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Abstract 

This meta-analysis investigated the effects of plyometric training (PT) on countermovement 

jump (CMJ) performance in soccer players of different ages and genders. Following the 

PRISMA and Cochrane methodological frameworks, we analyzed 14 studies with a total 

sample size of 476 athletes. Meta-regression analysis showed that PT had a medium effect size 

on CMJ performance (ES = 0.71, p < .001) and moderate heterogeneity (I² = 53%). Male 

athletes also showed consistently significant improvements in subgroup analysis (ES = 0.63, p 

< .001). Female athletes also showed significant improvements (ES = 0.56, p = 0.029) but 

showed greater fluctuations before correction for outliers. Analysis based on age showed that 

younger athletes (<14 years; ES = 0.47, I² = 0%) showed a smaller but very consistent effect, 

whereas older athletes (>17 years) showed larger improvements (ES = 1.10, p < 0.001), albeit 

with greater variability.These results highlight the overall effectiveness of PT in enhancing 

football players’ explosive muscular strength, more specifically on CMJ height. However, the 

data also indicates that there is a necessity for specific age and gender consideration for training 

design. It is crucial to uniform the methodology of reporting in further research, especially with 

large complex sample sizes. 
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Introduction 

Plyometric training (PT) has gained 

considerable attention as an effective 

method for enhancing various components 

of physical fitness, particularly muscular 

strength, power, and athletic performance 

(Markovic & Mikulic, 2010; de Villarreal et 

al., 2009). It involves explosive, high-

intensity movements that utilize the stretch-
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shortening cycle (SSC) to enhance 

neuromuscular function and mechanical 

efficiency (Sole et al., 2022). By activating 

the elastic and reflexive properties of 

muscles and tendons, PT can significantly 

improve performance in activities such as 

jumping, sprinting, and directional changes. 

Plyometric movements are typically 

categorized into exercises such as jump 

squats, bounding, and depth jumps. These 

are designed to exploit the pre-activation of 

muscles and the storage and release of 

elastic energy to boost muscular power. The 

training is grounded in neuromuscular and 

mechanical principles that improve motor 

unit recruitment, rate of force development, 

and intermuscular coordination (Markovic 

& Mikulic, 2010). In practice, PT is widely 

incorporated into training regimens for 

athletes in sports that demand high levels of 

explosive strength, including basketball, 

volleyball, soccer, and track and field (Sole 

et al., 2022). Its popularity stems from its 

efficiency in producing significant gains 

over short periods with minimal equipment. 

Furthermore, recent studies support its use 

not only in elite populations but also in 

youth, elderly, and rehabilitation settings, 

highlighting its versatility (Sinkovic et al., 

2023; Kim et al., 2022). Over the past two 

decades, numerous studies have explored 

the effectiveness of PT across various 

populations and contexts. However, 

findings remain mixed due to differences in 

study design, participant characteristics, 

training protocols, and outcome measures 

(Li et al., 2023). This heterogeneity 

underscores the need for a systematic 

synthesis of the evidence to determine the 

true magnitude of PT’s effects and to 

identify key moderating factors (Kim et al., 

2022). Despite the volume of research, the 

generalizability of findings remains 

uncertain. Many previous reviews have 

been limited to specific age groups or 

performance metrics, leaving a gap in 

understanding PT’s overall and 

comparative effectiveness across diverse 

contexts (Sakthivel et al., 2022). A 

systematic review and meta-analysis 

provide a robust framework to address these 

issues by integrating and quantitatively 

evaluating findings from multiple studies. 

Accordingly, this study aims to (1) assess 

the overall effectiveness of plyometric 

training on muscular strength and physical 

performance, (2) examine potential 

moderators such as age, sex, training status, 

and intervention parameters, and (3) offer 

practical, evidence-based recommendations 

for coaches, practitioners, and researchers. 

