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Abstract 

Background Plyometric training can be performed through many types of exercises involving the stretch‑shortening 
cycle in lower limbs. In the last decades, a high number of studies have investigated the effects of plyometric training 
on several outcomes in different populations.

Objectives To systematically review, summarize the findings, and access the quality of published meta‑analyses 
investigating the effects of plyometric training on physical performance.

Design Systematic umbrella review of meta‑analyses.

Data Sources Meta‑analyses were identified using a systematic literature search in the databases PubMed/MEDLINE, 
Scopus, SPORTDiscus, Web of Science, Cochrane Library and Scielo.

Eligibility Criteria for Selecting Meta‑analyses Meta‑analyses that examined the effects of plyometric training on 
physical fitness in different populations, age groups, and sex.

Results Twenty‑nine meta‑analyses with moderate‑to‑high methodological quality were included in this umbrella 
review. We identified a relevant weakness in the current literature, in which five meta‑analyses included control group 
comparisons, while 24 included pre‑to‑post‑effect sizes. Trivial‑to‑large effects were found considering the effects 
of plyometric training on physical performance for healthy individuals, medium‑trivial effects for the sports athletes’ 
groups and medium effects for different sports athletes’ groups, age groups, and physical performance.

Conclusion The available evidence indicates that plyometric training improves most related physical fitness param‑
eters and sports performance. However, it is important to outline that most meta‑analyses included papers lacking a 
control condition. As such, the results should be interpreted with caution.
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Key Points

1. The available meta-analyses suggest that plyometric 
training induces trivial-to-large effects on physical 
performance for healthy people, and enhanced per-
formance for athletes from different sports (e.g., ver-
tical jump height, sprint time and muscle strength).

2. This umbrella review reveals that most meta-analyses 
include within-subject designs without control group 
comparisons.
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3. Future original studies should include control groups 
in their experimental design to support the effects of 
plyometric training on physical and sports perfor-
mance.

Introduction
Plyometric training is broadly used to improve physical 
performance in many sports activities involving sprint-
ing, jumping and change of direction ability [1–6]. It 
usually involves exercises that use the stretch-shortening 
cycle (SSC), in which a lengthening movement (eccen-
tric) is quickly followed by a shortening movement (con-
centric) [7, 8]. The effective use of the SSC is related to 
the contributions of different mechanisms, such as the 
accumulation of elastic energy [7], pre-load [9], increase 
of the time to muscle activation [10], muscle history 
dependence (force enhancement) [11], stretch-reflexes 
[12] and muscle–tendon interactions [13] that facilitate 
greater mechanical work production in subsequent con-
centric muscle actions [14, 15].

The term “plyometric” first appeared in the work of 
the Russian researcher Zaciorski in 1966 [16]. Zaciorski 
proposed the term plyometric, considering that in these 
types of exercises involving SSC, the tension expressed 
by a group of muscle measured externally (“metron”) is 
higher (“plio”) than the muscle tension expressed when 
using other procedures, e.g., isometric exercise [16]. Dif-
ferent types of classifications for plyometric exercises 
have been used in the last seven decades. The first form 
of classification was proposed by Verkhoshanski [17], in 
which plyometric exercises were classified as impact (with 
some additional external load) and non-impact (without 
additional external load). More recently, plyometric train-
ing has been classified as traditional (e.g., jumps in place, 
standing jumps, multiple hops and jumps, bounds and 
drop jumps), assisted (when the exercise is assisted by an 
elastic band, for example) and resisted (when the exercises 
are performed under varied external conditions like water, 
sand and additional external loads) [18].

Over the last decades, numerous experimental stud-
ies have been suggesting positive effects of plyometric 
training on physical capacities such as muscle strength, 
muscle power, explosive strength and even endurance 
performance [19, 20]) and on performance of sport tasks 
such as sprint time, change of direction ability and jump 
performance [19, 21–23]. Changes in the neural and 
muscle mechanical properties (e.g., musculotendinous 
stiffness and architecture) [19, 20, 24] are also reported 
with plyometric training and may explain the improve-
ments in the aforementioned physical capacities. The sig-
nificant number of publications investigating the effects 
of plyometric training on physical capacities has grown 

widely, as have systematic reviews with meta-analysis 
studies. Especially in the last 14 years, papers included a 
wide range of sports activities, ages, and physical perfor-
mance outcomes. To summarize the current knowledge 
on the topic and to identify possible methodological limi-
tations in published meta-analyses, an umbrella review 
might be conducted [25], as this kind of review is con-
sidered on the highest level of the evidence pyramid [26]. 
Umbrella reviews highlight findings from already pub-
lished meta-analyses, providing the state of the art about 
a given overarching topic with a high number of publica-
tions. Thus, they can help the reader to understand the 
current strengths and limitations of the entire body of 
literature on a specific topic from different perspectives 
and applications.

