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Key Points
-Jumping and sprinting are key physical fitness proxies of soccer performance for young players.
-Plyometric jump training may improve both jumping and sprinting performance.

-Plyometric jump training may be particularly effective after interventions >7 weeks.



Abstract

Background: Even from a young age, modern soccer requires high levels of physical fitness development, particularly jumping and
sprinting. Plyometric jump training (PJT), combined with young athletes’ regular soccer sessions, has the potential to improve
jumping and sprinting. However, studies exploring the effects of PJT are generally limited by small sample sizes. This problem of

underpowered studies may thus be resolved by pooling study results in a meta-analysis.

Objective: The objective of this systematic review with meta-analysis (SRMA) was to assess the effects of plyometric jump training

(PJT) on jumping and sprinting among young male soccer players.

Methods: The SRMA included peer-reviewed articles that incorporated PJT in healthy players (i.e., <23 years of age), a control
group, and a measure of jumping or sprinting. Means and standard deviations of outcomes were converted to Hedges’ g effect sizes
(ES), using the inverse variance random-effects model. Moderator analyses were conducted for PJT duration, frequency, total number
of sessions, participants’ chronological age, and FIFA age categories (i.e., U-17 vs. U-20 vs. U-23). A multivariate random effects

meta-regression was also conducted.

Results: Thirty-three studies were included, comprising 1,499 participants. PJT improved vertical jump tests (ES = 0.60-0.98; all p
< 0.01) and linear sprint performance (ES = 0.60-0.98; p < 0.03). Interventions of >7 weeks and >14 PJT sessions induced greater

effects compared to PJT with <7 weeks and <14 total sessions on 10-m sprint performance (between-group p = 0.038).

Conclusion. Therefore, PJT is effective in improving jumping and sprinting performance among young male soccer players. Greater
10-m linear sprinting improvements were noted after interventions >7 weeks duration and >14 sessions, suggesting a greater return
from exposure to longer PJT interventions, partially in support for the adoption of a long-term approach to athletic development in
young athletes. However, with reference to the findings of the meta-regression, and those from the remaining subgroup and single
factors analysis, a robust confirmation regarding the moderator role of participant’s age, or PJT configuration effects on young soccer

player’s fitness qualities needs future confirmation.



1 Introduction

Even from a young age, modern soccer requires high levels of physical fitness development [1-3]. Although aerobic physical fitness
is important during a soccer game [2], maximal or near-maximal intensity single-bout efforts are key factors for optimal physical
performance [1, 4, 5]. Therefore, aside from endurance activity, soccer players must also perform numerous explosive actions [6],
including jumping, kicking, accelerating, decelerating and changing of movement direction, with most of these preceding goal-
scoring opportunities in competitive leagues [4, 7]. Specifically, the straight sprint (45%) and the vertical jump (16%) have been
shown to be the two most frequent actions preceding goal situations in soccer [4]. Moreover, a significant relationship between team
average for vertical jump height and the final league standing of teams has been observed [1]. Furthermore, youth elite and sub-elite
players were shown to jump higher and run faster than non-elite [8, 9], whereas future international and professional players had
superior jump and speed ability at youth level than future amateur players [10]. Therefore, jump and sprint-related actions may not
only be important qualities at youth-soccer level [8, 9], but also at a later stage of a player’s career [10]. Because of this, jumping
and straight sprint qualities should be developed at an early age to help players to cope with the increased competitive demands of
modern play [11, 12]. On this basis, the investigation of methods to improve jumping and straight sprint actions in young soccer
players is essential to optimize on-field performance.

It has previously been shown that the inclusion of plyometric jump training (PJT), combined with young athletes’ regular soccer
sessions, has the potential to improve many components of physical fitness [13], and may even reduce the risk of sustaining injuries
[14]. A PJT program is characterized by exercises that utilize the stretch-shortening cycle of the musculotendinous unit [15, 16].
Typically, PJT exercises can be conducted with short (<250 ms; fast stretch-shortening cycle) or long duration (>250 ms; long stretch-
shortening cycle) ground contact times [17-19]. Regarding PJT’s effects on sprinting and jumping in young soccer players, previous
research in U-17 male soccer players showed that PJT can substantially improve these physical fitness traits after eight weeks of
exercise [20]. Similar benefits have also been shown in U-20 [21] and U-23 [22] male soccer players after six weeks of PJT. However,
not all PJT studies corroborate these findings. For example, among U-17 [23] male soccer players, six weeks of PJT did not facilitate
a significant improvement in sprinting or jumping performance; while, among U-20 [24] male soccer players, 8 weeks of PJT did
not induce a significant improvement in sprinting. Moreover, among U-23 [25] male soccer players, six weeks of PJT did not induce
a significant improvement in sprinting nor jumping performance. Indeed, in the last two studies [24, 25], it was noted that a significant
reduction in sprinting and jumping performance occurred after PJT. Such contrasting findings may be related to several factors, such
as the methodological characteristics of PJT interventions (e.g., duration, intensity), participants’ characteristics (e.g., initial fitness
level) [26, 27] or the sprint or jump testing protocols [28, 29]. Moreover, a common limitation of PJT interventions, which could
limit conclusive recommendations on prescription for sprinting and jumping performance, is the commonly low number of
participants included in PJT interventions [26, 27]. Indeed, from 420 articles analyzed in a previous PJT scoping review, an average
of 10 participants per group was noted [27]. In this way, studies exploring the effects of PJT are generally limited by small sample
sizes, affecting the generalizability of the results. This problem of underpowered studies may thus be resolved by pooling study

results in a meta-analysis.

Specifically, by pooling the results of several primary studies, the overall statistical power facilitates the drawing of more robust
conclusions on the effectiveness of PJT on sprinting and jumping among young soccer players. However, to our knowledge, only
one systematic review with meta-analysis (SRMA) has been conducted regarding the effects of PJT on sprinting and jumping among

soccer players [30]. This SRMA [30] included only adult soccer players and no moderator analyses were incorporated (e.g., effects
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of PJT according to duration, frequency or total number of PJT sessions), thus limiting knowledge of factors that could affect the
main effect. Further, in some of the analysed outcomes (i.e., 15-m sprint) very few studies were included (n=2) [30], precluding a
robust conclusion regarding the effects of PJT on sprint performance among soccer players. Furthermore, although a previous
systematic review [13] analysed the effects of PJT on the physical fitness of young soccer players, no meta-analysis was conducted.
Additionally, both male and female soccer players aged between 10 to 17 years were included in the aforementioned systematic
review [13]. As males and females experience different effects from PJT according to sex-specific maturational development [31-

37], the pooling of the sexes in this way can be misleading.

Given the increased scientific awareness of the relevance of PJT, evidenced by a 25-fold increase in PJT-related scientific
publications between the years of 2000-2020, the contrasting findings among PJT interventions, and the typically small sample sizes
used in intervention studies, a contemporary SRMA on the topic is warranted. Therefore, the aim of this SRMA was to assess the
effects of PJT on jumping and sprinting among young male soccer players. Considering the beneficial effects of PJT on physical
fitness in adult female [38] and male soccer players [30], and in athletes from other team sports similar to soccer in terms of
intermittent profile and requirements of power expression, such as handball [39] and volleyball [40], we hypothesised PJT would
exert beneficial effects on jumping and sprinting among young male soccer players.

2 Methods

A SRMA was conducted following the guidelines of the Cochrane Collaboration [41]. Findings were reported in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [42].

2.1 Eligibility criteria

The a priori inclusion criteria for this SRMA were the following: i) studies that incorporated a PJT programme of at least two weeks
in duration, defined as “lower body unilateral or bilateral bounds, jumps and hops that commonly utilise a pre-stretch or
countermovement that incites usage of the stretch—shortening cycle” [26, 43, 44], ii) cohorts of healthy young male soccer players,
aged 23 years or less (as per FIFA competitions and tournaments regulations according to player’s age) [45], iii) a control group
(including active controls) of young male soccer players, iv) a measure of physical fitness (i.e., jumping, sprinting) that was selected
based on a logically defensible rationale [4, 44, 46], usually with a high measurement reliability (ICC >0.75; CV <8%) [47, 48].
Trials that included combined training (e.g. PJT and strength training) were included when the control group included the same
training, except for the PJT component. Only peer-reviewed articles were included in this SRMA. Articles were excluded if they
were cross-sectional, a review, or a training-related study not focused on the effect of PJT exercises. Description of the study selection
process is detailed in the results section of the manuscript. Briefly, we also excluded retrospective studies, prospective studies, studies
in which the use of jump exercises was not clearly described, studies for which only the abstract was available, case reports, studies
with ambiguous study protocols, non-human investigations, special communications, repeated-bout effect interventions, letters to
the editor, invited commentaries, errata, overtraining studies, and detraining studies. In the case of detraining studies, if there was a
training period prior to a detraining period, the study was considered for inclusion. Non-English language studies were not explored
[26].



2.2 Search strategy

The PubMed, MEDLINE, Web of Science, and SCOPUS electronic databases were searched from inception until 9 December 2019.
Keywords were collected through experts’ opinion, a systematic literature review, and controlled vocabulary (e.g., Medical Subject
Headings: MeSH). Boolean search syntax using the operators “AND”, “OR” was applied. The words “ballistic”, “complex”,
“explosive”, “force-velocity”, “plyometric”, “stretch-shortening cycle”, “jump”, “training”, “male”, “men”, “football”, and “soccer”
were used. An example of a PubMed search is: (“randomized controlled trial"[Publication Type]) OR "controlled clinical
trial"[Publication Type]) OR "randomized"[Title/Abstract]) OR "trial"[Title]) OR “clinical trials as topic"[MeSH Major Topic])
AND "soccer"[Title/Abstract]) AND "training”[Title/Abstract]) OR "plyometric"[Title/Abstract]. After an initial search, accounts
were created in the respective databases. Through these accounts, the lead investigator received automatically generated emails for
updates regarding the search terms used. These updates were received on a daily basis (if available), and studies were eligible for
inclusion until June 2020. Following the main systematic searches, additional hand-searches were conducted. This SRMA was

approved by ***blind for review purposes***.

