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ABSTRACT
Objectives:  the primary purposes were (a) to estimate the pooled effects of injury prevention 
programs (iPPs) on reducing overall and some specific body regions (lower extremity, thigh, knee, 
and ankle) injury incidence rates (iiRs) and (b) to compare the effects of single- and 
multi-component iPPs on mitigating injury risk in youth team sport athletes. a secondary objective 
was to explore the individual effects of different components on these iiRs.
Materials and methods:  searches were performed up to 15 January 2024 in PubMed, Web of 
science, sPORtDiscus, and cochrane library. eligible criteria were: exercise-based interventions 
evaluated against a control group, overall iiRs were reported, and youth (≤19 years old) team 
sport players. two reviewers extracted data and assessed trial quality using the consolidated 
standards of Reporting trials (cONsORt) statement, the Physiotherapy evidence Database scale 
(PeDro), and a risk of bias tool (cochrane Back and Neck Group). Pooled effects were calculated 
by Frequentist random effects pairwise and network meta-analyses.
Results:  twenty-one studies were included. iPPs reduced overall, lower extremities, thigh, knee, 
and ankle iiRs by an average of approximately 35%. Most of the iPPs demonstrated statistically 
significant risk mitigation effects for overall and lower extremity injuries compared to control 
group. interventions comprised exclusively of strength ([iRR = 0.3 [95%ci = 0.10–0.93]) and 
flexibility (iRR = 0.49 [95%ci = 0.36–0.68]), as well as those including stability exercises, were the 
most effective measures for reducing injuries in youth team sports.
Conclusions: the implementation of current iPPs in training sessions for several weeks has shown 
to be an effective strategy for reducing the risk of injury in youth team sport athletes by one-third. 
indirect evidence suggests that strength, flexibility, and stability might be exercise components 
with the highest risk mitigation effects; however, more research is crucial to confirm our estimates 
with direct evidence.

KEY MESSAGES
• injury prevention programs could reduce around one-third the incidence of injuries occurring 

in youth team sport athletes.
• strength, flexibility, and stability seem to be key exercise-based components to be included in 

any training program aimed at minimizing the risk of injury in youth.
• Further research comparing head-to-head injury prevention programs in youth athletes is 

needed to make more founded conclusions on their true risk mitigation effects.
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1.  Introduction

Regular participation in organized sports during child-
hood and adolescence has demonstrated numerous 
health-related benefits [1,2]. however, the progressive 
increase in physical demands of sport competition and 
specialization from a young age observed in recent 
years has led to, among other problems, a heightened 
injury risk in this population [3]. this increased injury 
risk of youth athletes has been documented in a vari-
ety of age ranges, levels of performance, and team 
sports (including soccer [4], rugby [5], and handball 
[6]). For example, a recent meta-analysis on the epide-
miology of injuries in youth soccer has reported an 
injury probability during a competitive season of 47% 
and 43% for male and female players, respectively [4]. 
several sport-related injuries (e.g. ankle sprains and 
thigh muscle strains) have often an adverse and tem-
porary impact on youth athletes' health and well-being 
[7]. Furthermore, injuries may also present negative 
effects on long-term youth athlete development due 
to recurrent and/or prolonged absence from sports 
participation [8], and a few of them (e.g. ruptures of 
the anterior cruciate ligament [acl] of the knee) may 
even predispose youth athletes to early sport termina-
tion or dropout and/or compromise function in later 
life, limiting the ability to experience pain-free mobility 
and engage in health-enhancing activities [9]. Finally, 
sport-related injuries may represent a significant finan-
cial burden in terms of treatment (possible surgery for 
some injuries) and rehabilitation (i.e. physical therapy) 
costs [10]. therefore, these figures emphasize the 
urgent need for delivering effective risk mitigation 
strategies to youth team sport athletes.

Multiple exercise-based strategies, typically short 
duration (i.e. 10–30 min) training programs (also known 
as injury prevention programs [iPPs]), have been devel-
oped (in the form of standardized warm-up protocols 
[e.g. FiFa 11 + [11], FiFa 11+ Kids [12]] or independent 
interventions [e.g. balance training [13,14]) to be deliv-
ered in training sessions for several weeks to reduce 
the number of injuries sustained by youth athletes. 
the exercises integrated into these iPPs usually target 
evidence-based modifiable risk factors for lower 
extremity injuries (the anatomical region where inju-
ries most frequently occur in youth team sports) 
including abnormal biomechanical movement patterns 
(e.g. excessive dynamic knee valgus motion at landing 
and cutting) and neuromuscular deficits (e.g. muscle 
weakness and poor dynamic joints stability) [11–14]. 
the results of several systematic reviews and 
meta-analyses have consistently demonstrated the 
effectiveness of iPPs not only in reducing injury 

incidence but also in increasing physical performance 
when adequate intervention compliance is achieved in 
youth team sport athletes [15,16]. however, it should 
be highlighted that these systematic reviews and 
meta-analyses have also shown that the magnitude of 
injury risk mitigation effects varies widely among iPPs, 
from no significant effect up to 70% reduction in 
injury rates [17,18]. iPPs are usually comprised of one 
[19,20] or multiple [11,12] exercise components (e.g. 
strength, plyometrics, change of direction, stability, 
flexibility). therefore, it might be suggested that the 
iPP modality (single exercise component [s-iPPs] vs. 
multiple exercise components [M-iPPs]) but mainly the 
type/s of exercise component of iPPs (e.g. strength, 
stability) are features that might partially explain this 
heterogeneity observed among primary studies regard-
ing up to what extent iPPs are effective exercise-based 
strategies to reduce the risk of injury. these primary 
studies have mainly conducted direct (i.e. pair-wised) 
comparisons between the injury incidence rates 
reported by an intervention group that carried out 
always the same iPP (e.g. a M-iPP comprised of stabil-
ity and flexibility exercises) and a control group that 
performed standard practices or sham exercises [11–
14,19,20]. Due to the lack of primary studies that had 
examined the individual injury risk mitigation effects 
of two or more iPPs, the use of statistical techniques 
that simultaneously allow making direct and indirect 
comparisons among multiple interventions (iPPs) con-
sidering the 'full network' of available trials is required 
to address the question regarding what type/s of exer-
cise component of iPPs yield the greatest reduction in 
injury risk.

some systematic reviews and meta-analyses have 
been recently published exploring the most effective 
combinations of exercise components for iPPs to pre-
vent injuries in different cohorts of team-sport athletes 
[21,22]. however, the use of classical meta-analytical 
techniques may make it difficult to draw an overall 
conclusion on this issue because, among other limita-
tions, they only have the ability to compare no more 
than two groups or conditions (e.g. intervention group 
[s-iPP comprised by flexibility exercises] vs. control 
group) at a time using data from primary studies in 
which direct comparisons between these two had 
been conducted [23]. Furthermore, it is difficult to 
adjust for differences in participants (e.g. athletes 
engaged in different team sports) and study-level 
characteristics among included trials when analyses 
are conducted in a separate fashion, and it is also lim-
iting in terms of assessing whether (or not) findings 
are internally consistent [23].
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Network meta-analysis is an advanced methodology 
for research synthesis that allows pooling evidence on 
multiple interventions (e.g. iPPs) from a set or network 
of primary studies that include a common comparator 
(i.e. control group) through a mixed comparison 
approach (i.e. a weighted average of the direct and 
indirect estimates of intervention effects) [24,25]. 
Network meta-analysis provides a more inclusive 
approach than classical meta-analysis since all pairwise 
comparisons of interventions can be simultaneously 
examined within a single analysis enabling the estima-
tion of their relative ranking and hierarchy for a given 
outcome (e.g. sport-related injury incidence in youth 
team sport athletes) [26]. component-level network 
meta-analysis regression methods have been recently 
developed to allow estimation of the additive contri-
bution of components and/or combinations of compo-
nents of complex interventions such as iPPs [27]. 
although this novel approach has the potential to 
address the research question stated before and opti-
mize future injury prevention practices, no network 
meta-analyses have been conducted (to the best of 
the authors' knowledge) in this field.

the primary purposes of this systematic review and 
network meta-analysis were therefore (a) to estimate the 
pooled effects of iPPs on reducing overall and some 
specific body regions (lower extremity, thigh, knee, and 
ankle) injury incidences, and (b) to compare the effects 
of s-iPPs and M-iPPs on mitigating injury risk in youth 
team sport athletes. a secondary objective was to 
explore the individual effects of different exercise-based 
components (i.e. strength, plyometrics, stability, speed 
and agility, coordination/warm-up drills, and flexibility) 
on the injury incidences previously mentioned.

2.  Methods

this systematic review and component-level network 
meta-analysis were carried out following the Preferred 
Reporting items for systematic Reviews and Meta-analysis 
(PRisMa) guidelines [28] along with the specific exten-
sion for network meta-analyses (PRisMa-NMa) [29]. the 
PRisMa-NMa checklist is presented in online supple-
mentary file 1. the research protocol was registered with 
the PROsPeRO international Prospective Register of 
systematic Reviews (http://www.crd.york.ac.uk/
PROsPeRO/), registration number cRD42020152487.

2.1.  Study selection

eligibility criteria were established and agreed upon by 
all authors based on the concept of population, 

intervention/indicator, comparator/control, and out-
come (PicOs) [29] (for more information, please see 
online supplementary file 2). thus, to be included in 
this systematic review and meta-analysis, studies were 
required to be full-text articles published in a 
peer-reviewed journal before January 2024 and satisfy 
the following criteria:

• the study population consisted of youths 
(males and females) of 19 years or younger, 
participating in structured/organized team 
sports programs on a competitive level (P).

