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Abstract

Background Upper-body plyometric training (UBPT) is a commonly used training method, yet its effects on physical
fitness are inconsistent and there is a lack of comprehensive reviews on the topic.

Objective To examine the effects of UBPT on physical fitness in healthy youth and young adult participants com-
pared to active, specific-active, and passive controls.

Methods This systematic review followed PRISMA 2020 guidelines and utilized the PICOS framework. PubMed, WOS,
and SCOPUS were searched. Studies were assessed for eligibility using the PICOS framework. The effects of UBPT

on upper-body physical fitness were assessed, including maximal strength, medicine ball throw performance, sport-
specific throwing performance, and upper limb muscle volume. The risk of bias was evaluated using the PEDro scale.
Means and standard deviations were used to calculate effect sizes, and the /% statistic was used to assess heterogene-
ity. Publication bias was assessed using the extended Egger’s test. Certainty of evidence was rated using the GRADE
scale. Additional analyses included sensitivity analyses and adverse effects.

Results Thirty-five studies were included in the systematic review and 30 studies in meta-analyses, involving 1412
male and female participants from various sport-fitness backgrounds. Training duration ranged from 4 to 16 weeks.
Compared to controls, UBPT improved maximal strength (small ES=0.39 95% ClI=0.15-0.63, p=0.002, P=29.7%),
medicine ball throw performance (moderate ES=0.64, 95% Cl=0.43-0.85, p<0.001, > =463%), sport-specific throw-
ing performance (small ES=0.55, 95% Cl=0.25-0.86, p<0.001, >=36.8%), and upper limbs muscle volume (moderate
ES=0.64,95% Cl=0.20-1.08, p=0.005, > =0.0%). The GRADE analyses provided low or very low certainty for the rec-
ommendation of UBPT for improving physical fitness in healthy participants. One study reported one participant
with an injury due to UBPT. The other 34 included studies provided no report measure for adverse effects linked

to UBPT.

Conclusions UBPT interventions may enhance physical fitness in healthy youth and young adult individuals com-
pared to control conditions. However, the certainty of evidence for these recommendations is low or very low. Further
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research is needed to establish the optimal dose of UBPT and to determine its effect on female participants and its

transfer to other upper-body dominated sports.

Key Points

Upper-body plyometric training can be effective at improving maximal strength, medicine ball throwing perfor-
mance, sport-specific throwing performance, and muscle volume in healthy youth and young adult participants.
An effective dose of a progressive overload UBPT programme may involve: a minimal duration of 4 weeks, 2-4
sessions/week, 1-6 exercises/session, 1-10 sets per exercise, a mean of ~ 12 repetitions/set (range 3-30; lower
range usually with maximal effort-intensity), and an inter-set and inter-session rest of 15-240 s and 48-96 h,

respectively.

The findings of this meta-analysis were derived from 30 articles with low risk of bias (good methodological qual-
ity), low study heterogeneity, and low to very low certainty of evidence (GRADE), encompassing a total of 1,412

participants ranging from 7.3 to 27.2 years of age.

Keywords Plyometric exercise, Muscle strength, Musculoskeletal physiological phenomena, Human physical
conditioning, Resistance training, Athletic performance, Sports medicine

Introduction

Upper-body strength-related measures (e.g., maximal
strength; rate of force development), and anthropometric
characteristics, have been shown to differentiate sub-elite
and elite athletes [1, 2]. Research has also demonstrated
the positive relationship between upper-body power
measures, such as bench press throws and upper-body
Wingate test [3, 4], and strength measures, such as the
bench pull, bench press, and pulldown test [5-8], with
athletic performance in various sports, including golf,
rugby, handcycling, (sprint) swimming, double poling,
and (sprint) kayaking. Furthermore, markers of upper-
body strength, such as one repetition maximum (1RM)
for the bench press and bench row or handgrip strength,
have proven to be useful for identifying talented athletes
in kayaking, cross-country skiing, and tennis [9-11]. In
addition to its relevance to performance, upper-body
strength-related measures can impact training dosage,
as weaker individuals may require longer rest intervals
between sets [12, 13]. Moreover, upper-body strength,
particularly handgrip strength, is a prognostic indicator
of morbidity and all-cause mortality [14—16], and can
predict fall severity in older adults [17, 18]. Therefore,
upper-body strength-related measures are important
from both performance and health-related perspec-
tives. The development of safe, effective, and convenient
training methods that can improve these outcomes is
necessary.