By consolidating and critically analyzing 

the existing literature, this review seeks to 

enhance understanding of PT’s role in 

performance enhancement and to support 

its optimal implementation in sports and 

fitness training. Given these considerations, 

a methodologically rigorous synthesis is 
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essential to clarify inconsistencies, improve 

intervention strategies, and promote 

evidence-based practice in sport science. 

However, the influence of PT on football 

players across different age and gender groups 

has not been systematically evaluated to date 

 

Methodology 

This study employed a systematic review 

and meta-analysis to evaluate the effects of 

plyometric training (PT) on lower-body 

explosive strength, specifically 

countermovement jump (CMJ) 

performance, in football players. Following 

PRISMA and Cochrane guidelines (Moher 

et al., 2009; Higgins et al., 2022), a 

comprehensive literature search was 

conducted in December 2021 using five 

major databases: PubMed, ScienceDirect, 

Google Scholar, ResearchGate, and 

Mendeley. The search covered studies 

published between 2009 and 2021 and 

incorporated multilingual keywords in 

English, Arabic, and French (e.g., 

“plyometric training football,” “ التدريب

 entraînement“ ”,البليومتري لكرة القدم

plyométrique football”) to ensure broad 

coverage. Eligible studies were required to 

(1) focus on plyometric training effects on 

muscular strength or physical performance 

in football players, (2) adopt a controlled 

experimental design with both pre- and 

post-intervention assessments, (3) provide 

sufficient statistical data (means, standard 

deviations, sample sizes) to calculate effect 

sizes, (4) describe training parameters 

clearly (duration, frequency, exercise type), 

and (5) be available in full text in English, 

Arabic, or French. Exclusion criteria 

included reviews, meta-analyses, studies 

outside the scope of football, non-relevant 

outcome measures, or insufficient data for 

statistical analysis. Study selection 

proceeded through three stages: title 

screening, abstract screening, and full-text 

review, conducted independently by two 

reviewers with consensus-based resolution 

of discrepancies. From each study, data 

were extracted on publication details, 

participant demographics (age, sex, skill 

level), training characteristics, and CMJ 

performance outcomes. The CMJ test was 

selected as the primary measure of 

explosive strength, with performance 

assessed via jump height, flight time, or 

power output using devices such as 

Optojump, which have been validated in 

prior research (Markovic et al., 2004). 
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Flow Diagram of Study Inclusion and Exclusion (Based on the PRISMA Framework) 

 

Table 2 represents the studies included in the meta-analytic review process. 

N° Authors 
Title Years 

1 

Brandon j. Mckinlay, phillip wallace, raffy 

dotan, devon long, craig tokuno, david a. 

Gabriel, bareket falk 

Effects of plyometric and resistance training 

on muscle strength, explosiveness, and 

neuromuscular function in young 

adolescent soccer players 

2018 

2 Fabián Rosas, Rodrigo Ramírez-C, Cristian 

Martínez, Alexis Caniuqueo, Rodrigo Cañas 

Jamet, Emma McCrudden, Cesar Meylan, Jason 

Effects of Plyometric Training and Beta‐

Alanine Supplementation on Maximal‐

2017 

Pubmed Mendeley Google scholar Researshgat

e

sciencedirec

t

Researchs 135 

Researchs 98 
38 duplicate 

 54 Researchs 

35 Researchs 

Title Screening 

34 studies were excluded 

for being unrelated to the 

topic. 10 studies were 

excluded for being 

systematic reviews or 

meta-analyses. 1 study 

was excluded due to 

inappropriate language. 

Screening by Abstract: 
3 studies lacked an 

abstract, 10 studies had 

content or samples that did 

not match our research 

focus, and 6 studies used 

inappropriate tests. 

14 Researchs 

Screening by Full Text: 
5 studies did not meet the 

inclusion criteria, 7 used 

inappropriate tests, 3 had 

inadequate presentation of 

results, and 6 were 

comparative studies without 

a control group. 
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Moran, Fábio Y. Nakamura, Lucas A. Pereira, 

Irineu Loturco, Daniela Dia, Mikel Izquierd 

Intensity Exercise and Endurance in Female 

Soccer Players 

3 G. Fábricaa, F.Lópeza, A.Soutob 

Effects of power training in 

mechanicalstiffness of the lower limbsin 

soccer players 

2015 

4 

Ghaith Aloui, Hermassi Souhail, Lawrence D. 