• an iPP (defined as exercise-based strategies 
comprised of one [s-iPP] or multiple exercise 
component [M-iPP] iPP [both warm-ups' proto-
cols and independent interventions] that had 
the aim of reducing injury incidence) was eval-
uated with no co-interventions (e.g. education) 
provided (i).

• the study contained a control group of 
similar-age participants either performing usual 
practice routine or sham exercises without a 
specific focus on modifiable lower extremity 
injury risk factors (e.g. neuromuscular control) 
but still was exposed to normative existing 
practices (c).

• epidemiological data (injury incidence, number 
of injuries, and/or hours of sport exposure) of 
overall injuries (i.e. the total number of injuries 
prospectively recorded through the follow-up 
period of the study) were provided. injuries 
were considered in accordance with Fuller 
et  al.'s [30] time-loss and medical attention defi-
nitions. thus, all types of injuries that fitted 
these definitions were included (O).

• an analytical prospective design was used 
(Rcts, quasi-experimental trials, cohort, and 
observational studies) (s).

When eligibility could not be confirmed from the 
reported data, the authors were contacted for addi-
tional information. interventions using protective 
devices (i.e. braces, tapes), literature reviews, abstracts, 
editorial commentaries, and letters to the editor were 
excluded. articles not peer-reviewed or not written in 
english or spanish were also excluded. Finally, studies 
reporting incidences for specific injuries (e.g. anterior 
cruciate ligament of the knee tears, hamstring muscle 
strains), but not for overall and/or lower extremity inci-
dents, were discarded.

Given that the data in this study were collected 
from previous trials where participants had already 
provided informed consent, ethical approval from a 

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
https://doi.org/10.1080/07853890.2024.2408457
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research ethics committee was not required for this 
investigation.

2.2.  Search strategy

a systematic computerized search was conducted up to 
15 January 2024 in the databases PubMed, Web of 
science, sPORtDiscus, and cochrane library. in addition, 
a complementary search of the reference lists of 
included articles and a Google scholar search were also 
performed. this was done using backward citation 
tracking (to manually search the reference list of a jour-
nal article), and forward citation tracking (scanning a list 
of articles that had cited a given paper since it was 
published) [31]. citations were tracked using Google 
scholar to make sure that studies were not missed 
inadvertently. When additional studies that met the 
inclusion criteria were identified, they were included in 
the final pool of studies. Relevant search terms were 
used to construct Boolean search strategies, which can 
be found in the online supplementary file 3. No limita-
tions were imposed on the date of publication.

two reviewers independently (FJR-P and al-V) 
selected studies for inclusion in a two-step process. 
First, studies were screened based on title and abstract. 
in the second stage, full-text studies were reviewed to 
identify those studies that met the eligibility criteria. a 
study was excluded immediately once it failed to meet 
a single inclusion criterion. Disagreements were 
resolved through consensus or by consulting a third 
reviewer (Fa).

2.3.  Data extraction

a codebook was produced to standardize the coding 
of each study to maximize objectivity, and each study 
was coded by two different reviewers. the moderator 
variables of the eligible studies were coded and 
grouped into four categories: 1) general study descrip-
tors (e.g. authors, year of publication, and study 
design), 2) study population (e.g. sample size, sex, 
team sport, and level or standard of sport participa-
tion), 3) characteristics of the interventions (e.g. length, 
duration, iPP modality, equipment required, who deliv-
ered the intervention, and type/s of exercise compo-
nent/s integrated into the iPP) and 4) epidemiological 
data (e.g. number of injuries, exposure hours [training 
and match], and injury incidence). if applicable, the 
authors of included studies were contacted to provide 
clarifications or access to raw data. Online supplemen-
tary file 4 displays the moderator variables coded sep-
arately by category.

For the primary purpose of this network 
meta-analysis, the incidence was extracted for reported 
'overall or total injuries'. if the incidence was not 
reported, it was calculated by dividing the number of 
injuries by the total hours of exposure for each inter-
vention and control groups. the number of injuries by 
anatomic location, type of injury, severity, and mecha-
nisms according to the operational definitions reported 
by Fuller et  al. [30] were also recorded to explore pos-
sible sub-analyses.

Regarding the category type/s of exercise compo-
nent/s integrated into the iPP, seventeen different 
labels were defined: 1) control (standard practices), 2) 
strength, 3) stability, 4) plyometrics, 5) flexibility, 6) 
plyometrics + stability, 7) strength + plyometrics + stabil-
ity + speed and agility + warm-up drills, 8) strength +  
plyometrics + stability, 9) strength + plyometrics + stabil-
ity + speed and agility, 10) strength + plyometrics +  
stability + speed & agility + warm-up drills + flexibility, 
11) stability + flexibility, 12) strength + stability,13) 
strength + plyometrics + stability + warm-up drills + flexi-
bility, 14) strength + plyometrics, 15) stability + warm-up 
drills + flexibility, 16) plyometrics + speed and agil-
ity + warm-up drills, and 17) plyometrics + stabil-
ity + speed and agility + warm-up drills + flexibility. 
labels 2–5 are single exercise components that were 
adapted from previous studies [22,32,33]. a detailed 
description of each single exercise component is pro-
vided in the online supplementary file 4. in particular, 
the conceptual definitions of labels 2–4 (including 
examples of activities belonging to them) were 
founded on the taxonomy of integrative neuromuscu-
lar training components described by Fort- 
Vanmeerhaeghe et  al. [32]. each study was classified 
as including an exercise component if they described 
at least one activity pertaining to the component defi-
nition. Furthermore, individual components (strength, 
stability, plyometrics, flexibility, speed and agility, and 
warm-up drills) were assessed against their respective 
training prescription recommendations [34–39] to 
determine if they met the required criteria to provide 
an effective stimulus. if studies had unclear reporting 
of the intervention activities, referenced work of the 
intervention was examined where available. labels 
6–17 are different combinations of exercise compo-
nents in the same M-iPP. it should be noted that the 
order of appearance of every single component in 
M-iPPs was not considered but just its presence. these 
combinations of exercise components were chosen as 
they are the most frequently observed in M-iPPs (e.g. 
FiFa 11+ = strength + plyometrics + stability + speed 
and agility + warm-up drills).

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
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2.4.  Quality and risk of bias assessments

the reporting quality of included studies was assessed 
using the 'consolidated standards of Reporting trials' 
(cONsORt) statement by schulz et  al. [40]. Online sup-
plementary file 5 displays a description of the 25 crite-
ria designed to assess the quality of the studies 
included in the meta-analysis with the cONsORt scale. 
although the cONsORt statement was not developed 
to directly assess the quality of publications, compli-
ance with the cONsORt checklist has been recognized 
as a proxy for the quality of the publications on ran-
domized control trials since there is no validated 
instrument for this purpose [41]. the items and sub-
items of the cONsORt statement were scored as 0 or 
1, with a score of 1 provided for each checklist item 
that was properly completed. Using this checklist, a 
maximum score of 35 would indicate the article ful-
filled the requirements for a high-quality publication.

the methodological quality of the studies selected 
was evaluated using the Physiotherapy evidence 
Database scale (PeDro) [42] (online supplementary file 
6). the PeDro scale has been demonstrated to be reli-
able in clinical and randomized trials [43] and has 
been used in several intervention meta-analyses 
[18,33,44]. each study's total score out of 10 is derived, 
adding the satisfied criteria. a PeDro score ranging 
from 6 to 10 is indicative of high quality, whereas 
scores of 4–5 indicate fair quality, and scores of 3 or 
less indicate poor quality [44].

Furthermore, to assess the risk of bias of external 
validity quality, the scale for experimental studies with 
a control group designed by cochrane Back and Neck 
Group was used [45]. the types of biases assessed 
were selection bias (criteria 1, 2, 9), performance bias 
(criteria 3, 4, 10, 11), attrition bias (criteria 6, 7), detec-
tion (or measurement) bias (criteria 5, 12) and report-
ing bias (criterion 8) (online supplementary file 7). the 
last criterion, 'Other' (criteria 13), was reserved for any 
type of potential bias that was not detected by the 
previous items. the higher the number of 'yes' given 
to an article, the lower the risk of bias. in the scientific 
literature, several tools have been described to assess 
the risk of bias in intervention studies' results. the 
most popular tools are RoB 2 for randomized trials [46] 
and ROBiNs-i for non-randomized trials [47]. however, 
these tools provide an overall qualitative judgment of 
the risk of bias in the results of intervention studies 
using a taxonomy that comprises three (low, high, and 
some concerns) and five (low, moderate, serious, criti-
cal, and no information) categories for RoB 2 and 
ROBiNs-i tools, respectively, depending on the qualita-
tive scores obtained in each tool's included domains. 

Both tools have high requirements to consider an 
intervention study as having a low risk of bias in its 
results. For instance, a study is considered at low risk 
of bias only if all domains in RoB 2 are judged as low 
risk of bias. Furthermore, some domains in these tools, 
such as domains 2 (risk of bias due to deviations from 
the intended interventions) and 4 (risk of bias in the 
measurement of the outcome) of RoB, are difficult to 
satisfy in the context of iPPs. these two aspects, along 
with the results reported in the systematic review con-
ducted by Fanchini et  al. [48] on the effects of iPPs on 
muscle injuries in soccer, led the authors to conclude 
that most or even all of the eligible studies for the 
current systematic review and meta-analysis would be 
judged as having a high (randomized trials) and criti-
cal (non-randomized trials) risk of bias in their results. 
therefore, conducting a moderator analysis using the 
risk-of-bias judgments of the selected studies as the 
dependent variable was not possible. in fact, the vari-
able formed by these scores could not be considered 
a dependent variable but a constant. however, these 
two tools would be extremely valuable to carry out a 
detailed analysis of the risk of bias in the results of iPP 
studies through a systematic review using a best  
evidence synthesis approach, which is beyond the 
scope of the current study. such an analysis could be 
done by examining each domain separately and syn-
thesizing the evidence to draw conclusions about the 
overall risk of bias in the results of iPP studies.

the data extraction and quality assessments (includ-
ing the risk of bias) were conducted by two reviewers 
(FJR-P and al-V). to assess the inter-coder reliability of 
the coding process, these two reviewers (FJR-P and 
al-V) coded 11 studies randomly (52%) (including 
quality assessment). For the quantitative moderator 
variables, intra-class correlation coefficients (icc3,1) 
were calculated, while cohen's kappa coefficients were 
applied for the qualitative moderator variables. On 
average, the icc was 0.88 (range: 0.77 − 1.0), and the 
kappa coefficient was 0.81 (range: 0.63 − 1.0), which 
can be considered highly satisfactory, as proposed by 
Orwin and Vevea [49]. inconsistencies between the 
two coders were resolved by consensus, and when 
these were due to ambiguity in the coding book, this 
was corrected. as before, any disagreement was 
resolved by mutual consent in consultation with a 
third reviewer (Fa).

