Elerian 2019 Critical Moderate Serious Moderate Moderate Moderate Moderate Critical
[21]
1zz0 2019 [24]  Critical NI Serious Critical NI Serious Moderate Critical

NI no informations

that the discussion in research articles place emphasis not
only on the findings of studies but also on the methodology,
thus allowing readers to judge the validity and generalis-
ability of research themselves [27]. As such, in our ensuing
discussion, we will place a stronger emphasis on the risk of
bias results within the interpretation of our findings, rather
than on a narrative review of our findings.

4.1 Scientific Evidence from OCEBM Level 1 Studies
(Systematic Reviews)

The three systematic reviews [3, 11, 12] included in the
present study showed different risk of bias and inconsistent

low concerns in the review process and their conclusions
were, therefore, judged at low risk of bias. Specifically,
McCall et al. [3] concluded that there was insufficient evi-
dence to support the effectiveness of many common exer-
cise practices (eccentric, balance training, and hamstring
focused eccentric exercises in particular) adopted by pro-
fessional teams to prevent muscle injuries. In the individual
studies assessed by McCall et al. [3], eccentric exercises
were included in wide-spread strategies to prevent muscle
injuries, in combination with both concentric contractions
and other types of exercises. Due to the lack of isolation and
the high risk of bias which we found in the empirical stud-
ies, also included in the present systematic review, the true
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effect of the eccentric exercises could not be appropriately
evaluated.

The systematic review by Rogan et al. [12] showed low
concerns in the review process and the study was, therefore,
rated as a low risk of bias overall. Rogan et al. [12] found
insufficient evidence to support static stretching as a preven-
tion tool for hamstring muscle injuries. Unlike the reviews
by McCall et al. [3] and Rogan et al. [12], the systematic
review by Michalis and Apostolos [11] showed several con-
cerns in the review process and was, therefore, rated at high
risk of bias. Their conclusions supported performing eccen-
tric exercise and neuromuscular warm-ups (i.e., FIFA 11+)
to prevent hamstring injuries; however, there were several
concerns regarding different domains including; study eli-
gibility criteria, identification and study selection, data col-
lection and study appraisal, synthesis, and findings, which
all introduced an overall risk of bias into their concluding
take home messages for the readers. A recently published
systematic review and meta-analysis showed that eccentric
exercise (specifically, the Nordic hamstring exercise) to be
very effective to prevent hamstring injury (i.e., halves the
rate) [28]. Eligibility criteria used in our study are differ-
ent compared to van Dyk et al. [28] as their search strategy
and inclusion were different from ours (not limited by sport
discipline and different age and playing level).

When systematic reviews suffer from high risk of bias, are
not recent, or the overall findings may not provide practical
applications, the next place to go for the most up-to-date
scientific evidence to support decision-making in practice
is RCTs (i.e., OCEBM Level 2); however, RCTs should also
be appropriately analyzed for risk of bias. The Cochrane
Collaboration’s tool for assessing risk of bias was used in
the present study to control the risk of bias of the included
Level 2 RCTs (Table 5 and Fig. 3).

4.2 Scientific Evidence from OCEBM Level 2 Studies

OCEBM Level 2 studies included in the present systematic
review showed different risk of bias with only one study [15]
considered at low risk of bias. Conclusions from all included
RCT studies investigating the effectiveness of exercise strat-
egies on muscle injury prevention in elite footballers should,
therefore, be considered with caution. Specifically, Askling
et al. [13] supported the eccentric overload exercise (i.e.,
leg curl) for the prevention of hamstring injuries. de Hoyo
et al. [16] concluded that eccentric overload training (half
squat and leg curl exercises) was effective to reduce mus-
cle injury severity but not incidence; however, differences
in load between the experimental and control group may
have influenced the results. Espinosa et al. [14] found that
eccentric training of the hamstrings (i.e., Nordic Hamstring
and eccentric band exercise) reduced injury risk in female
football players. On the contrary, Engebretsen et al. [17] did

not support the efficacy of exercise (Nordic hamstring and
groin exercises) for muscle injury prevention as both experi-
mental and control groups had the same injury incidence
and severity following the intervention. The contradictory
results showed by Engebretsen et al. [17] compared to previ-
ous studies may be explained by the poor compliance to the
exercise program by the experimental group. The low risk
of bias found in the study by Haroy et al. [15] showed that
a strengthening program for the adductor muscles using the
Copenhagen Adduction Exercise may be useful in reducing
the groin problems in football players, but this should be
replicated by further low risk of bias studies in other elite
football leagues.

4.3 Scientific Evidence from OCEBM Level 3 and 4
Studies

As suggested by Arden and Winters [29] when RCTs are
not present or are of high risk of bias, “it is reasonable to
consider lower level of evidence” such as NRCTs, case stud-
ies, and expert opinion. The NRCTs examined in our study
were rated at critical risk of bias, meaning that they were
likely to be too biased to allow for any contribution to our
research question [10].