Hayes, El Ghali Bouhafs, Mohamed Souhaiel 

Chelly, René Schwesig 

Effects of Combined Plyometric and Short 

Sprints Training on Athletic Performance of 

Male U19 Soccer Players 

2021 

5 
Mohamed c. Jlid, ghazi racil1, jeremy coquart, 

thierry paillard, Gian nicola bisciotti, karim 

chamari 

Multidirectional plyometric training: very 

efficient way to improve vertical jump 

performance, change of direction 

performance and dynamic postural control 

in young soccer players 

2019 

6 
Mohamed chedly jlid, jérémy coquart, nicola 

maffulli, thierry paillard, Gian nicola bisciotti, 

karim chamari 

Effects of in season multi-directional 

plyometric training on vertical jump 

Performance, change of direction speed and 

dynamic postural control in u-21 soccer 

players 

2020 

7 Nurper Ozbar, Seda Ates, Ani Agopyan 

The effect of 8-week plyometric training on 

leg power, jump and sprint per-formance in 

female soccer players 

2014 

8 

Rodrigo Ramírez-Campillo, David C. Andrade, 

Cristian Álvarez, Carlos Henríquez-Olguín, 

Cristian Martínez, Eduardo Báez San Martín, 

Juan Silva-Urra, Carlos Burgos, Mikel Izquierdo 

The Effects of Interset Rest on Adaptation 

to 7 Weeks of Explosive Training in Young 

Soccer Players 

2014 

9 

Rodrigo Ramirez-C, Cristian Alvarez, Felipe 

Garci´A-Pinillos, Javier Sanchezsanchez, Javier 

Yanci, Daniel Castillo, Irineu Loturco, Helmi 

Chaabene, Jason Moran,Mikel Izquierdo 

Optimal reactive strength index: is it an 

accurate variable to optimize plyometric 

training effects on measures of physical 

fitness in young soccer players? 

2018 

10 
Rodrigo ramirez-campillo, felipe garcía-pinillos, 

amador garcía-ramos, Javier yanci, paulo gentil, 

helmi chaabene, urs granacher 

Effects of different plyometric training 

frequencies on components of physical 

fitness in amateur female soccer players 

2018 
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11 

Silvia Sedano Campo, Roel Vaeyens, Renaat M. 

Philippaerts, Juan Carlos Redondo, Ana Mari´A 

De Benito, Gonzalo Cuadrado 

Effects of lower-limb plyometric training 

on body composition, explosive strength, 

and kicking speed in female soccer players 

2009 

12 
S. Sedano, A. Matheu, J. C. Redondo, G. 

Cuadrado 

Effects of plyometric training on explosive 

strength, acceleration capacity and kicking 

speed in young elite soccer players 

2011 

13 

Vasileios drouzas, christos katsikas, andreas 

zafeiridis, Athanasios z. Jamurtas, gregory c. 

Bogdanis 

Unilateral plyometric training is superior to 

volume-matched bilateral training for 

improving strength, speed and power of 

lower limbs in preadolescent soccer athletes 

2020 

14 

Yassine negra, helmi chaabene, thomas steoggl, 

mehrez hammami, Mohamed souhaiel chelly, 

younes hachana 

Effectiveness and time-course adaptation of 

resistance training vs. Plyometric training in 

prepubertal soccer players 

2016 
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Table 3 represents the characteristics of the included studies: 

N° ا Authors Sex Level Sample Nbr Age Height Weight Week Nbr Total Nbr jump 
Nbr in 
Week 

TESTS EXERCICE 

1 

Brandon.j. 