2.3 Study selection and data collection process

In selecting studies for inclusion, a review of all relevant article titles was conducted before an examination of article abstracts and
then full-published articles. Two authors conducted the process independently. Potential discrepancies between the two reviewers
about study conditions were resolved by consensus with a third author. Full-text articles excluded, with reasons, were recorded. Data
were extracted from gathered articles by two authors independently (JRG, RRC), using a form created in Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA).

2.4 Data items

For the current SRMA, vertical jumping (i.e., vertical height) and linear sprint (i.e., time to complete different distances) performance
were chosen as the main outcomes based on establishing a degree of consistency between analysed studies. We sought to analyse
different jumping actions and sprint distances as they are considered as separate indicators of fitness relevant to soccer performance,
particularly at youth level where maturational changes are taking place [12, 49, 50]. Extracted data also included the following
information: quality of PJT treatment description (e.g., well described versus insufficiently described), type of control, type of
randomization, number of participants per group. In addition, sample demographics, including age (years), body mass (kg), height
(m), fitness level, and previous experience with PJT were extracted. Regarding PJT characteristics, extracted data also included the
frequency of training (days/week), duration of training (weeks), and number of total jumps completed during the intervention. A

complete description of the aforementioned PJT characteristics have been previously published [26, 27].

2.5 Methodological quality in primary studies

The Physiotherapy Evidence Database (PEDro) scale was used to assess the methodological quality of eligible studies included in
the SRMA. This scale evaluates internal study validity on a scale from 0 (high risk of bias) to 10 (low risk of bias). As in previous
PJT meta-analyses [51, 52], the study quality assessment was interpreted using the following 10-point scale: <3 points was considered

poor quality, 4-5 points as moderate quality, and 6—10 points as high quality. Two independent reviewers (JRG, DC), performed this
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process. Disagreements in the rating of the studies between the reviewers were resolved through discussion and consensus with a
third author. Agreement between reviewers was assessed using a Kappa correlation for risk of bias. The a priori agreement rate
between reviewers was set at k>0.8. If trials had already been assessed and listed on the PEDro database (or similar sources), these
scores were adopted. However, methodological quality was not an inclusion criterion. Moreover, the Cochrane Collaboration has
previously discouraged the use of these scales, stating that the practice is not underpinned by empirical evidence and assessment
criteria may apply inaccurate study weights [53]. In this sense, the subjectivity of personal opinion may undermine the accuracy of

such scales.

2.6 Summary measures

For analysis and interpretation of results, meta-analyses were conducted if at least three studies provided baseline and follow-up data
for the same parameter [44, 54, 55]. Means and standard deviations for a measure (jumping; sprinting) of pre-post-intervention were
converted to Hedges’ g effect size (ES) for between-group comparisons. An example (including equations) for Hedges’ g ES
calculation for between-group comparisons is provided in Electronic Supplementary Material Table S1. The inverse variance
random-effects model for meta-analyses was used because it allocates a proportionate weight to trials based on the size of their
individual standard errors [56] and facilitates analysis while accounting for heterogeneity across studies [57]. In this sense, the
likelihood approach with random effects was used to better account for the inaccuracy in the estimate of between-study variance
[58]. The ESs were presented alongside 95% confidence intervals (Cls). The calculated ES were interpreted using the thresholds
outlined for standardised mean difference: <0.2, trivial; 0.2-0.6, small; >0.6-1.2, moderate; >1.2-2.0, large; >2.0-4.0, very large;
>4.0, extremely large [59]. In some studies in which there was more than one intervention group, the control group was
proportionately divided to facilitate comparison across all participants [60]. All meta-analyses were carried out using the
Comprehensive Meta-Analysis program (version 2; Biostat, Englewood, NJ, USA). Comparisons between the control and the
experimental groups for the mean, median, and inter-quartile range (IQR) relative change in a given outcome were calculated from

the studies raw data using a form created in Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).

2.7 Synthesis of results

To gauge the degree of heterogeneity amongst the included studies, the percentage of total variation across the studies due to
heterogeneity (Cochran’s Q-statistic) [61] was used to calculate the 12 statistic. This represents the proportion of effects that are due
to heterogeneity as opposed to chance [42]. Low, moderate and high levels of heterogeneity correspond to 12 values of <25%, 25-
75%, and >75%, respectively [61, 62]. However, these thresholds are considered tentative [61]. The Chi square test assesses if any
observed differences in results are compatible with chance alone. A low p value, or a large Chi square statistic relative to its degree

of freedom, provides evidence of heterogeneity of intervention effects beyond those attributed to chance [56].
2.8 Risk of bias across studies
Risk of bias across studies was assessed using the extended Egger’s test [63]. Sensitivity analyses were conducted to assess the

robustness of the summary estimates in order to determine whether a particular study accounted for the heterogeneity. Thus, in order

to examine the effects of each result from each study on the overall findings, results were analysed with each study deleted from the



model once. It is acknowledged that other factors, such as differences in trial quality or true study heterogeneity, could produce

asymmetry.
2.9 Additional analyses
To assess the potential effects of moderator variables, subgroup analyses were performed. Using a random-effects model, potential
sources of heterogeneity likely to influence the effects of training were selected a priori. Using the median split technique [64-66],
the moderator variables of programme duration (i.e., <7 vs. >7 weeks), training frequency (i.e., <2 vs. >2 sessions per week), and
total number of training sessions (i.e., <14 vs. >14 sessions), were chosen based on the accepted influence of these variables on
adaptations to exercise [64, 65, 67], in addition to participants’ chronological age (i.e., <13.2 years vs. >13.2 years). Additionally,
FIFA age categories (i.e., U-17 vs. U-20 vs. U-23) were also considered as potential moderator variables. Meta-analyses stratification
by each of these factors was performed, with a p value of <0.05 considered as the threshold for statistical significance.
2.10 Meta-regression
A multivariate random effects meta-regression was conducted to verify if any of the training variables (i.e. frequency, duration, and
total number of sessions) or participant’s age predicted the effects of PJT on measures of physical fitness. According to the Cochrane
handbook for systematic reviews, computation of meta-regression was performed with at least ten studies per covariate [41].
3 Results
Figure 1 provides a graphical schematization of the study selection process. Through database searching, 7,859 records were initially
identified, and 33 [20, 22, 68-98] were considered in the meta-analysis. The included studies provided mean and standard deviation
pre-post-intervention data for at least one main outcome. The included studies comprised 48 individual experimental groups and 752
participants (747 in the control groups).

***Flgure 1***

3.1 Study characteristics

The basic characteristics of the participants and the programming parameters of the PJT interventions from the included studies are

displayed in Table 1.

*xxTable 1%+

3.2 Methodological quality of included studies

The 33 included studies achieved 6-7 points (i.e., high quality) (Table 2).

*xxTaple 2%



3.3 Meta-analysis results for vertical jump performance

3.3.1 Countermovement jump

From the included studies, 21 provided data for countermovement jump height performance, involving 30 experimental groups. The
relative weight of each study in the analysis varied between 1.8% and 4.6%. Of note, in the sensitivity analysis, the results remained
consistent (p < 0.05) across all deletions. There was a significant favouring of PJT for increase in countermovement jump height
performance (ES = 0.79 [95%CI = 0.56 to 1.02], p < 0.001) (Electronic Supplementary Material Fig. S1). A moderate heterogeneity
(12 = 68.7%) was observed, and the Egger’s test indicated p = 0.002. After the trim and fill method the adjusted values indicated a
point estimate of ES = 0.88 (95%CI = 0.65 to 1.12). Compared to the control groups, the mean relative improvement in the PJT
groups was 8.6% (median =7.9; IQR = 4.2 -12.1).

3.3.2 Countermovement jump with arms

From the included studies, 6 provided data for countermovement jump with arms height performance, involving 12 experimental
groups. The relative weight of each study in the analysis varied between 5.7% and 12.8%. Of note, in the sensitivity analysis, the
results remained consistent (p < 0.05) across all deletions. There was a significant favouring of PJT for increase in countermovement
jump with arms height performance (ES = 0.48 [95%CI = 0.25 to 0.71], p < 0.001) (Electronic Supplementary Material Fig. S2). A
low heterogeneity (12 = 9.2%) was observed, and the Egger’s test indicated p = 0.869. Compared to the control groups, the mean

relative improvement in the PJT groups was 7.9% (median = 7.0; IQR =5.9 - 9.1).

3.3.3 Squat jump

From the included studies, 9 provided data for squat jump height performance, involving 10 experimental groups. The relative weight
of each study in the analysis varied between 8.7% and 12.5%. Of note, in the sensitivity analysis, the results remained consistent (p
< 0.05) across all deletions. There was a significant favouring of PJT for increase in squat jump height performance (ES = 0.73
[95%CI = 0.29 to 1.16], p = 0.001) (Electronic Supplementary Material Fig. S3). A high heterogeneity (12 = 77.4%) was observed,
and the Egger’s test indicated p = 0.241. After we removed either the Sedano et al. study [94] or the Vaczi et al. study [97] from the
analysis, although the significant effect of PJT remained (p <0.001 to 0.003), the heterogeneity was reduced (70.3 to 71.8%).

Compared to the control groups, the mean relative improvement in the PJT groups was 8.2% (median = 7.6; IQR = 4.9 — 12.9).