This study aimed: (i) to systematically review the avail-
able meta-analytical evidence that has examined the 
effects of plyometric training on physical fitness perfor-
mance (e.g., sprint time, change of direction, maximal 
strength, muscle power and explosive strength, vertical 
or horizontal jump and specifying additional outcomes, 
such as endurance, high intermittent running perfor-
mance, kicking performance, balance, and Yo-Yo inter-
mittent recovery test) in different populations; (ii) to 
address the quality, strengths and limitations of the meta-
analytical evidence considering plyometric training; and 
(iii) to identify current limitations in the literature and 
provide suggestions for future research. Our findings 
may be useful for coaches, scientists, athletes and physi-
cal training practitioners in understanding the meaning-
ful and clinical effects of plyometric training for different 
populations (athletes and non-athletes, male and female) 
and different age ranges (young and older adults).

Methods
Our umbrella review was conducted in accordance 
with recommendations of Aromataris and colleagues 
[25] and addressed all items recommended in the 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) statement [26]. It was reg-
istered in the PROSPERO database with the number: 
CRD42020217918.

Literature Search
We conducted a systematic literature search in the data-
bases PubMed/MEDLINE, Scopus, SPORTDiscus, Web 
of Science, Cochrane Library and Scielo during Febru-
ary and May 2022. A Boolean search syntax was used 
(Additional file 1: Appendix 1). The reference list of each 
included meta-analysis was screened for titles to identify 
additional meta-analyses to be included in the umbrella 
review.
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Selection Criteria
The studies were selected based on a priori defined inclu-
sion/exclusion criteria (PICOS = population, interven-
tion, comparison, outcome, study design), as shown in 
Table  1. Four independent reviewers (RLK, LBRO, JDP 
and DD) screened potentially relevant articles by analyz-
ing titles, abstracts and full texts of the respective articles 
to elucidate their eligibility. When the four reviewers did 
not reach an agreement concerning inclusion of an arti-
cle, JAD adjudicated.

Data Extraction
The following data were extracted from the included 
meta-analyses: (1) first author and year of publication; (2) 
the number and type of primary studies included in the 
meta-analysis; (3) the study characteristics and the num-
ber of included participants; (4) the respective physical 
fitness outcome; (5) effect sizes and the equations used 
to compute effect sizes with their respective confidence 
intervals (CI). Data were extracted and cross-checked for 
accuracy by RLK, LBRO, JAD, JDP and DD.

Evaluation of the Methodological Quality
Meta-analyses of randomized controlled trials and con-
trolled studies are subject to different sources of bias. 
Therefore, it is important that readers have the option 
to distinguish between low- and high-quality meta-anal-
yses. The methodological quality of the included meta-
analyses was independently assessed by three reviewers 
(RLK, LBRO and JAD) using the validated AMSTAR 2 (A 
Measurement Tool to Assess Systematic Reviews) check-
list [27]. This checklist contains 16 items that include 
the literature search procedure, data extraction, quality 
assessment and statistical analyses of the meta-analyses 

(for more details, see Shea et al. [27]). Each item on this 
checklist was answered with a ‘yes’ (1 point), ‘partial yes’ 
(0.5 points) or ‘no’ (0 points). Based on the summary 
point scores (i.e., maximum 16 points), the meta-analyses 
were categorized as high quality if ≥ 80% of the possible 
score was achieved, moderate quality if 40–79% of the 
possible score was reached, or low quality if < 40% of the 
possible score was achieved [28].

Data Interpretation
The use of one effect size measure makes this com-
parison straightforward. However, it is important to 
acknowledge that even if most of the included meta-
analyses used the standardized mean difference (SMD) 
as an effect size measure, differences were found in the 
respective equations that were used to compute SMDs. 
For instance, some meta-analyses weighted single studies 
and/or conducted sample size adjustment (e.g., Hedges’ 
g). Therefore, we extracted the effect sizes for each 
included meta-analysis (Table  2). According to Cohen 
[29], the SMD values were classified as: < 0.20 as trivial, 
0.20 ≤ SMD < 0.50 as small, 0.50 ≤ SMD < 0.80 as moder-
ate, and SMD ≥ 0.80 as large effects.

