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Abstract 

The effect of plyometric jump training on children’s jump and 
sprint performance remains unclear. To explore the effects of PJT 
on jump and sprint performance in children and to further analyze 
the influence of participant characteristics and training variables. 
A literature search was conducted in the PubMed, Web of Science, 
and SPORTDiscus databases. The included studies (n = 17) 
involved 587 children, with study sample sizes ranging from 9 to 
44 participants. Overall, PJT improved children's vertical jump 
performance involving squat jump and countermovement jump 
(ES = 0.78, 95% confidence interval [CI] = 0.41 - 1.16, I² = 63%, 
p < 0.01; n = 474), standing long jump performance (ES = 0.56, 
CI = 0.3-0.83, I² = 26%, p < 0.0001; n = 414), and sprint 
performance involving 5 m to 30 m distances (ES = -0.41, CI = -
0.61 to -0.22, I² = 0%, p < 0.01; n = 424). Subgroup analysis 
showed non-tapering strategies (ES = 0.92, n = 88) resulted in 
significant difference than tapering strategies (ES = 0.37, n = 336 
np = 0.01). Meta-regression showed a positive correlation 
between the total number of training sessions and standing long 
jump performance improvement (p = 0.03). Two studies have a 
high risk of bias (RoB), and 15 studies have a moderate RoB 
(some concerns). The GRADE assessment indicated a very low 
to low robustness of the evidence. In conclusion, PJT can improve 
children's jump and sprint performance. Increasing the number of 
training sessions may lead to better standing long jump results. 
However, the low to very-low robustness of the currently 
available evidence precludes recommendations regarding PJT for 
improving children’s neuromuscular performance.  

Key words: Plyometric exercise, stretch shortening cycle, phys-
ical fitness, physical functional performance. 

 
 
Introduction 
 
Plyometric jump training (PJT) is a form of plyometric 
training characterized by various types of jumping 
exercises (Ramirez-Campillo et al., 2020). Previous studies 
have confirmed that PJT can significantly improve strength 
(Ramirez-Campillo et al., 2023a; Sáez de Villarreal et al., 
2010), jumping performance (Liu et al., 2024; Markovic, 
2007; Ramirez-Campillo et al., 2023a), change of direction 
(COD) (Asadi et al., 2016; Miller et al., 2006; Ramirez-
Campillo et al., 2023a), balance (Ramirez-Campillo et al., 
2023a), sprinting performance (Liu et al., 2024) in adult. 
However, the specific mechanism of PJT is unclear, with 
potential mechanism including: the storage and utilization 

of elastic potential energy (Bosco et al., 1982), increased 
muscle pre-activation (Bobbert et al., 1996), stretch reflex 
(Komi and Gollhofer, 1997), desensitization of the Golgi 
tendon organ (Davies et al., 2015), and increased time for 
force development (Zatsiorsky et al., 2020). 

The issue of insufficient physical activity among 
adolescents is a growing concern (Guthold et al., 2020). 
Resistance training has been demonstrated to effectively 
improve children's health by enhancing cardiovascular 
fitness, controlling body weight, strengthening bones, and 
reducing the risk of exercise-related injuries (Bergeron et 
al., 2015; Faigenbaum and Myer, 2010; Landry and 
Driscoll, 2012; Stricker et al., 2020). However, resistance 
training often requires specialized equipment and correct 
technical execution. For children, incorporating 
bodyweight exercises or integrating training with games 
may be more effective. Consequently, PJT has become 
widely used in children's training programs (Faigenbaum 
and Myer, 2010). Compared to traditional resistance 
training, PJT offers greater convenience, as it can be 
performed using only body weight and is not restricted by 
location. 

It is relatively common to find recommendations 
regarding individuals to be able to squat 1.5 times their 
body weight before PJT (Wathen, 1993). However, most 
children cannot meet this requirement, and PJT have 
demonstrated to induce meaningful adaptations in pediatric 
population, without inducing injury of related detrimental 
secondary effects (Faigenbaum et al., 2009; Lloyd et al., 
2011; Thomas et al., 2009), as most. Although some meta-
analyses have investigated the effects of PJT on children, a 
part of studies fail to consider maturity levels (Ramirez-
Campillo et al., 2020), while others conflate children with 
adolescents (Chen et al., 2023b), potentially leading to 
biased results, As children mature, they undergo 
physiological changes that differentiate them from 
adolescents and adults in aspects such as tendon stiffness 
(Kubo et al., 2014), muscle cross-sectional area (O’Brien 
et al., 2010), and motor unit recruitment (Grosset et al., 
2008; Koh and Eyre, 1988), Moreover, studies have shown 
that sensitivity to training stimuli varies with maturity 
levels (Moran et al., 2017; Ramirez-Campillo et al., 2023a; 
Romero et al., 2021). Currently, there appears to be no 
dedicated meta-analysis on PJT specifically for children, 
and the impact of training-related variables (e.g., training 
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frequency, volume, and rest intervals) and participant 
characteristics on PJT outcomes remains unclear. The aim 
of this study is to explore the effects of PJT on children's 
jumping and sprinting abilities and to identify factors 
influencing the effectiveness of PJT in this population. 
 

Methods 
 

This systematic review and meta-analysis was conducted 
following the PRISMA 2020 guidelines (Page et al., 2021), 
and has been registered in PROSPERO (registration num-
ber: CRD42024573354). 
 

Search Strategy 
We performed a comprehensive search across three data-
bases: PubMed, Web of Science, and SPORTDiscuss, up 
to November 12, 2024. The search string used was as fol-
lows: (Plyometric or plyometrics or plyometric training or 
plyometric exercise or jump training or countermovement 
jump or CMJ or jump squat or drop jump or depth jump)) 
AND TS = (child or children or youth or youths or kid or 
kids or preadolescence or preadolescent or prepuberty or 
prepubertal). The detailed search process can be found in 
Appendix A. 

Additionally, we manually searched the references 
of retrieved articles to prevent the omission of relevant 
studies. Two independent reviewers (W.H. and L.S.) 

screened the titles and abstracts, evaluating them against 
the inclusion criteria. A total of 16 articles were included 
in the final meta-analysis. Figure 1 provides a detailed 
overview of the search process. 
 
Inclusion and exclusion criteria 
Studies were evaluated based on the PICOS criteria, with 
the following inclusion standards: (1) Participants: The 
subjects were children, defined in accordance with previ-
ous related studies as males under 13 years and females un-
der 11 years old (Lesinski et al., 2016; Lloyd et al., 2016a; 
Radnor et al., 2018).Based on previous studies (Lesinski et 
al., 2016; Ramirez-Campillo et al., 2023a), maturity was 
assessed using maturity offset or tanner score (PHV < -1 or 
Tanner stage 1 - 2), without restrictions on height or 
weight.  (2) Intervention: The experimental group under-
went PJT intervention, with the possibility of engaging in 
specific training or other activities post-PJT.  No re-
strictions on the type and direction of PJT. The main dif-
ference between the experimental and control groups was 
the implementation of PJT. (3) Control Group:         The 
control group did not receive PJT intervention but could 
participate in specific training or other activities. This de-
sign aimed to isolate the effect of PJT.  (4) Outcomes: The 
primary outcomes were jump and sprint performance, 
which are critical indicators of athletic ability in children. 

 
 

 
 

 
 

           Figure 1. Flow diagram for the identification, screening and selection of studies.  
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Jump performance was assessed using various standard-
ized   tests, including   countermovement jump (CMJ), 
squat jump (SJ), standing long jump (SLJ), and reactive 
strength index (RSI). Sprint performance was evaluated 
over distances ranging from 5 to 30 meters to capture short- 
and mid-distance acceleration and maximal speed capabil-
ities (Kotzamanidis, 2006). Measurement protocols ad-
hered to validated methods to ensure reliability and com-
parability across studies. (5) Study Design: Only random-
ized controlled trials (RCTs) published in peer-reviewed 
English journals were included. 
 

Data extraction 
All selected articles were imported into Endnote 21 (Clari-
vate Analytics, Philadelphia, PA) for management. The 
screening process was conducted independently by two re-
searchers (W.H. and L.S.); any discrepancies were re-
solved by consulting a third researcher (Z.Q.). Data ex-
tracted included: (1) Jump and sprint performance metrics 
(≤10m, >10m). (2) Baseline characteristics of the partici-
pants, such as height and weight. (3) Training-related var-
iables, including frequency, session duration, and total 
training period. Pre- and post-intervention data (mean ± 
standard deviation). For studies with multiple intervention 
phases (e.g., 4 weeks, 8 weeks), only data from the final 
phase were included. If a control group was used in multi-
ple comparisons, the sample size was divided by the num-
ber of comparisons. When necessary, data were unavaila-
ble, we contacted the authors via email. Only one author 
responded and provided complete data. For articles with 
graphical data, we utilized WebPlotDigitizer software to 
extract relevant information. 
 

Risk of bias assessment and certainty of evidence 
The risk of bias for the included randomized controlled tri-
als (RCTs) was evaluated using the Cochrane Risk of Bias 
Tool 2 (RoB2) (Sterne et al., 2019). This tool assesses five 
key domains: (I) bias arising from the randomization pro-
cess; (ii) bias due to deviations from intended interven-
tions; (iii) bias due to missing outcome data; (iv) bias in the 
measurement of the outcome; and (v) bias in the selection 
of the reported result. The risk of bias was qualitatively 
synthesized using RoB2. Two authors (W.H. and L.S.) in-
dependently assessed the risk of bias, and any discrepan-
cies were resolved through discussion with a third author 
(Z.Q.). Sensitivity analyses were conducted to assess the 
robustness of the pooled estimates and to determine 
whether any specific study accounted for the observed het-
erogeneity. In this process, we employed a leave-one-out 
approach, systematically excluding each study from the 
meta-analysis one at a time, and observing the impact of 
excluding each study on the overall pooled estimate and 
heterogeneity. This method helped identify whether any 
specific study, due to factors such as sample size, study de-
sign, or other characteristics, had an excessive influence on 
the variability of the results. Additionally, we examined the 
changes after exclusion to further assess the stability of the 
pooled estimates, thereby ensuring the reliability of the 
conclusions. 

Two authors (WH, LJY) rated the certainty of evi-
dence by the Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE), According to 

GRADE (Guyatt et al., 2011), the quality of evidence is 
categorized as "High, " "Moderate, " "Low, " or "Very 
Low." The criteria for downgrading the quality of evidence 
include the following factors:(1) Risk of Bias: I f 1/3 of the 
studies are assessed as having "some concern" or "high 
risk, " the evidence quality is downgraded by one level. If 
1/2 of the studies are assessed as having "some concern" or 
"high risk, " the evidence quality is downgraded by two 
levels. (2) Inconsistency: When heterogeneity I² is >50%, 
the evidence quality is downgraded by one level, when it is 
I² >75%, the evidence quality is downgraded by two levels.  
(3) Indirectness: If the participants, interventions, compar-
isons, or outcomes in the studies do not directly align with 
the research question, the quality of evidence may be 
downgraded. (4)Imprecision: When the effect estimate is 
imprecise  or the sample size is insufficient to draw robust 
conclusions, the quality of evidence will be down-
graded.(5)Publication Bias: If there is evidence of publica-
tion bias, such as missing unpublished studies or funnel 
plot asymmetry, the quality of evidence will be down-
graded. 
 