3.4 Meta-analysis results for linear sprint performance

3.4.1 5-m linear sprint

From the included studies, 6 provided data for 5-m linear sprint performance, involving 6 experimental groups. The relative weight
of each study in the analysis varied between 15.4% and 17.3%. Of note, in the sensitivity analysis, the results remained consistent (p
< 0.05) across all deletions. There was a significant favouring of PJT for increase in 5-m linear sprint performance (ES = 0.98 [95%Cl

=1.83t0 0.13], p = 0.024) (Electronic Supplementary Material Fig. S4). A high heterogeneity (1>= 82.1 %) was observed, and the
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Egger’s test indicated p = 0.296. After we removed one study from the analysis [81], although the significant effect of PJT remained
(p<0.001), the heterogeneity was reduced to 31.3%. Compared to the control groups, the mean relative improvement in the PJT
groups was 7.5% (median = 11.7; IQR = 6.6 — 12.7).

3.4.2 10-m linear sprint

From the included studies, 10 provided data for 10-m linear sprint performance, involving 12 experimental groups. The relative
weight of each study in the analysis varied between 7.1% and 9.8%. Of note, in the sensitivity analysis, the results remained consistent
(p < 0.05) across all deletions. There was a significant favouring of PJT for increase in 10-m linear sprint performance (ES = 0.60
[95%CI = 1.04 to 0.17], p = 0.007) (Electronic Supplementary Material Fig. S5). A moderate heterogeneity (1> = 70.1%) was
observed, and the Egger’s test indicated p = 0.280. Compared to the control groups, the mean relative improvement in the PJT groups
was 2.8% (median = 1.7; IQR = 0.1 — 3.7).

3.4.3 20-m linear sprint

From the included studies, 14 provided data for 20-m linear sprint performance, involving 21 experimental groups. The relative
weight of each study in the analysis varied between 2.9% and 6.2%. Of note, in the sensitivity analysis, the results remained consistent
(p < 0.05) across all deletions. There was a significant favouring of PJT for increase in 20-m linear sprint performance (ES = 0.62
[95%CI = 0.90 to 0.33], p < 0.001) (Electronic Supplementary Material Fig. S6). A moderate heterogeneity (1> = 73.3%) was
observed, and the Egger’s test indicated p = 0.425. Compared to the control groups, the mean relative improvement in the PJT groups
was 4.8% (median = 4.5; IQR = 2.3 - 6.0).

3.4.4 30-m linear sprint

From the included studies, 10 provided data for 30-m linear sprint performance, involving 16 experimental groups. The relative
weight of each study in the analysis varied between 4.5% and 8.8%. Of note, in the sensitivity analysis, the results remained consistent
(p < 0.05) across all deletions. There was a significant favouring of PJT for increase in 30-m linear sprint performance (ES = 0.64
[95%CI = 0.89 to 0.39], p < 0.001) (Electronic Supplementary Material Fig. S7). A moderate heterogeneity (1> = 37.1%) was
observed, and the Egger’s test indicated p = 0.679. Compared to the control groups, the mean relative improvement in the PJT groups
was 3.6% (median = 4.1; IQR=1.6 —5.2).

3.4.5 40-m linear sprint

From the included studies, 4 provided data for 40-m linear sprint performance, involving 4 experimental groups. The relative weight
of each study in the analysis varied between 22.0% and 26.7%. Of note, in the sensitivity analysis, the results remained consistent (p
> 0.05) across all deletions. There was a no significant favouring of PJT for increase in 40-m linear sprint performance (ES = 0.94
[95%CI = 1.95 to -0.08], p = 0.070) (Electronic Supplementary Material Fig. S8). A high heterogeneity (1> = 81.8%) was observed,
and the Egger’s test indicated p = 0.162. After we removed one study from the analysis [71], although the non-significant effect of
PJT remained (p = 0.072), the heterogeneity was reduced to 0.0%. Compared to the control groups, the mean relative improvement
in the PJT groups was 1.6% (median = 1.8; IQR =1.3 - 1.9).



3.5 Additional meta-analyses for vertical jump and linear sprint performance

Regarding interventions with <14 total PJT sessions, also comprising a duration of <7 weeks (5 study groups; ES = 0.11 [95%CI =
0.65 to -0.42], p = 0.677; within-group 1% = 39.7%) and those with >14 sessions, also comprising a duration of >7 weeks (7 study
groups; ES = 0.93 [95%CI = 1.47 to 0.38], p = 0.001; within-group 12= 71.9%), only the latter induced a significant improvement

on 10-m linear sprint performance, with a significant between-group difference (p = 0.038) (Figure 2).

***Eigure 2***

No other significant between-group difference was noted for the remaining of the additional analyses; including PJT frequency, PJT
duration, and total number of PJT sessions, participant’s age, and FIFA age categories. A detailed description of all additional

analyses is indicated as supplementary material (Electronic Supplementary Material Appendix S1).

3.6 Results of meta-regression

The meta-regression analysis was computed for the outcomes countermovement jump and 10-m linear sprint performance, and
included three different training variables (i.e., training frequency, training duration, and total number of training sessions) and
participants’ chronological age (Table 3). Irrespective of the training type, none of the training variables predicted the effects of PJT
on countermovement jump height or 10-m linear sprint performance (p=0.095 to 0.713). The coefficient of determination was
R2=0.07 and 0.0 for countermovement jump height and 10-m linear sprint performance The regression was not computed for 20-m
and 30-m linear sprint due to a problem with collinearity. For the remaining outcomes less than 10 studies were available, precluding
a robust meta-regression.

*xxTable 3+

3.7 Adverse effects

Among the included studies, three [83-85] reported low level of pain experienced by participants. Although prevalence was not
reported in the aforementioned studies, authors reported relatively low pain level among participants (all <3, in a 10-point scale).
Moreover, mean pain levels of 0, 1.3, 0.8, 0.3, 0.1 and 0 were observed at times points before, immediately after, 24h, 48h, 72h, and
96h after the first plyometric training session, respectively. Furthermore, compared to the first week of PJT, muscle pain after
plyometric training sessions was reduced toward the last week of PJT [83-85]. Another study [98] reported soreness in the lower leg
muscle groups (13% of participants), pain in the knees mainly during the last stage of the intervention (8% of participants), and
fatigue (13% of participants). However, no intervention-related injuries were reported. The remaining studies reported no soreness,

pain, fatigue, injury, damage or adverse effects related to the PJT intervention.
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4 Discussion

The aim of this SRMA was to assess the effects of PJT on jumping and sprinting among young male soccer players. The data showed
that PJT resulted in significant small-moderate improvements in vertical jump performance and linear sprint. Regarding training
prescription effects, PJT interventions of longer duration (>7 weeks and >14 PJT sessions) induced significantly greater moderate

improvements in linear sprint performance. Findings are explored in more detail throughout the rest of the discussion.

Improvements in jumping and sprinting after PJT can likely be attributed to enhanced neural drive to agonist muscles, alterations to
musculotendinous stiffness, improved intermuscular coordination (e.g., enhanced antagonist muscle inhibition), greater excitability
of the stretch reflex, changes in muscle fiber mechanics, and changes in muscle size and architecture [99, 100]. In fact, a 6-week
intervention, comprised of three sessions per week [101], in young adult female and male team sport players (including soccer),
resulted in a significant improvement of 8.5-13.2% in unloaded jumping height performance. This improvement was in line with
increases in maximal voluntary force and electromyographic activity of the leg extensor muscles, as well as greater thickness, fascicle
length and pennation angle of knee flexor and extensor muscles [101]. However, when compared to the aforementioned study [101],
others have found greater (~28%) [80], similar (~9%) [102] or lower (~3%) [103] improvement in vertical jump height. Differences
in the participants’ characteristics, including age, may help to explain differences in physical fitness changes, including jumping and
sprinting, after PJT among young male soccer players [33, 35, 104]. However, differences between PJT programmes (e.g., frequency,
duration, total number of PJT sessions) may also help explain the different magnitudes of physical fitness changes among studies.

To analyse these possibilities, the effects of potential moderator variables were explored.

Regarding PJT frequency, moderator analyses and meta-regression analyses were available only for countermovement jump height
and 10-m linear sprint performance. No between-group differences were noted for the improvements in countermovement jump and
10-m linear sprinting after interventions with <2 sessions per week or >2 sessions per week. Indeed, previous PJT meta-analyses also
observed no significant subgroup differences or correlation for training frequency and vertical jump height [28, 64] or linear sprinting
[105] changes. Furthermore, studies in adult futsal and soccer players [106, 107] compared the relative effects of one and two PJT
sessions per week, equated for total volume, intensity and jump type, and found similar effects in vertical jump height and linear
sprinting. Of note, results of the multivariate random-effect meta-regression revealed that training frequency did not predict PJT
effects on countermovement jump and linear sprint performance in young male soccer players. Although two sessions per week
seemed more effective than one for the improvement of linear sprinting among young male athletes [105], three sessions per week
may have a lower effect than two sessions per week [105]. Indeed, greater training frequencies are associated with higher training
volumes and because of this, could increase the risk of injury [108]. However, the lack of a significant difference between <2
sessions/week compared to >2 sessions/week in our meta-analysis may be related to an imbalance of studies in the respective
subgroups. For countermovement jump height, 24 study groups were available for <2 sessions/week, whereas only three studies were
available for >2 sessions/week. Indeed, compared to the moderate heterogeneity for <2 sessions/week, the presence of high
heterogeneity after subgroup analysis for >2 sessions/week suggests that moderators of the main effect may not have been found,
meaning other factors (aside from training frequency) could account for training adaptations. This would seem to imply a potential
synergy between programming variables and other factors, such as biological maturity, in determining the magnitude of response to
PJT in young athletes [105]. To this end, a moderator analysis accounting for player age would clarify this issue.