2.5.  Statistical analyses

the statistical analysis was structured into three dif-
ferent stages or levels of concretion, moving from 

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
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the most general to the most specific aspects, 
addressing in each of them one of the purposes of 
this study. thus, in the first level of concretion, the 
estimation of pooled effects of iPPs on reducing 
overall and some specific body region injury inci-
dences (including all s-iPPs and M-iPPs together in 
the same analysis) was conducted through random 
effects classical meta-analyses separately for each 
outcome and comparison. heterogeneity was 
assessed through prediction intervals, alongside the 
examination of the Q statistic and the I2 index. 
afterward, in the second level of concretion, the dif-
ferent programs were compared by fitting a 
random-effects network meta-analysis model for 
each outcome. Finally, in the third stage, a 
random-effects network meta-analysis model at a 
component level was run for each type of injury to 
explore the individual effects of the different exercise- 
based components defined (i.e. strength, plyomet-
rics, stability, speed & agility, coordination/warm-up 
drills, and flexibility) on each outcome.

two different approaches were used for data analy-
sis in the second and third levels of concretion:

1. comprehensive analysis: considered a single 
exercise component (e.g. strength) to be pres-
ent in an iPP if it included at least one exercise 
(e.g. body-weight squat) used to improve that 
physical component, regardless of training load 
(i.e. sets, repetitions, intensity, and/or duration). 
this analysis attempts to determine the effect 
of the mere presence of the components in the 
intervention.

2. Restrictive analysis: considered a single exercise 
component (e.g. flexibility) to be included in an 
iPP only if its training load (1 set of 30 seconds 
or 15 repetitions of static and dynamic stretch-
ing, respectively) met minimum exercise pre-
scription guidelines for producing desirable 
effects (e.g. increases in hip flexion range of 
motion) in youth athletes. this analysis aims to 
determine the effect of including the recom-
mended dose for that component in the 
intervention.

the restrictive approach led to a modification in 
the consideration of exercise-based components that 
comprised the M-iPPs in the selected articles. 
specifically, some M-iPPs lost one or two exercise- 
based components because they did not meet the 
minimum training recommendations outlined previ-
ously [34–39].

2.5.1.  Pooled effects on reducing overall and some 
specific body region injury incidences
injury incidence rates (iiRs) per 1000 h of player  
exposure were extracted from the included studies. if 
iiRs were not specifically reported, they were, if possi-
ble, calculated from the available raw data using the 
following formula: iiR = 1000 × (∑injuries/∑expo-
sure hours).

similar to previous meta-analyses on the effective-
ness of iPPs in reducing sport-related injuries [18,22,33], 
data were modeled using a classical, traditional meta- 
analysis in this first level of concretion. the response 
variable in each classical meta-analysis (overall, lower 
extremity, thigh, knee, and ankle injuries) conducted 
was the pooled estimated effect size of the iPPs 
expressed through the injury incidence rate ratio (iRR). 
For iRR, the overall estimated means for each random 
effect factor were obtained from the model and then 
back-transformed to give the iRR, along with 95% con-
fidence intervals.

the heterogeneity exhibited by the pooled iRR, 
which represents the percentage of total variation 
across all studies due to between-study heterogeneity, 
was assessed by constructing a forest plot and by cal-
culating the Q statistic and the I2 index.

analyses of potential moderator variables were car-
ried out when there were at least 10 estimates. thus, 
the possible influence of the following qualitative/cat-
egorical and quantitative/numeric potential modera-
tors on the models was analyzed independently 
through analyses of variance (aNOVas) and simple 
meta-regressions respectively assuming a random- 
effects model in both cases: study design (randomized 
vs. non-randomized), equipment (i.e. material resources 
such as elastic bands, strength bars, and dumbbells) 
needed to carry out the iPP (yes vs. no), who monitor 
the execution of the iPP through the intervention 
phase (researcher/s vs. trainer vs. players themselves), 
male rate, length (weeks) of the iPP, duration (min) of 
each iPP, cONsORt score, PeDro score, and risk of 
bias score.

Finally, to assess the generalizability of our results, 
an inspection of the funnel plot asymmetry and 
egger's regression test were applied to detect the 
potential threat of publication bias. Both methods 
were applied to the classical meta-analyses performed 
for the five types of injury analyzed in this study.

Both pair-wise and network meta-analyses were car-
ried out within a Frequentist framework. all resulting 
networks were star-shaped, so that there was no 
potential for inconsistency among direct and indirect 
evidence. the analyses were performed in R, using the 
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metafor and netmeta packages [50–52]. the analysis 
codes are available in https://data.mendeley.com/
datasets/njzj278dz3/2.

3.  Results

3.1.  Descriptive characteristics of the studies

a total of 4614 references were identified with all 
search strategies, of which 21 met the inclusion criteria 
[11–14,19,20,53–67]. Figure 1 shows the flow chart of 
the selection process of the studies.

table 1 provides a descriptive summary of the main 
characteristics of the 21 studies finally included in this 
systematic review and network meta-analysis. these 
studies were carried out between 1999 and 2023. the 
total sample size was 18,305 youth team sport ath-
letes, 9721 for the intervention groups, and 8584 for 
the control groups. the sample size varies substantially 
among studies, from 52 (61) up to 3895 [12]. in eight 
studies, both male and female athletes were examined 
[12–14,55,63–66], while ten studies focused on male 
athletes [19,20,53,54,56,59–62,67], and three trials were 
on females only [11,57,58]. the mean age of the par-
ticipants varied between 10 (62) and 17.8 years [56]. all 
trials studied team sport athletes, with soccer [11,12,14, 
19,20,53,56,57,59–62] being the most common (11,179 
from the total of 18,305 participants were soccer 
players).

3.2.  Type and components of the injury 
prevention programs

supplementary file 8 summarizes the characteristics of 
the iPPs included in the overall analysis. the specific 
exercises included in each study were highly 
wide-ranging. M-iPP was the most common interven-
tion used in 18/21 studies [11–14,53–60,62–67];  
conversely, three studies analyzed s-iPPs [19,20,61]. 
the most common exercise components in iPPs were 
stability (19/21 studies) [11–14,20,53–60,62–67] and 
strength (18/21 studies) [11,12,14,53–67] while flexibil-
ity exercises were used the least (6/21 studies) [13,14, 
19,53,63,66]. concerning meeting training prescription 
guidelines, 61% (11/18), 81% (13/16), 68% (13/19), 70% 
(7/10), 89% (8/9), and 67% (4/6) met the guidelines for 
strength, plyometrics, stability, speed and agility, 
warm-up drills, and flexibility, respectively (table 2).

3.3.  Quality and risk of bias assessments

Regarding the reporting quality of the studies, the 
mean score obtained with the cONsORt quality scale 
was 22.2 (minimum: 10, maximum: 29). according to 
the PeDro scale, the methodological quality of the 
studies showed a wide range of scores [2–9] with an 
average score of 5.8. Not all studies that were included 
in this review were randomized controlled designs and 
subsequently had lower quality scores. Regarding the 

Figure 1. PRisMA flow diagram of the selection of studies for this systematic review and network meta-analysis.

https://data.mendeley.com/datasets/njzj278dz3/2
https://data.mendeley.com/datasets/njzj278dz3/2
https://doi.org/10.1080/07853890.2024.2408457
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Table 1. characteristics of the studies included.
References

study design

Participants

Type of 
intervention intervention dosage

overall iiR per 
1000 hCountry

sample size, 
sport sex Age

Achenbach et  al. [64]
Germany

RcT iG: 168 players 
(13 teams)

cG: 111 players 
(10 teams)

Handball

Mixed iG: 14.9 ± 0.9 y
cG: 15.1 ± 1 y

M-iPP l: 46 weeks
f: 1.4 days / week
d: 15 min

iG: 1.9
cG: 1.8

Åkerlund et  al. [65]
Sweden

RcT iG: 301 players 
(31 teams)

cG: 170 players 
(16 teams)

Floorball

Mixed iG: 13.6 ± 1.1 y
cG: 13.2 ± 1.3 y

M-iPP l: 26 weeks
f: 1.5 days / week
d: 20 min

iG: 12.1
cG: 18.7

Al Attar et  al. [62]
Saudi Arabia

RcT iG: 377 players 
(45 teams)

cG: 363 players 
(43 teams)

Soccer

Male iG: 7–13 (range)
cG: 7–13 (range)

M-iPP l: 24 weeks
f: 2 days / week
d: 17.5 min

iG: 0.9
cG: 2

Azuma and someya 
[19]

Japan

RcT iG: 64 players 
(− teams)

cG: 60 players 
(− teams)