Mckinlay 

et al 2018 
M P 

E 13 12,6±07 157.8±7.9 47.2±10.2 10 3 30 153-180 459-540 
CMJ – SJ 

A variety of 

horizontal 

and vertical 

plyometric 

exercises 

from 

different 

heights. 
 

C 14 12.5±0.3 152.1±8.5 41.3±6.4      

2 

Fabián 

Rosas et all 

2017 
F P 

E 8 22.8± 2.1 1.64 ± 0.08 61.1 ± 8.3 6 2 12 140-260 280 - 520 
CMJ – SJ 

C 9 24.0± 2.7 1.62 ± 0.04 58.5 ± 7.2      

3 
G. Fábrica 

et al 2015 
M P 

E 20 
24.7±3.1 / 73.3±2.5 

6 1 6 200 - 400 200 - 400 
CMJ – SJ 

C 20      

4 

Ghaith 

Aloui et al 

2021 
M P 

E 18 17.6±0.6 175±6 67.6±5.8 8 2 16 72 - 144 144 - 288 
SJ - CMJ - SLJ -sprint 20m 

C 18 17.5±0.6 177±4 68.8±3.6      

5 

Mohamed 

c. Jlid et al 

2019 
M A 

E 14 11.8±0.4 142±4 36.5±5.1 8 2 16 54-124 108 - 248 
SJ - CMJ - T Test 

C 14 11.6±0.5 143±10 34.2±3.6      

6 

Mohamed 

chedly jlid 

et al 2020 
M A 

E 14 19.0±0.9 176±5 67,6±5,9 6 2 12 140-216 280 - 432 
SJ - CMJ - T Test 

C 13 19.0±0.7 176±5 69,2±5,8      

7 

Nurper 

Ozbar et al 

2014 
F A 

E 9 18.3±2.6 163.1±5.3 58.8±7.8 8 1 8 90 - 220 90 - 220 
CMJ - 20-m sprint 

C 9 18.0±2.0 159.4±5.1 54.4±6.1      

8 

Rodrigo 

Ramírez et 

al 2014 
M A 

E 14 10.4±2,0 141±10 37.0±7,0 7 2 14 60 120 

CMJ - 20-m sprint - Change of 

direction speed - Maximal 

kicking distance 

E 13 10.4±2,3 141±10 37.2±6,1      

E 12 10.3±2,3 142±10 38.0±10      

C 15 10.1±2,0 143±10 39.0±9,3      

9 

Rodrigo 

Ramirez et 

al 2018 (a) 
M P 

E 25 13,9±1,9 153±10 46,7±10,5 7 2 14 48 - 90 96 - 180 CMJ -  20-m sprint - Change 

of direction speed -  Maximal 

kicking distance E 24 13,1±1,7 153±10 47,2±11,5      
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C 24 13,7±1,6 155±10 49,1±11,1      

10 

Rodrigo 

Ramirez et 

al 2018 (b) 
F A 

E 8 22.8±4.3 158.0±3.0 54.9±3.7 
8 

1 8 98-392 98 - 392 CMJ - 20-cm drop jump - 

Maximal kicking velocity - 

15-m sprint - Change of 

direction speed test - Yo-Yo 

test 

E 8 21.4±2.5 157.6±4.8 59.6±8.5 2 16   

C 7 20.1±1.8 160.1±5.0 55.3±3.3      

11 

Silvia 

Sedano et 

al 2009 
F P 

E 10 22,8±2,1 / 58,7±3,1 12 3 36 80 - 100 240 - 300 CMJ  - DJ  -  Kicking speed 

Dominant leg C 10 23,0±3,2 / 56,1±2,6      

12 

Silvia 

Sedano et 

al 2011 
M P 

E 11 18.4±1.1 174±31 70,7±0,8 8 1 8 270-390 270-390 SJ - CMJ - CMJA  - Kicking 

speed DL - 10 m sprint C 11 18.2±0.9 175±45 71,1±1,2      

13 

Vasileios 

drouzas et 

al 2020 
M P 

E 23 9.9±1.8 142.2±8.7 39.3±8.2 
10 

1 10 
30-60 

30 - 60 
CMJ - SJ - 10 m. Sprint - 20 

m. Sprint - Modified Agility 

T-test 
E 23 10.0±0.5 139.2±7.0 36.1±7.8 2 20 60 - 120 

C 22 10.2±1.6 141.6±10.4 38.5±10.6      

    
  12.8±0.3 156.4±9.5 45,9±8,4 12 3 36 112-180 336 - 540 

20-m sprint - SLJ - CMJ - SJ 
C 11 12,7±0,3 153.2±8.6 42.5±5.5      

 