11



Although the maturity status of the players would be ideal in order to perform moderator analyses for the effects of PJT, maturity is
often not reported. In fact, a recent scoping review [27] from 420 PJT studies, observed that 37% of the included studies involved
youth groups, with only a third of these reporting physiological maturity status. This important research gap seems common among
resistance training research literature [109]. This limitation is compounded by the utilization of different measures of physiological
maturity across studies, making it difficult to compare results [26, 27]. This could be viewed as a critical limitation among PJT
interventions performed with youth, especially since physiological maturity seems to affect adaptations to PJT interventions with
young males. In the current SRMA, with regard to player age, moderator analyses were available for countermovement jump height
and squat jump height performance, and 10-m, 20-m and 30-m linear sprint. From these studies, data indicate that players >13.2
years old experienced a similar moderate (ES = 0.64-0.77) beneficial training effect on jumping performance compared those <13.2
years old (ES = 0.81-0.94). For the 10-m, 20-m and 30-m linear sprint, players >13.2 years old experienced a moderate beneficial
training effect (ES = 0.83-0.89), compared to a small beneficial effect on those <13.2 years old (ES = 0.40-0.53). Results of the
multivariate random-effect meta-regression revealed that player’s age did not predict PJT effects on jump and linear sprint
performance in young male soccer players. Although for the analysed outcomes in the current SRMA no significant between-group
differences were noted regarding player age, the moderate beneficial effect of PJT on linear sprint performance among the older
young players, compared to only a small beneficial effect among their younger counterpart, is in line with previous meta-analyses.
In one meta-analysis [105], greater improvements in sprinting were noted among participants with mean ages of 14.1 years (ES =
1.15)and 16.8 y (ES = 1.39), compared with those with a mean age of 11.2 y (ES = -0.18) after sprinting programmes (also involving
high-intensity, stretch-shortening cycle muscle actions). In another meta-analysis [110], improvements in non-linear sprinting (i.e.,
change of direction speed) were noted among participants with a mean age of 14.5y (ES = 0.95) and 17 years (ES = 0.99), compared
with those with a mean age of 11.5y (ES = 0.68) after PJT interventions. Moreover, when participants between the mean ages of 10
and 12.9 years, 13 and 15.9 years, as well as 16 and 18 years were exposed to PJT, the greatest magnitude of improvement in
countermovement jump height performance was noted among the older group (ES = 1.02) [33]. However, in the aforementioned
meta-analysis [33] the magnitude of adaptation to PJT between the mean ages of 13 and 15.9 years was lower (ES = 0.47) compared
to the younger group (ES = 0.91). In relation to this finding, complex changes occur in physical performance during growth and
maturation and these can affect both jumping [31] and sprinting [111, 112]. During growth and maturation, the natural development
of the stretch-shortening cycle is of key relevance for both jump and sprint performance and this occurs due to greater muscular size,
increased limb length, changes to musculotendinous tissue, enhanced neural and motor development and better movement quality
and coordination [31, 111, 112]. As the timing and tempo of these factors seems highly variable across individuals [32, 33, 113], this
can make it difficult for coaches to determine how best to structure training during this highly sensitive period of development.
Therefore, soccer coaches involved with youth populations should consider not only the characteristics of the applied training
programme, but also the dynamic physiological change that takes place across the adolescent years. Such training principle related
to the interaction between training and maturation have been termed “synergistic adaptation” [34, 114, 115] and should be considered

of upmost importance when working with young soccer players.

Regarding intervention duration and total PJT sessions, results of the multivariate random-effect meta-regression revealed that none
of these training factors predict PJT effects on countermovement jump and 10-m linear sprint performance in young male soccer
players. However, analyses for intervention duration and total PJT sessions as single-factor moderators were available for
countermovement and squat jump height, and for 10-m, 20-m and 30-m linear sprint performance. From these, interventions with a
duration of >7 weeks and >14 total PJT sessions induced a greater beneficial training effect compared to those interventions with <7

weeks and <14 total PJT sessions on 10-m linear sprint performance. Unsurprisingly, the moderator analysis supported the use of
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longer programmes (>7 weeks) and more training sessions per programme (>14) for the enhancement of horizontally-orientated
outcomes and skills such as short sprints. It was surprising, however, that longer programmes (>7 weeks, >14 session) were no more
effective than shorter programmes in eliciting increases in vertically-orientated outcome measures such as countermovement and
squat jump height performance. The reasons for these contrasting findings are unclear but could suggest that increases in vertically-
orientated performance are achievable in the short term whilst the attainment of the more sport-specific horizontally-orientated
performance [4] could take longer to achieve. This could indicate a differential in the time-course of adaptation of vertically- and
horizontally-orientated performance or could also represent a bias towards the selection of vertically-orientated exercises in modern
strength and conditioning programmes for young soccer players [12]. Alternatively, current findings may indicate that the longer-
term programs were not sufficiently periodized and the players were not exposed to sufficient PJT load, particularly PJT intensity.
In general, coaches have traditionally been cautious of higher training intensities, however, this prescription variable is crucial for
long-term PJT programmes [35, 116, 117].

Our meta-analyses demonstrated that young soccer players may improve vertical jump (ES = 0.48 to 0.79) and linear sprint
performance (ES = 0.60 to 0.98) to a similar extent after PJT. Although this may be considered not in line with the principle of
training specificity, most of the included studies in our meta-analyses involved mixed PJT programmes that combined horizontal and
vertical drills. Indeed, while vertically-oriented PJT may induce greater improvements in vertical jump performance, horizontal-
oriented PJT may induce greater improvements in linear sprint performance [87]. However, a combination of both may be of
particular relevance to improve both vertical jump (12.3%; ES = 0.51) and linear sprint performance (5.8-6.0%; ES = 0.63-0.99)
among young male soccer players [87]. In addition to the PJT characteristics, similar improvements in vertical jump and linear sprint
performance among young soccer players in our meta-analysis are in line with the findings from previous PJT meta-analyses, which
have shown an improvement in vertical jump (ES = 0.84) [28] and linear sprint performance (ES = 0.37) [29]. However, such effects
were noted for participants with a wide range of sport backgrounds. In the aforementioned meta-analyses soccer players demonstrated
vertical jump improvements of ES = 0.51 [28] and linear print ES = 0.69 [29]. The reasons for these findings are unclear but could
suggest that the underlying mechanisms responsible for vertical jump and linear sprint performance may be similarly improved after
PJT. Indeed, PJT can increase neural drive to agonist muscles, lower-limb stiffness, intermuscular coordination, excitability of the
stretch reflex, among others [99, 100]. Such factors are important for both jumping and sprinting [15, 118-123]. The underlying
mechanisms (e.g. physiological; biomechanical) responsible for improvements in vertical jump and linear sprint after PJT should be
considered in future studies. From a practical point of view, combination of both vertical-oriented and horizontal-oriented PJT drills

in the young soccer player’s programme seems a sound approach.

Our meta-analyses revealed linear sprint improvements after PJT in a range from ES = 0.60 to 0.98 for distances between 5-m to 40-
m. Although linear sprint performance may correlate across different distances [118], the underlying mechanisms (e.g., physiological;
biomechanical) responsible for the athlete performance across different linear sprint distances may be differentially affected. Such
effects may be related to the distinct characteristics of the PJT interventions across analysed studies (e.g., total programme duration;
as previously discussed) and the nature of the plyometric exercises. Indeed, depending on the training approach, one may expect
grater improvements in one particular distance over another. For example, at shorter-distances (e.g. 5-m) horizontal force application
on the ground is of paramount importance, thus a greater load of horizontal PJT may lead to larger improvements during the early
acceleration phase (horizontal GRF; push-off phase) [87, 119, 124]. In addition, exercises with horizontal orientation and longer
ground contact times will allow for more time to generate force, thus greater impulse and, therefore, acceleration. In contrast, PJT

with a greater emphasis in the vertical direction may induce larger improvements when nearing top speed (vertical GRF) [87, 119,
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124], particularly after vertical exercises with faster ground contact times and higher rate of force development. In this meta-analysis,
most of the included studies involved mixed PJT programmes that combined horizontal and vertical drills. This may help to explain

the improvements noted across different linear sprint distances.

Among the included studies, no intervention-related injuries were reported. The relative safety of PJT programmes have been
previously reported [26, 27, 99]. Moreover, when adequately programmed and well coached, PJT interventions may reduce the risk
of injury among young soccer players [14, 125]. Although PJT seems safe for young male soccer players, caution is recommended
when applying this type of training in poor-conditioned athletes with lower strength levels and an inability to decelerate their body
mass during landing tasks. Of note, in a study by Vlachalopolous et al. [98], participants reduced the volume of jumps in the last 12
weeks due to soreness and some muscle problems (not injuries). It is possible that a volume-based taper in the last stage of a PJT can
increase control over inflammation caused by the overload induced by large eccentric loads [126, 127] and, in this way, a taper
strategy may facilitate the processes of adaptation of the musculoskeletal system and physical fitness [128, 129]. In addition to taper
strategies, low volumes of high intensity work may be more advantageous at the long-term compared to greater volumes [28, 106,
108, 130-132]. In other words, intervention-related injuries may be reduced, and physical fitness improved to a greater extent using
sufficiently periodized longer-term programs, taking into account PJT intensity as a key prescription variable for young athletes in

long-term athletic development programmes [35, 116, 117].

