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Background

Exercise-based injury prevention programs for athletes have demonstrated consistent
results in reducing the risk of lower limb injuries. Compliance is essential for program
effectiveness and may be facilitated when these programs demonstrate positive effects on
athletic performance.

Hypothesis/Purpose

To summarize the findings of current systematic reviews on the effectiveness of lower
limb injury prevention programs with multiple neuromuscular components on sports
performance and quantify these effects. The authors hypothesized that injury prevention
programs can improve certain sports performance criteria.

Study Design

Umbrella systematic review

Methods

Systematic reviews published in French, German, or English between January 1990 and
January 2020 were identified in five databases. Only articles that investigated
multicomponent lower limb injury prevention programs and their effects on the
performance criteria of strength, balance, agility, jumping or speed by both amateur and
professional athletes of all ages and sex were included. The methodological quality of the
included systematic reviews was assessed by two reviewers independently using the
Assessing the Methodological Quality of Systematic Reviews measurement tool.

Results

Five systematic reviews met the inclusion criteria. Overall, beneficial effects of
multicomponent exercise-based injury prevention programs were observed for balance,
agility, jumping and speed. While the effects on strength were more variable, there was a
positive trend in favor of injury prevention programs.

Conclusion

Injury prevention programs with multiple neuromuscular exercise components
demonstrate overall beneficial effects on the performance criteria of balance, agility,
jumping or speed. These beneficial effects may be used to promote the implementation of
such programs.

Level of Evidence
2a
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INTRODUCTION

Physical activity is an important component of good health
for all individuals and recommended for improving car-
diorespiratory and muscular capacity, bone health and re-
ducing the risk of depression and non-communicable dis-
eases.! However, participation in recreational or
competitive sports is not without an increased risk of acute
injury or overload.23 Many interventions have been devel-
oped to reduce the risk of sports-related injuries, especially
at the lower limb. In particular, prevention programs com-
posed of several neuromuscular training components such
as muscle strengthening, balance and agility training have
demonstrated preventive effects for lower limb injuries.4=7
While these programs have around 39% efficacy in reducing
the risk of lower extremity injury and even higher efficacies
of 54% and 50% for acute knee injuries and ankle sprains re-
spectively,3 the effects may vary.

Compliance with injury prevention programs plays a key
role in achieving the greatest possible preventive effect.9~12
To increase compliance, it has been suggested that the
coach is the most important person to promote the process
of implementing an injury prevention program,!314 and
regular practice of these programs is also required to
achieve the desired outcome.>1516 Yet a coach can more
easily be persuaded when a better understanding of the
motivations and facilitators behind program implementa-
tion is attained.!>17 From the trainer’s perspective, one of
the key factors in sport is performance; the implementa-
tion of prevention programs could be facilitated if these
protocols were to demonstrate positive effects on perfor-
mance.11,18-21 Ip fact, performance is identified as the pri-
mary goal of elite sport by coaches as well as athletes and
sport physiotherapists.22 Athletic performance is defined as
the ability to respond effectively to the specific physical de-
mands of the sport being played.23 Several performance fac-
tors include maximum muscle strength and muscle power,
agility, speed, flexibility, balance and stability.23 Further-
more, injury prevention is defined as an accessory goal in
achieving athletic performance.24

The effects of injury prevention programs on perfor-
mance must be clearly understood to facilitate the primary
implementation of these programs by coaches. Therefore,
our study objectives were to summarize the findings of cur-
rent systematic reviews on the effectiveness of lower limb
injury prevention programs with multiple neuromuscular
components on sports performance and to quantify their ef-
fects. We hypothesized that injury prevention programs can
improve certain performance criteria.

METHODS

This umbrella review was carried out according to the model
of Aromataris et al.25 Details of the review protocol are
registered on PROSPERO and can be accessed at
https://www.crd.york.ac.uk/prospero/dis-

play record.php?ID=CRD42020162334.

SEARCH METHODOLOGY

For this umbrella review, two authors compiled all evidence
from pertinent systematic reviews found within the follow-
ing databases: PubMed, CINAHL, Ovid, Cochrane Database
of Systematic Reviews, and PEDro. The search strategy was
guided using the Population Intervention Comparison Out-
come Study Design (PICOS) approach and selected terms
were combined in a Boolean search. Key terms used were
“sportsman”, “sportswoman”, “injury prevention program”
and “performance”. More details about the search strategy
used and the results for every database can be found in Ap-
pendix 1.