Soccer

Male iG: 16.2 ± 0.8 y
cG: 16.2 ± 0.8 y

s-iPP l: 12 weeks
f: 3 days / week
d: 25 min

iG: 2
cG: 4

Barboza et  al. [66]
Netherlands

n-RcT iG: 135 players 
(10 teams)

cG: 156 players 
(12 teams)

Field hockey

Mixed iG: 11.5 ± 1.5 y
cG: 12.9 ± 1.9 y

M-iPP l: 40 weeks
f: 1.4 days / week
d: 12 min

iG: 4.1
cG: 6.4

emery et  al. [14]
Canada

RcT iG: 380 players 
(32 teams)

cG: 364 players 
(28 teams)

Indoor soccer

Mixed iG: 13–18 (range)
cG: 13–18 (range)

M-iPP l: 20 weeks
f: −
d: 30 min

iG: 2.1
cG: 3.4

emery et  al. [13]
Canada

RcT iG: 494 players 
(47 teams)

cG: 426 players 
(41 teams)

Basketball

Mixed iG: 13–18 (range)
cG: 12–18 (range)

M-iPP l: 18 weeks
f: −
d: 35 min

iG: 3.3
cG: 4

Hislop et  al. [67]
United Kingdom

RcT iG: 1325 players 
(44 teams)

cG: 1127 players 
(39 teams)

Rugby

Male iG: 16 ± 1.2 y
cG: 15.9 ± 1.1 y

M-iPP l: 14 weeks
f: 2 days / week
d: 15 min

iG: 7.8
cG: 8.1

imai et  al. [20]
Japan

n-RcT iG: 36 players  
(1 team)

cG: 38 players  
(1 team)

Soccer

Male iG: 12–14 (range)
cG: 12–14 (range)

s-iPP l: 32 weeks
f: 6 days / week
d: 5 min

iG: 2.7
cG: 4.9

Junge et  al. [53]
Switzerland

n-RcT iG: 101 players  
(7 teams)

cG: 93 players  
(7 teams)

Soccer

Male iG: 16.7 ± 1.2 y
cG: 16.3 ± 1.2 y

M-iPP l: 48 weeks
f: −
d: −

iG: 6.7
cG: 8.5

longo et  al. [54]
Italy

RcT iG: 80 players  
(7 teams)

cG: 41 players  
(4 teams)

Basketball

Male iG: 13.5 ± 2.3 y
cG: 15.2 ± 4.6 y

M-iPP l: 36 weeks
f: 2 days / week
d: 20 min

iG: 0.6
cG: 1.3

olsen et  al. [55]
Norway

RcT iG: 958 players 
(61 teams)

cG: 879 players 
(59 teams)

Handball

Mixed iG: 16.3 ± 0.6 y
cG: 16.2 ± 0.6 y

M-iPP l: 32 weeks
f: 1 day / week
d: 17.5 min

iG: 1.1
cG: 2.2

owoeye et  al. [56]
Nigeria

RcT iG: 212 players 
(10 teams)

cG: 204 players 
(10 teams)

Soccer

Male iG: 17.8 ± 0.9 y
cG: 17.5 ± 1.1 y

M-iPP l: 24 weeks
f: 2 days / week
d: 20 min

iG: 0.7
cG: 1.5

Rössler et  al. [12]
Switzerland, 

Germany, Czech 
Republic and 
Netherlands

RcT iG: 2066 players 
(128 teams)

cG: 1829 players 
(115 teams)

Soccer

Mixed iG: 10.8 ± 1.4 y
cG: 10.7 ± 1.4 y

M-iPP l: 40 weeks
f: 2 days / week
d: 17.5 min

iG: 1
cG: 1.6

(Continued)
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risk of bias, the mean score obtained was 8 (minimum: 
3, maximum: 11). the detailed data for cONsORt, 
PeDro, and risk of bias are presented in online supple-
mentary files 9, 10, and 11, respectively.

3.4.  Inference

3.4.1.  Pooled effects of IPPs on reducing overall and 
some specific body region injury incidences (first 
level of concretion)
the pooled iRR for each type of injury and its 95% 
confidence and prediction intervals, alongside the 
between-study variance, the Q test, and the I2 index 
are displayed in table 3. the combined estimates for 
the different dependent variables were very close 
(from 0.61 to 0.712) and all of them were significantly 
different from 1, which indicates evidence in favor of 
the iPP group over the control group.

Unlike thigh and knee pooled iRRs, evidence of het-
erogeneity was found for the overall, lower extremity, 
and ankle pooled iRRs, as they showed statistically sig-
nificant Q scores, large I2 indexes (ranging from 62.3 to 

75.6%), and wide prediction intervals including a range 
of values that would cast doubts on the overall bene-
ficial effect of iPPs. Figure 2 shows the forest plot gen-
erated for each dependent variable meta-analyzed 
under a random-effects model.

Regarding the analysis of potential qualitative 
moderators, supplementary file 12 presents the results 
of the aNOVas conducted in each dependent vari-
able. None of the categorical moderators showed a 
statistically significant relationship with the overall 
injury iRR (p-values for the Knapp-hartung F statistics 
ranged from 0.747. to 0.912). supplementary file 13 
shows the results of the simple meta-regressions 
applied to each type of injury. None of the quantita-
tive moderators analyzed showed a statistically signif-
icant relationship with the dependent variable overall 
injuries (p > 0.05).

Funnel plots and egger's regression test results are 
presented in supplementary file 14. For overall, lower 
extremity and ankle injuries, egger's regression coeffi-
cient estimates were statistically different from zero 
(p-values ranging from 0.006 and 0.047), which may 
indicate a possible overestimation in the meta-analytic 

References

study design

Participants

Type of 
intervention intervention dosage

overall iiR per 
1000 hCountry

sample size, 
sport sex Age

soligard et  al. [11]
Norway

RcT iG: 1055 players 
(52 teams)

cG: 837 players 
(41 teams)

Soccer

female iG: 15.4 ± 0.7 y
cG: 15.4 ± 0.7 y

M-iPP l: 32 weeks
f: 2 days / week
d: 20 min

iG: 3.2
cG: 4.7

steffen et  al. [57]
Norway

RcT iG: 1073 players 
(58 teams)

cG: 947 players 
(51 teams)

Soccer

female iG: 15.4 ± 0.8 y
cG: 15.4 ± 0.8 y

M-iPP l: 25 weeks
f: 1 day / week
d: 20 min

iG: 3.6
cG: 3.7

Verhagen et  al. [63]
Netherlands

RcT iG: 282 players 
(35 teams)

cG: 236 players 
(31 teams)

Volleyball

Mixed iG: 12.9 ± 1.6 y
cG: 12.6 ± 1.7 y

M-iPP l: 28 weeks
f: 2 days / week
d: 15 min

iG: 1.6
cG: 2.7

Wedderkopp et  al. 
[58]

Denmark

RcT iG: 111 players 
(11 teams)

cG: 126 players 
(11 teams)

Handball

female iG: 16–18 (range)
cG: 16–18 (range)

M-iPP l: 40 weeks
f: −
d: 12.5 min

iG: 1
cG: 3.7

Zarei et  al. [59]
Iran

RcT iG: 34 players (2 
teams)

cG: 32 players (2 
teams)

Soccer

Male iG: 15.3 ± 0.6 y
cG: 15.5 ± 0.7 y

M-iPP l: 30 weeks
f: 3.3 days / week
d: 20 min

iG: 2.9
cG: 4.3

Zarei et  al. [60]
Iran

RcT iG: 443 players 
(15 teams)

cG: 519 players 
(17 teams)

Soccer

Male iG: 12.1 ± 1.8 y
cG: 12.2 ± 1.7 y

M-iPP l: 36 weeks
f: 2 days / week
d: 20 min

iG: 0.9
cG: 1.9

Zouita et  al. [61]
Tunisia

RcT iG: 26 players 
(− teams)

cG: 26 players 
(− teams)

Soccer

Male iG: 13–14 (range)
cG: 13–14 (range)

s-iPP l: 12 weeks
f: 2.5 days / week
d: 90 min

iG: 0.8
cG: 2.7

l: length; f: frequency, d: duration; s-iPP: single-component injury prevention program; M-iPP: Multicomponent injury prevention program; RcT: 
Randomized controlled trial; n-RcT: non-randomized controlled trial; iG: intervention group; cG: control group; iiR: injury incidence rate.

Table 1. continued.

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
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results due to publication bias, unlike for thigh 
(p = 0.42) and knee (p = 0.59) injuries.

3.4.2.  Multiple comparisons between the injury risk 
mitigation pooled effects of the different IPPs and 
with the control group (second level of concretion)
3.4.2.1. Overall injuries.  the network graph built for the 
dependent variable overall injury (Figure 3a) under the 
comprehensive approach shows that all the iPPs (n = 10 
[(labels 2, 3, 5, 7-13]) incorporated into the network 
meta-analysis were directly compared with the control 
group in the 21 primary studies included [11–14,19,20, 
53–67], whereas only indirect evidence was available for 
comparisons between the remaining iPPs. Unlike the 
iPPs labeled as 9 (strength + plyometrics + stability + speed 
and agility) (iRR = 0.98 [95%ci = 0.86 to 1.1]) and 11 
(stability + flexibility) (iRR = 0.82 [95%ci = 0.65 to 1.04]), 

the remaining iPPs were more effective than a control 
group to reduce the injury risk in youth team sport 
athletes (Figure 4a). the iPPs with the highest injury risk 
mitigation effects were those comprised of 
strength + stability exercises (M-iPP labeled as 12) (iRR = 
0.26 [95%ci = 0.15 to 0.46]), strength exercises (s-iPP 
labeled as 2) (iRR = 0.3 [95%ci = 0.1 to 0.93]), and 
flexibility (s-iPP labeled as 5) (iRR = 0.49 [95%ci = 0.36 
to 0.68]). table 4 presents the network meta-analysis 
estimates for the 55 possible pair-wise comparisons 
between programs.