Summary measures, synthesis of results, and publica-
tion bias 
Data analysis was performed using R software (version 
4.4.1, Australia) Meta-analysis was conducted when at 
least three studies were available. Effect sizes (ES) were 
calculated using Hedge’s g based on pre- and post-inter-
vention mean differences and standard deviations. Changes 
from pre- to post-intervention were calculated as M post-
M pre, and the pooled standard deviation were as  (Boren-
stein et al., 2021): 
 

 Spooled ൌ ඥSD1² ൅ SD2² െ 2 ∗ R ∗ SD1 ∗ SD2: 
 

A random-effects model was used to interpret differences 
between the PJT and control groups. ES values were inter-

preted as trivial (<0.2), small（0.2 to 0.5, medium (0.5 to 
0.8), and large (>0.8) (Cohen, 1992). Heterogeneity across 
studies was assessed using the I² statistic, with I² values of 
0 - 25% indicating negligible heterogeneity, 25 - 75% in-
dicating moderate heterogeneity, and 75 - 100% indicating 
substantial heterogeneity (Higgins et al., 2003). Statistical 
significance for all analyses was set at p ≤ 0.05. Publication 
bias was assessed qualitatively using funnel plots when 
more than 10 studies were included, and quantitatively us-
ing Egger's test. If significant bias was detected, the trim-
and-fill method was applied to adjust for it. The p-values 
<0.05 were considered statistically significant. 
 

Subgroup analysis and meta-regression 
Subgroup analyses were performed based on sprint dis-
tance (10m≥, >10m) and vertical jump (VJ) type (SJ, 
CMJ). Additionally, potential moderators, including gen-
der, training experience, progressive overload, taper strat-
egy, and training modality, were evaluated through sub-
group analysis. Meta-regression was conducted for contin-
uous variables such as program duration (training weeks 
and total training sessions), training frequency (sessions 
per week), and training volume (mean and total round    
contacts).  Meta-regression was only performed when the 
number of ESs exceeded ten.  
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Results 
 

Literature search 
A total of 2155 studies were identified through database 
searches, with an additional study identified through 
reference lists. After removing duplicates, 1, 532 studies 
remained. Titles and abstracts were screened, resulting in 
72 studies for full-text evaluation. Ultimately, 17 studies 
met the inclusion criteria, involving 611 children, of whom 
343 were in the PJT groups across 19 intervention arms, 
with sample sizes ranging from 9 to 44 participants (see 
Table 1). 

The PJT interventions lasted 4-12 weeks, with a 
training frequency of 1-2 sessions per week and session 
durations of 15 - 60 minutes. The average number of 
ground contacts per session ranged from 39 to 185, with 
total ground contacts ranging from 360 to 2960. Recovery 
periods between sessions were ≥48-168 hours. Due to the 
lack of standardized intensity classifications for PJT in 
children, training intensity was not quantified. Only one 
study reported intra-session rest periods of 7 seconds (see 
Table 2). 
 

Risk assessment and certainty of evidence 
The quality of the studies included in this meta-analysis 
was evaluated using the RoB2 tool. Most studies were 
deemed to have sufficient quality for inclusion in the meta-
analysis. Two studies (Drouzas et al., 2020; Michailidis, 
2015) (11.7%) were judged to have a high risk of bias, 
while the remaining studies (Asadi et al., 2018; Bogdanis 
et al., 2019; Chaouachi et al., 2014; Katsikari et al., 2020; 
Lloyd et al., 2012; Lloyd et al., 2016b; Marta et al., 2022; 
Michailidis et al.,  2013;  Moran et al., 2017;  Negra et al.,  
2020a; 2020b; Sammoud et al., 2019; 2021; 2022; 2024;  
Tottori and Fujita, 2019) exhibited some concerns, 
primarily related to allocation concealment and blinding 
processes (see Figure 2). Results of the GRADE analyses 
are provided in Table 3. We chose seven outcomes for the 

analysis (Table 4). According to the GRADE assessment, 
the certainty of evidence was considered very low to low. 
 
Meta-Analysis Results 
Vertical jump 
Thirteen studies evaluated CMJ, involving 14 experimental 
groups and 13 control groups, with a total of 407 
participants. PJT had a moderate effect on VJ performance 
(ES = 0.78, 95% CI = 0.31 - 1.16, I² = 63%, p < 0.01, 
Supplementary Figure 1). CMJ demonstrated a large ES 
(0.81), which was higher than that of SJ 
(0.57)(Supplementary Figure 2). However, the difference 
did not reach statistical significance (P = 0.35; see Table 3, 
Supplementary Figure 2). Egger’s test indicated 
publication bias (p = 0.0042)(Funnel plot in 
Supplementary Figure 3), after applying the trim-and-fill 
method in the meta-analysis, the ES decreased to 0.44 (see 
Supplementary Figure 6). When each study was removed 
one at a time, the ES ranged from 0.67 (CI: 0.32 - 1.02) to 
0.86 (CI: 0.49 - 1.23) (Supplementary Figure 4 and funnel 
plot in Supplementary Figure 5).  
 
Horizontal jump 
Twelve studies with 13 experimental and 12 control groups, 
totaling 414 participants, were included in the meta-
analysis for SLJ. PJT had a moderate effect on SLJ 
performance (ES = 0.56, CI = 0.3-0.83, I² = 26%, p < 
0.0001) (Table 3, Supplementary Figure 12). Egger’s test 
indicated publication bias (p = 0.03)(Funnel plot in 
Supplementary Figure 13), after applying the trim-and-fill 
method in the meta-analysis, the ES decreased to 0.31. 
When each study was removed one at a time, the ES ranged 
from 0.47 (CI: 0.24 - 0.71) to 0.63 (CI: 0.36 - 0.90) (see 
Supplementary Figure 14). However, after removing two 
study (Chaouachi et al., 2014; Marta et al., 2022), the 
heterogeneity decreased significantly, dropping to 10% 
and 1%, respectively (see Supplementary Figure 15). 

 
Table 1. Training characteristics. 
Study Fre TD Typ Pro Tap TCT MCT RWS RS Dura RBS Exp 
Llyod     et.al  2012a 2/W 25-40 Mix Yes No 740 93 N/R 90S 4W 48h No Ath
Llyod     et.al 2012b 2/W 25-40 Mix Yes No 740 93 N/R 90S 4W 48h No Ath
Michailidis et.al 2013 2/W 20-25 Mix Yes No N/R N/R N/R 90-180S 12W 72h Ath 
Llyod et.al 2016 2/W ≤60 Mix Yes No 479 39 N/R 60-120S 6W 48h No Ath
Bogdanis et.al 2019 2/W N/R Mix No No 2960 185 N/R 30S 8W 48h Ath 
Tottori 2019 1/W 60 Double Yes Yes 795 99 N/R N/R 8W 168h No Ath
Asadi et.al 2018 2/W 30-40 Double No No 720 60 7s 120S 6W N/R Ath 
Sammoud et.al 2019 2/W 25-30 Double Yes No 680 55 N/R 90S 6W 72h Ath 
Drouzas et.al 2020a 2/W 15 Double Yes Yes 720 45 N/R N/R 8W N/A Ath 
Drouzas et.al 2020b 2/W 15 Single Yes Yes 360/per leg 23/per leg N/R N/R 8W N/R Ath 
Negra et.al 2020b 2/W 35-40 Mix Yes N/R N/A N/A N/R 90s 12W 72h Ath 
Sammoud et.al 2021 2/W 25-30 Mix Yes No 720 45 N/R 90s 8W 72h Ath 
Marta et.al 2022 2/W 30 Mix Yes No N/A N/A N/A N/R 8W 48h No Ath
Sammoud et.al 2024 2/W N/A Mix Yes No 1286 80 N/A 90s 8W 72h Ath 
Chaouachi et.al 2014 2/W N/A Double Yes Yes N/A N/A N/A 180s 8W 48h No Ath
Michailidis, 2015 2/W N/A Mix Yes No 1120 56 N/A N/A 8W N/A Ath 
Negra et.al 2020a 2/W 25-35 Double Yes No 1284 80 N/A 90s 8W 72h Ath 
Sammoud et.al 2022 2/W 35-40 Double Yes No N/A N/A N/A 90s 12W 72h Ath 
Katsikari   et.al 2020 2/W ≤60 Mix Yes No 1060 53 N/R N/R 10W 48h No Ath

Abbreviation: Exp = Experience; RBS = Recover between session; Dura = Duration; RS = Rest between set; RWS = Rest within set; MCT = Man 
contact time; TCT = Total contact time; Tap = Taper; Pro = Progressive; Typ = Type; SD = Session duration; Fre = Frequency; N/R = Not report; N/A 
= Not applicable: Double = Double leg plyometric jump training; Single = Single leg plyometric jump training; Mix = Combined double and single leg 
Plyometric jump training.  
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Table 2. Subject characteristics. 
Study Gen N Expe Con Outcome Mat Age Height Weight