Results
Search Results
The systematic search identified a total of 416 potentially 
relevant studies in the searched electronic databases after 
removing duplicates. Full text of 76 articles were read 
and 47 were excluded based on a priori defined selection 
criteria. Finally, 29 systematic reviews with meta-analy-
ses were eligible for inclusion in this umbrella review. 

Table 1 Selection criteria used in this umbrella review

Category Inclusion criteria Exclusion criteria

Population Healthy people, with no restrictions on sex, age or sports modali‑
ties. It includes youth, adults and elderly (over 50 years) who are 
physically healthy and athletes from different sports modalities, 
such as teams, individual and combat sports

People with health problems (e.g., injuries and recent surgery)

Intervention Programs based on the plyometric training approach considering 
the use of lower and upper body, unilateral or bilateral bounds, 
jumps, throws, and hops that commonly utilize a pre‑stretch or 
countermovement potentiating of the stretch‑shortening cycle

Exercise interventions not involving plyometric jump training or 
exercise interventions involving plyometric jump delivered in con‑
junction with other training interventions (e.g., resistance training)

Comparator Control group or control situation No active control group or control situation (e.g., stretching group 
or strength)

Outcome Direct measure of physical fitness e.g., performance parameters 
based on sprint time, change of direction, maximal strength, 
muscle power, explosive strength, vertical or horizontal jump and 
additional outcomes such as endurance, high intermittent running 
performance, kicking performance, balance, and Yo‑Yo intermittent 
recovery test before and after the training intervention

Lack of baseline or follow‑up data

Study design A Systematic Reviews and meta‑analysis or only meta‑analysis No meta‑analysis
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Figure 1 presents the PRISMA flow diagram for the sys-
tematic search. The publication dates of the meta-analy-
ses included in this umbrella review ranged from 2009 to 
2021.

Characteristics of the Meta‑analyses
The 29 included meta-analyses were published from 
2007 to 2022 (Table 2). Five meta-analyses compared the 
effects of intervention to control group [30–34], while 
the other 24 compared within-intervention-group effects 
(i.e., pre- vs post-effect sizes). The number of included 
original studies ranged from 6 to 107 with an average 
of 22 original studies. Sample sizes included 24 to 2471 
athletes of specific sports (e.g., volleyball, soccer, hand-
ball and basketball), groups of sports (e.g., team sports 
and individual sports), healthy people, and individuals 
from different age groups (i.e., young, young adults and 

older adults) (on average 459 participants). The chrono-
logical age of the included participants ranged from 15 to 
71  years. Five meta-analyses included adolescents [35–
39], ten meta-analyses involved healthy people [18, 30, 
31, 40–45], three meta-analyses focused on athletes par-
ticipating in general sports [39, 46, 47], one meta-analysis 
involved older adults (> 50 years) [31], one meta-analysis 
included female athletes participating in general sports 
[39] and one meta-analysis focused on individual sports 
athletes (e.g., runners, gymnasts, golfers, swimmers, 
tennis players, javelin, fencers and cyclists) [48]. When 
considering the sports modality, two meta-analyses 
included general team sports [38, 49] and one meta-anal-
ysis individual sports [48]. Within the team sports, two 
meta-analyses analyzed female soccer players [33, 50], 
two meta-analyses volleyball players [51, 52], two meta-
analyses male soccer players, [33, 34] one meta-analysis 

Records identified from*: 
Databases (n = 612) 

Registers (n = 4) 

Records removed before 
screening: 

Duplicate records removed (n 
= 190)
Records marked as ineligible 
by automation tools (n = 0) 
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Records excluded
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Reports sought for retrieval
(n = 0) 

Reports not retrieved
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Reports assessed for eligibility
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Full-text articles excluded (n= 47)

Reports excluded: 
No meta-analysis included related to the plyometric training (n =
17) 
Reviews related to combined training (n = 10)
Reviews related to post-activation potentiation (n = 2) 
Reviews related to lower limb injury prevention (n = 6)
Reviews related to the influence of stretching on the lower limbs
(n = 2)
Reviews involving complex training (n = 10)Studies included in review
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Fig. 1 PRISMA flow diagram for the systematic search
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basketball players [53], and one meta-analysis handball 
players [54] considering both sexes.