When the restrictive approach was applied to 
determine whether a single exercise component 
should be integrated into an iPP, the network 
meta-analysis comparing the protective effects of the 
iPPs (n = 11) (Figure 5a) with control groups through 
17 primary studies [11–14,19,54–56,59–67] revealed 

Table 2. intervention components according to training prescription guidelines.

References strength Plyometrics stability
speed/
agility

coordination / 
warm-up drills flexibility

Achenbach et  al. [64] ✓ ✓ ✓ x x x
Åkerlund et  al. [65] ✓ ✓ ✓ x x x
Al Attar et  al. [62] ✓ ✓ ✓ x x x
Azuma and someya [19] x x x x x ✓
Barboza et  al. [66] ✓ ✓ ✓ ✓ ✓ ✓
emery et  al. [14] ✓ ✓ ✓ x ✓ ✓
emery et  al. [13] x x ✓ x x ✓
Hislop et  al. [67] ✓ ✓ ✓ ✓ x x
imai et  al. [20] x x ✓ x x x
Junge et  al. [53] ✓ ✓ ✓ ✓ ✓ ✓
longo et  al. [65] ✓ ✓ ✓ ✓ ✓ x
olsen et  al. [55] ✓ ✓ ✓ ✓ ✓ x
owoeye et  al. [56] ✓ ✓ ✓ ✓ ✓ x
Rössler et  al. [12] ✓ ✓ ✓ x x x
soligard et  al. [11] ✓ ✓ ✓ ✓ ✓ x
steffen et  al. [57] ✓ ✓ ✓ ✓ x x
Verhagen et  al. [63] ✓ ✓ ✓ ✓ ✓ ✓
Wedderkopp et  al. [58] ✓ x ✓ x x x
Zarei et  al. [59] ✓ ✓ ✓ ✓ ✓ x
Zarei et  al. [60] ✓ ✓ ✓ x x x
Zouita et  al. [61] ✓ x x x x x

Articles that included strength, plyometric, stability, speed/agility, coordination/warm-up drills, and flexibility components were assessed to determine if 
they met training prescription recommendations to reach an effective stimulus. ✓ symbols in a green cell indicate the article met the muscular strength 
(included at least 2 sets, 8–15 repetitions or 20–30 s duration And one progression (i.e. increased intensity/difficulty)) [22], plyometric (included at least 
1 set, 3–15 repetitions or 10–30 s duration, And one progression (i.e. increased intensity/difficulty)) [22], stability (included at least 240 s of stability train-
ing per session And one progression (i.e. increased intensity/difficulty)) [36], speed/agility (included sprint-specific training exercises (unresisted/resisted 
forward and backward running with or without change of direction) between 10 and 30 m of distance) [37], coordination/warm-up drills (included at least 
180 s of warm-up drills (e.g. skipping, heel flicks)) [38], and flexibility (included at least 1 stretch, 30 s duration (static) or 15 reps (dynamic/ballistic tech-
niques) per session) [39] recommendations, while ✓ symbols in an orange cell indicate they did not meet these recommendations (or did not provide 
information about volume/intensity). x symbols in a red cell indicate that the intervention did not include this component. only those components 
marked with ✓ symbols in green cells were considered when the restrictive approach was applied.

Table 3. Pooled estimate, 95% confidence interval, and heterogeneity statistics for the dependent variables of the study.

injuries k N IRR
+ 95%ci 95%Pi τ 2

I
2

Q p
Total 21 18305 0.624 [0.538, 0.725] [0.352, 1.108] 0.070 75.58 80.08 <0.001
lower limbs 17 13898 0.634 [0.541, 0.743] [0.382, 1.054] 0.052 62.30 44.18 <0.001
Thighs 13 11425 0.712 [0.524, 0.968] [0.440, 1.151] 0.029 11.45 13.89 0.308
Knees 13 11425 0.659 [0.499, 0.871] [0.342, 1.271] 0.074 40.73 18.71 0.096
Ankles 13 11425 0.610 [0.431, 0.862] [0.228, 1.633] 0.179 62.87 29.51 0.003

k = number of independent samples included in the analysis; N = total sample size; IRR+ = pooled effect size estimate (incidence rate ratio); 95%ci = lower 
and upper bounds of the 95% confidence interval; 95%Pi = lower and upper bounds of the 95% prediction interval; τ 2 =Paule-Mandel estimate for the 
between-study variance; I2 = heterogeneity index; Q = cochran's heterogeneity statistic with k −1 degrees of freedom; p = p-value for the cochran's het-
erogeneity statistic.
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Figure 2. forest plots for the random-effects classical meta-analyses conducted for overall, lower extremity, thigh, knee, and ankle 
injuries. Values below 1 favor the interventions over the control groups.
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that most iPPs (except those labeled 3 [stability], 4 
[plyometrics], and 6 [plyometrics + stability]) were 
more effective than control groups at reducing the 
overall incidence of injuries in youth team sport ath-
letes (Figure 6a). similarly to the findings of the 
comprehensive approach, iPP programs with the 
highest protective effects were those consisting of 
strength exercises (s-iPP labeled as 2) (iRR = 0.3 
[95%ci = 0.1 to 0.93]) and flexibility exercises (s-iPP 
labeled as 5) (iRR = 0.49 [95%ci = 0.36 to 0.68]), fol-
lowed by a set of M-iPPs with almost identical pro-
tective effects (iRRs ranged from 0.57 to 0.65), led by 
those labeled as 7 (strength + plyometrics + stabil-
ity + speed & agility + warm-up drills) and 8 (strength +  
plyometrics + stability). table 5 presents the network 
meta-analysis estimates for the 66 possible pair-wise 
comparisons between programs.

3.4.2.2. Lower extremity injuries.  a total of nine iPPs 
(labeled 3, 5, 7–13) were included in the network 
meta-analysis to make direct comparisons between 
their effects on lower extremity iiRs and those elicited 
by control groups, using 17 primary studies  
[11–14,19,20,53,54,56–58,60,62–66] (Figure 3b). Only 
indirect evidence was available for comparisons 
between the remaining iPPs in this network  
meta-analysis. all programs except three M-iPPs 
(labeled 9 [strength + plyometrics + stability + speed 
and agility], 11 [stability + flexibility], and 13 [strength +  
plyometrics + stability + warm-up drills + flexibility]) 
were found to be more effective than the control 
groups at reducing lower extremity iiRs (Figure 4b). as 
shown in supplementary file 15, the iPP labeled as 12 
(strength + stability) elicited the highest risk  
mitigation effects for lower extremity injuries (iRR = 
0.33 [95%ci = 0.17 to 0.67]). supplementary file 15 

Figure 2. continued.

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
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Figure 4. forest plots for the random-effects network 
meta-analyses conducted for overall, lower extremity, thigh, knee, 
and ankle injuries under the comprehensive approach. str: 
strength; Plyo: Plyometrics; sta: stability; s&A: speed and agility; 
Wud: coordination and warm-up drills; flex: flexibility. Values 
below 1 favor the intervention over the control (treatment 1).

Figure 3. network graphs for the direct evidence comparing 
programs for overall, lower extremity, thigh, knee, and ankle 
injuries under the comprehensive approach. str: strength; 
Plyo: Plyometrics; sta: stability; s&A: speed and agility; Wud: 
coordination and warm-up drills; flex: flexibility.
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Figure 5. network graphs for the direct evidence comparing 
programs for overall, lower extremity, thigh, knee, and ankle 
injuries under the restrictive approach. str: strength; Plyo: 
Plyometrics; sta: stability; s&A: speed and agility; Wud: 
coordination and warm-up drills; flex: flexibility.

Figure 6. forest plots for the random-effects network 
meta-analyses conducted for overall, lower extremity, thigh, knee, 
and ankle injuries under the restrictive approach. str: strength; 
Plyo: Plyometrics; sta: stability; s&A: speed and agility; Wud: 
coordination and warm-up drills; flex: flexibility. Values below 1 
favor the intervention over the control (treatment 1).
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Figure 7. forest plots for the random-effects network 
meta-analyses at component level conducted for overall, lower 
extremity, thigh, knee, and ankle injuries under the compre-
hensive approach. Values below 1 favor the training compo-
nent over the control.

Figure 8. forest plots for the random-effects network 
meta-analyses at component level conducted for overall, lower 
extremity, thigh, knee, and ankle injuries under the restrictive 
approach. Values below 1 favor the training component over 
the control.
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presents the network meta-analysis estimates for  
the 45 possible pair-wise comparisons between 
programs.

When the restrictive approach was applied, the 
network meta-analysis directly compared nine iPPs 
(labeled 3, 5–8, 10, 14, 15, 17) and the control group 
using 13 primary studies [11–14,19,54,56,60,62–66] 
(Figure 5b). however, only indirect evidence was 
available for comparisons between the remaining 
programs. Unlike the iPPs labeled as 3 (stability) (iRR 
= 0.85 [95%ci = 0.65 to 1.11]), 6 (plyometrics + stabil-
ity) (iRR = 0.87 [95%ci = 0.50 to 1.52]), 10 
(strength + plyometrics + stability + speed and agil-
ity + warm-up drills + flexibility) (iRR = 0.95 [95%ci = 
0.48 to 1.89]), and 15 (stability + warm-up drills + flex-
ibility) (iRR = 0.69 [95%ci = 0.46 to 1.02]), the paired 
comparisons conducted revealed that the remaining 
iPPs were more effective than a control group to 
reduce the lower extremity injury risk in youth team 
sport athletes. the iPP labeled as 5 (flexibility) elic-
ited the highest risk mitigation effects for lower 
extremity injuries (iRR = 0.49 [95%ci = 0.34 to 0.71]), 
followed by the labeled as 8 (strength + plyomet-
rics + stability) (iRR = 0.54 [95%ci = 0.44 to 0.65]), 
and 17 (plyometrics + stability + speed and agil-
ity + warm-up drills + flexibility) (iRR = 0.56 [95%ci = 
0.33 to 0.95]) (Figure 6b). supplementary file 16 pres-
ents the network meta-analysis estimates for the 45 
possible pair-wise comparisons between programs.