Michailidis et.al 2013 Male 
PJT = 24 
Con = 21 

PJT PE 
10m, 20m, 30m 
SJ, CMJ, SLJ 

Tan 1 
10.9 
10.8 

147.00
145.00

42.50 
41.70 

Michailidis, 2015 Male 
PJT = 11 
Con = 10 

PJT+Soc Soc 10m, 30m, SLJ Tan1 
11.3 
11.4 

146.00
147.00

42.30 
43.20 

Llyod et.al 2016 Male 
PJT = 10 
Con = 10 

PJT PE 
10m, 20m, SJ 

RSI 
-1.5 
-1.5 

12.7 
12.8 

159.60
157.00

56.00 
54.90 

Asadi et.al 2018 Male 
PJT = 10 
Con = 10 

PJT+Soc Soc CMJ, 20m 
-1.8 
-1.9 

11.5 
11.7 

138.30
137.40

31.00 
33.10 

Bogdanis et.al 2019 Female
PJT = 33 
Con = 17 

PJT+Gym Gym 
CMJ, RSI, SJ 

10m, 20m 
All = -4.9 

8.1 
7.9 

129.30
129.80

28.70 
27.50 

Sammoud et.al 2019 Male 
PJT = 14 
Con = 12 

PJT+Swim Swim CMJ, SLJ 
-3.09 
-2.8 

10.5 
10.7 

143.00
146.00

36.20 
38.20 

Tottori and Fujita 2019 Male 
PJT = 9 

Con = 11 
PJT Acti 

SLJ, CMJ, SJ 
10m 

-3.5 
-3.1 

10.9 
10.3 

142.30
138.60

35.20 
38.10 

Drouzas et.al 2020 Male 
UPJT = 23 
BPJT = 23 
Con = 22 

PJT＋Soc Soc 
5m, 10m, 20m 

CMJ, SJ 
 

-2.9 
-3.2 
-2.9 

9.9 
10 

10.2 

142.20
139.20
141.60

39.30 
36.10 
38.60 

Negra et.al 2020a Male 
PJT = 13 
Con = 11 

PJT+Soc Soc 20M 
-1.3 
-1.8 

12.7 
12.7 

158.6 
1520 

43.70 
39.90 

Negra et.al 2020b Male 
PJT = 11 
Con = 11 

PJT+Soc Soc 
20m 

SLJ, CMJ, SJ 

-1.52 
-1.51 

Tan1-Tan2

12.8 
12.7 

156.4 
153.2 

46.60 
43.20 

Sammoud et.al 2021 Female
PJT = 12 
Con = 10 

PJT+Swi Swim
CMJ 
SLJ 

-1.5 
-1.34 

10.1 
10.5 

146.90
143.60

36.39 
38.41 

Marta et.al 2022 
Male/F
emale

PJT = 41 
Con = 39 

PJT+PE PE 
CMJ 
SLJ 
20m 

Tan1-Tan2
10.8 
10.72 

145.37
140.00

40.19 
37.58 

Sammoud et.al 2019 Male 
PJT = 11 
Con = 11 

PJT+Soc Soc 
5m,10m, 20m 

30m 
-1.5 
-1.7 

12.7 
12.8 

156.40
153.20

45.90 
42.60 

Sammoud et.al 2024 Male 
PJT = 13 
Con = 14 

PJT+Soc Soc CMJ, SLJ 
-1.6 
-2.5 

12.7 
11.6 

155.80
148.10

47.90 
39.40 

Llyod et.al 2012a Male 
PJT = 20 
Con = 21 

PJT pe RSI 
-3.76 
-3.86 

9.6 
9.4 

133.20
135.48

32.75 
32.64 

Llyod et.al 2012b Male 
PJT = 22 
Con = 22 

PJT pe RSI 
-1.8 
-1.86 

12.2 
12.3 

151.89
151.67

44.78 
47.38 

Chaouchachi, et.al 2014 Male 
PJT = 17 
Con = 13 

PJT Acti CMJ,SLJ, 5m Tan1-Tan2
11.0 
11.0 

149.80
150.40

40.10 
41.10 

Sammoud et.al 2022 Male 
PJT = 11 
Con = 11 

PJT+Soc Soc 10m,20m, 30m 
-1.7 
-1.7 

12.8 
12.7 

156.40
153.20

45.90 
42.60 

Katsikari et.al 2020 Female
PJT = 12 
Con = 12 

PJT pe CMJ,SJ,RSI Tan1-Tan2 ALL = 10.1 
146.00
144.00

38.40 
38.80 

Abbreviation: Gen=Gender; Expe=Experiment group; Con=Control group; PJT=Plyometric training; Mat=maturation; PE=PE Class; Soc=Soccer; 
Swim=Swimming; Gym=Gymnastics; Acti=Daily activity or Sports activity; Tan=Tanner score; CMJ=Countermovement jump; SLJ=Stand long jump; 
RSI=Reactive strength index; 5m, 10m, 20m, 30m=Sprint distance, ALL=all subject. Note; UPJT refers to unilateral plyometric training; BPJT refers 
to bilateral plyometric training; unless specifically noted, maturity is indicated as maturity offset; height is measured in cm; weight is measured in kg.

Table 3. GRADE grading of recommendations assessment, development and evaluation of the Meta-analysis. 
        N of patients   

Outcomes 
Study 
design 

RoB Incon Indirect Impre PubBs Other Exp Control
SMD 

(95%CI) 

Certainty
of 

evidence
Importance

VJ RTC 
Very 

serious
Serious Not serious Not serious Serious - 268 206 

.77(.41, 
1.16) 

Very  
Low 

Critical 

Sprint-PER RTC 
Very 

serious
Not serious Not serious Not serious Not serious - 250 197 

-.41(-.61, 
-.22) 

low Critical 

RSI RTC 
Very 

serious
Not serious Not serious serious Not serious - 97 82 .13(-.52, .78)

Very  
Low 

Important 

SLJ RTC 
Very 

serious
Not serious Not serious Not serious serious - 224 190 .58(.30, .83) 

Very  
Low 

Critical 

RoB: Risk of bias; Incon: Inconsistency; Indirect: Indirectness; Impre: Imprecision; PubB: Publication bias; Exp: Experimental; VJ= Vertical Jump; SPRINT-
P= Sprint Performance; RSI=Reactive strength index; SLJ=Stand long jump; CI: Confidence interval, SMD: Standardized mean difference; According to 
Cohen'd regulations on effect sizes(Brydges, 2019), SMD=0.2 was set as the minimum clinically important difference (MICD), SMD≥0.8 as a large effect 
size; a: Risk of bias for included studies, more than 1/3 for some concerns or high risk of bias; b: Risk of bias for included studies, more than 1/2 for some 
concerns or High risk of bias; c: Heterogeneity assessment I2 ≥ 50%; d: Heterogeneity assessment I2 ≥75%; e: Heterogeneity between subjects, measures and 
interventions; f: MCID included in the 95% CI portion of the effect size; g: 95% CI of the effect size fully incorporates the MCID. 
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                 Table 4. Meta-analysis result. 
Moderator N SMD (95%CL) p I² RW difference 

VJ 474 0.78 (0.41 to 1.16) <0.01 63% 6.1% - 10.1%  
CMJ 395 0.81 (0.34 to 1.29) < 0.01 71% 58.5% P = 0.35 

SJ 289 0.57 (0.23 to 0.92) < 0.01 24% 41.5%  
SLJ 414 0.56 (0.30 to 0.83) <0.001 26% 5.7% - 14.8%  
RSI 179 0.13 (-0.52 to 0.78) 0.61 52% 15.2% - 23.3%  

Speed-P 424 -0.41 (-0.61 to -0.22) < 0.01 0 4.4% - 19.6%  
10m< 375 -0.39 (-0.6 to -0.18) < 0.01 31% 56.1% P = 0.31 
≤10m 298 -0.56 (-0.79 to -0.32) < 0.05 0% 43.9%  

VJ= Vertical Jump; CMJ=Countermovement Jump; SJ=Stand Jump; SLJ=Stand Long Jump; RSI=Reactive Strength Index; 
SPEED-P= Speed Performance. 

 
 

 
 

           Figure 2. Risk of bias-2 (RoB-2) assessments. 
 
Reactive strength index 
Four studies evaluated RSI, including five experimental 
groups and four control groups, with a total of 175 
participants. PJT did not have a significant effect on RSI 
(ES = 0.13, CI = -0.52 - 0.78, I² = 52%, p = 0.61) (Table 5, 
see Supplementary Figure 11)). When each study was 
removed one at a time, the ES ranged from 0.67 (CI: 0.32 
- 1.02) to 0.86 (CI: 0.49 - 1.23). However,  after  removing  
two studies,  the heterogeneity decreased  significantly,  

dropping  to  15.2%  and 26.9%, respectively (see 
Supplementary Figure 16). Bubble plot of the total session 
in SLJ was given in Figure 3.  
 
Sprint performance 
Thirteen studies, including 14 experimental groups and 13 
control groups with 414 participants, assessed sprint 
performance. PJT had a moderate effect on sprint 
performance (ES = -0.41, CI = -0.61 to -0.22, I² = 0%, p < 
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0.01, Supplementary Figure 7). When analyzed by distance, 
both ≤10m and >10m sprints had moderate and small effect 
sizes (ES = -0.56 and -0.39, respectively), with no 
significant difference between the two (P = 0.3) (see Table 
3, Supplementary Figure 8). Egger’s test did not indicate 

publication bias (p = 0.995) (Funnel plot in Supplementary 
Figure 9). When each study was removed one at a time, the 
ES ranged from -0.37 (CI: -0.57 - -0.17) to -0.47 (CI: -0.63 
- -0.31) (see Supplementary Figure 10).

 
                  Table 5. Subgroup analyses for vertical jump. 

All All n SMD I² RW p 

Training type 
Double leg 152 1.18 (-0.52; 2.87) 13% 24.7% 

P = 0.43 Single leg 34 0.35 (-0.37; 1.08) N/A 7.6% 
Mix 338 0.72 (0.31 - 1.13) 67% 67.7% 

Load type 
Progressive 404 0.73 (0.41; 1.04) 52% 87.2% 

P = 0.55 
Not progressive 70 1.51 (-14.98 – 18) 92% 12.8% 

Deload 
Taper 88 0.37 (0.30; 0.43) 0 21.5% 

P = 0.01 
Not taper 386 0.91 (0.44; 1.38) 70% 78.5% 

Exp 
Athlete 330 0.92 (0.42; 1.42) 62% 70.8% 

P = 0.12 
Not athlete 144 0.43 (-0.29; 1.16) 42% 29.2% 

Gender 
Male 298 0.90 (0.42; 1.38) 56% 78.5% 

P = 0.01 Female 96 0.74 (-0.51; 1.98) 42% 21.5% 
Both 80 0.00 (-0.43; 0.43) N/A 10.1% 

 SMD=standard mean difference; RW= relative weight;  Exp=experience.  

 
 

 

 
 

 
 

Figure 3. Bubble plot of the total session in SLJ. The bubble chart shows a positive correlation (β = 0.04, p = 
0.03) between the effectiveness of SLJ training and the number of training sessions. 

 
Subgroup analysis and meta-regression 
The subgroup analysis revealed that the effects of not using 
a tapering strategy were superior to those of using a taper-
ing strategy (No taper: ES = 0.91, Taper: ES = 0.37, P = 
0.01). Furthermore, males showed better improvement 
than females and mixed groups (see Table 5 and Table 6). 

Meta-regression indicated a positive correlation between 
the total number of training sessions and the effectiveness 
of PJT on standing long jump (SLJ) performance (P = 0.03) 
(see Figure 3), while other variables did not significantly 
predict PJT effectiveness (P > 0.05). 
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Table 6. Subgroup analysis of sprint. 
All All n SMD I² RW p 

Training type 
Double leg 152 -0.33 (-0.66; 0) 13% 34% 

P = 0.81 Single leg 34 -0.51 (-1.24; 0.22) N/A 6.9% 
Mix 261 -0.45 (-0.7; -0.42) 0 59.1% 

Load type 
Progressive 377 -0.38 (-0.59; -0.17) 0 85.2% 

P = 0.51 
Not progressive 70 -0.59 (-0.44; 3.23) 24% 14.8% 

Deload 
Taper 118 -0.37 (-0.66; -0.09) 0 25.6% 

P = 0.71 
Not taper 328 -0.43 (-0.71; -0.15) 14% 74.4% 

Exp 
Athlete 294 -0.49  (-0.77; -0.21) 1% 63.9% 

P = 0.15 
Not athlete 153 -0.27  (-0.55; -0.01) 0% 36.1% 

Gender 
Male 314 -0.38 (-0.61; -0.15) 0% 70.4% 

P = 0.39 Female 50 -0.82 (-1.42; -0.21) N/A 10% 
Both 83 -0.33 (-0.76; -0.1) N/A 19.6% 

SMD=standard mean difference; RW= relative weight;  Exp=experience.   
 

Discussion 
 
This systematic review and meta-analysis aimed to 
investigate the effects of PJT on children's jump and sprint 
performance, comparing the results with control groups. 
The findings indicated that PJT can moderately improve 
children's jump and sprint performance. In subgroup 
analyses of VJ, the ES for CMJ was larger than for SJ (0.81 
vs. 0.57), though the difference was not statistically 
significant (P = 0.35). Similarly, when analyzing sprint 
distances, both ≤10m and >10m showed moderate effect 
sizes (ES = -0.56 and -0.39, respectively), with no 
significant difference between them (P = 0.3). Subgroup 
analyses also showed that gender (males > females > mixed 
groups) and taper strategy (no taper > taper), influenced the 
effectiveness of vertical jump training. Meta-regression 
indicated that the total number of training sessions was 
positively correlated with SLJ performance improvements 
(P = 0.03). Except for sprint, which showed low 
heterogeneity (I² = 0), VJ, SLJ, and RSI exhibited moderate 
heterogeneity (I² = 26% - 63%). Egger's test was used to 
assess publication bias, and when p < 0.05, the trim-and-
fill method was applied to sensitivity analysis. The results 
revealed publication bias in both VJ and SLJ, with the ES 
decreasing to 0.44 and 0.31, respectively, after applying the 
trim-and-fill method. Furthermore, a leave-one-out 
analysis was performed, revealing that excluding 
individual studies did not affect the overall ES. However, 
heterogeneity was significantly reduced after excluding 
specific studies (Chaouachi et al., 2014; Katsikari et al., 
2020; Lloyd et al., 2012; Marta et al., 2022), suggesting 
that these studies contributed substantially to the overall 
heterogeneity. This reduction in heterogeneity may be 
attributed to differences in factors such as study design, 
sample characteristics, or intervention protocols. These 
findings underscore the importance of adopting more 
consistent methodologies in future research to minimize 
heterogeneity and enhance the comparability of results. 