All systematic reviews had to be written in French, Ger-
man or English and published between January 1, 1990 and
January 31, 2020. Thereafter, a sports injury prevention ex-
pert/co-author identified any further references relevant to
the topic, which had not been identified by the initial search
strategy and to ensure comprehensive coverage of the liter-
ature.

All identified references were imported into the Covi-
dence systematic review software (www.covidence.org)
(Veritas Health Innovation, Melbourne, Australia) to iden-
tify and remove duplicates. Two authors then indepen-
dently screened all article titles and abstracts to select rel-
evant reviews eligible for full-text reading. The inclusion
criteria were defined as follows:

Population: athletes of all ages and sex who participate
in any sport (e.g. soccer, basketball, volleyball, ice hockey)

Intervention: all types of multicomponent exercise in-
tervention (e.g. strength, balance, plyometrics...) used with
the goal to prevent injuries of the lower limb

Comparison: usual training and/or usual warm-up proce-
dures

Outcomes: performance criteria defined as: (1) strength,
(2) balance, (3) agility, (4) jumping ability, or (5) speed.

Exclusion criteria were defined as not meeting one or
more of the defined inclusion criteria. If there was any
doubt about the eligibility of a screened reference, consen-
sus was reached primarily by discussion and a third author
was only consulted when the reference’s eligibility could
not be established.

METHODOLOGICAL QUALITY ASSESSMENT

The Assessing the Methodological Quality of Systematic
Reviews (AMSTAR) tool was used to classify the reviews ac-
cording to their methodological quality. Eleven items are
assessed using the options of “yes”, “no”, “not applicable”
and “cannot answer”, where single points on the AMSTAR
scale can only be accumulated for each “yes” answer. The
AMSTAR ranking is based on three categories indicating low
quality reviews with scores of 0 to 3 points and reviews
of moderate (4 to 7 points) and high quality (8 to 11
points).26:27 Two authors independently assessed the
methodological quality of the included systematic reviews
according to AMSTAR and only those of moderate or high
quality were included, as summarized in Table 1. Any AM-
STAR rating conflicts were resolved by discussion with a
third author until consensus was reached.
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DATA EXTRACTION AND ANALYSIS

The data extraction process was carried out independently
by two authors. Information on the author, publication year,
sample size, intervention and study outcomes was collated
and managed in Microsoft Excel 2020. For any conflicting
data, a third author was consulted until consensus was
reached.

The outcomes analyzed for this umbrella review included
the following performance measures of: strength (quadri-
ceps and hamstring isokinetic strength and hamstring/
quadriceps ratios), balance (ability to maintain one’s center
of gravity within their base of support), agility (ability to
change direction), jumping abilities (horizontal and vertical
jumping as well as reactive jumping [e.g. drop jumping])
and sprint speed (in a straight line). Further data on the
number of study participants, sex of the study population,
and type of sport participated in were also exported. If a
meta-analysis was conducted within the systematic review,
the results of the studies were reported using the standard-
ized mean difference (SMD), 95% confidence interval (95%
CI) and I2 test. When the SMD was not reported, other mea-
sures including either the mean difference (MD) or per-
centage of change from baseline were noted as available.
When a meta-analysis was not performed, a narrative syn-
thesis of the study results—describing the findings of the
included studies based on outcomes and intervention types
executed—was provided.

For all meta-analyses, effect sizes were categorized ac-
cording to Cohen? as follows: values of 0 to 0.19 indicate a
negligible effect, 0.20 to 0.49 represents a small effect, 0.50
to 0.79 a moderate effect, and greater than 0.80 a large ef-
fect.

Based on the umbrella review guidelines,25 a “traffic
lights” system was used to summarize the effectiveness of
prevention programs on the various performance criteria
selected. A red color indicates that the intervention may be
detrimental or less effective than the comparator (i.e. nor-
mal training program). An orange color was set for reviewed
studies showing no difference between the comparison and
intervention, and green denoted any beneficial effect of the
intervention.

RESULTS

A total of 4,816 studies were initially identified with an ad-
ditional reference discovered by the injury prevention ex-
pert (Figure 1).