In our study, the results of the level 3 studies revealed two
studies supporting the implementation of eccentric exercises
for the hamstrings (i.e., Nordic Hamstrings) [18, 21] and
another study suggested restoring the isokinetic strength bal-
ance between opposite muscles (quadriceps and hamstrings)
to prevent hamstring injuries [19]. The fourth study sug-
gested the introduction of a balance proprioception program
(including also jumps and running activities) in female soc-
cer players to prevent calf and hamstring injuries; however,
despite the questionable efficacy of the treatment, the spe-
cific rationale has also not been described [20]. The level
4 studies (i.e., case studies) suggested the implementation
of a multicomponent program (balance, Nordic hamstring,
core stability, and dynamic movements) [22-24]. Overall,
the results of level 3 and 4 evidence studies recommend
that eccentric exercise can be effective to prevent muscle
injuries and it should be included in a multi-dimensional
muscle injury prevention program. However, potential con-
founders and co-interventions were not controlled in all of
the studies (i.e., critical or serious). For example, reporting
details of external and internal loads are of critical impor-
tance. Indeed, the loads provided by the interventions (i.e.,
external load) and how the athletes respond to that load (i.e.,
internal load) should be detailed as they provide stimulus
that concurrently changes the outcome and influence the risk
of injury. Therefore, intensity, duration, and frequency of the
injury prevention program should be reported and subjec-
tively administered as “one size does not fit all”’. The critical
risk of bias, as alluded to above, limits the ability to draw
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valid conclusions and provide any useful evidence from the
NRCTs included in the present systematic review.

4.4 Can We Improve the Level of Scientific Evidence
for Evidence-Based Muscle Injury Prevention
Strategies?

A recent call for action has been put out for more RCTs
to be performed in high-risk football populations [30], and
elite footballers are clearly a high-risk population for injury.
However, while RCTs are the best way to evaluate the effec-
tiveness of an intervention and the only design that allows
valid inferences of cause and effect [27], to be done well,
they require significant resources (e.g., time, money, equip-
ment, and energy) that may not be possible in the high-level
context, as well as access to players and coaches/clubs who
are willing to participate and disclose player information.
Therefore, before investing and engaging resources neces-
sary to perform a well-designed RCT with low risk of bias,
feasibility studies should be performed to determine if they
can and should actually be done.

Unfortunately, even if well-designed RCT’s are deemed to
be feasible in high-level football, it is not much help to foot-
ball in the short or medium term (given the time to plan and
conduct both feasibility and full RCT trials) where muscle
injuries remain the most common injury in players. To gain
practical recommendations, practitioners may extrapolate
evidence from other populations (e.g., sub-elite and ama-
teur); however, given that the adaptations of both muscle
strength and architecture are likely dependent on training
status, such extrapolation may not be appropriate [31]. The
necessity to understand “what to do” in the absence of RCT
results is common in other fields such as medicine. The only
alternative is to rely on observational data. Although this is
not the preferred choice, modern epidemiology has devel-
oped methods to estimate causal effects from observational
data [32, 33]. This, however, necessitates well-designed and
properly analyzed observational studies, which are rare in
sports medicine and even more so in injury-related studies.
The NRCT examined in the current systematic review not
only did not try to estimate causal effects, but were also at
high risk of bias as descriptive observational studies, thus
limiting the possibility to make any inferences from their
results. In the absence of quality recommendations based on
high-level scientific evidence in the relevant population, it is
recommended that the development of a relevant evidence
base can be established using expert consensus techniques
[34]. Through this method of establishing an evidence base,
practitioners are not restricted to only rely on their own
experiences as they will have access to a knowledge base
established by a larger expert group which using a scientific
process can gain an agreement among experts on what to do/
what not to do [34].

5 Limitations

Our synthesis has been based on and influenced by the risk
of bias assessment of the included studies; no measures of
consistency or meta-analysis were carried out. However,
given the high risk of bias in individual studies, it would
have likely been inappropriate to pool the data. Language is
another limit in our systematic review, as due to resources,
we have included only articles written in English and this
may have limited the number of papers retrieved. Finally,
while our inclusion criteria defined an ‘elite’ team as a
team from one of the top three divisions in a country, we
acknowledge that the heterogeneity between countries could
be significant and future studies should consider this when
defining their populations.

6 Conclusions

Our findings revealed that, according to OCEBM Level 1
scientific evidence, there is no strong scientific evidence to
support the belief that exercise-based strategies are effec-
tive for preventing muscle injury in elite football players.
Level 2 evidence, while it was generally supportive to the
use of eccentric-based exercise, is also mainly at high or
unclear risk of bias of these studies and, therefore, does not
provide any confidence into the actual effectiveness (or not)
of exercise strategies. Level 3 and 4 evidence also supports
the use of eccentric-based exercise in addition to propriocep-
tion exercises and a multi-dimensional component to injury
prevention; however, the studies included showed critical
risk of bias and they cannot, therefore, provide any useful
evidence for practitioners.

7 Practical Applications

Based on the results of this systematic review, there are
no clear practical applications based on credible scientific
evidence that practitioners can confidentially implement
in practice. Future research such as consensus-based tech-
niques are urgently needed to provide useful insights based
on experts’ experience, while researchers should work on
developing and implementing low risk of bias original stud-
ies in the elite population.
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