Our study indicates that PJT has a moderate effect 
on VJ performance (ES = 0.78), which aligns with previous 
studies(Chen et al., 2023b; Kons et al., 2023; Lehnert et al., 
2009; Mroczek et al., 2019; Ramirez-Campillo et al., 2023a; 
Ramírez-de la Cruz et al., 2022; Saez de Villarreal et al., 
2009).VJ performance is one of the variables most 
positively influenced by PJT (Kons et al., 2023), 
effectively reflecting lower limb neuromuscular function. 

The studies included in our meta-analysis were conducted 
on prepubescent children, and the physiological 
improvements observed can be attributed to enhancements 
in neuromuscular function, such as increased motor unit 
recruitment, better intra- and inter-muscular coordination, 
and improved storage and utilization of elastic potential 
energy (Markovic and Mikulic, 2010). A study at the 
muscle fiber level demonstrated that after 8 weeks of PJT, 
muscle fiber force, diameter, and calcium sensitivity were 
significantly enhanced. These findings suggest that PJT not 
only facilitates neural adaptations but also induces 
favorable physiological changes at the muscle fiber level, 
thereby contributing to improved athletic performance 
(Malisoux et al., 2006). Egger's test revealed the presence 
of publication bias, and after applying the trim-and-fill 
method, the ES decreased to 0.44, indicating the need for 
further research to confirm these findings. 

When analyzing the subgroup based on jump types, 
we found that the ES for PJT on CMJ was greater than on 
SJ (0.81 vs. 0.57), although this difference was not 
statistically significant. Previous studies have suggested 
that PJT has a more significant effect on CMJ compared to 
SJ (Stojanović et al., 2017), This can be explained by the 
specificity of training -both PJT and CMJ involve the 
stretch-shortening cycle (SSC), making them more 
biomechanically similar. In contrast, SJ without eccentric 
phase, which might limit training gains. Additionally, SJ is 
not a natural movement, and some studies have observed 
unintended reversal actions during SJ, which require 
considerable practice to overcome (Van Hooren and 
Zolotarjova, 2017).We suspect that many studies included 
in our analysis may not have adequately eliminated SSC 
effects, potentially interfering with SJ mechanics after PJT, 
One study (Cormie et al., 2009) reported that an increase 
in countermovement depth after training led to higher jump 
heights, possibly resulting in a subconscious increase in 
countermovement depth during SJ testing., Given the 
correlation between reversal depth and jump height (Pérez-
Castilla et al., 2021), this might have compromised the 
validity of the test. Unfortunately, the included studies did 
not report kinematic indicators during testing, which could 
have provided more insight into the mechanisms of PJT 
adaptation. Future research should focus on investigating 
changes in kinematics and dynamics. 

Compared to the control groups, the PJT group 
showed a significant, moderate improvement in SLJ 
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performance (ES = 0.56), consistent with previous research 
(Chaabene and Negra, 2017; Chen et al., 2023b).Most of 
the studies we included did not specifically target 
horizontal force vectors in PJT exercises, suggesting that 
vertical vector PJT exercises can also improve horizontal 
jump performance in children (Gonzalo-Skok et al., 2019). 
A correlation between vertical and horizontal force-
velocity profiles was found in low-level athletes but not in 
high-level athletes (Jiménez-Reyes et al., 2018). 
Combining horizontal and vertical PJT exercises may 
improve outcomes (Ramírez-Campillo et al., 2015a). To 
enhance SLJ performance, incorporating more horizontal 
or combined exercises may be beneficial. 

The RSI is an indicator used to assess an athlete's 
ability to generate force quickly, typically calculated as 
jump height divided by ground contact time, which 
effectively reflects lower limb neuromuscular function 
(Flanagan and Comyns, 2008).Our meta-analysis found 
that PJT did not improve RSI in children (P = 0.61), 
whereas earlier research showed that PJT could effectively 
improve RSI (Ramirez-Campillo et al., 2023b). However, 
this study did not sufficiently consider the characteristics 
specific to the pediatric population, which could explain 
the differences in results. Lloyd et al., (2012) found that 
significant RSI improvements were observed only in the 
12-year-old PJT group, while no significant differences 
were noted in the 9- and 15-year-old groups. Although both 
the 9- and 12-year-old groups were prepubescent, this 
discrepancy suggests that RSI might have a developmental 
sensitive period, although this has not been definitively 
established. Considering that 9-year-old children have 
more compliant Achilles tendons (Kubo et al., 2001), 
weaker motor unit recruitment abilities (Belanger and 
McComas, 1989), poorer intermuscular coordination 
(Frost et al., 1997; Lazaridis et al., 2010), and larger Golgi 
tendon organs (Ovalle, 1987), these differences in potential 
influencing factors could account for the varying 
adaptation capacities. Both maturity level and the 
specificity of the sport could impact the adaptability to 
training (Dallas et al., 2020; Davies et al., 2021; Laffaye et 
al., 2016). Similarly, a study did not show improvements 
in RSI (César and Davide, 2009). Given the limited 
research focusing on this population, future studies should 
prioritize investigating RSI in children. 

Consistent with previous research (Sáez de 
Villarreal et al., 2012), our meta-analysis found that PJT 
has a moderate effect on sprint performance (ES = -0.41). 
When we conducted a subgroup analysis based on sprint 
distance, both the ≤10m group and the >10m group showed 
moderate and small effect sizes (ES = -0.56 and -0.39, 
respectively), with no significant difference between the 
two (P = 0.3). The effect sizes found in our study are 
smaller than those reported in earlier research (Ramirez-
Campillo et al., 2022), which could be attributed to 
differences in the age of participants. The ≤10m sprint 
distance is considered a measure of initial acceleration, 
(Delecluse et al., 1995; Kotzamanidis, 2006; Michailidis et 
al., 2013), which effectively reflects an individual's ability 
to accelerate, while distances greater than 10m reflect the 
transition from acceleration to maximum velocity. 
Contrary to the findings of the present study, some research 

has indicated that PJT may not lead to improvements in 
10m sprint performance (Karagianni et al., 2020; 
Kotzamanidis, 2006; Michailidis et al., 2019; Söhnlein et 
al., 2014; Thomas et al., 2009), . These inconsistencies 
might result from differences in the PJT interventions used. 
Shorter sprints (≤10 m) rely heavily on horizontal force 
production, while sprints over 10m increasingly depend on 
vertical force (Morin et al., 2012; Ramírez-Campillo et al., 
2015a; Ramirez-Campillo et al., 2022). It is crucial to 
maintain a proper balance between horizontal and vertical 
force for sustaining maximum speed (Morin et al., 2012). 
Few studies have examined the force vector direction in 
PJT, which may contribute to the conflicting findings. 
There is a high correlation between horizontal and vertical 
force-velocity profiles for low level population (Jiménez-
Reyes et al., 2018), meaning that vertical PJT may improve 
acceleration. However, as the sprint distance increases, the 
proportion of horizontal force may decrease, potentially 
reducing sprint performance. Therefore, horizontal PJT 
may be particularly important for sprint performance 
(Jiménez-Reyes et al., 2018; Morin et al., 2012; Morin, 
2013; Ramírez-Campillo et al., 2015a; Sáez de Villarreal 
et al., 2012). As is well known, speed is the product of 
stride length and stride frequency. However, compared to 
adults, improvements in children's speed capacity may be 
more driven by stride length , it is contrast with adults 
(Rimmer and Sleivert, 2000). In younger children, 
sprinting ability tends to rely more on step frequency 
(Meyers et al., 2015; Tottori and Fujita, 2019), and as they 
grow, stride length significantly contributes to speed 
increases, although step frequency might slightly decrease 
as ground contact time increases. PJT can help maintain 
step frequency while increasing stride length, potentially 
enhancing sprint performance in children (Tottori and 
Fujita, 2019). 

Subgroup analysis showed the difference in results 
between genders; however, this should be interpreted with 
caution, as there was only one study each for females and 
mixed groups. Prior studies have examined no significant 
difference in PJT adaptation between males and females 
(Ramírez-Campillo et al., 2016; Skurvydas and Brazaitis, 
2010). Since gender differences have not yet emerged in 
boys and girls at the prepubescent stage, these differences 
might be smaller, and more research is needed to explore 
gender differences in this population. 

Regarding tapering strategies, we found that the 
results were worse when tapering was used compared to 
not tapering, which contrasts with previous research 
(Ramirez-Campillo et al., 2021). This result should be 
cautiously interpreted, as only three studies used tapering 
strategies, and differences in sample sizes might have 
influenced the ES. Tapering has been shown to effectively 
improve performance in elite athletes by allowing recovery 
and performance enhancement after several weeks of high-
intensity or high-volume training, which might place 
athletes in a state of non-functional overreaching (Aubry et 
al., 2014). The training intensity and volume in the 
included studies might not have been sufficient to cause 
non-functional overreaching in children, so tapering might 
have reduced the training adaptations. However, given 
concerns about overuse in children and their sensitivity to 
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detraining, we recommend tapering strategies in long-term 
training. Discussing the application of tapering strategies is 
beyond the scope of this paper, but previous studies suggest 
that maintaining or reducing intensity, lowering small to 
moderate loads, and keeping training frequency consistent 
for 1-2 weeks might be effective (Bosquet et al., 2007; 
Ramirez-Campillo et al., 2021; Travis et al., 2020). Our 
study did not find that progressive overload influenced 
training outcomes, which might be due to differences in 
PJT protocols across studies. Progressive overload is a 
crucial principle in resistance training (Zatsiorsky et al., 
2020), as maintaining the same load is insufficient to 
provide new stimuli due to individual adaptations. This 
strategy aims to continually stimulate new adaptations, 
using this strategy might be more effective (Ramírez-
Campillo et al., 2015b). PJT can place considerable force, 
and during drop jump (DJ), children might experience 
landing forces of 4 times body weight (Pedley et al., 2022). 
Sudden increases in training load could lead to injury, so 
children should gradually increase PJT intensity and 
volume, and should have a solid foundation of muscle 
strength before starting PJT, as recommended in the studies 
by Lloyd (Lloyd et al., 2011) and Turner (Turner and 
Jeffreys, 2010). 

Among training variables, we found that the total 
number of training sessions was correlated with SLJ 
performance, consistent with previous research (Ramirez-
Campillo et al., 2022; Ramirez-Campillo et al., 2023b; 
Saez de Villarreal et al., 2009; Sáez de Villarreal et al., 
2012), Unfortunately, the small number of studies included 
in our analysis prevented us from further analyzing training 
volume (i.e., ground contacts). Chen et al., (2023a) found 
that low-volume ground contacts were more effective for 
CMJ, while high-volume ground contacts were more 
effective for SJ. Asadi et al., (2017) suggested that PJT 
training twice a week, with 1, 400 jumps over 7 weeks, at 
a moderate intensity might be an appropriate dose for COD. 
For sprint performance, high-intensity training (more than 
80 jumps per session) for 10 weeks (more than 18 sessions) 
might maximize the likelihood of significant performance 
improvement (Saez de Villarreal et al., 2009). Another 
study suggested that training for more than 10 weeks with 
more than 20 sessions and using a high-intensity protocol 
(more than 50 jumps per session) seemed to offer the 
greatest likelihood of substantial performance gains. There 
may be a training threshold, beyond which additional 
training does not lead to further gains (Aztarain-Cardiel et 
al., 2024; Bouguezzi et al., 2020; Chaabene and Negra, 
2017; Ramírez-Campillo et al., 2014). Training effects 
result from the combination of various variables, leading to 
differences between studies. Therefore, it is essential to 
consider factors such as the trainee's experience, strength 
level, gender, age, training intensity, and training volume 
in combination when designing PJT programs (Ramirez-
Campillo et al., 2020). 