3.4.2.3. Thigh injuries. the network graph presented in 
Figure 3c shows that seven iPPs (labels 3, 5, 7-10, 12) 
included in the network meta-analysis were  
directly compared with the control group in the 13 
primary studies incorporated [11,12,19,20,53,54,56–
58,60,62,64,65], whereas only indirect evidence was 
available for comparisons between the remaining iPPs. 
Only the s-iPP number 5 (flexibility) (iRR = 0.32 [95%ci 
= 0.11 to 0.89]) and the M-iPP number 8 
(strength + plyometrics + stability) (iRR = 0.65 [95%ci = 
0.43 to 0.98]) were more effective than the control 
group to reduce the thigh iiRs (Figure 4c). in the 
supplementary file 15, it can be found the network 
meta-analysis estimates for the 28 possible pair-wise 
comparisons between iPPs.

When the restrictive approach was applied, the net-
work meta-analysis directly compared five iPPs (labeled 
5–8, 14) and the control group using nine primary 
studies [11,12,19,54,56,60,62,64,65]. however, only indi-
rect evidence was available for comparisons between 
the remaining programs. similar to what was found 
under the comprehensive approach, just the s-iPP 
number 5 (flexibility) was more effective than the 

control group to reduce the thigh iiRs (iRR = 0.32 
[95%ci = 0.11 to 0.89]) (Figure 6c). in the supplemen-
tary file 16, it can be found the network meta-analysis 
estimates for the 15 possible pair-wise comparisons 
between iPPs.

3.4.2.4. Knee injuries.  the network graph presented in 
Figure 3d shows that seven iPPs (labels 3, 5, 7-10, 12) 
included in the knee injury network meta-analysis were 
directly compared with the control group in the 13 
primary studies incorporated [11,12,19,20,53,54,56–
58,60,62,64,65], whereas only indirect evidence was 
available for comparisons between the remaining iPPs. 
Only the iPPs numbers 5 (flexibility) (iRR = 0.30 [95%ci 
= 0.11 to 0.82]), 7 (strength + plyometrics + stability + speed 
& agility + warm-up drills) (iRR = 0.60 [95%ci = 0.42 to 
0.86]), and 8 (strength + plyometrics + stability) (iRR = 
0.63 [95%ci = 0.50 to 0.80]) were more effective than 
the control group to reduce the knee iiRs in youth team 
sport athletes (Figure 4d). supplementary file 15 presents 
the network meta-analysis estimates for the 28 possible 
pair-wise comparisons between programs and their 
confidence interval bounds.

When the restrictive approach was applied, the 
network meta-analysis directly compared five iPPs 
(labeled 5–8, 14) and the control group using 9 pri-
mary studies [11,12,19,54,56,60,62,64,65], while only 
indirect evidence was available for comparisons 
between the remaining programs. Unlike the iPPs 
labeled as 6 (plyometrics + stability) (iRR = 0.78 
[95%ci = 0.28 to 2.15]) and 14 (strength + plyomet-
rics) (iRR = 0.76 [95%ci = 0.55 to 1.06]), the paired 
comparisons conducted revealed that the remaining 
three iPPs were more effective than a control group 
to reduce the lower extremity injury risk in youth 
team sport athletes (Figure 6d). again, the iPP with 
the lowest iRR was the number 5 (flexibility) (iRR = 
0.30 [95%ci = 0.11 to 0.82]). in the supplementary 
file 16, it can be found the network meta-analysis 
estimates for the 15 possible pair-wise comparisons 
between iPPs.

3.4.2.5. Ankle injuries.  seven iPPs (labels 3, 5, 7-10, 
12) were included in the ankle injury network meta-
analysis (Figure 3e) and were directly compared with 
the control group in the 13 primary studies included 
[11,12,19,20,53,54,56–58,60,62,64,65], whereas only 
indirect evidence was available for comparisons 
between the remaining programs. three out of the 
seven iPPs that were incorporated into the network 
meta-analysis were more effective than the control 
group to reduce ankle iiRs (iPPs number 3 [stability], 
8 [strength + plyometrics + stability], and 12 [strength +  
stability]), being the s-iPP labeled as 3 the one with 

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
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the lowest iRR (0.14 [95%ci = 0.04 to 0.47]) (Figure 
4e). supplementary file 15 presents the network 
meta-analysis estimates for the 28 possible pair-wise 
comparisons between programs.

Under the restrictive approach, the network 
meta-analysis directly compared five iPPs (labeled 5–8, 
14) and the control group using nine primary studies 
[11,12,19,54,56,60,62,64,65]. however, only indirect evi-
dence was available for comparison for the remaining 
programs. two M-iPPs labeled as 14 (strength + plyo-
metrics) (iRR = 0.28 [95%ci = 0.13 to 0.60]) and 8 
(strength + plyometrics + stability) (iRR = 0.58 [95%ci = 
0.40 to 0.85]) were more effective than the control 
group to reduce ankle iiRs. in the supplementary file 
16, it can be found the network meta-analysis esti-
mates for the 15 possible pair-wise comparisons 
between iPPs.

3.4.3.  Individual effects of exercise-based 
components (third level of concretion)
3.4.3.1. Overall injuries.  as shown in Figure 7a, the 
network meta-analysis at the component level, 
conducted using a comprehensive approach, revealed 
that three exercise-based components demonstrated 
significant injury risk mitigation effects on overall iiRs: 
strength (iRR = 0.33 [95%ci = 0.19 to 0.58]), warm-up 
drills (iRR = 0.68 [95%ci = 0.57 to 0.80]) and stability 
(iRR = 0.77 [95%ci = 0.60 to 0.99]). On the contrary, 
neither flexibility (iRR = 0.99 [95%ci = 0.83 to 1.18]), 
speed and agility (iRR = 1.43 [95%ci = 1.22 to 1.68]) 
nor plyometric (iRR = 2.57 [95%ci = 1.51 to 4.35]) 
components reported statistically significant effects on 
overall iiRs. however, when the analysis was conducted 
using a restrictive approach, only strength (iRR = 0.63 
[95%ci = 0.52 to 0.76]) and flexibility (iRR = 0.64 
[95%ci = 0.50 to 0.81]) as exercise-based components 
reported significant injury risk mitigation effects on 
overall iiRs (Figure 8a).

3.4.3.2. Lower extremity injuries.  the network meta-
analysis at the component level conducted with 
lower extremity injuries as the dependent variable 
and using the comprehensive approach showed that 
only the exercise-based components strength (iRR = 
0.41 [95%ci = 0.19 to 0.88]) presented significant 
reduction effects on their incidence rates (Figure 7b). 
When the analysis was conducted under the restrictive 
approach, flexibility (iRR = 0.61 [95%ci = 0.45 to 
0.82]) was the only component reporting significant 
injury risk mitigation effects on lower extremity iiRs 
(Figure 8b).

3.4.3.3. Thigh injuries.  For thigh injuries, the network 
meta-analysis at component level conducted using the 
comprehensive approach reported that none of the 

exercise-based components showed significant 
reduction effects on their iiRs (Figure 7c). however, 
under the restrictive approach, the flexibility (iRR = 
0.32 [95%ci = 0.11 to 0.89]) demonstrated significant 
injury risk mitigation effects on thigh iiRs (Figure 8c).

3.4.3.4. Knee injuries.  For its part, only the exercise-
based components warm-up drills for knee (iRR = 0.55 
[95%ci = 0.30 to 0.98]) elicited significant reduction 
effects for these iiRs under the comprehensive 
approach (Figure 7d). On the contrary, when the 
restrictive analysis was carried out, the component 
flexibility (iRR = 0.30 [95%ci = 0.11 to 0.82]) was the 
only one showing significant reduction effects on knee 
iiRs (Figure 8d).

3.4.3.5. Ankle injuries.  For ankle injuries, only the 
stability component (iRR = 0.14 [95%ci = 0.04 to 0.47]) 
showed significant reduction effects for iiRs under the 
comprehensive approach (Figure 7e). No component 
demonstrated a significant reduction on their iiRs for 
the restrictive analysis (Figure 8e).

4.  Discussion

the primary purposes of this systematic review and 
meta-analysis were (a) to estimate the pooled effects 
of iPPs on reducing overall and some specific body 
regions injury incidences, and (b) to compare the 
effects of s-iPPs and M-iPPs on mitigating injury risk in 
youth team sport athletes. a secondary objective was 
to explore the individual effects of different 
exercise-based components (i.e. strength, plyometrics, 
stability, speed & agility, coordination/warm-up drills, 
and flexibility) on the injury incidences previously 
mentioned. to address these objectives, data extracted 
from 21 eligible studies were analyzed according to 
three different levels of concretion. Next, the main 
findings obtained from these three levels of analysis 
are presented and discussed separately.