To our knowledge, this is the first SRMA to examine the effects of PJT on jumping and sprinting performance in young soccer
players. In the current SRMA 752 participants (in addition to 747 controls) partook in PJT among the single studies reported in the
literature. This large pooled sample size is a strength of the current SRMA, addressing the ongoing problem of underpowered studies
due to reduced sample size [133]. However, aside from the aforementioned strengths, some potential limitations should be
acknowledged. For some outcomes (i.e. 5-m linear sprint), additional analyses regarding PJT frequency, duration, total PJT sessions
or participants’ age were not possible as <3 studies were available for at least one of the moderators. Moreover, for some outcomes
(i.e., 40-m linear sprint) and/or moderator analysis only three studies were available in total, suggesting that results should be
interpreted with caution, and confirmed in the future. Additionally, the dichotomisation of continuous data (e.g., <7 weeks compared
to >7 weeks) with the median split technique could result in residual confounding and reduced statistical power [134]. Furthermore,
the effects of these programming variables were calculated independently, and not interdependently. Univariate analysis must be
interpreted with caution because the programming parameters were calculated as single factors, irrespective of between-parameter
interactions. However, our meta-analysis also incorporated a meta-regression, revealing that none of the analyzed training factors
predicted PJT effects on either jump or linear sprint performance in young male soccer players. Finally, the current SRMA was
focused on young male participants. As young males and females clearly experience different effects from PJT according to sex-
specific maturational development [31-35, 37], future SRMAs should take a similar approach for female participants. Additionally,
although our analyses did not reveal a significant difference between participants aged <13.2 compared to >13.2 (or between FIFA
age categories U17, U21, and U23), these were limited only to chronological age. A moderator analysis for biological maturity was
limited somewhat with the evidence that is available. Indeed, not many PJT studies report well controlled measures of maturity status
[27]. Considering that biological maturity may affect adaptations to strength and conditioning practices in general, and resistance
training and PJT in particular [31, 33, 35, 112, 115], future PJT meta-analyses should strive to include youth athletes biological
maturity as a moderator in the analyses. Despite these limitations, the current SRMA makes an original and significant contribution
to the literature and clearly shows the merits on including PJT as part of a well-rounded athletic development program to enhance

jumping and sprinting performance in young soccer players.
14



5 Conclusion

In conclusion, PJT seems safe and was proved to be effective in improving vertical jumping and linear sprinting performance among
young male soccer players. Greater 10-m linear sprinting improvements were noted after interventions >7 weeks duration and >14
sessions, suggesting a greater return from exposure to longer PJT interventions, partially in support for the adoption of a long-term
approach to athletic development in young athletes. However, with reference to the findings of the meta-regression, and those from
the remaining subgroup and single factors analysis, a robust confirmation regarding the moderator role of participant’s age, or PJT
configuration, including duration, on its effects on young soccer player’s fitness qualities needs future confirmation. Practitioners
working in youth soccer should take into account the dose-response trends identified in this SRMA to prescribe the appropriate level
of training for the young male soccer player. Importantly, rather than an independent entity, PJT should be a component of an
integrated approach to youth physical development, which targets multiple physical fitness qualities and aligns with the goals of
long-term physical development strategies. Practitioners should seek to periodize PJT for young athletes by manipulating both

volume and intensity to ensure ongoing adaptations.
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Group by Statistics for each study Hedges's g and 95% CI
Total sessions (n)

Hedges's  Standard Lower  Upper
g error Variance  limit limt ZValue p-Value
14 or less -0.114 0.273 0.074 -0.648 0421  -0.417 0.677
More than 14 -0.926 0.280 0.078 -1474 -0378 -3311 0.001
-2.00 -1.00 0.00 1.00 2.00
Favours plyometric Favours control

Figure 2. Forest plot of increases in 10-m linear sprint performance in young male soccer players participating in plyometric jump training compared
to controls, after <14 total PJT sessions (also comprising a duration of <7 weeks) or >14 total PJT sessions (also comprising a duration of >7 weeks)
of intervention. Values shown are effect sizes with 95% confidence intervals (CI).
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Table 1. Basic characteristics of included study partici

pants and plyometric jump training programs.

Treat Ran Age Body Height SPT Fit Frequency Duration NTJ
(years)* mass (m)* (days/week) (weeks)
(kg)*

Asadi et al. (2018) pre-PHV (66) WD Yes 115 31.0 1.38 No Moderate 2 6 720
Asadi et al. (2018) mid-PHV (66) 14.0 435 1.55
Asadi et al. (2018) post-PHV (66) 16.6 60.6 1.72
Beato et al. (2018) (67) ID Yes 17.0 69.2 1.75 NR Moderate 1 6 360
Brito et al. (2014) (68) WD Yes 19.9 72.2 1.80 No Normal 2 9 360+90m
Chelly et al. (2010) (69) WD Yes 19.1 70.3 1.76 NR Moderate - High 2 8 860
Chtara et al. (2017) (70) ID Yes 13.6 54.1 1.65 No Moderate - High 2 6 632
Coratella et al. (2018) body mass (71) WD Yes 21.0 73.0 1.78 NR Moderate 2 8 800
Coratella et al. (2018) loaded (71) 21.1
Hammami et al. (2016) (72) WD Yes 15.7 59.0 1.76 No High 2 8 722
Hammami et al. (2019) (73) WD Yes 15.7 58.9 1.75 NR Moderate 2 8 722
Jlid et al. 2019 (74) WD Yes 11.8 36.5 1.43 NR Moderate 2 8 1,596
Jlid et al. 2020 (75) WD Yes 19.0 67.6 1.76 NR High 2 6 2,112
McKinlay et al. (2018) (76) WD No 12.6 47.2 1.58 No Moderate 3 8 3,438
Meylan and Malatesta (2009) (77) ID No 13.2 48.6 1.59 No Normal - Moderate 2 8 >768
Michailidis et al. (2013) (78) 1D Yes 10.7 425 1.47 No Moderate 2 12 >1,560
Nakamura et al. (2012) (79) 1D NR 22.7 68.8 1.75 NR High 2 3 360 +198 m
Negra et al. 2016 (80) ID Yes 12.7 45.9 1.56 NR Moderate 2 12 >1,344
Negra et al. (in press) (20) WD Yes 12.7 43.7 1.59 NR Moderate - High 5 8 1,284
Ramirez-Campillo et al. (2014) (81) WD Yes 13.2 47.9 1.54 No Moderate 2 7 840
Ramirez-Campillo et al. (2014) 30s (82) WD Yes 10.4 37.0 1.41 No Moderate 2 7 840
Ramirez-Campillo et al. (2014) 60 s (82) 10.4 37.2 141
Ramirez-Campillo et al. (2014) 120s (82) 10.3 38.0 1.42
Ramirez-Campillo et al. (2015) 24h (83) WD Yes 14.2 50.3 1.58 No Normal - Moderate 2 6 2,400
Ramirez-Campillo et al. (2015) 48h (83) 14.1 51.8 1.59
Ramirez-Campillo et al. (2015) no increase (84) WD Yes 12.8 53.9 1.60 No Moderate 2 6 1,440
Ramirez-Campillo et al. (2015) increase (84) 13.0 53.8 1.61 2,160
Ramirez-Campillo et al. (2015) bilateral (85) WD Yes 11.0 43.5 1.46 No Moderate 2 6 2,160
Ramirez-Campillo et al. (2015) unilateral (85) 11.6 45.0 1.47
Ramirez-Campillo et al. (2015) combined (85) 11.6 42.2 1.44
Ramirez-Campillo et al. (2015) vertical (86) WD Yes 11.6 40.0 1.44 No Moderate 2 6 1,610
Ramirez-Campillo et al. (2015) horizontal (86) 114 44.6 1.50 1,610
Ramirez-Campillo et al. (2015) combined (86) 11.2 44,1 1.41 1,440
Ramirez-Campillo et al. (2016) (22) WD Yes 20.4 68.4 1.71 No Moderate 2 6 1,440
Ramirez-Campillo et al. (2018) fixed (87) WD Yes 13.9 46.7 1.53 No Moderate 2 7 906
Ramirez-Campillo et al. (2018) optimal (87) 13.1 47.2 1.53
Ramirez-Campillo et al. (2019) (88) WD Yes 13.2 48.6 1.54 No Normal - Moderate 2 7 840
Ramirez-Campillo et al. (in press) before (89) WD Yes 16.9 64.9 1.72 No Moderate 2 7 1,944
Ramirez-Campillo et al. (in press) after (89) 17.1 65.4 1.73
Ramirez-Campillo et al. (in press) s-surface (90) WD Yes 12.9 44.4 1.54 No Moderate 2 8 810
Ramirez-Campillo et al. (in press) com-surface (90) 12.1 45.6 1.59
Rosas et al. (2016) jump (91) WD Yes 12.3 47.3 1.50 No Moderate 2 6 1,152
Rosas et al. (2016) jump+haltere (91) 12.1 45.0 1.50
Sedano et al. (2011) (92) WD Yes 18.4 70.7 1.74 Yes Moderate - High 3 10 2,880
Sohnlein et al. (2014) (93) 1D No 13.0 51.0 1.62 NR Moderate 2 16 ~3,467
Spineti et al. (2016) (94) ID Yes 184 70.2 1.80 NR High 2 8 1,440
Vaczi etal. (2013) (95) WD Yes 21.9 75.9 1.80 Yes Moderate - High 2 6 925
Vlachopoulos et al. (2018) (96) 1D Yes 13.8 49.3 1.61 NR Normal - High 3t05 36 8800
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*: mean values reported for the experimental groups; Fit: physical fitness/playing level. The physical fitness/playing level was categorized following an adaptation of previous recommendations for plyometric jump
training reviews and meta-analysis, and after consensus among authors from current review. In this sense, the physical fitness/playing level of experimental groups was classified as: i) high, for professional/elite athletes
with regular enrollment in national and/or international competitions, highly trained participants with >10 training hours per week or >6 training sessions per week and a regularly scheduled official and friendly
competitions, ii) moderate, for non-elite/professional athletes, with a regular attendance in regional and/or national competitions, between 5 - 9.9 training hours per week or 3-5 training sessions per week and a regularly
scheduled official and friendly competitions, iii) normal, for recreational athletes with <5 training hours per week with sporadic or no competitions’ participation, and school-age youths regularly involved in after-school
soccer classes. The jump-training load was not considered as part of the regular training load of participants, hence, it was not considered to classify participants’ physical fitness/playing level; Freq: frequency (sessions
per week); I1D: insufficiently described; NR: not clearly reported information; NTJ: number of total jumps; Ran: randomization; SPT: systematic plyometric jump training experience before intervention. If authors stated
that participants had previous experience, a dichotomy characterization identifier was used as yes or no, without consideration the extent of the experience; Treat: treatment description quality. The plyometric jump
training treatments were further categorized as i) well described, when treatment description allowed for adequate study replication, including the reporting of duration, frequency, intensity, type of exercises, sets, and
repetitions, or ii) insufficiently described, when the treatment description omitted any of the six aforementioned descriptors; WD: well described.
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Table 2. Physiotherapy Evidence Database (PEDro) scale ratings.