Children and adolescents are two distinct groups, 
though previous studies have often treated them as a 
homogeneous population (Chen et al., 2023a; Chen et al., 
2023b). Children typically exhibit underdeveloped 
neuromuscular function and weaker SSC capacity (Pedley 
et al., 2022). Post-pubertal individuals demonstrate 

superior performance in CMJ, SLJ, and sprinting compared 
to prepubescent children. The deficits in SSC capacity in 
children may be attributed to smaller muscle cross-
sectional areas, lower tendon stiffness, heightened 
sensitivity of Golgi tendon organs, and poorer recruitment 
of type II muscle fibers (Radnor et al., 2018). These 
differences in performance before and after puberty 
highlight the critical role of maturation. During puberty, 
increases in circulating testosterone, desensitization of the 
Golgi tendon organs, and improvements in pre-activation 
capacity enhance SSC function, leading to better athletic 
performance (Tumkur Anil Kumar et al., 2021). Future 
studies should carefully distinguish between these two 
populations, as maturity may lead to biased outcomes 
(Asadi et al., 2017; Lloyd et al., 2016b). There appears to 
be some controversy regarding adaptations across different 
maturity levels (Asadi et al., 2017; Lloyd et al., 2012; 
Lloyd et al., 2016b). The discrepancies in the literature may 
results from differences in training protocols. Two studies 
employed training designs with low intensity and high 
volume respectively (Asadi et al., 2018; Lloyd et al., 
2016b), as well as high intensity and low volume, 
respectively. This appears to suggest that more physically 
mature children may be more sensitive to high-intensity 
training, warranting further investigation into this topic. DJ 
involve very high impact forces, and children with lower 
strength may not be able to effectively utilize such high 
eccentric loads, resulting in sharp impact peaks and longer 
ground contact times, which increase the discrepancy 
between landing and take-off peak forces (Pedley et al., 
2022). Therefore, DJ may be unsuitable for individuals 
with underdeveloped SSC capacity. More mature 
individuals, with better neuromuscular function, require 
higher training intensity compared to less mature 
individuals maybe more sensitive to DJ. Coaches should 
carefully consider the balance between training intensity 
and volume when designing programs. 

None of the included studies reported landing 
strategies during PJT, and different landing strategies 
might lead to different adaptations (Laurent et al., 
2020).We refer to jumps with longer contact times as 
CMJ-style jumps, while those with shorter contact times 
are termed bound-style jumps (Marshall and Moran, 2013). 
Walsh et al. (2004) suggest that improvements in post-test 
VJ performance, without considering jumping technique, 
do not necessarily indicate a true enhancement in the 
subject's jumping ability. It appears that subjects 
unknowingly altered their contact times, and this change 
resulted in different jump outcomes. CMJ-style landing 
strategies might better improve jump height, while bound-
style landing strategies might better improve lower limb 
stiffness. (Laurent et al., 2020; Marshall and Moran, 
2013), it is essential to consider the principle of sport 
specificity when planning training. Children, due to their 
weaker muscle strength and more compliant tendons, tend 
to use CMJ-style landing strategies (Lazaridis et al., 
2010). Given the limited research in this area, future 
studies should focus more on landing strategies in children. 

Based on the training characteristics of the included 
studies, we recommend PJT twice per week for a duration 
of more than 12 weeks, with 55 ground contacts per session  
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and a total of 720 ground contacts. There should be a rest 
interval of 48 - 72 hours between sessions. Depending on 
the child’s training experience and an assessment of their 
SSC capacity, exercises of low-to-moderate or low-to-high 
intensity should be employed, incorporating both horizon-
tal and vertical exercises. This approach has been shown to 
effectively improve VJ and SLJ performance. For sprint 
performance, we recommend training twice per week for 
12 weeks, with 58 ground contacts per session and a rest 
interval of 48 - 72 hours between sessions. The intensity 
should be adjusted according to the individual's ability, and 
a combination of horizontal and vertical exercises is sug-
gested to effectively enhance sprinting performance. 
 
Limitations 
Some potential limitations are discussed. First, the number 
of included studies is limited (n = 17), with only 5 groups 
used for the RSI analysis, which greatly restricts the 
accuracy of the research. Most of the excluded studies were 
omitted due to the lack of maturity reporting. Future 
research on children and adolescents should focus on 
maturity, as it may potentially influence training 
adaptations. Second, we did not quantify training intensity, 
which might introduce bias into our findings. Although 
there are recommendations for PJT intensity in adults, we 
believe these are not suitable for children, as children are 
not merely smaller versions of adults, and adult standards 
are not necessarily applicable to them. Third, we used the 
Tanner scale and maturity offset as criteria for study 
inclusion, but these two methods are not identical. 
Although we applied stricter inclusion criteria to ensure 
that the included studies were conducted on an immature 
population, we must acknowledge that this approach 
introduces some bias. Studies on children should report 
maturity levels, preferably using bone age assessment as 
the gold standard, to draw more scientifically sound 
conclusions. Fourth, many of the studies included in our 
analysis did not provide detailed reports on intervention 
specifics, such as ground contacts, rest intervals during 
non-cyclic actions, and landing strategies, preventing us 
from conducting more. 

Additionally, the use of different measurement 
devices may also contribute to the heterogeneity among 
studies. We recommend using force plates in jump-related 
experiments to obtain more comprehensive kinematic and 
kinetic data. In sprint tests, it is advisable to use high-
reliability equipment, such as photocell timing gates and 
radar guns. 

Only two studies focused on girls, so we cannot be 
certain whether the current conclusions can be applied to 
them. Gender differences are an important factor, even 
though the differences between boys and girls before 
puberty seem minimal. Future research should include 
more studies specifically targeting girls. We also found that 
most of the studies were conducted on child athletes with 
relatively small sample sizes. Athletes and normal children 
are certainly not comparable, which raises doubts about 
whether the findings of this study are applicable to the 
general child population. Future research should more 
carefully  distinguish  between different groups and sports  
disciplines. 

The GRADE level of the study is "very low" to "low, 
" indicating that more research is needed in the future to 
explore this topic further and to enhance the quality of 
evidence, ultimately leading to more conclusive findings. 
 
Conclusion 
 
Plyometric jump training can effectively improve 
children's performance in various types of jumps (CMJ, SJ, 
SLJ) and sprints (≤10m and >10m). Subgroup analyses 
revealed that training experience, gender, and the use of 
taper strategies can influence the effectiveness of the 
training. Meta-regression results indicated a positive 
correlation between the total number of training sessions 
and training outcomes. 
 
Acknowledgements  
The experiments comply with the current laws of the country where they 
were performed. The authors have no conflict of interest to declare. The 
datasets generated during and/or analyzed during the current study are not 
publicly available but are available from the corresponding author who 
organized the study. 
 

References  
 
Asadi, A., Arazi, H., Ramirez-Campillo, R., Moran, J. and Izquierdo, M. 

(2017) Influence of Maturation Stage on Agility Performance 
Gains After Plyometric Training: A Systematic Review and 
Meta-analysis. Journal of Strength Conditioning Research 31, 
2609-2617. https://doi.org/10.1519/JSC.0000000000001994 

Asadi, A., Arazi, H., Young, W.B. and Sáez de Villarreal, E. (2016) The 
Effects of Plyometric Training on Change-of-Direction Ability: 
A Meta-Analysis. International Journal of Sports Physiology 
and Performance 11, 563-573. 
https://doi.org/10.1123/ijspp.2015-0694 

Asadi, A., Ramirez-Campillo, R., Arazi, H. and Sáez de Villarreal, E. 
(2018) The effects of maturation on jumping ability and sprint 
adaptations to plyometric training in youth soccer players. 
Journal of Sports Sciences 36, 2405-2411. 
https://doi.org/10.1080/02640414.2018.1459151 

Aubry, A., Hausswirth, C., Louis, J., Coutts, A.J. and Le Meur, Y. (2014) 
Functional overreaching: the key to peak performance during the 
taper? Medicine and Science in Sports and Exercise 46, 1769-
1777. https://doi.org/10.1249/MSS.0000000000000301 

Aztarain-Cardiel, K., Garatachea, N. and Pareja-Blanco, F. (2024) Effects 
of Plyometric Training Volume on Physical Performance in 
Youth Basketball Players. The Journal of Strength & 
Conditioning Research 38, 1275-1279. 
https://doi.org/10.1519/JSC.0000000000004779 

Belanger, A.Y. and McComas, A.J. (1989) Contractile properties of 
human skeletal muscle in childhood and adolescence. European 
Journal Of Applied Physiology And Occupational Physiology 
58, 563-567. https://doi.org/10.1007/BF00418500 

Bergeron, M.F., Mountjoy, M., Armstrong, N., Chia, M., Côté, J., Emery, 
C.A., Faigenbaum, A., Hall, G., Kriemler, S., Léglise, M., 
Malina, R.M., Pensgaard, A.M., Sanchez, A., Soligard, T., 
Sundgot-Borgen, J., Van Mechelen, W., Weissensteiner, J.R. and 
Engebretsen, L. (2015) International Olympic Committee 
consensus statement on youth athletic development. British 
Journal of Sports Medicine 49, 843-851. 
https://doi.org/10.1136/bjsports-2015-094962 

Bobbert, M.F., Gerritsen, K.G., Litjens, M.C. and Van Soest, A.J. (1996) 
Why is countermovement jump height greater than squat jump 
height? Medicine and Science in Sports and Exercise 28, 1402-
1412. https://doi.org/10.1097/00005768-199611000-00009 

Bogdanis, G.C., Donti, O., Papia, A., Donti, A., Apostolidis, N. and 
Sands, W.A. (2019) Effect of Plyometric Training on Jumping, 
Sprinting and Change of Direction Speed in Child Female 
Athletes. Sports 7, 116. https://doi.org/10.3390/sports7050116 

Borenstein, M.,  Hedges, L.V., Higgins, J.P. and  Rothstein, H.R. (2021)  
Introduction to meta-analysis. John Wiley & Sons. 
https://doi.org/10.1002/9781119558378 



Wu et al. 