4.1.  Pooled effects of IPPs on reducing overall and 
some specific body region injury incidences

the results of the random-effects model classical 
meta-analysis conducted at this level of concretion 
indicate that exercise-based strategies elicit statistically 
significant protective effects against the injuries sus-
tained by youth team sport athletes. specifically, iPPs 
may reduce overall and some specific body regions 
(lower extremities, thigh, knee, and ankle) iiRs by an 
average of approximately 35% (range 29–39%). the 
magnitude of the just mentioned protective effects of 

https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457
https://doi.org/10.1080/07853890.2024.2408457


20 F. J. ROBles-PalaZÓN et al.

exercise-based strategies against injuries is analogous 
to those reported in previous meta-analyses carried 
out in team sports players with [17,18] and without 
[22,68] participants' age restriction. however, it should 
be pointed out that most of the studies included in 
the present meta-analysis (12 out of 21) and also in 
previously published research [17,18,33] recruited 
youth soccer players as participants. therefore, future 
studies are required to elucidate whether the risk mit-
igation effects we found for iPPs might be extrapo-
lated to other youth team sports athletes different 
from soccer players. considering the high risk of injury 
documented in previous epidemiological studies for a 
number of different youth team sports [4–6] along 
with the protective effects against them estimated in 
this systematic review and meta-analysis for the 
selected exercise-based strategies, it may be stated 
that implementing these effective and timely iPPs in 
applied contexts is advisable.

exploring potential sources of heterogeneity (mod-
erator analysis) of the pooled estimates of the effects 
of iPPs could shed light on the factors that may mod-
ulate them. in this regard, the results from the quanti-
tative moderator analysis (meta-regressions) carried 
out in this systematic review and meta-analysis show 
that the high values of the I2 statistic for the pooled 
iRRs of iPPs for overall, lower extremity, knee, and 
ankle injuries (supplementary file 17) cannot be 
explained by the large heterogeneity of the scores 
obtained by individual studies on the different quality 
scales (of the information provided and methodology 
used) and risk of bias tools (cONsORt [p-values > 
0.33], PeDro [p-values > 0.49], and risk of bias [p-values 
> 0.25]) applied. it must be acknowledged that this 
conclusion is exclusively limited to the total scores 
from the quality scales and risk of bias tool applied in 
this systematic review to the selected studies. these 
results are consistent with the findings reported by 
soomro et  al. [17] in their meta-analysis on the effi-
cacy of injury prevention programs in youth team 
sports, where it was documented that the quality of 
the studies (determined through an earlier version of 
our risk of bias scale) did not have a statistically signif-
icant effect on the magnitude of the pooled effect of 
the iPPs. Future studies that carry out more in-depth 
qualitative and quantitative analyses to determine the 
individual impact of the scores obtained by the stud-
ies in each domain of the quality scales and risk of 
bias tools on the pooled iRR of each type of injury 
could improve current knowledge about whether there 
is a relationship (including its direction and magni-
tude) between these factors and the risk-mitigating 
effects of the iPPs observed in them.

the analysis of quantitative moderators also indi-
cates that the male rate did not affect the iRRs for 
overall injuries. these results are in line with the recent 
findings of a meta-analysis analyzing the effect of sex 
on overall injury prevention effectiveness in sport [69]. 
iPPs should then be implemented to reduce overall 
injuries in youth environments, irrespective of the sex 
of the participants. however, when analyzed by spe-
cific body regions, it can be observed that the male 
rate accounted for 41.1% and 100% of the variance of 
the iRRs for the lower extremity and thigh injuries 
(p  values for the F statistics < 0.05). these results 
would suggest that, for reducing lower extremity and 
thigh injuries, iPPs are favored over the control group 
to a greater extent in those studies where the male 
rate was lower. Given that male team-sport athletes 
have a higher incidence of injuries in this region than 
females [70], this might be considered an important 
finding as it could be indicating that the interventions 
analyzed may not be sufficient to reduce the incidence 
of thigh injuries among male players. however, it 
should be noted that there is a large imbalance 
between the number of trials that have used only 
males as a sample of study (n = 10) and those that 
have exclusively recruited females (n = 3), which makes 
it difficult to draw strong conclusions in this regard.

the results from the meta-regressions also reveal 
that neither the length (weeks) nor the duration (min-
utes) of iPPs had a statistically significant influence on 
the overall injury risk mitigation effects. however, 
unlike the length, the duration of each iPP accounted 
for 2.7%, 17.8%, and 50.4% of the variance of the 
lower extremity, knee, and ankle injuries respectively, 
although this moderator only reached statistically sig-
nificant results in the case of the ankle injuries (p-value 
= 0.05). in other words, there is little evidence point-
ing out that the duration of iPPs might play a signifi-
cant role in their protective effects, which requires 
further studies to be elucidated. the minimum length 
and duration of iPPs included in this systematic review 
and meta-analysis were 12 weeks and 15 min, respec-
tively. consequently, it might be recommended that 
this was the minimum dose necessary for their protec-
tive effects against injuries to be relevant. Most of the 
studies included in this systematic review and 
meta-analysis used a weekly frequency of 2 days and 
hence, it was not possible to infer whether this mod-
erating variable had an impact on the pooled iRRs of 
the iPPs. likewise, and as in previous meta-analyses 
[17,18], the limited data availability (less than 50% of 
the studies did report any type of compliance) together 
with the different definitions and methods used [71] 
prevented us from analyzing the compliance with the 
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iPPs as a potential moderator in this research. 
Nevertheless, previous studies implementing the same 
program (i.e. 11+), and within the same study context 
(female adolescent soccer players) and similar defini-
tion of the term compliance (i.e. player compliance), 
have shown an association between an increased indi-
vidual player compliance to the iPP and an overall 
injury reduction effect [72,73]. it is therefore important 
for coaches to be aware of the need to comply with 
the program prescriptions. Future investigations should 
present operational definitions of this term so that it 
can be meta-analytically analyzed as well.

the qualitative moderator analyses (aNOVas) car-
ried out reveal that the equipment needed to imple-
ment the iPPs accounted for an important proportion 
of the variance of the following dependent variables: 
lower extremity (35.1%), thigh (100%), and knee 
(23.9%). the iRRs were, however, only significantly dif-
ferent (from a statistic standpoint) between those 
studies in which equipment was used and those in 
which it was not for lower extremity (p = 0.04) and 
thigh (p = 0.02) injuries. in both cases, the iPP groups 
seem to be favored over the control groups to a 
greater extent in those studies where the iPPs did not 
require any equipment. it should also be noted that 
the dichotomous moderator type of design (random-
ized vs. non-randomized) did not show a significant 
effect on the pooled iRRs of the dependent variables. 
One possible explanation for this could be based on 
the large imbalance that this moderator presents in 
the instances of its two response levels (Rct = 18 
studies, N-Rct = 3 studies), which could have limited 
the ability of the aNOVa statistical technique to make 
a precise inference.

4.2.  Multiple comparisons between the injury risk 
mitigation pooled effects of the different IPPs and 
with the control group

the direct pairwise comparisons (iPP vs. control group) 
carried out under both comprehensive and restrictive 
approaches show that two out of the four s-iPPs finally 
defined in this systematic review and meta-analysis 
(s-iPPs labeled as 2 [strength] and 5 [flexibility]) were 
more effective (iRRs = 0.30 [s-iPP number 2] and 0.49 
[s-iPP number 5]) than their respective control groups 
(Figures 4 and 6) in reducing the overall iiRs in youth 
team sport athletes. likewise, s-iPP number 3 (stabil-
ity) was more effective than its respective control 
groups in reducing the risk of injury under the com-
prehensive approach (iRR = 0.54 [95%ci = 0.32 to 0.89) 
but not under the restrictive approach (iRR = 0.82 
[95%ci = 0.65 to 1.04]), although the upper limit of 

the confidence interval was very close to 1 also for 
this restricted analysis. Whether the s-iPPs comprised 
of speed/agility exercises and coordination/warm-up 
drills are effective in reducing iRRs in team sports is 
still unknown as no studies have used them as iso-
lated interventions in youth team sports.

the network meta-analysis conducted at this level 
of concretion also reported that most of the M-iPPs 
delivered by the selected studies demonstrated  
statistically significant risk mitigation effects for over-
all injuries (iRRs between 0.26 and 0.70) in youth 
team sport athletes regardless of the approach used 
for the analyses. however, the indirect paired com-
parisons performed between iPPs did not show a 
clear trend to recommend a specific intervention 
over other M-iPPs. the only program that could pre-
sumably reduce the risk of injury more than other 
interventions could be program 12 (strength + stabil-
ity), but this hypothesis would only be supported by 
the comprehensive approach as this could not be 
analyzed from the restrictive method (components in 
this program did not meet the minimum training 
recommendations). these results are, however, in line 
with the iRRs provided in tables 4 and 5 for s-iPPs, 
which might lead to suggest that, from a practical 
perspective, interventions comprised exclusively of 
strength (iRR = 0.3 [95%ci = 0.10 to 0.93]) (or mostly, 
as program 12) and flexibility (iRR = 0.49 [95%ci = 
0.36 to 0.68]) exercises were the most effective mea-
sures (among all those included in this study) for 
reducing the number of injuries recorded in youth 
team sports. however, this statement should be con-
sidered with a degree of caution and serve as a 
starting point for future work, given that the effects 
on iiRs of each of these two s-iPPs came from a sin-
gle regional study where a limited sample of soccer 
players (26 and 64 players for the s-iPPs based on 
strength and flexibility exercises, respectively) was 
recruited [19,61]. in contrast, the injury risk mitiga-
tion effects estimated for certain M-iPPs came from 
large-scale national [11,55,57,67] and multinational 
[12] studies carried out with a substantive number of 
participants. therefore, taking into account the 
results of the paired comparisons (direct [iPPs vs. 
control] and indirect [iPPs vs. iPPs]) and the compil-
ing of evidence available, it could be concluded that 
whether coaches and physical trainers seek to reduce 
the number of injuries in youth team sport athletes 
(around 40% on average), they may consider  
implementing in their training sessions the M-iPPs 
labeled with numbers 7 (strength + plyometrics +  
stability + speed & agility + warm-up drills), and 8 
(strength + plyometrics + stability).
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Finally, the results obtained in the pairwise compari-
sons carried out between the iiRs of the lower extrem-
ity, thigh, knee, and ankle of the different iPPs and with 
the control group (supplementary files 16 and 17) allow 
for similar conclusions to be drawn as previously 
exposed for the overall iiRs. however, the network 
meta-analysis carried out with thigh injuries as the 
dependent variable reports that out of the 7 (compre-
hensive approach) and 5 (restrictive approach) iPPs that 
were included to carry out direct and indirect compari-
sons, only the iPP comprised of flexibility exercises (s-iPP 
number 5) was more effective than its respective control 
groups to reduce the thigh iiRs (iRR = 0.32 [95%ci = 
0.11 to 0.89]) in both approaches (Figures 4 and 6). 
Most of the injuries that occur in the thigh in youth 
team sports athletes are muscle strains (hamstrings, 
quadriceps, and adductors, mainly) [74–77]. in this type 
of injury, having adequate levels of flexibility may be 
considered a protective factor, since it contributes to 
optimizing the ability of the muscle-tendon unit to 
safely manage the high tensile forces to which it is sub-
jected during the execution of the explosive locomotor 
actions (e.g. sudden accelerations and decelerations, 
changes of direction) that are repeatedly performed in 
intermittent team sports [19,78].