N° 1* N° 2 N° 3 N° 4 N° 5 N° 6 N° 7 N° 8 N°9 N° 10 N° 11 Total**
Asadi et al. (2018) (66) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Beato et al. (2018) (67) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Brito et al. (2014) (68) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Chelly et al. (2010) (69) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Chtaraet al. (2017) (70) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Coratella et al.(2018) (71) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Hammami et al. (2016) (72) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Hammami et al. (2019) (73) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Jlid et al. (2019) (74) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Jlid et al. (2020) (75) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
McKinlay et al. (2018) (76) Yes No Yes Yes No No No Yes Yes Yes Yes 6
Meylan and Malatesta (2009) (77) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Michailidis et al.(2013) (78) Yes Yes Yes Yes No No No No Yes Yes Yes 6
Nakamura et al. (2012) (79) Yes No Yes Yes No No No Yes Yes Yes Yes 6
Negra et al. (2016) (80) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Negra et al. (in press) (20) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2014) (81) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2014) (30 vs. 60 vs. 120s) (82) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2015) (24 vs 48h) (83) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2015) (progressive vs- non-progressive) (84) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2015) (unilateral vs. bilateral vs. combi) (85) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2015) (vertical vs. horizontal vs. combi) (86) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2016) (22) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (2018) (fixed vs. optimal RSI) (87) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et all. (2019) (88) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. 2020 (before vs. after) (89) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Ramirez-Campillo et al. (in press) (surface vs. comb surfaces) (90) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Rosas et al. (2016) (91) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Sedano et al. (2011) (92) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Sohnlein et al. (2014) (93) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Spineti et al. (2016) (94) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Vaczi et al. (2013) (95) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7
Vlachopoulos et al. (2018) (96) Yes Yes Yes Yes No No No Yes Yes Yes Yes 7

*: PEDro scale items number. A detailed explanation for each PEDro scale item can be accessed at https://www.pedro.org.au/english/downloads/pedro-scale
(Access for this review: March 1, 2020); **: the total number of points from a possible maximal of 10.
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Table 3. Results of the multivariate random-effect meta-regression for training variables to predict PJT

effects on vertical jump and linear sprint performance in young male soccer players.

Covariate Coefficient | 95% CI, lower | 95% CI, upper | Z value | P value
CMJ (N =27)
Intercept -0.7915 -4.7029 3.1199 -0.40 0.6917
Frequency 0.4507 -0.9436 1.8450 0.63 0.5264
Training duration 0.2979 -0.0519 0.6477 1.67 0.0951
Total sessions -0.0786 -0.1710 0.0138 -1.67 | 0.0954
Participant’s chronological age -0.0211 -0.1332 0.0911 -0.37 0.7128
10-m linear sprint (N = 12)
Intercept 4.2645 -6.8485 15.3775 0.75 0.4520
Frequency -1.1923 -6.4320 4.0475 -0.45 0.6556
Training duration -0.5130 -1.8177 0.7917 -0.77 0.4409
Total sessions 0.1909 -0.4495 0.8313 0.58 0.5591
Participant’s chronological age -0.0924 -0.2346 0.0498 -1.27 0.2029

N: number of study groups; Cl: Confidence interval, PJT: plyometric jump training; CMJ:

countermovement jump height.
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Table S1. Example for 5-m linear sprint Hedges’ g effect size (ES) calculation for between-group comparisons.
Plyometric group Control group
Pre Post Pre Post
Mean SD Mean | SD | n | Mean | SD | Mean | SD | n
Sohnlein et al. (2014) 1.06* | 0.04 | 1.02 | 0.04 |12 | 1.1 |0.05| 1.08 | 0.03| 10
*: data in seconds. SD: standard deviation; ES: effect size. Pre and post: before and after intervention.

All analyses were carried out using the Comprehensive Meta-Analysis program (version 2; Biostat, Englewood, NJ, USA).

Standardized difference in means (standardize by change SD)

MeanChange(1) = Group 1 mean difference
MeanChange(2) = Group 2 mean difference
RawDiff = MeanChange(1) - MeanChange(2)

SDChange(1) = Sqr(SDPre(1) ~ 2 + SDPost(1) ~ 2 - 2 * CorrPrePost * SDPre(1) * SDPost(1))
SDChange(2) = Sgr(SDPre(2) ~ 2 + SDPost(2) ~ 2 - 2 * CorrPrePost * SDPre(2) * SDPost(2))
SDChangePooled = Sgr((((n(1) - 1) * SDChange(1) ~ 2 + (n(2) - 1) * SDChange(2) ~ 2) / (n(1) + n(2) - 2)))

StdChangeDiff = RawDiff / SDChangePooled
StdChangeDiffSE = Sqgr(1 /n(1) + 1/ n(2) + StdChangeDiff ~ 2/ (2 * (n(1) + n(2))))

RawDiff = -0.040 - -0.020 = -0.020
SDChangePooled = Sgr((((12 - 1) *0.031 72 + (10 -1) *0.036 ~ 2) / (12 + 10 - 2))) = 0.033

StdChangeDiff = -0.020 / 0.033 = -0.599
StdChangeDiffSE = Sqr(1 /12 +1/10+-0.599 A 2/ (2 * (12 + 10))) = 0.438

Standardized mean difference corrected for bias (Hedges' g)
The program computes the Standardized mean difference (d) and then multiplies d by a correction factor (J) to compute g.

Correction factor J
J=1-(3/(4*df-1))

Where df = NTot - 2
J=1-(3/(4*20-1))=0.962

Computation of g
g=d*J
StdErr(g) = StdErr(d) * J
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Variance(g) = StdErr(g) * 2

g =-0.599 * 0.962 = -0.577
StdErr(g) = 0.438 * 0.962 = 0.421
Variance(g) = 0.421 72 =0.177

Final result for 5-m linear sprint Hedges’ g effect size (ES) calculation for between-group comparisons: -0.577.

In this example, a negative value means a reduction in the time needed to complete a 5-m linear sprint, favouring the plyometric group in comparison with the control group.
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Study name Statistics for each study Hedges's g and 95% ClI

Hedges's Standard Lower Upper
[s} error Variance  limit limit Z-Value p-Value

Asadi et al. (2018) mid-PHV 2.241 0.556 0.309 1152 3331 4.032 0.000 —_——
Asadi et al. (2018) post-PHV 2.653 0.600 0.359 1478  3.828 4.425 0.000 ——
Asadi et al. (2018) pre-PHV 3641 0.718 0515 2235 5048 5.074 0.000 ———
Chelly et al. (2010) 0.484 0.409 0167 -0317 1285 1184 0.237 -t
Coratella et al.(2018) body mass 0.691 0.355 0126 -0.005 1388 1.946 0.052 i
Coratella et al.(2018) loaded 0.262 0.346 0120 -0.417 0940 075 0450 —i—
Hammami et al. (2019) plyo 1.3%4 0.427 0182 0548 2220 3244  0.001 —a—
Jlid et al. (2019) 0.640 0.377 0142 -0.098 1379 1.699 0.089 —i—
Jlid et al. (2020) 0.276 0.375 0141 -0459 1012 073 0461 —
McKinlay et al. (2018) 0.082 0.374 0140 -0.650 0815 0.220 0.826 ——
Meylan and Malatesta (2009) 1.292 0.454 0206 0402 2182 2845  0.004 —_—l—
Michailiciis et al. (2013) 2.462 0.392 0154 1694 3230 6.283 0.000 -
Negra et al. 2016 1177 0.447 0200 0301 2053 2.634 0.008 —l—
Ramirez-Campillo et al. (2014) 0.146 0.227 0052 -0299 0592 0.644 0.520 -
Ramirez-Campillo et al. (2014) 120s 0.509 0.396 0157 -0.268 1285 1.283 0.199 -
Ramirez-Campillo et al. (2014) 30s 0.502 0.380 0144 0242 1247 1323 0186 —t——
Ramirez-Campillo et al. (2014) 60 s 0.690 0.385 0148 -0.065 1445 1.792 0.073 —l—
Ramirez-Campillo et al. (2015) 24h 0.510 0.193 0037 0132 0889 2.640 0.008 -
Ramirez-Campillo et al. (2015) 48h 0.552 0.194 0038 0172 0932 288 0004 -
Ramirez-Campillo et al. (2016) 0.900 0.318 0101 0276 1524 289 0005 —i—
Ramirez-Campillo et al. (2018) fixed 0.350 0.283 0.080 -0.206 0.905 1235 0.217 -—i—
Ramirez-Campillo et al. (2018) optimal 0.907 0.299 0.089 032 1492 3037  0.002 ——
Ramirez-Campillo et al. (2019) 0.246 0.315 0.09 -0372 0.863 0.779 0.436 —i—
Ramirez-Campillo et al. (in press) after -0.123 0.381 0145 -0870 0625 -0.32 0.748 ——
Ramirez-Campillo et al. (in press) before 0.440 0.399 0159 -0343 122 1.102 0.271 ———
Ramirez-Campillo et al. (in press) com-surface 0.538 0.497 0247 -0436 1511 1.082 0.279 —_——
Ramirez-Campillo et al. (in press) s-surface 0.384 0.492 0.242 -0581 1348 0.780 0.435 L
Sedano et al. (2011) 1735 0.487 0237 0782 2689 3566 0.000 —_—lb—
Spineti et al. (2016) 1136 0.446 0199 0261 2010 2.546 0.011 —l—
Vlachopoulos et al. (2018) 0.102 0.356 0126 -0595 0.799 0.286 0.775 —r—