 
 

 

63

Bosco, C., Viitasalo, J.T., Komi, P.V. and Luhtanen, P. (1982) Combined 
effect of elastic energy and myoelectrical potentiation during 
stretch-shortening cycle exercise. Acta Physiol Scand 114, 557-
565. https://doi.org/10.1111/j.1748-1716.1982.tb07024.x 

Bosquet, L., Montpetit, J., Arvisais, D. and Mujika, I. (2007) Effects of 
tapering on performance: a meta-analysis. Medicine & Science 
in Sports & Exercise 39, 1358-1365. 
https://doi.org/10.1249/mss.0b013e31806010e0 

Bouguezzi, R., Chaabene, H., Negra, Y., Ramirez-Campillo, R., Jlalia, Z., 
Mkaouer, B. and Hachana, Y. (2020) Effects of Different 
Plyometric Training Frequencies on Measures of Athletic 
Performance in Prepuberal Male Soccer Players. Journal of 
Strength Conditioning Research 34, 1609-1617. 
https://doi.org/10.1519/JSC.0000000000002486 

Brydges, C.R. (2019) Effect Size Guidelines, Sample Size Calculations, 
and Statistical Power in Gerontology. Innovation in Aging 3, 
036. https://doi.org/10.1093/geroni/igz036 

César, M. and Davide, M. (2009) Effects of in-season plyometric training 
within soccer practice on explosive actions of young players. 
Journal of Strength and Conditioning Research 23, 2605-2613. 
https://doi.org/10.1519/JSC.0b013e3181b1f330 

Chaabene, H. and Negra, Y. (2017) The Effect of Plyometric Training 
Volume on Athletic Performance in Prepubertal Male Soccer 
Players. International Journal of Sports Physiology & 
Performance 12, 1205-1211. https://doi.org/10.1123/ijspp.2016-
0372 

Chaouachi, A., Hammami, R., Kaabi, S., Chamari, K., Drinkwater, E.J. 
and Behm, D.G. (2014) Olympic weightlifting and plyometric 
training with children provides similar or greater performance 
improvements than traditional resistance training. Journal of 
Strength & Conditioning Research 28, 1483-1496. 
https://doi.org/10.1519/JSC.0000000000000305 

Chen, L., Huang, Z., Xie, L., He, J., Ji, H., Huang, W., Li, D., Zhou, Y. 
and Sun, J. (2023a) Maximizing plyometric training for 
adolescents: a meta-analysis of ground contact frequency and 
overall intervention time on jumping ability: a systematic review 
and meta-analysis. Scientific Reports 13.  
https://doi.org/10.1038/s41598-023-48274-3 

Chen, L., Zhang, Z., Huang, Z., Yang, Q., Gao, C., Ji, H., Sun, J. and Li, 
D. (2023b) Meta-Analysis of the Effects of Plyometric Training 
on Lower Limb Explosive Strength in Adolescent Athletes. 
International Journal of Environmental Research and Public 
Health 20, 1849. https://doi.org/10.3390/ijerph20031849 

Cohen, J. (1992) A power primer. Psychol Bull 112, 155-159. 
https://doi.org/10.1037/0033-2909.112.1.155 

Cormie, P., McBride, J.M. and McCaulley, G.O. (2009) Power-time, 
force-time, and velocity-time curve analysis of the 
countermovement jump: impact of training. Journal of Strength 
Conditioning Research 23, 177-186.  
https://doi.org/10.1519/JSC.0b013e3181889324 

Dallas, G.C., Pappas, P., Ntallas, C.G., Paradisis, G.P. and Exell, T.A. 
(2020) The effect of four weeks of plyometric training on 
reactive strength index and leg stiffness is sport dependent. The 
Journal of Sports Medicine and Physical Fitness 60. 
https://doi.org/10.23736/S0022-4707.20.10384-0 

Davies, G., Riemann, B.L. and Manske, R. (2015) Current concepts of 
plyometric exercise. International Journal of Sports Physical 
Therapy 10, 760.  

Davies, M.J., Drury, B., Ramirez-Campillo, R., Chaabane, H. and Moran, 
J. (2021) Effect of Plyometric Training and Biological 
Maturation on Jump and Change of Direction Ability in Female 
Youth. Journal of Strength Conditioning Research 35, 2690-
2697. https://doi.org/10.1519/JSC.0000000000003216 

Delecluse, C., Van Coppenolle, H., Willems, E., Van Leemputte, M., 
Diels, R. and Goris, M. (1995) Influence of high-resistance and 
high-velocity training on sprint performance. Medicine and 
Science in Sports and Exercise 27, 1203-1209. 
https://doi.org/10.1249/00005768-199508000-00015 

Drouzas, V., Katsikas, C., Zafeiridis, A., Jamurtas, A.Z. and Bogdanis, 
G.C. (2020) Unilateral Plyometric Training is Superior to 
Volume-Matched Bilateral Training for Improving Strength, 
Speed and Power of Lower Limbs in Preadolescent Soccer 
Athletes. Journal of Human Kinetics 74, 161-176. 
https://doi.org/10.2478/hukin-2020-0022 

Faigenbaum, A.D., Farrell, A.C., Radler, T., Zbojovsky, D., Chu, D.A.,  
Ratamess, N.A., Kang, J. and Hoffman, J.R. (2009) "Plyo Play": 
A Novel Program of Short Bouts of Moderate and High Intensity 

Exercise Improves Physical Fitness in Elementary School 
Children. Physical Educator 66, 37-44.  

Faigenbaum, A.D. and Myer, G.D. (2010) Resistance training among 
young athletes: safety, efficacy and injury prevention effects. 
British Journal of Sports Medicine 44, 56-63. 
https://doi.org/10.1136/bjsm.2009.068098 

Flanagan, E.P. and Comyns, T.M. (2008) The use of contact time and the 
reactive strength index to optimize fast stretch-shortening cycle 
training. Strength & Conditioning Journal 30, 32-38. 
https://doi.org/10.1519/SSC.0b013e318187e25b 

Frost, G., Dowling, J., Dyson, K. and Bar-Or, O. (1997) Cocontraction in 
three age groups of children during treadmill locomotion. 
Journal of Electromyography Kinesiology 7, 179-186. 
https://doi.org/10.1016/S1050-6411(97)84626-3 

Gonzalo-Skok, O., Sánchez-Sabaté, J., Izquierdo-Lupón, L. and Sáez de 
Villarreal, E. (2019) Influence of force-vector and force 
application plyometric training in young elite basketball players. 
European journal of sport science 19, 305-314. 
https://doi.org/10.1080/17461391.2018.1502357 

Grosset, J.F., Mora, I., Lambertz, D. and Pérot, C. (2008) Voluntary 
activation of the triceps surae in prepubertal children. Journal of 
Electromyogrphy Kinesiology 18, 455-465. 
https://doi.org/10.1016/j.jelekin.2006.11.002 

Guthold, R., Stevens, G.A., Riley, L.M. and Bull, F.C. (2020) Global 
trends in insufficient physical activity among adolescents: a 
pooled analysis of 298 population-based surveys with 1ꞏ6 
million participants. Lancet Child Adolesc Health 4, 23-35. 
https://doi.org/10.1016/S2352-4642(19)30323-2 

Guyatt, G., Oxman, A.D., Akl, E.A., Kunz, R., Vist, G., Brozek, J., Norris, 
S., Falck-Ytter, Y., Glasziou, P. and DeBeer, H. (2011) GRADE 
guidelines: 1. Introduction -GRADE evidence profiles and 
summary of findings tables. Journal of Clinical Epidemiology 
64, 383-394. https://doi.org/10.1016/j.jclinepi.2010.04.026 

Higgins, J.P., Thompson, S.G., Deeks, J.J. and Altman, D.G. (2003) 
Measuring inconsistency in meta-analyses. BMJ 327, 557-560. 
https://doi.org/10.1136/bmj.327.7414.557 

Jiménez-Reyes, P., Samozino, P., García-Ramos, A., Cuadrado-Peñafiel, 
V., Brughelli, M. and Morin, J.-B. (2018) Relationship between 
vertical and horizontal force-velocity-power profiles in various 
sports and levels of practice. PeerJ (The Journal of Life and 
Environmental Sciences) 6, e5937. 
https://doi.org/10.7717/peerj.5937 

Karagianni, K., Donti, O., Katsikas, C. and Bogdanis, G.C. (2020) Effects 
of Supplementary Strength - Power Training on Neuromuscular 
Performance in Young Female Athletes. Sports 8, 104. 
https://doi.org/10.3390/sports8080104 

Katsikari, K., Bassa, E., Skoufas, D., Lazaridis, S., Kotzamanidis, C. and 
Patikas, D.A. (2020) Kinetic and Kinematic Changes in Vertical 
Jump in Prepubescent Girls After 10 Weeks of Plyometric 
Training. Pediatric Exercise Science 32, 81-88. 
https://doi.org/10.1123/pes.2019-0188 

Koh, T.H. and Eyre, J.A. (1988) Maturation of corticospinal tracts 
assessed by electromagnetic stimulation of the motor cortex. 
Archives of disease in childhood 63, 1347-1352. 
https://doi.org/10.1136/adc.63.11.1347 

Komi, P.V. and Gollhofer, A. (1997) Stretch reflexes can have an 
important role in force enhancement during SSC exercise. 
Journal of Applied Biomechanics 13. 
https://doi.org/10.1123/jab.13.4.451 

Kons, R.L., Orssatto, L.B.R., Ache-Dias, J., De Pauw, K., Meeusen, R., 
Trajano, G.S., Dal Pupo, J. and Detanico, D. (2023) Effects of 
Plyometric Training on Physical Performance: An Umbrella 
Review. Sports Medicine - Open 9. 
https://doi.org/10.1186/s40798-022-00550-8 

Kotzamanidis, C. (2006) Effect of plyometric training on running 
performance and vertical jumping in prepubertal boys. Journal 
of Strength Conditioning Research 20, 441-445. 
https://doi.org/10.1519/R-16194.1 

Kubo, K., Kanehisa, H., Kawakami, Y. and Fukanaga, T. (2001) Growth 
changes in the elastic properties of human tendon structures. 
International Journal of Sports Medicine 22, 138-143. 
https://doi.org/10.1055/s-2001-11337 

Kubo, K., Teshima, T., Hirose, N. and Tsunoda, N. (2014) Growth 
changes in morphological and mechanical properties of human 
patellar  tendon  in  vivo.  Journa l Of Applied Biomechanics 30,  
415-422. https://doi.org/10.1123/jab.2013-0220 



Plyometric training systematic review 
 

 

 

64 

Laffaye, G., Choukou, M.A., Benguigui, N. and Padulo, J. (2016) Age- 
and gender-related development of stretch shortening cycle 
during a sub-maximal hopping task. Biology of Sport  33, 29-35.  

Landry, B.W. and Driscoll, S.W. (2012) Physical activity in children and 
adolescents. PM&R (Physical Medicine and Rehabilitation) 4, 
826-832. https://doi.org/10.1016/j.pmrj.2012.09.585 

Laurent, C., Baudry, S. and Duchateau, J. (2020) Comparison of 
Plyometric Training With Two Different Jumping Techniques 
on Achilles Tendon Properties and Jump Performances. Journal 
of Strength Conditioning Research 34, 1503-1510. 
https://doi.org/10.1519/JSC.0000000000003604 

Lazaridis, S., Bassa, E., Patikas, D., Giakas, G., Gollhofer, A. and 
Kotzamanidis, C. (2010) Neuromuscular differences between 
prepubescents boys and adult men during drop jump. European 
Journal Of Applied Physiology 110, 67-74. 
https://doi.org/10.1007/s00421-010-1452-4 

Lehnert, M., Lamrová, I. and Elfmark, M. (2009) Changes in speed and 
strength in female volleyball players during and after a 
plyometric training program. Acta Universitatis Palackianae 
Olomucensis. Gymnica 39, 59-66.  