Assessment of the Methodological Quality
The assessment of the methodological quality (AMSTAR 
2) of the included meta-analyses is summarized in 
Table  3. The included articles received scores rang-
ing from 12 to 84% of the maximum score (16 points). 
Twenty-two meta-analyses (75.9% of total articles 
included) [18, 30–33, 35, 37, 40–43, 45, 48, 49, 49–57] 
were rated as moderate quality, six were rated as low 
quality (20.7% of total articles included) [36, 38, 39, 43, 
46, 47] and one was rated as high quality (3.4% of total 
articles included) [34]. The following criteria were not 
sufficiently addressed in the included meta-analyses: 
(n = 2) establish methods prior to conducting the meta-
analysis (written protocol); (n = 3) explain the choice 
of study design for inclusion; (n = 7) provide a list of 
excluded studies to justify the exclusion; and (n = 10) 
report sources of funding for included studies.

Effect of Plyometric Training on Sprint Time
Nine meta-analyses identified positive effects and one 
meta-analysis reported no effect of plyometric train-
ing on sprint time. Figure  2 summarizes the effects in 
terms of standardized mean difference between base-
line and post-training values. In non-athlete individuals, 
there was a small effect for 10-m and 20-m sprint time, 
a large effect for 30-m sprint time [43], and a small effect 
for general sprint time [42] (Fig. 2). For young (< 18 years 
old) participants, there was a small effect when analyz-
ing the total effect in trained and untrained participants 
[37]. When analyzing meta-analyses that included only 
athletes, there was a small effect observed for individual 
sport [48], but a moderate effect for athletes in general 
sports [46]. A moderate effect was observed for female 
soccer players [56], handball players [54], and volley-
ball players [51], while a large effect size was observed 
for basketball players (for sprints > or < than 10  m) [53]. 
There was an unclear effect on 5-, 10-, 15-, 20-, and 30-m 
sprint time in male soccer players [34].

Effect of Plyometric Training on Change of Direction Ability
Figure  3 summarizes the effects observed on change 
of direction in the four studies reporting standardized 
mean difference comparing baseline and post-training 
values. Two meta-analyses reported improvements and 
two found unclear differences on change of direction 
performance after plyometric training. A large effect 
was observed in basketball players (for running dis-
tances shorter or longer than 40 m) [53] and a moderate 
effect for female soccer players [56]. Unclear effect was 
observed for individual sport athletes [48] and young 

athletes [36]. Also, one study reported an unclear effect 
in soccer players [34].

Effect of Plyometric Training on Maximal Strength
Figure 4 summarizes the effects of plyometric training on 
muscular strength performance. Seven studies reported 
standardized mean difference comparing baseline and 
post-training values. Four meta-analyses reported posi-
tive effects and three reported unclear differences on 
muscular strength performance (1RM or isokinetic tests), 
for upper [57] or lower limb [48], after plyometric train-
ing. A large and unclear effect was observed for healthy 
individuals [41, 57] and also healthy adolescents [37], a 
moderate effect for basketball players [53] and individual 
sport athletes [48], and a small effect for athletes from 
general sports [39]. Also, one study reported an unclear 
effect in soccer players [34]. Only one study showed 
that an unclear effect was also observed for hamstring/
quadriceps strength ratios at 60 and ≥ 120°/s in basketball 
players [53].

Effect of Plyometric Training on Muscular Power 
and Explosive Strength
There was a large effect observed for explosive strength 
in team sport athletes [38] For muscular power, there 
was a moderate effect for older adults [31], a small effect 
for basketball players [53], and an unclear effect for 
healthy individuals [57]. Figure 5 summarizes the effects 
observed on power and explosive muscular strength 
performance in the four studies reporting standardized 
mean difference comparing baseline and post-training 
values.

Effect of Plyometric Training on Vertical and Horizontal 
Jump Performance
Several studies investigated the effects of plyometric 
training on squat jump, countermovement jump (with 
arm swing or hands on the hip), drop jump, Sargent 
jump, and/or spike jump performance (i.e., jump height). 
In summary, for healthy people an unclear-to-large effect 
was observed [30, 40, 43, 44]. Athletes from team sports, 
such as soccer [33, 34, 55, 56], volleyball [51, 52], basket-
ball [53], handball [54], or when grouped as team sports 
[49], presented mostly moderate-to-large effects. Trained 
and untrained young individuals presented moderate 
effect sizes [34, 37].