0.787 0.119 0014 0555 1019 6.639 0.000 <

-4.00 -2.00 0.00 2.00 4.00
Favours control Favours plyometric

Electronic Supplementary Material Fig. S1. Forest plot of increases in countermovement jump height performance in young male soccer players
participating in plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (ClI).
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower  Upper

g error Variance  limit limt ZValue p-Value
Ramirez-Campillo et al. (2015) bilateral 0.854 0.399 0159 0072 1.636 2.140 0.032 i
Ramirez-Campillo et al. (2015) combine 0.443 0.434 0.188 -0.407 1.294 1.022 0.307 i
Ramirez-Campillo et al. (2015) combined 0.579 0.389 0152 -0.184 1.342 1.488 0.137 i
Ramirez-Campillo et al. (2015) horizontal 0.145 0.429 0.184 -0.696  0.986 0.338 0.735 i
Ramirez-Campillo et al. (2015) increase 0.050 0.473 0.224 -0.877 0977 0.106 0.916 :
Ramirez-Campillo et al. (2015) no increase 0.036 0.473 0.224 -0.890  0.963 0.077 0.939
Ramirez-Campillo et al. (2015) unilateral 0.327 0.359 0.129 -0.376  1.030 0.912 0.362
Ramirez-Campillo et al. (2015) vertical 0.433 0.434 0.188 -0.417  1.283 0.998 0.318 i
Ramirez-Campillo et al. (2016) 1.002 0.322 0104 0371 1633 3.114 0.002 —_——
Rosas et al. (2016) jump 0.149 0.303 0.092 -0.445 0.743 0.491 0.623 1
Rosas et al. (2016) jump+haltere 0.327 0.305 0.093 -0.270  0.925 1.073 0.283 —_—l—
Sedano et al. (2011) 1.478 0.467 0.218 0563 2393 3.166 0.002 i

0.481 0.117 0014 0252 0710 4120  0.000 <>

-2.00

-1.00

0.00

1.00 2.00

Favours control Favours plyometric

Electronic Supplementary Material Fig. S2. Forest plot of increases in countermovement jump with arms height performance in young male soccer
players participating in plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (Cl).
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Chelly et al. (2010)

Hammami et al. (2019)

Jliid et al. (2019)

Jlid et al. (2020)

McKinlay et al. (2018)

Meylan and Malatesta (2009)
Ramirez-Campillo et al. (2015) 24h
Ramirez-Campillo et al. (2015) 48h
Sedano et al. (2011)

Vaczi et al. (2013)

Hedges's

g
1.451
1.440
1.359
0.148
0.854
0.634
0.340
0.295

-0.836
1.788
0.725

Standard
error

0.456
0.430
0.409
0.374
0.391
0.400
0.192
0.189
0.429
0.349
0.220

Statistics for each study
Lower  Upper

Variance  limit limit
0.208 0558 2344
0.185 0597 2283
0.168 0.557 2.162
0.140 -0585 0.882
0.153 0.088 1.621
0.160 -0.149 1418
0.037 -0.035 0.716
0.036 -0.075 0.665
0.184 -1.677  0.005
0.122 1.104 2472
0.048 0.293 1.156

Z-Value

3.184
3.348
3.320
0.397
2.184
1.587
1.775
1.562
-1.949
5.126
3.292

p-Value

0.001
0.001
0.001
0.691
0.029
0.113
0.076
0.118
0.051
0.000
0.001

-3.00

Hedges's g and 95% CI

—_—
N
I —
——
il

==

-

S

-1.50

Favours control

0.00

1.50

Favours plyometric

3.00

Electronic Supplementary Material Fig. S3. Forest plot of increases in squat jump height performance in young male soccer players participating in
plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (ClI).
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Study name

Hedges's

g
Brito et al. (2014) -1.588
Chelly et al. (2010) -0.944

Hammami et al. (2016)  -1.597
Hammami et al. (2019)  -2.235
Nakamura et al. (2012) 1.237
Sohnlein et al. (2014) -0.577

-0.977

Standard
error

0.404
0.426
0.425
0.491
0.548
0.421
0.433

Statistics for each study

Variance

0.163
0.181
0.181
0.241
0.300
0.177
0.187

Lower
limit
-2.379
-1.779
-2.431
-3.198

0.163
-1.402
-1.825

Upper
limit
-0.797
-0.110
-0.763
-1.273
2.311
0.248
-0.130

Z-Value

-3.936
-2.218
-3.755
-4.551

2.258
-1.370
-2.259

p-Value

0.000
0.027
0.000
0.000
0.024
0.171
0.024

-3.00

Hedges's g and 95% ClI

——

-1.50 0.00

Favours plyometric

1.50

Favours control

3.00

Electronic Supplementary Material Fig. S4. Forest plot of increases in 5-m linear sprint performance in young male soccer players participating in
plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (CI).
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Study name

Hedges's

g
Beato et al. (2018) -0.431
Chtara et al. (2017) -0.784
Coratella et al.(2018) body mass -1.258
Coratella et al.(2018) loaded -2.388
Hammami et al. (2016) -1.235
Meylan and Malatesta (2009) 0.138
Michailidis et al. (2013) -0.888
Nakamura et al. (2012) 0.929
Ramirez-Campillo et al. (2015) no increase 0.040
Ramirez-Campillo et al. (2015) increase -0.103
Sedano et al. (2011) -0.407
Sohnlein et al. (2014) -0.551
-0.604

Standard
error

0.449
0.446
0.379
0.456
0.403
0.390
0.308
0.536
0.473
0.473
0.415
0.420
0.223

Statistics for each study

Variance

0.202
0.199
0.144
0.208
0.163
0.152
0.095
0.287
0.224
0.224
0.172
0.177
0.050

Lower Upper
limit  limit
-1.312  0.450
-1.658  0.090
-2.001 -0.516
-3.281  -1.494
-2.026 -0.445
-0.627  0.902
-1492  -0.284
-0.121  1.979
-0.887  0.967
-1.030 0.825
-1.219  0.406
-1.374  0.273
-1.040 -0.167

Z-Value p-Value

-0.959
-1.757
-3.322
-5.237
-3.064

0.353
-2.881

1733

0.084
-0.217
-0.980
-1.311
-2.711

0.337
0.079
0.001
0.000
0.002
0.724
0.004
0.083
0.933
0.828
0.327
0.190
0.007

Hedges's g

and 95% CI

——
.

<

-3.00 -1.50 0.00 1.50

Favours plyometric

Favours control

3.00

Electronic Supplementary Material Fig. S5. Forest plot of increases in 10-m linear sprint performance in young male soccer players participating in
plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (ClI).
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Study name Statistics for each study Hedges's g and 95% ClI

Hedges's ~ Standard Lower  Upper

g error Variance  limit limt  Z-Value p-Value
Asadi et al. (2018) pre-PHV -0.248 0.430 0.185 -1.091 0595  -0577 0.564 —i—
Asadi et al. (2018) mid-PHV -0.717 0.443 0.196 -1.586  0.151 -1.619 0.105 —i—
Asadi et al. (2018) post-PHV -2.196 0.551 0.304 -3.277 -1.115 -3.983 0.000 —_——
Brito et al. (2014) -4.489 0.656 0430 -5774 -3203  -6.846 0.000 <i—
Hammami et al. (2016) -1.280 0.406 0.165 -2.075 -0.485  -3.155 0.002 —i—
Michailidis et al. (2013) -0.468 0.298 0089 -1051 0116 -1571 0.116 -
Nakamura et al. (2012) 0.660 0.523 0.274 -0.365 1.686 1.262 0.207 L
Negra et al. 2016 -0.908 0.432 0.187 -1.756 -0.060  -2.100 0.036 —i—
Negra et al. (in press) 0.623 0.406 0.165 -0.172  1.418 153  0.124 —i—
Ramirez-Campillo et al. (2014) -0.424 0.230 0.053 -0.874 0.026 -1.847 0.065 -
Ramirez-Campillo et al. (2014) 30s -0.598 0.382 0.146 -1.348 0151 -1565  0.117 ——
Ramirez-Canmpillo et al. (2014) 60 s -0.762 0.388 0.150 -1522 -0.003  -1.967 0.049 —i—
Ramirez-Campillo et al. (2014) 120s -0.326 0.392 0.154 -1.095 0443  -0.830 0.406 —i—
Ramirez-Campillo et al. (2015) 24h -0.809 0.198 0.039 -1.197 -0421 -4.087 0.000 -
Ramirez-Campillo et al. (2015) 48h -0.731 0.194 0.038 -1.111 -0.351 -3769  0.000 -
Ramirez-Campillo et al. (2018) fixed 0.025 0.281 0079 -0526 0577 0.090 0.928 -
Ramirez-Campillo et al. (2018) optimal -0.506 0.289 0.083 -1071 0060 -1.753 0.080 —il-
Ramirez-Campillo et al. (2019) -0.399 0.317 0.101 -1.020 0.223 -1.258 0.209 -
Ramirez-Camypillo et al. (in press) before -0.763 0.409 0.168 -1565 0.039 -1.864  0.062 —i—
Ramirez-Campillo et al. (in press) after 0.155 0.382 0.146 -0593  0.903 0.406 0.685 —i—
Sohnlein et al. (2014) -0.521 0.419 0.176 -1.343 0.301 -1.243 0.214 —i—