Lesinski, M., Prieske, O. and Granacher, U. (2016) Effects and dose–
response relationships of resistance training on physical 
performance in youth athletes: a systematic review and meta-
analysis. British Journal of Sports Medicine 50, 781-795. 
https://doi.org/10.1136/bjsports-2015-095497 

Liu, G., Wang, X. and Xu, Q. (2024) Microdosing Plyometric Training 
Enhances Jumping Performance, Reactive Strength Index, and 
Acceleration among Youth Soccer Players: A Randomized 
Controlled Study Design. Journal of Sports Science and 
Medicine  23,  342-350. https://doi.org/10.52082/jssm.2024.342 

Lloyd, R.S., Cronin, J.B., Faigenbaum, A.D., Haff, G.G., Howard, R., 
Kraemer, W.J., Micheli, L.J., Myer, G.D. and Oliver, J.L. 
(2016a) National Strength and Conditioning Association 
Position Statement on Long-Term Athletic Development. 
Journal of Strength Conditioning Research 30, 1491-509. 
https://doi.org/10.1519/JSC.0000000000001387 

Lloyd, R.S., Meyers, R.W. and Oliver, J.L. (2011) The natural 
development and trainability of plyometric ability during 
childhood. Strength & Conditioning Journal 33, 23-32. 
https://doi.org/10.1519/SSC.0b013e3182093a27 

Lloyd, R.S., Oliver, J.L., Hughes, M.G. and Williams, C.A. (2012) The 
effects of 4-weeks of plyometric training on reactive strength 
index and leg stiffness in male youths. Journal of Strength & 
Conditioning Research 26, 2812-2819. 
https://doi.org/10.1519/JSC.0b013e318242d2ec 

Lloyd, R.S., Radnor, J.M., De Ste Croix, M.B., Cronin, J.B. and Oliver, 
J.L. (2016b) Changes in Sprint and Jump Performances After 
Traditional, Plyometric, and Combined Resistance Training in 
Male Youth Pre- and Post-Peak Height Velocity. Journal of 
Strength Conditioning Research 30, 1239-1247. 
https://doi.org/10.1519/JSC.0000000000001216 

Malisoux, L., Francaux, M., Nielens, H., Renard, P., Lebacq, J. and 
Theisen, D. (2006) Calcium sensitivity of human single muscle 
fibers following plyometric training. Medicine and Science in 
Sports and Exercise 38, 1901.  
https://doi.org/10.1249/01.mss.0000232022.21361.47 

Markovic, G. (2007) Does plyometric training improve vertical jump 
height? A meta-analytical review. British Journal of Sports 
Medicine 41, 349-355.  
https://doi.org/10.1136/bjsm.2007.035113 

Markovic, G. and Mikulic, P. (2010) Neuro-musculoskeletal and 
performance adaptations to lower-extremity plyometric training. 
Sports Medicine 40, 859-895. https://doi.org/10.2165/11318370-
000000000-00000 

Marshall, B.M. and Moran, K.A. (2013) Which drop jump technique is 
most effective at enhancing countermovement jump ability, 
"countermovement" drop jump or "bounce" drop jump? Journal 
of Sports Sciences 31, 1368-1374.  
https://doi.org/10.1080/02640414.2013.789921 

Marta, C., Alves, A.R., Casanova, N., Neiva, H.P., Marinho, D.A., 
Izquierdo, M., Nunes, C. and Marques, M.C. (2022) Suspension 
vs. Plyometric Training in Children's Explosive Strength. 
Journal of Strength and Conditioning Research 36, 433-440. 
https://doi.org/10.1519/JSC.0000000000004009 

Meyers, R.W., Oliver, J.L., Hughes, M.G., Cronin, J.B. and Lloyd, R.S. 
(2015) Maximal Sprint Speed in Boys of Increasing Maturity.  
Pediatric Exercise Science 27, 85-94.  

https://doi.org/10.1123/pes.2013-0096 
Michailidis, Y. (2015) Effect of plyometric training on athletic 

performance in preadolescent soccer players. Journal of Human 
Sport & Exercise 10, 15-23.  
https://doi.org/10.14198/jhse.2015.101.02 

Michailidis, Y., Fatouros, I.G., Primpa, E., Michailidis, C., Avloniti, A., 
Chatzinikolaou, A., Barbero-Álvarez, J.C., Tsoukas, D., 
Douroudos, II, Draganidis, D., Leontsini, D., Margonis, K., 
Berberidou, F. and Kambas, A. (2013) Plyometrics' trainability 
in preadolescent soccer athletes. Journal of Strength 
Conditioning Research 27, 38-49.  
https://doi.org/10.1519/JSC.0b013e3182541ec6 

Michailidis, Y., Tabouris, A. and Metaxas, T. (2019) Effects of 
Plyometric and Directional Training on Physical Fitness 
Parameters in Youth Soccer Players. International Journal of 
Sports Physiology and Performance 14, 392-398. 
https://doi.org/10.1123/ijspp.2018-0545 

Miller, M.G., Herniman, J.J., Ricard, M.D., Cheatham, C.C. and Michael, 
T.J. (2006) The effects of a 6-week plyometric training program 
on agility. Journal of Sports Science Medicine 5, 459-465. 
https://pubmed.ncbi.nlm.nih.gov/24353464/ 

Moran, J., Sandercock, G.R.H., Ramírez-Campillo, R., Todd, O., 
Collison, J. and Parry, D.A. (2017) Maturation-Related Effect of 
Low-Dose Plyometric Training on Performance in Youth 
Hockey Players. Pediatric Exercise Science 29, 194-202. 
https://doi.org/10.1123/pes.2016-0151 

Morin, J.-B., Bourdin, M., Edouard, P., Peyrot, N., Samozino, P. and 
Lacour, J.-R. (2012) Mechanical determinants of 100-m sprint 
running performance. European Journal of Applied Physiology 
112, 3921-3930. https://doi.org/10.1007/s00421-012-2379-8 

Morin, J. (2013) Sprint running mechanics. New technology, new 
concepts, new perspectives. Aspetar Sports Medicine Journal 2, 
326-332.  

Mroczek, D., Maćkała, K., Chmura, P., Superlak, E., Konefał, M., 
Seweryniak, T., Borzucka, D., Rektor, Z. and Chmura, J. (2019) 
Effects of Plyometrics Training on Muscle Stiffness Changes in 
Male Volleyball Players. Journal of Strength Conditioning 
Research 33, 910-921.  
https://doi.org/10.1519/JSC.0000000000003074 

Negra, Y., Chaabene, H., Fernandez-Fernandez, J., Sammoud, S., 
Bouguezzi, R., Prieske, O. and Granacher, U. (2020a) Short-
Term Plyometric Jump Training Improves Repeated-Sprint 
Ability in Prepuberal Male Soccer Players. Journal of Strength 
and Conditioning Research 34, 3241-3249. 
https://doi.org/10.1519/JSC.0000000000002703 

Negra, Y., Chaabene, H., Stöggl, T., Hammami, M., Chelly, M.S. and 
Hachana, Y. (2020b) Effectiveness and time-course adaptation 
of resistance training vs. plyometric training in prepubertal 
soccer players. Journal of Sport and Health Science 9, 620-627. 
https://doi.org/10.1016/j.jshs.2016.07.008 

O’Brien, T.D., Reeves, N.D., Baltzopoulos, V., Jones, D.A. and 
Maganaris, C.N. (2010) In vivo measurements of muscle specific 
tension in adults and children. Experimental Physiology 95, 202-
210. https://doi.org/10.1113/expphysiol.2009.048967 

Ovalle, W.K. (1987) The human muscle-tendon junction. A 
morphological study during normal growth and at maturity. 
Anatomy and Embryology 176, 281-294. 
https://doi.org/10.1007/BF00310184 

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., 
Mulrow, C.D., Shamseer, L., Tetzlaff, J.M., Akl, E.A. and 
Brennan, S.E. (2021) The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. Bmj (British Medical 
Journal.) 372. https://doi.org/10.1136/bmj.n71 

Pedley, J.S., Lloyd, R.S., Read, P.J., Moore, I.S., Myer, G.D. and Oliver, 
J.L. (2022) A Novel Method to Categorize Stretch-Shortening 
Cycle Performance Across Maturity in Youth Soccer Players. 
Journal of Strength Conditioning Research 36, 2573-2580. 
https://doi.org/10.1519/JSC.0000000000003900 

Pérez-Castilla, A., Rojas, F.J., Gómez-Martínez, F. and García-Ramos, A. 
(2021) Vertical jump performance is affected by the velocity and 
depth of the countermovement. Sports Biomech 20, 1015-1030. 
https://doi.org/10.1080/14763141.2019.1641545 

Radnor, J.M., Oliver, J.L., Waugh, C.M., Myer, G.D., Moore, I.S. and 
Lloyd, R.S. (2018) The Influence of Growth and Maturation on 
Stretch-Shortening Cycle Function in Youth. Sports Medicine 
48, 57-71. https://doi.org/10.1007/s40279-017-0785-0 



Wu et al. 

 
 

 

65

Ramírez-Campillo, R., Gallardo, F., Henriquez-Olguín, C., Meylan, 
C.M., Martínez, C., Álvarez, C., Caniuqueo, A., Cadore, E.L. 
and Izquierdo, M. (2015a) Effect of Vertical, Horizontal, and 
Combined Plyometric Training on Explosive, Balance, and 
Endurance Performance of Young Soccer Players. Journal of 
Strength Conditioning Research 29, 1784-1795. 
https://doi.org/10.1519/JSC.0000000000000827 

Ramírez-Campillo, R., Henríquez-Olguín, C., Burgos, C., Andrade, D.C., 
Zapata, D., Martínez, C., Álvarez, C., Baez, E.I., Castro-
Sepúlveda, M., Peñailillo, L. and Izquierdo, M. (2015b) Effect 
of Progressive Volume-Based Overload During Plyometric 
Training on Explosive and Endurance Performance in Young 
Soccer Players. Journal of Strength Conditioning Research 29, 
1884-1893. https://doi.org/10.1519/JSC.0000000000000836 

Ramirez-Campillo, R., García-Hermoso, A., Moran, J., Chaabene, H., 
Negra, Y. and Scanlan, A.T. (2022) The effects of plyometric 
jump training on physical fitness attributes in basketball players: 
A meta-analysis. Journal of Strength Conditioning Research 11, 
656-670. https://doi.org/10.1016/j.jshs.2020.12.005 

Ramírez-Campillo, R., Meylan, C., Alvarez, C., Henríquez-Olguín, C., 
Martínez, C., Cañas-Jamett, R., Andrade, D.C. and Izquierdo, M. 
(2014) Effects of in-season low-volume high-intensity 
plyometric training on explosive actions and endurance of young 
soccer players. Journal of Strength Conditioning Research 28, 
1335-1342. https://doi.org/10.1519/JSC.0000000000000284 

Ramirez-Campillo, R., Moran, J., Chaabene, H., Granacher, U., Behm, 
D.G., García-Hermoso, A. and Izquierdo, M. (2020) 
Methodological characteristics and future directions for 
plyometric jump training research: A scoping review update. 
Scandinavian Journal of Medicine & Science in Sports 30, 983-
997. https://doi.org/10.1111/sms.13633 

Ramirez-Campillo, R., Pereira, L.A., Andrade, D.C., Mendez-Rebolledo, 
G., De La Fuente, C.I., Castro-Sepulveda, M., Garcia-Pinillos, 
F., Freitas, T.T. and Loturco, I. (2021) Tapering strategies 
applied to plyometric jump training: a systematic review with 
meta-analysis of randomized-controlled trials. The Journal of 
sports medicine and physical fitness 61, 53-62. 
https://doi.org/10.23736/S0022-4707.20.11128-9 

Ramirez-Campillo, R., Sortwell, A., Moran, J., Afonso, J., Clemente, 
F.M., Lloyd, R.S., Oliver, J.L., Pedley, J. and Granacher, U. 
(2023a) Plyometric-Jump Training Effects on Physical Fitness 
and Sport-Specific Performance According to Maturity: A 
Systematic Review with Meta-analysis. Sports Medicine - Open 
9. https://doi.org/10.1186/s40798-023-00568-6 

Ramirez-Campillo, R., Thapa, R.K., Afonso, J., Perez-Castilla, A., 
Bishop, C., Byrne, P.J. and Granacher, U. (2023b) Effects of 
Plyometric Jump Training on the Reactive Strength Index in 
Healthy Individuals Across the Lifespan: A Systematic Review 
with Meta-analysis. Sports Medicine 53, 1029-1053. 
https://doi.org/10.1007/s40279-023-01825-0 

Ramírez-Campillo, R., Vergara-Pedreros, M., Henríquez-Olguín, C., 
Martínez-Salazar, C., Alvarez, C., Nakamura, F.Y., De La 
Fuente, C.I., Caniuqueo, A., Alonso-Martinez, A.M. and 
Izquierdo, M. (2016) Effects of plyometric training on maximal-
intensity exercise and endurance in male and female soccer 
players. Journal of sports sciences 34, 687-693. 
https://doi.org/10.1080/02640414.2015.1068439 