Two studies investigated the effects on horizontal 
jump performance. One study reported a large effect 
on horizontal jump performance after either hori-
zontal (SMD = 1.05) or vertical plyometric training 
(SMD = 0.84) [45]. Another study reported unclear 
effects of plyometric training on horizontal jump dis-
tance in basketball players [53]. Detailed SMDs for each 
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study are reported in Table 2, and Fig. 6 summarizes the 
18 studies reporting standardized mean difference com-
paring baseline and post-training values.

Effect of Plyometric Training on Additional Outcomes
Plyometric training resulted in a small effect on endur-
ance performance for individual sport athletes [48]) and 

Fig. 2 Summary of standardized mean difference and 95% confidence intervals reported in meta‑analyses comparing the baseline to 
post‑plyometric training changes in sprint time. Author name and year are followed by the quality of the studies score ranked by AMSTAR 2. 
Positive values represent improved performance effects. Each colored area represents a different magnitude of effect: gray = trivial, blue = small, 
yellow = moderate, and green = large effects. De Villareal et al. [42] 95% confidence interval is not clearly described in their manuscript; therefore, 
we reported standardized mean difference only. Taylor et al. [43] reported results from 30‑, 20‑, and 10‑m sprints, presented in the respective order. 
Ramirez‑Campillo et al. [53] reported results from > 10‑ and < 10‑m sprints, presented in the respective order

Fig. 3 Summary of standardized mean difference and 95% confidence intervals reported in meta‑analyses comparing the baseline to 
post‑plyometric training changes on change of direction performance. Author name and year are followed by the quality of the studies score 
ranked by AMSTAR 2. Positive values represent improved performance effects and negative values detrimental effects. Each colored area represents 
a different magnitude of effect: gray, trivial; blue, small; yellow, moderate; and green, large effects. Ramirez‑Campillo et al. [53] reported results 
from > 40‑ and < 40‑m testing distances, presented in the respective order
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a moderate effect for endurance in female soccer play-
ers [56] and for high intermittent running performance 
in healthy peoples [43]. A large effect was observed on 
kicking performance in female soccer players [56]. There 
was also a large effect on dynamic balance, but an unclear 
effect on static balance in basketball players [53]. Plyo-
metric training improves the Yo-Yo intermittent recovery 
test when comparing baseline and post-training mean 
differences [34]. Table 2 presents detailed SMD for each 
of these studies and variables.

Discussion
This umbrella review aimed to systematically review 
the meta-analytical evidence about the effects of plyo-
metric training on physical performance considering 
different groups, to address the quality, strengths and 
limitations of the evidence, and to identify current gaps 
in the literature, which helps in providing suggestions for 
future research. The most concerning finding from our 
study is the lack of control group comparisons and the 
low-to-moderate quality for most of the meta-analyses 

Fig. 4 Summary of standardized mean difference and 95% confidence intervals reported in meta‑analyses comparing the baseline to 
post‑plyometric training changes on muscular strength performance. Author name and year are followed by the quality of the studies score ranked 
by AMSTAR 2. Positive values represent improved performance effects and negative values detrimental effects. Each colored area represents a 
different magnitude of effect: gray = trivial, blue = small, yellow = moderate, and green = large effects, while the red area represents detrimental 
effects. De Villareal et al. [42] did not clearly describe the 95% confidence interval; thus, we only reported standardized mean difference

Fig. 5 Summary of standardized mean difference and 95% confidence intervals reported in meta‑analyses comparing the baseline to 
post‑plyometric training changes on power or explosive muscular strength performance. Author name and year are followed by the quality of 
the studies score ranked by AMSTAR 2. Positive values represent improved performance effects and negative values detrimental effects. Each 
colored area represents a different magnitude of effect: gray = trivial, blue = small, yellow = moderate, and green = large effects, while the red area 
represents detrimental effects. Alfaro‑Jimenez et al. [38] investigated the effects on explosive strength and the other authors on muscular power
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available in the literature. Therefore, we highlight that 
the outcomes from these meta-analyses should not be 
interpreted as level 1 evidence. After summarizing the 
findings from the available meta-analyses, we observed 
that plyometric training induces trivial-to-large effects on 
different physical performance (e.g., jump height, sprint 
time and muscle strength) for healthy people; enhances 
performance of athletes from different sports in several 
motor tasks (e.g., vertical jump height, change of direc-
tion, kicking performance and linear sprint time); and 
induces moderate effects on physical fitness (e.g., power 
output in lower limbs, change of direction and vertical 
jump height) in older adults (> 60 years) and young indi-
viduals (< 18 years).