-0.617 0.146 0.021 -0904 -0330 -4.212 0.000 <

-5.00 250 0.00 2.50 5.00
Favours plyometric Favours control

Electronic Supplementary Material Fig. S6. Forest plot of increases in 20-m linear sprint performance in young male soccer players participating in
plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (Cl).
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Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Beato et al. (2018) -0.159 0.445 0.198 -1.031 0712 -0.358 0.720 —_——
Chtara et al. (2017) -0.491 0.435 0.189 -1.344 0362 -1.129  0.259 —a—
Coratella et al.(2018) body mass 0.000 0.345 0.119 -0.675 0675 0.000 1.000 ——
Coratella et al.(2018) loaded -1.258 0.379 0.144 -2001 -0516 -3.322 0.001 —_——
Hammami et al. (2016) -0.892 0.387 0.150 -1.651 -0.134 -2308 0.021 -
Michailidis et al. (2013) -0.500 0.298 0.089 -1.085 008 -1.676  0.094 ——
Ramirez-Campillo et al. (2015) bilateral -0.522 0.388 0.150 -1.282 0238 -1.345 0.179 —_—l
Ramirez-Campillo et al. (2015) combine -0.650 0.440 0.194 -1513 0214 -1.475 0.140 i
Ramirez-Campillo et al. (2015) combined -0.648 0.391 0.153 -1415 0.119 -1.655  0.098 —_—l—
Ramirez-Campillo et al. (2015) horizontal -0.376 0.432 0.187 -1.223 0472 -0.869 0.385 ——
Ramirez-Campillo et al. (2015) unilateral -0.901 0.375 0.140 -1.635 -0.167 -2405 0.016 -——
Ramirez-Campillo et al. (2015) vertical -0.210 0.430 0.185 -1.052 0.632 -0.490 0.624 —a—
Ramirez-Campillo et al. (2016) -1.928 0.369 0.136 -2.650 -1.205 -5.229  0.000 —_—l—
Ramirez-Campillo et al. (in press) com-surface -0.865 0.512 0.262 -1.869 0139 -1.689 0.091 i
Ramirez-Campillo et al. (in press) s-surface -0.453 0.494 0244 -1422 0515 -0.918 0.359 —
Sohnlein et al. (2014) -0.148 0.429 0.184 -0.988 0.693 -0.344 0.731
-0.637 0.127 0.016 -0.886 -0.388 -5019  0.000 <> |
-3.00 -1.50 0.00 150 3.00
Favours plyometric Favours control

Electronic Supplementary Material Fig. S7. Forest plot of increases in 30-m linear sprint performance in young male soccer players participating in
plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (Cl).
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Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Beato et al. (2018) -0.222 0.462 0.213 -1.127 0.684 -0.480 0.631
Chelly et al. (2010) -2.956 0.593 0.352 -4.118 -1.793 -4.983 0.000

Hammami et al. (2016) -0.444 0.373 0.139 -1.175 0.286 -1.193 0.233
Hammami et al. (2019) -0.429 0.386 0.149 -1.184 0327 -1.112 0.266
-0.938 0.519 0.269 -1954 0.078 -1.809 0.070

-4.00 -2.00 0.00 2.00 4.00

Favours plyometric Favours control

Electronic Supplementary Material Fig. S8. Forest plot of increases in 40-m linear sprint performance in young male soccer players participating in
plyometric jump training compared to controls. Values shown are effect sizes with 95% confidence intervals (Cl).
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Countermovement jump additional analysis

Regarding interventions with a frequency of <2 sessions per week (27 study groups; ES = 0.81 [95%CI = 0.57 to 1.05], p < 0.001; within-group I
= 68.6%) and those with >2 sessions per week (3 study groups; ES = 0.59 [95%CI = -0.37 to 1.55], p = 0.228; within-group 1% = 77.5%) only the
former induced significant improvement on countermovement jump height performance, although without between-group differences (between-
group p = 0.676).

Regarding interventions with a duration of <7 weeks, also comprising <14 total PJT sessions (17 study groups; ES =0.71 [95%CI = 0.42 to 0.99], p
< 0.001; within-group 12 = 68.8%) and those with >7 weeks, also comprising >14 total PJT sessions (13 study groups; ES = 0.89 [95%CI = 0.49 to
1.29], p < 0.001; within-group 12 = 68.0%) both induced a similar (between-group p = 0.476) significant improvement on countermovement jump
height performance.

Regarding interventions in players with <13.2 years (14 study groups; ES = 0.81 [95%CI = 0.40 to 1.22], p < 0.001; within-group 1% = 76.3%) and
those with >13.2 years (16 study groups; ES = 0.77 [95%CI = 0.49 to 1.04], p < 0.001; within-group 12 = 60.3%), both induced a similar (between-
group p = 0.855) significant improvement on countermovement jump height performance.

Regarding interventions in players U-17 (22 study groups; ES = 0.85 [95%CI = 0.56 to 1.14], p < 0.001; within-group I2= 73.5%) and U-20 (5 study
groups; ES = 0.66 [95%CI = 0.04 to 1.27], p = 0.036; within-group 1> = 64.6%), all induced a significant improvement on countermovement jump
height performance, although without between-group differences (p = 0.571).

Squat jump additional analysis

Regarding interventions in players with <13.2 years (3 study groups; ES = 0.94 [95%CI = 0.49 to 1.39], p < 0.001; within-group 12 = 0.0%) and
those with >13.2 years (7 study groups; ES = 0.64 [95%CI = 0.09 to 1.20], p = 0.024; within-group I1?> = 83.0%), both induced a similar (between-
group p = 0.411) significant improvement on squat jump height performance.

Regarding interventions with a duration of <7 weeks, also comprising <14 total PJT sessions (5 study groups; ES = 0.74 [95%CI = 0.18 to 1.29], p
= 0.009; within-group 12 = 80.7%) and those with >7 weeks, also comprising >14 total PJT sessions (5 study groups; ES = 0.71 [95%CI = -0.09 to
1.50], p = 0.082; within-group 12 = 78.6%), only the former induced a significant improvement on squat jump height performance, although without
between-group differences (p = 0.949).

10-m linear sprint additional analysis

Regarding interventions with <14 total PJT sessions, also comprising a duration of <7 weeks (5 study groups; ES =0.11 [95%CI = 0.65 to -0.42], p
= 0.677; within-group 12 = 39.7%) and those with >14 sessions, also comprising a duration of >7 weeks (7 study groups; ES = 0.93 [95%CI = 1.47
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to 0.38], p = 0.001; within-group 12=71.9%), only the latter induced a significant improvement on 10-m linear sprint performance, with a significant
between-group difference (p = 0.038).

Regarding interventions in players with <13.2 years (6 study groups; ES = 0.41 [95%CI = 0.78 to 0.03], p = 0.032; within-group 12 = 23.1%) and
those with >13.2 years (6 study groups; ES = 0.83 [95%CI = 1.62 to 0.03], p = 0.043; within-group 12 = 81.1%), both induced a significant
improvement on 10-m linear sprint performance, without significant between-group differences (p = 0.354).

20-m linear sprint additional analysis

Regarding interventions with a duration of <7 weeks, also comprising <14 total PJT sessions (15 study groups; ES = 0.50 [95%CI = 0.73 to 0.27], p
< 0.001; within-group 12 = 47.1%) and those with >7 weeks, also comprising >14 total PJT sessions (6 study groups; ES = 1.09 [95%CI = 2.11 to
0.07], p = 0.036; within-group 12 = 89.4%) both induced significant improvement on 20-m linear sprint performance, without significant between-
group differences (between-group p = 0.270).

Regarding interventions in players with <13.2 years (10 study groups; ES = 0.40 [95%CI = 0.61 to 0.19], p < 0.001; within-group 12 = 0.0%) and
those with >13.2 years (11 study groups; ES = 0.89 [95%CI = 1.40 to 0.38], p = 0.001; within-group 1% = 83.8%), both induced significant
improvement on 20-m linear sprint performance, without significant between-group differences (between-group p = 0.082).

30-m linear sprint additional analysis

Regarding interventions with a duration of <7 weeks, also comprising <14 total PJT sessions (9 study groups; ES = 0.68 [95%CI = 1.05to 0.31], p
< 0.001; within-group 12 = 47.3%) and those with >7 weeks, also comprising >14 total PJT sessions (7 study groups; ES = 0.57 [95%CI = 0.91 to
0.23], p = 0.001; within-group 1% = 26.3%) both induced a similar (between-group p = 0.667) significant improvement on 30-m linear sprint
performance.

Regarding interventions in players with <13.2 years (11 study groups; ES = 0.53 [95%CI = 0.77 to 0.29], p < 0.001; within-group 1°= 0.0%) and
those with >13.2 years (5 study groups; ES = 0.85 [95%CI = 1.57 to -0.14], p = 0.019; within-group 12 = 78.0%), both induced a significant
improvement on 30-m linear sprint performance, although without between-group differences (p = 0.395).

Additional analyses, including PJT frequency, PJT duration, and total number of PJT sessions, participant’s age, and FIFA age categories were not
possible as <3 studies were available for at least one of the moderators.
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