 

 

 

 



International Journal of Early Childhood Special Education (INT-JECSE)  
DOI: 10.48047/intjecse/v17i6.4 ISSN: 1308-5581 Vol 17, Issue 06 2025 

53 
 

Statistical Analysis 

To quantify the effects of plyometric 

training on lower-limb explosive strength, 

statistical analyses were conducted using 

standardized effect size metrics. 

Specifically, Cohen’s d was calculated for 

each study by dividing the difference in 

post-test means between experimental and 

control groups by the pooled standard 

deviation. The overall effect size was then 

determined by averaging individual effect 

sizes across all studies, and interpreted 

using Cohen’s conventional benchmarks: 

0.2 (small), 0.5 (medium), and 0.8 (large) 

(Cohen, 1988). Heterogeneity among 

studies was assessed using the I² statistic, 

which quantifies the percentage of total 

variation due to between-study differences 

rather than random error, with thresholds of 

25%, 50%, and 75% indicating low, 

moderate, and high heterogeneity 

respectively (Higgins et al., 2003). 

Statistical significance was determined at 

an alpha level of 0.05 using two-tailed p-

values, with values below this threshold 

indicating a meaningful effect. All 

descriptive and inferential statistical 

analyses, including effect size computations 

and heterogeneity assessment, were 

conducted using IBM SPSS Statistics 

(Version 28.0.1), while data management 

and organization were performed in 

Microsoft Excel. 

ResultsVertical jump (CMJ) test results in all studies 

 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Overall ,712 ,1326 5,367 <,001 ,452 ,971 
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A total of 14 studies with 19 experimental 

and 14 control groups (N = 476 athletes) 

were analyzed. The overall effect of 

plyometric training on countermovement 

jump (CMJ) performance was statistically 

significant (p < .001), with a moderate 

effect size (ES = 0.71, 95% CI [0.45, 0.97]). 

Moderate heterogeneity was observed (I² = 

53%), indicating some variation across 

studies. 

 

Vertical jump (CMJ) test results in males 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 95% Confidence Interval 

Lower Upper 

Overall ,638 ,1224 5,216 <,001 ,399 ,878 

In male athletes, the analysis showed a 

statistically significant effect (p < .001) 

with a moderate effect size (ES = 0.63, 95%  

CI [0.39, 0.87]). Heterogeneity was 

moderate (I² = 38%). 
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Vertical jump (CMJ) test results in females 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Overall 1,205 ,6840 1,761 ,078 -,136 2,545 

Results of the second analysis of the vertical jump (CMJ) test in females
 

 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Overall ,557 ,2554 2,181 ,029 ,057 1,058 
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The initial analysis revealed a non-

significant effect (p = .078) despite a large 

effect size (ES = 1.20, 95% CI [-0.14, 

2.54]), with high heterogeneity (I² = 87%). 

Sensitivity analysis identified one study 

(Silvia Sedano et al., 2009) as an outlier. 

After exclusion, the effect became 

statistically significant (p = .029) with a 

medium effect size (ES = 0.56, 95% CI 

[0.06, 1.06]), and heterogeneity reduced to 

moderate (I² = 38%).