Ramírez-de la Cruz, Bravo-Sánchez, A., Esteban-García, P., Jiménez, F. 
and Abián-Vicén, J. (2022) Effects of Plyometric Training on 
Lower Body Muscle Architecture, Tendon Structure, Stiffness 
and Physical Performance: A Systematic Review and Meta-
analysis. Sports Med Open 8, 40. 
https://doi.org/10.1186/s40798-022-00431-0 

Rimmer, E. and Sleivert, G. (2000) Effects of a plyometrics intervention 
program on sprint performance. The Journal of Strength & 
Conditioning Research 14, 295-301. 
https://doi.org/10.1519/00124278-200008000-00009 

Romero, C., Ramirez-Campillo, R., Alvarez, C., Moran, J., Slimani, M., 
Gonzalez, J. and Banzer, W.E. (2021) Effects of Maturation on 
Physical Fitness Adaptations to Plyometric Jump Training in 
Youth Females. Journal of Strength Conditioning Research 35, 
2870-2877. https://doi.org/10.1519/JSC.0000000000003247 

Saez de Villarreal, E., Kellis, E., Kraemer, W.J. and Izquierdo, M. (2009) 
Determining variables of plyometric training for improving 
vertical jump height performance: a meta-analysis. Journal of 
Strength Conditioning Research 23, 495-506. 
https://doi.org/10.1519/JSC.0b013e318196b7c6 

Sáez de Villarreal, E., Requena, B. and Cronin, J.B. (2012) The effects of 
plyometric training on sprint performance: a meta-analysis. 
Journal of Strength Conditioning Research 26, 575-584. 
https://doi.org/10.1519/JSC.0b013e318220fd03 

Sáez de Villarreal, E., Requena, B. and Newton, R.U. (2010) Does 
plyometric training improve strength performance? A meta-
analysis. Journal of science and medicine in sport  13, 513-522. 
https://doi.org/10.1016/j.jsams.2009.08.005 

Sammoud, S., Bouguezzi, R., Ramirez-Campillo, R., Negra, Y., Prieske, 
O., Moran, J. and Chaabene, H. (2022) Effects of plyometric 
jump training versus power training using free weights on 
measures of physical fitness in youth male soccer players. 
Journal of Sports Sciences 40, 130-137. 
https://doi.org/10.1080/02640414.2021.1976570 

Sammoud, S., Negra, Y., Bouguezzi, R., Hachana, Y., Granacher, U. and 
Chaabene, H. (2021) The effects of plyometric jump training on 
jump and sport-specific performances in prepubertal female 
swimmers. Journal of Exercise Science & Fitness 19, 25-31. 
https://doi.org/10.1016/j.jesf.2020.07.003 

Sammoud, S., Negra, Y., Bouguezzi, R., Ramirez-Campillo, R., Moran, 
J., Bishop, C. and Chaabene, H. (2024) Effects of plyometric 
jump training on measures of physical fitness and lower-limb 
asymmetries in prepubertal male soccer players: a randomized 
controlled trial. Bmc Sports Science Medicine and Rehabilitation 
16. https://doi.org/10.1186/s13102-024-00821-9 

Sammoud, S., Negra, Y., Chaabene, H., Bouguezzi, R., Moran, J. and 
Granacher, U. (2019) The Effects of Plyometric Jump Training 
on Jumping and Swimming Performances in Prepubertal Male 
Swimmers. Journal of Sports Science and Medicine 18, 805-811. 
https://pubmed.ncbi.nlm.nih.gov/31827366/ 

Skurvydas, A. and Brazaitis, M. (2010) Plyometric training does not 
affect central and peripheral muscle fatigue differently in 
prepubertal girls and boys. Pediatric Exercise Science 22, 547-
556. https://doi.org/10.1123/pes.22.4.547 

Söhnlein, Q., Müller, E. and Stöggl, T.L. (2014) The effect of 16-week 
plyometric training on explosive actions in early to mid-puberty 
elite soccer players. The Journal of Strength & Conditioning 
Research 28, 2105-2114. 
https://doi.org/10.1519/JSC.0000000000000387 

Sterne, J.A., Savović, J., Page, M.J., Elbers, R.G., Blencowe, N.S., 
Boutron, I., Cates, C.J., Cheng, H.-Y., Corbett, M.S. and 
Eldridge, S.M. (2019) RoB 2: a revised tool for assessing risk of 
bias in randomised trials. BMJ 366. 
https://doi.org/10.1136/bmj.l4898 

Stojanović, E., Ristić, V., McMaster, D.T. and Milanović, Z. (2017) 
Effect of Plyometric Training on Vertical Jump Performance in 
Female Athletes: A Systematic Review and Meta-Analysis. 
Sports Medicine 47, 975-986. https://doi.org/10.1007/s40279-
016-0634-6 

Stricker, P.R., Faigenbaum, A.D., McCambridge, T.M., Labella, C.R., 
Brooks, M.A., Canty, G., Diamond, A.B., Hennrikus, W., Logan, 
K., Moffatt, K., Nemeth, B.A., Pengel, K.B. and Peterson, A.R. 
(2020) Resistance Training for Children and Adolescents. 
Pediatrics 145, e20201011. https://doi.org/10.1542/peds.2020-
1011 

Thomas, K., French, D. and Hayes, P.R. (2009) The effect of two 
plyometric training techniques on muscular power and agility in 
youth soccer players. Journal of Strength & Conditioning 
Research 23, 332-335. 
https://doi.org/10.1519/JSC.0b013e318183a01a 

Tottori, N. and Fujita, S. (2019) Effects of Plyometric Training on Sprint 
Running Performance in Boys Aged 9 - 12 Years. Sports 7, 219-
219. https://doi.org/10.3390/sports7100219 

Travis, S.K., Mujika, I., Gentles, J.A., Stone, M.H. and Bazyler, C.D. 
(2020) Tapering and Peaking Maximal Strength for Powerlifting 
Performance: A Review. Sports 8, 125. 
https://doi.org/10.3390/sports8090125 

Tumkur Anil Kumar, N., Oliver, J.L., Lloyd, R.S., Pedley, J.S. and 
Radnor, J.M. (2021) The Influence of Growth, Maturation and 
Resistance Training on Muscle-Tendon and Neuromuscular 
Adaptations: A Narrative Review. Sports (Basel) 9. 
https://doi.org/10.3390/sports9050059 

Turner, A.N. and Jeffreys, I. (2010) The stretch-shortening cycle: 
Proposed mechanisms and methods for enhancement. Strength 
& Conditioning Journal 32, 87-99. 
https://doi.org/10.1519/SSC.0b013e3181e928f9 



Plyometric training systematic review 
 

 

 

66 

Van Hooren, B. and Zolotarjova, J. (2017) The Difference Between 
Countermovement and Squat Jump Performances: A Review of 
Underlying Mechanisms With Practical Applications. Journal of 
Strength and Conditioning Research 31, 2011-2020. 
https://doi.org/10.1519/JSC.0000000000001913 

Walsh, M., Arampatzis, A., Schade, F., & Brüggemann, G. P. (2004). The 
effect of drop jump starting height and contact time on power, 
work performed, and moment of force. The Journal of Strength 
& Conditioning Research 18(3), 561-566.  
https://doi.org/10.1519/00124278-200408000-00030 

Wathen, D. (1993) Explosive/plyometric exercises. Training 25, 122. 
Zatsiorsky, V.M., Kraemer, W.J. and Fry, A.C. (2020) Science and 

practice of strength training. Human Kinetics. 
 

 
Key points 
 
 Plyometric training can improve children's jumping ability 

and sprinting ability. 
 The number of training sessions has a certain correlation 

with the effectiveness of enhanced training in improving 
standing long jump performance. 

 We recommend that coaches select appropriate intensities 
based on the actual conditions of the children, carefully con-
sider high-intensity exercises, and adopt a gradual approach, 
implementing suitable methods at the appropriate times. 
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Supplementary Materials 
 

SPORTDisscus: S1 TI (“plyometric" or "plyometrics" or "plyometric training" or "plyometric exercise" or "jump training" or 
"countermovement jump" or "cmj" or "jump squat" or "drop jump" or "depth jump”) OR AB (“plyometric" or "plyometrics" or 
"plyometric training" or "plyometric exercise" or "jump training" or "countermovement jump" or "cmj" or "jump squat" or "drop 
jump" or "depth jump”)  
               S2 TI (“child" or "children" or "youth" or "youths" or "kid" or "kids" or "preadolescence" or "preadolescent" or "prepu-
berty" or "prepubertal”) OR AB (“child" or "children" or "youth" or "youths" or "kid" or "kids" or "preadolescence" or "preado-
lescent" or "prepuberty" or "prepubertal”)  
               S1 AND S2 
Web of Science: (TS= ("child" or "children" or "youth" or "youths" or "kid" or "kids" or "preadolescence" or "preadolescent" or 
"prepuberty" or "prepubertal")) AND TS= (“plyometric" or "plyometrics" or "plyometric training" or "plyometric exercise" or 
"jump training" or "countermovement jump" or "cmj" or "jump squat" or "drop jump" or "depth jump") 
PubMed:      #1"plyometric"[Title/Abstract] OR "plyometrics"[Title/Abstract] OR "plyometric training"[Title/Abstract] OR 
"plyometric exercise"[Title/Abstract] OR "jump training"[Title/Abstract] OR "countermovement jump"[Title/Abstract] OR 
"cmj"[Title/Abstract] OR "jump squat"[Title/Abstract] OR "drop jump"[Title/Abstract] OR "depth jump"[Title/Abstract] 
             #2"child"[Title/Abstract] OR "children"[Title/Abstract] OR "youth"[Title/Abstract] OR "youths"[Title/Abstract] OR 
"kid"[Title/Abstract] OR "kids"[Title/Abstract] OR "preadolescence"[Title/Abstract] OR "preadolescent"[Title/Abstract] OR "pre-
puberty"[Title/Abstract] OR "prepubertal"[Title/Abstract] 
             #1AND#2 

Appendix A. The detailed search process. 
 

 

 

 
 

Supplementary Figure 1. Forest plot of vertical jump. 
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Supplementary Figure 2. Subgroup analysis of vertical jump (CMJ vs SJ), CMJ have higher ES. 
 

 

 

 
 

Supplementary Figure 3. Subgroup analysis of vertical jump Taper vs no Taper. This suggests that not using a taper can 
achieve better results. 
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Supplementary Figure 4. Sensitivity analysis of vertical jump. 
 

 

 
 

Supplementary Figure 5. Funnel plot of vertical jump. 
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Supplementary Figure 6. Plot of trim and fill method in vertical jump. Adding virtual data points to make the funnel plot 
more symmetrical, the effect size (ES) decreased to 0.44 after using the Trim and Fill method. 
 
 

 

 

 
 

Supplementary Figure 7. Forest plot of sprint. 
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             Supplementary Figure 8. Subgroup analysis of Sprint (10m≤ vs 10m<), 10m ≤ have higher ES. 
 

 

 

 
 

     Supplementary Figure 9. Funnel plot of sprint. 
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                      Supplementary Figure 10. Sensitivity analysis of sprint. 
 

 

 
 

  Supplementary Figure 11. Forest plot of RSI. 
 

 

 

 
 

 Supplementary Figure 12. Forest plot of SLJ. 
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       Supplementary Figure 13. Funnel plot of SLJ. 
 

 

 
 

 
 

Supplementary Figure 14. Plot of trim and fill method in SLJ. Adding virtual data points to make the funnel 
plot more symmetrical, the effect size (ES) decreased to 0.31 after using the Trim and Fill method. 
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     Supplementary Figure 15. Sensitivity analysis of SLJ. 
 
 
 

 

 

 
 

    Supplementary Figure 16. Sensitivity analysis of RSI. 
 
 
 
 
 
 
 