Quality of the Included Meta‑analyses
The methodological quality of the included meta-anal-
yses varied from low to high. However, the majority of 
the studies (~ 75%) were of moderate quality. Based on 
this, researchers and users should also pay attention to 
scores within each item for individual studies. Although 
it is important to pre-register the meta-analysis protocols 
on a specific platform, only one was registered on PROS-
PERO (van de Hoef et al. [34]). The reasons are probably 
related to the older types of review included in this analy-
sis, in which some important criteria were not adopted, 
e.g. registration on these specific platforms in the health 
(PROSPERO) and human movement science (TESTEX) 
areas; in addition, word/table/figure restrictions and/

Fig. 6 Summary of standardized mean difference and 95% confidence intervals reported in meta‑analyses comparing the baseline to 
post‑plyometric training changes on jump performance. Author name and year are followed by the quality of the studies score ranked with the 
AMSTAR 2. Positive values represent improved performance effects and negative values detrimental effects. Each colored area represents a different 
magnitude of effect: gray = trivial, blue = small, yellow = moderate, and green = large effects, while the red area represents detrimental effects
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or the absence of databases for supplementary materials 
would have contributed to this low- to medium-quality 
bias of umbrella reviews [58, 59].

A very important limitation observed in most of the 
meta-analyses included in our umbrella review (24 out 
of 29) was the absence of control groups, and thus, these 
meta-analyses only included within-group pre- to post-
effect sizes. A control group allows the interpretation of 
the research outcomes removing the influence of possi-
ble factors (e.g., direct effect in the specific group). This is 
crucial when investigating sports performance enhance-
ment because (recreational) athletes follow a training 
plan during a season, which also influences sports perfor-
mance. Therefore, the majority of findings presented in 
this umbrella review should be interpreted with caution. 
Only five systematic reviews with meta-analysis [30–34] 
considered the analysis between control versus experi-
mental groups. We strongly recommend that future stud-
ies investigating the effects of plyometric training on 
physical performance adopt randomized controlled trial 
designs.

Effect of Plyometric Training on Physical Performance 
in Non‑athlete
Most studies indicate an improvement of vertical jump 
height, muscle strength and to a lesser extent speed per-
formance in non-athlete people after plyometric train-
ing. Considering this population, experimental protocols 
using plyometric exercises may be a good strategy to 
optimize health-related aspects [60, 61]. Muscle strength 
and lower limb muscle power are important capacities 
for healthy people during daily activities (e.g., walking 
and climbing stairs), especially when using mechanisms 
related to the SSC [62].

The vertical jump height was the variable most posi-
tively affected by plyometric training according to the 
included meta-analyses. This variable may be consid-
ered as an indicator of muscle power of lower limbs [30, 
63, 64], and it is commonly used to verify the effects of 
plyometric training on physical performance [21, 30, 
40–42, 44]. These results are not surprising due to the 
great specificity, since the same skill (i.e., vertical jump) is 
used in the testing method and applied in the plyometric 
training. For the sprint time, a small effect was found for 
10-m and 20-m sprint time, a large effect for 30-m sprint 
time and a small effect for general sprint time. For muscle 
strength, the effect was unclear, because only one study 
observed a small effect [46] for healthy individuals and a 
large effect [41] was observed for non-athletes involved 
in common sports activities. These results demonstrate a 
transfer from plyometric training to other physical tasks 
involving lower limbs [40–42], probably due to neural and 
muscular adaptations [65]. In addition, it is important to 

highlight that some experimental aspects might influence 
the observed effects of the included papers, such as the 
type of study design, level of experience with plyometric 
training, and experience in the sport-specific practice.

Upper limb muscle power also demonstrated trivial-
to-medium effects of plyometric training. A previous 
experimental study indicates that plyometric push-ups 
result in better outcomes compared to non-plyometric 
push-ups (i.e., dynamic push-ups) [66]. Therefore, neuro-
muscular adaptations in the upper limbs from plyometric 
training can be verified, especially in movements involv-
ing plyometric push-ups (e.g., medicine ball throw).