 

Vertical jump (CMJ) test results inplayers under 14 years old 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Overall ,469 ,1092 4,301 <,001 ,256 ,683 

The meta-analysis for athletes under 14 

years showed a statistically significant 

effect (p < .001) with a small effect size (ES 

= 0.47, 95% CI [0.26, 0.68]). No 

heterogeneity was observed (I² = 0%), 

suggesting consistent effects. 
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Vertical jump (CMJ) test results in players ouver 17 years old 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Overall 1,100 ,3260 3,375 <,001 ,461 1,739 

 

Effect Size Estimates 

 Effect Size Std. Error Z Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Overall ,861 ,2027 4,249 <,001 ,464 1,258 

For athletes over 17 years old, the initial 

analysis revealed a statistically significant 

effect (p < .001) with a large effect size (ES 

= 1.10, 95% CI [0.46, 1.73]) and high 

heterogeneity (I² = 77%). After excluding 

the outlier (Silvia Sedano et al., 2009), the 

effect size remained significant (ES = 0.86, 95% 

CI [0.46, 1.26]), and heterogeneity decreased 
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to moderate (I² = 40%). 

Additionally, heterogeneity dropped from 

high to moderate (I² = 0.40, 40 

 

Discussion 

The findings of this meta-analysis align 

with and expand upon existing research on 

countermovement jump (CMJ) 

performance. The overall moderate effect 

size (ES = 0.71) is consistent with prior 

meta-analyses, such as those by Moran et al. 

(2017) and Sáez de Villarreal et al. (2010), 

which reported similar improvements in 

jump height following plyometric and 

strength training interventions. However, 

the observed heterogeneity (I² = 53%) 

suggests greater variability compared to 

some earlier studies, possibly due to 

differences in training protocols or 

participant characteristics. 

The gender-specific results corroborate 

previous evidence that males tend to exhibit 

more consistent CMJ improvements (ES = 

0.63) than females, as seen in the work of 

Ramirez-Campillo et al. (2014). The initial 

non-significance in females (ES = 1.20, p = 

.08) contrasts with studies like Meylan & 

Malatesta (2009), which found significant 

effects, highlighting the impact of outlier 

studies and methodological diversity. After 

outlier removal, the effect became 

significant (ES = 0.56, p = .03), reinforcing 

the need for careful data screening in meta-

analyses. 

For age groups, the small but highly 

consistent effect in younger athletes (ES = 

0.47, I² = 0%) mirrors findings by Behringer 

et al. (2011), suggesting that youth respond 

predictably to jump training. In contrast, the 

large effect in older athletes (ES = 1.10) 

exceeds some previous reports (e.g., Asadi 

et al., 2016), possibly due to differences in 

training intensity or baseline fitness. The 

high heterogeneity (I² = 77%) aligns with 

studies noting variability in adult responses, 

emphasizing the need for tailored 

interventions. 

In summary, while this meta-analysis 

supports the efficacy of CMJ-enhancing 

interventions, discrepancies with prior 

research underscore the influence of 

population characteristics, training design, 

and statistical rigor. Future studies should 

standardize methodologies to facilitate 

clearer comparisons. 
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Conclusion 

This meta-analysis demonstrates that 

training interventions—such as plyometrics 

and strength exercises—significantly 

improve countermovement jump (CMJ) 

performance, though with notable 

variations across age and gender groups. 

While males and younger athletes showed 

consistent, moderate-to-large 

improvements, females and older athletes 

exhibited greater variability, influenced by 

methodological differences and potential 

outliers. The findings align with previous 

research but also highlight critical gaps, 

particularly in female and adult athlete 

populations. Future studies should prioritize 

standardized training protocols and larger, 

more homogeneous samples to refine effect 

estimates. Additionally, tailored 

interventions accounting for sex- and age-

specific adaptations may enhance training 

efficacy. Ultimately, this study reinforces 

the value of plyometric and strength 

training in athletic development while 

underscoring the need for further high-

quality research to optimize programming 

across diverse populations. By addressing 

current limitations, researchers and 

practitioners can better translate evidence 

into practice, maximizing performance 

gains in real-world settings. Further 

research is warranted to refine intervention 

strategies tailored to sex- and age-specific 

athletic development. 
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