4.3.  Individual effects of exercise-based 
components

the main findings from this third level of the analysis 
show that the exercise-based component strength was 
the only one that reported statistically significant injury 
risk mitigation effects on overall iiRs independently of 
the methodological approach used (comprehensive or 
restrictive) to calculate their estimations. this compo-
nent was also associated with significant reduction of 
lower extremity injuries under the comprehensive 
approach and was very close to the statistical signifi-
cance under the restrictive analysis (upper ci limit = 
1.03). this is unsurprising as strength training increases 
the cross-sectional area and tensile strength of the mus-
culotendinous system, while also increasing the rapid 
force production capability of the associated muscles. 
increased rapid force production increases the ability to 
both rapidly accelerate and decelerate the athletes' 
mass, or their limb, based on the impulse momentum 
relationship. as such increased eccentric strength of the 
hamstrings has been shown to reduce hamstring strain 
injury risk and occurrence [79,80], while also improving 
landing mechanics which may reduce the risk of knee 
injuries [81]. strength training plays an important role in 
reducing the risk of injuries related to muscle imbalance 
as well (either agonist/antagonist or side-to-side 

differences). correction of the existing imbalances 
through this training component can mitigate the risk 
for musculoskeletal injury [61]. adaptations resulting 
from strength training also include an increase in bone 
mineral density, which is particularly useful in collision 
sports (as is the case in most team sports) to reduce the 
risk of bone injuries [61,82].

Under the restrictive methodological approach, the 
exercise-based component of flexibility demonstrated 
statistically significant injury risk mitigation effects on 
overall (like the strength component) and lower 
extremity (unlike the rest of the components) iiRs. it 
has been suggested that poor values of muscle flexi-
bility (especially in the biarticular muscle groups con-
tributing to hip flexion [hamstrings], extension 
[quadriceps, psoas iliacus], abduction [adductors], and 
ankle dorsal flexion [gastrocnemius]) may have a neg-
ative impact not only on the ability of these soft tissue 
structures to withstand the high compressive and 
shear forces to which they are subjected during most 
of the explosive movements that team sport athletes 
repeatedly perform but also restrict normal joint 
ranges of motion [83]. Restrictions in joint ranges of 
motion may force athletes to adopt abnormal move-
ment patterns during sports practice in which a 
sub-optimal distribution in certain joints of the 
mechanical stress generated during them could be 
produced, thereby increasing the likelihood of damag-
ing (through both acute and overuse mechanisms) 
surrounding soft tissues [83]. thus, for example, it has 
been suggested that, among other biomechanical 
adaptations, a lack of flexibility in the anterior thigh 
muscles (quadriceps and psoas iliacus) commonly car-
ries a compensatory counterclockwise movement of 
the pelvis in the sagittal plane (anterior pelvic tilt) 
[83–85]. this anteriorly tilted pelvis position may affect 
to some extent the kinematics of the entire lower 
extremity during high-intensity weight-bearing actions, 
leading to the posterior thigh muscles originating in it 
(hamstrings) being in a sub-optimal length (over-
stretched) to perform (both concentrically and eccen-
trically), which might place them in a more vulnerable 
situation to be damaged [83–85]. in fact, recent stud-
ies employing contemporary statistical techniques 
from Machine learning and Data Mining environments 
have identified flexibility as an important risk factor for 
injury in youth team sport athletes [86,87].

another interesting finding extracted from this third 
level of analysis is the fact that the exercise compo-
nents speed/agility and plyometrics did not show, 
under the restrictive approach, significant protective 
effects against injuries despite both being proposed as 
essential elements of any injury prevention and 
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rehabilitation program due to their greater specificity 
regarding the mechanism that promotes some of the 
most frequently diagnosed injuries in this cohort of 
athletes (i.e. actions at high speed and with a preva-
lence of the stretch-shortening cycle [e.g. sudden 
accelerations and sprints, changes of direction, jumps, 
and falls]) [77]. Moreover, under the comprehensive 
approach, these two components even reported statis-
tically significant effects in favor of the appearance of 
an injury (iRR = 1.43 [95%ci = 1.22 to 1.68] and 2.57 
[95%ci = 1.51 to 4.35] for the speed/agility and plyo-
metric components in overall injuries, respectively). 
although the number of studies is reduced and there-
fore, it is not possible to make a solid positioning on 
these findings, it could be suggested that in this pop-
ulation cohort, where the training experience is still 
limited, the application of speed and plyometric exer-
cises should be considered only in those youth ath-
letes who demonstrate high levels of strength and 
sufficient motor competency to ensure the safe and 
adequate execution of the exercises that represent 
these components.

4.4.  Limitations

Despite the strengths of the novel approach used in 
this research, allowing the simultaneous comparison of 
multiple programs and components within a single 
analysis even though most of these interventions have 
never been compared head-to-head in trials, there are 
some limitations that should be acknowledged. First, 
while the potential benefits of the iPPs seem to far out-
weigh the risks they could pose to youth athletes (all 
the 95%cis indicated that the true estimate resided 
within the beneficial range for iPPs compared to control 
groups), the 95%Pis obtained for the five type of inju-
ries analyzed showed upper limits whose values slightly 
exceed the value of 1. this suggests that the true effect 
for any one future study could still possibly fall beyond 
the beneficial range for iPPs; thus, practitioners should 
remain cautious when considering our findings to make 
decisions until further studies reduce uncertainty about 
these effects. second, our taxonomy of interventions 
and control conditions was based on previous literature, 
piloting, and discussion in our team. Nevertheless, we 
acknowledge that the process of categorizing 
exercise-based components may be subjective and 
some exercises can be used for different purposes. 
Future work should agree on a process for node-making 
as well as agreeing on a taxonomy for classifying 
exercise-based components and interventions. third, 
only indirect evidence was available for comparisons 

between interventions other than the control group, 
which means that the strength of inference made in a 
network meta-analysis is not as robust as it could be 
and that consistency between direct and indirect evi-
dence could not be assessed. Moreover, three of the 
included studies were N-Rcts, which might have weak-
ened the quality of evidence. Fourth, the training pre-
scriptions used to conduct the restrictive analysis 
derived from general recommendations for the youth 
population and thus, they may not represent a suffi-
cient stimulus to achieve adaptations in highly trained 
athletes. likewise, the order of appearance of every sin-
gle component in M-iPPs was not considered but just 
its presence. Further studies are needed to find the 
optimal dosage of exercise-based injury prevention pro-
grams and their components, with clear reporting on 
training dose. Finally, our reporting of injury incidence 
does not reflect consensus statements that suggest 
reporting training and match injuries separately [30]. 
however, we could not separate training and match 
injuries because most of the included studies did not 
report training and match injuries independently of 
each other for the five types of injury analyzed in this 
research. likewise, other injury locations and types pro-
posed in the consensus statements were not studied 
due to a lack of data available, nor was the effect of 
iPPs on injury burden. Other factors could not be exam-
ined owing to a lack of available or reported data, such 
as the effect of chronological and biological age, skill 
level, compliance rates, or type of sport. in fact and as 
already mentioned above, most of the studies included 
in this systematic review and meta-analysis have been 
focused on soccer players. the generalization of the 
results to other sports necessitates future studies. it 
should also be noted that, in accordance with the aim 
of the study, we have only analyzed exercise-based 
interventions in this work. interventions exploring other 
aspects that could also play an important role on injury 
reduction (e.g. co-education, early specialization, sport 
technique) were beyond the scope of this work. New 
research should explore the effect of controlling for 
these factors on injury risk reduction.

5.  Conclusions

evidence coming from 21 different studies suggests 
that exercise-based injury prevention programs may 
reduce overall, lower extremity, thigh, knee, and ankle 
injuries in youth team sport athletes by 35%. Most of 
the s-iPPs and M-iPPs implemented in the included 
studies demonstrated statistically significant risk miti-
gation effects for overall and lower extremity injuries 
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and thus, we advise against recommending standard 
practices or sham exercises (i.e. the usual control group 
in Rcts) as an injury prevention strategy. Our results 
also indicate that interventions comprising strength 
and flexibility exercises, and likely those incorporating 
stability exercises, might be the most effective mea-
sures for reducing injury incidence in youth team 
sports. however, this statement should be considered 
with caution and serve as a starting point for future 
work, given that only indirect evidence was available 
for comparisons between the intervention groups. 
Further investment in new trials that address the lim-
itations of the current evidence and compare different 
iPPs is required to confirm these estimates with direct 
evidence.
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