Effect of Plyometric Training on Physical Performance 
of Athletes in Different Sports
When focusing on different sports, plyometric training 
induces a large effect on vertical jump height, muscle 
power and explosive strength (i.e., rate of force develop-
ment), while a small effect was observed for change of 
direction. Most meta-analyses including athletes ana-
lyzed the effects of plyometric training on physical per-
formance, since maximizing aspects related to sports 
performance beneficially impacts the training process 
and competitions [67].

The effects of plyometric training for individual 
sports demonstrated a medium effect for different vari-
ables (e.g., vertical jump height, strength, sprint time 
and change of direction performances) [49]. When con-
sidering team sports, the effects of plyometric training 
were moderate to large, showing the greater relevance 
in enhancing performance in this target population. 
Particularly, for female soccer athletes a high effect was 
found on vertical jump task [55]. Plyometric training is 
a practice of physical training with widespread use in the 
sports context, performed by athletes of different modali-
ties. In this review, larger effect sizes were observed for 
team sports compared to the other sports groups. Prob-
ably athletes from sports such as volleyball, basketball, 
handball, among others, experience greater adaptation 
to plyometric training due to the greater specificity of the 
jumping motor task that is present in training and during 
the matches.

Effect of Plyometric Training on Physical Performance 
in Different Age Groups
This umbrella review indicates that plyometric interven-
tions can enhance physical fitness in children and adoles-
cents beyond a level, which is not exclusively achievable 
from growth and maturation. In addition, improvements 
also occurred in middle-aged adults who did not prac-
tice sports. Positive effects of plyometric training were 
found in untrained children and adolescents, especially in 
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vertical jump height, sprint time and muscle strength [37]. 
Recently, Lesinski et  al. [58] observed small-to-medium 
effects of plyometric training on muscle power of lower 
limbs in children and adolescent athletes. Other stud-
ies also support that plyometric training is an effective 
training method to improve exercise performance in non-
athlete young people [68]. However, moderating factors, 
such as maturity, sex and age in the youth group, appear 
to modulate the effects following plyometric training [58, 
59]. Thus, future studies should consider these aspects.

In older people, plyometric training improved indica-
tors of muscle power of lower limbs; however, this is sup-
ported by only one systematic review with meta-analysis 
[32]. The aging process is associated with a progressive 
decline of neuromuscular function, increased risk of falls 
and injuries related to the impaired functional perfor-
mance [69–71]. From this perspective, Vetrovsky et  al. 
[72] verified that plyometric training positively affected 
muscular strength, vertical jump performance, and func-
tional performance (e.g., 30-s sit-to-stand test, figure-
of-8 running test, timed up-and-go test, 6-m walk, stair 
climb) in older adults. Therefore, plyometric training can 
be considered as a feasible and safe alternative to improve 
physical fitness in older adults. Future investigations 
should further explore moderating variables (e.g., age, 
level of conditioning and body composition).

Strengths and Methodological Limitations
This umbrella review presented findings on the highest 
level of the evidence regarding the effects of plyometric 
training on several physical performance variables in dif-
ferent populations (athletes and non-athletes, male and 
female) and different age ranges (young and older adult). 
The majority of the included studies (75%) were of mod-
erate methodological quality when AMSTAR 2 was con-
sidered. Finally, this study identified some gaps in the 
literature to provide guidelines for future research. As a 
limitation, despite the inclusion of a reasonable number 
of studies (n = 29), few represented females and older 
individuals. Ultimately, the most important limitation 
observed in our study was the high prevalence of meta-
analysis with the absence of control-group comparisons. 
This is likely a consequence of low-quality original stud-
ies, and this should be addressed in future investigations.

Conclusion
The current literature presents evidence that plyomet-
ric training benefits physical aspects, such as sprint 
time, change of direction, strength, power and explo-
sive strength. Nonetheless, it is important to bear in 
mind that most meta-analyses did not include a control 

condition, limiting the strength of some statements men-
tioned in papers. This systematic umbrella review unveiled 
an important weakness of the present research topic. 
Although several meta-analyses investigated the effects of 
plyometric training on physical performance outcomes; 
most of them lack comparisons with control groups and 
are classified as low-to-moderate quality. It is advised that 
the outcomes from this umbrella review must not be con-
sidered as level 1 evidence. Future research should opt for 
randomized controlled trials, which will eventually lead to 
higher-quality meta-analyses. The current evidence, pre-
sented by this umbrella review, suggesting that plyometric 
training may improve a large number of physical fitness-
related variables for healthy people and performance for 
athletes from different sports, and its effects are verified in 
different age groups and sex, should be taken with caution.
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