After the removal of all duplicates, 4,012 abstracts and
article titles were screened, and 4,004 references were ex-
cluded after reading the titles and abstracts. The full text
of the remaining eight references was read and two studies
were excluded because they did not meet the inclusion cri-
teria. The methodological quality of the remaining six stud-
ies was assessed, which resulted in the exclusion of one
study?® due to its low methodological quality (AMSTAR
score < 3). The overall methodological quality of the final
reference selection—comprising five systematic reviews
that assessed the quality of 61 primary studies—as summa-
rized in Table 1.
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Figure 1. PRISMA Diagram

INJURY PREVENTION PROGRAMS

A comprehensive summary of the review findings outlining
the effects of injury prevention exercises on the selected
performance criteria is detailed in Appendix 2.

EFFECTS ON STRENGTH

Of the five systematic reviews, four evaluated the effect
of neuromuscular exercise programs aimed at reducing the
risk of injury on strength.29:31-33 For hamstring strength,
small to moderate improvements were reported for isoki-
netic speeds of 60°/s (SMD: 0.56) and 240°/s (SMD: 0.31).29
Another review found an improvement in hamstring
strength when interventions included eccentric hamstring
strengthening exercises.3? Yet only small to negligible ef-
fects were observed in favor of improving quadriceps
strength at isokinetic velocities of 60°/s (SMD: 0.49) and
240°/s (SMD: 0.19).29 The group of ter Stege reviewed stud-
ies focused on overall strength of the lower limb and found
an improvement in the strength of the entire lower limb.33
For hamstring-quadriceps ratios, a small positive effect was
noted only at an isokinetic velocity of 60°/s (SMD: 0.40)
with negligible effects at 240°/s (SMD: 0.13).2% The effects
of interventions on hamstring-quadriceps force ratios were
variable,32:33 but an 11.3% improvement in strength in fa-
vor of prevention programs was reported.3!

EFFECTS ON BALANCE

Four reviews evaluated the effects of prevention programs
on balance. A small positive effect (SMD: 0.29) was noted
for static balance.2% For dynamic balance, the effects were
also positive but variable: one review found a small effect
(SMD: 0.31),2% another found a large effect size (MD:
2.68),30 and a third review reported the overall effectiveness
of interventions on balance with an average improvement
of 5.2% in scores between the baseline and post-interven-
tion time points.3! The fourth review highlighted the vari-
ability in outcomes, but noted that dynamic balance can be
improved in both groups; there was no improvement in dy-
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Table 1. Methodological quality assessment of systematic reviews using AMSTAR.

Systematic review

Faude Gomes ter
Barengo Hanlon Monajati Stege
28 et Neto et 31 32
etal al29 2130 etal etal et

AMSTAR items al33
Was an "a priori" design provided? No Yes No No Yes No
Was thf:re duplicate selection and data Yes Yes Yes Yes Yes Yes
extraction?
Was a comprehensive literature search Yes Yes Yes Yes Yes Yes
performed?
Was the sta.tus.of publication used as an No Yes Yes Yes CA CA
inclusion criterion?
Was.a list of included/excluded studies No No No No Yes No
provided?
Werd'a the profiles of the included studies Yes Yes Yes Yes Yes Yes
provided?
Was_the methodological quality of the included No Yes Yes Yes Yes Yes
studies evaluated and documented?
Was the spec[ﬁc qugllty of the {ncluded stgdles No Yes Yes No Yes Yes
used appropriately in formulating conclusions?
Were the methods. used to combine the findings N/A Yes Yes Yes N/A N/A
of studies appropriate?
Was the publication bias evaluated? No Yes No Yes No No
Were the conflicts of interest stated? No No No No No No
Total AMSTAR score 3/11 9/11 7/11 7/11 7/11 5/11

N/A = not applicable, CA = can’t answer

namic balance in the pediatric group.33 For dynamic stabil-
ity, moderate effects were observed (SMD: 0.72).29

EFFECTS ON AGILITY, JUMPING AND SPEED

Two reviews identified large (SMD: 0.88) as well as weak
effects (SMD: 0.25) in favor of prevention programs on
agility.2930

Two reviews identified the effects of prevention pro-
grams on vertical jumping and demonstrated small (SMD:
0.3129 and 0.2430), yet overall effectiveness of interventions
on this outcome. For reactive jumping, weak effects (SMD:
0.29) were seen and for the horizontal jumping, there were
negligible effects in favor of implementing prevention pro-
grams (SMD: 0.04).29 Three reviews evaluated the effects
of prevention programs on speed. There were moderate ef-
fects of prevention programs (SMD: 0.66) on sprint speed,2?
although another review only found a weak effect (SMD:
0.36).30 As a result of injury prevention programs in youth
athletes, Hanlon et al only found a 2.2% improvement in
speed,3! whereas an earlier review also focused on youth
sports observed a large effect in favor of such programs
(SMD: 0.92).29

DISCUSSION

The results of this umbrella review showed that there were
five systematic reviews of moderate to high quality that

examined the effects of lower extremity injury prevention
programs on the performance outcomes analyzed. While
the results for strength were quite variable, there was a
trend indicating small to moderate improvements in this
performance parameter as a result of prevention exercises.
For the performance criteria of balance, agility, jumping and
speed, the reviews demonstrated the clinical efficacy of pre-
vention programs over control interventions. It is important
to note that we considered prevention programs as effective
for speed based on the systematic review of Hanlon et al.3!
and the clinical effect observed. Nevertheless, it is neces-
sary to interpret this result with caution due to the lack of
reported confidence intervals.

Not all performance outcomes were collectively targeted
in any one of the five systematic reviews included in this
analysis. Strength was analyzed in four systematic re-
views29:31-33 covering 22 unique primary studies, which is
the largest number of primary studies for any one of the
outcomes studied. The parameters of balance, agility, jump-
ing and speed were evaluated by fifteen, nine, ten and
eleven unique primary studies, respectively. Furthermore,
many of the primary studies were included in more than one
review among the selected articles. This could have an in-
fluence on the results of this umbrella review.

This work provides a synthesis of the effects of lower
extremity injury prevention programs on performance in
sport populations. These elements allow the clinician to
make more informed choices when implementing such
strategies. While the results demonstrate the overall ef-
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fectiveness of prevention programs for sport performance,
caution should be applied when interpreting the results be-
cause the efficacy of an intervention is defined in terms
of its clinical significance and not only its statistical sig-
nificance. The analyzed studies revealed vast heterogeneity
among the populations that practiced a wide range of sports
including soccer, floor hockey, futsal, volleyball or basket-
ball. This may be due to selection bias, since we included
studies covering a wide range of sporting populations of
varying age, sex and playing level. The risk of publication
bias also exists and while studies showing a statistically sig-
nificant effect are more likely to be published, this aspect
may play a role in the interpretation of the study results. A
third important element is the study protocol variability; in
fact, the length of implementation and frequency in prac-
ticing each of the different prevention programs was highly
diverse. Consequently, performance bias may play a role in
the analysis, but should be partially limited because the
main outcomes of performance are objective measures. Fur-
thermore, compliance was not comprehensively reported
for all the included reviews and thus, could not be ade-
quately presented within this umbrella review. Indeed,
when studied, injury prevention program compliance is
known to largely influence the outcome of the intervention
(report bias).>10 Additionally, current research suggests
that adherence (proactive behavior) may be a more appro-
priate measure than compliance (passive behavior) when
implementing exercise interventions.3%35 As noted by
Brunner et al.,3¢ further studies should consider the sys-
tematic documentation of specific information such as the
target population, details of performed drills with focus on
intensity, frequency, type of exercise and duration, and a
description of program implementation. Only through sys-
tematic documentation can data reproducibility be ensured
for consistency when interpreting the reported results.
Further research should attempt to investigate some of
the less studied outcomes such as agility or jumping, to bet-

ter understand the potential improvements when practic-
ing prevention programs. A second opportunity would be
to study the effects of the different components (e.g. plyo-
metrics and strength training) of the prevention programs
separately. Understanding the individual effects of these
components on performance and prevention would make it
possible to (1) adapt these preventive programs to a specific
sport context and (2) target certain determining aspects of
sport performance in this context. The ultimate goal would
be to encourage coaches to adhere to these programs as well
as encourage athletes to regularly comply with them in an
assiduous manner.

CONCLUSION

Injury prevention programs with multiple neuromuscular
exercise components demonstrate overall efficacy to im-
prove balance, agility, jumping and speed. For strength, the
effects are varied, yet show a positive trend towards the use-
fulness of prevention programs. These beneficial effects on
performance, coupled with demonstrated effectiveness in
injury prevention, can be used as evidence for coaches to
promote their implementation on a regular and consistent
basis.
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