Various methods of upper-body resistance training are
commonly used by strength and conditioning specialists,
coaches, and athletes [19]. In this context, upper-body
plyometric training (UBPT) offers some advantages over

other training approaches. UBPT is effective in improving
measures of power [20] and strength [21] through exer-
cises that maximize the storage and use of elastic energy
through the muscle stretch—shortening cycle, typically
with a brief transition period between the stretching
and shortening phases of muscle actions [22-24]. UBPT
exercises, such as bench press throws and medicine ball
throws, can be added to heavy resistance training, such as
the bench press and dumbbell shoulder press, to improve
power-related performance, such as medicine ball throw-
ing speed [25], and maximal upper-body strength such as
1RM bench press [26]. This can be particularly relevant
in sports where powerful upper-body actions are more
common, such as golf, rugby, handcycling, and baseball.
Therefore, UBPT is considered a time-efficient training
method [27, 28]. Additionally, UBPT is well-suited for
sports, such as handball and volleyball, that require pow-
erful upper-body actions as it mimics the motor patterns
demanded by these sports more closely than non-plyo-
metric strength training methods.

Research studies have demonstrated that plyometric
training can significantly improve sport-specific per-
formance in sports like soccer (e.g., kicking velocity)
[29-31] and swimming [32]. However, the transferability
of these findings into practical settings has been limited
due to the small sample sizes of most published studies
[33]. Studies investigating UBPT often have small sam-
ple sizes (e.g., n<13) [34, 35], which can be a drawback
in the sport science literature [36]. To overcome this
issue, systematic reviews with meta-analyses can be use-
ful in evaluating the results of comparable studies and
helping practitioners make evidence-based decisions
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[37, 38]. While previous systematic reviews on plyomet-
rics have mainly focused on lower body training [33, 39],
some conflicting findings have been reported regarding
the effectiveness of UBPT in enhancing physical perfor-
mance parameters like strength, power, and throwing
speed [40, 41].

A prior systematic review, which included a data-
base search up to August 2017 [42] assessed the impact
of UBPT on strength, ball throwing speed, distance and
power in healthy individuals, including only six rand-
omized controlled trials. Given the rapid growth in the
field of plyometric training research in the recent years,
with the rate of yearly publications increasing almost
16-fold between 1980-1999 and 2000-2019 [33], it is
crucial to re-evaluate the scientific literature. In rapidly
emerging research fields, 25-50% of systematic reviews
may be obsolete within 2—5 years [43]. Therefore, the pri-
mary objective of this systematic review with meta-anal-
ysis was to examine the effects of UBPT, compared with
active/passive controls, on the physical fitness of healthy
youth and young adult participants.

Methods

Registration

The systematic review with meta-analysis protocol was
registered on the Open Science Framework (OSF) plat-
form, in January 13, 2023 (registration code: XQ25T; reg-
istration https://doi.org/10.17605/OSE.IO/XQ25T).

Procedures

The procedures were in line with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines [44] and the Cochrane Hand-
book for Systematic Reviews of Interventions [45].

Table 1 Eligibility criteria
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Literature Search: Administration and Update

A systematic literature search was performed without
date restriction, and updated up to February 2023, in
the electronic databases PubMed, Web of Science, and
SCOPUS, using the Boolean operators AND/OR, in com-
binations with the keywords “plyometric’, “explosive’,
“ballistic’;, “upper body’, and “upper limb” An exemplified
combination and the search strategy (code line) for each
database is described in the Additional file 1: Table S1.
One author (EGC) conducted the initial search and
removed duplicates. Two authors (EGC and RKT) inde-
pendently screened the titles, abstracts, and full-texts of
the retrieved studies. The search results were then ana-
lysed according to the eligibility criteria (Table 1). A third
author (RRC) resolved potential disagreements between
EGC and RKT. Although not considered in the original
protocol, to expand the scope of our search and better
abide by AMSTAR 2 guidelines [46], we contacted two
experts in the field of UBPT (https://expertscape.com/
ex/plyometric+exercise), sharing with them our inclu-
sion/exclusion criteria and a detailed table of articles (i.e.,
authors, publication year, identifier, title, and journal)
that we have identified as potential candidates for inclu-
sion and asked if they were aware of any additional stud-
ies that could be added to the review.

Inclusion and Exclusion Criteria

Original, peer-reviewed, full-text studies were selected,
and included/excluded using a PICOS (participants,
interventions, comparators, outcomes, and study design)
framework [47] (Table 1). Additional exclusion criteria
are provided as Additional file 1: Table S2. As 99.6% of
the plyometric training literature is published in English
[39], and due to limited resources, only articles written in

Category Inclusion criteria

Exclusion criteria

Participants
orage

Interventions

stressing the stretch-shortening cycle

Healthy individuals, without restrictions on their fitness level, sex,

UBPT programs with a minimal duration of > 3 weeks [33, 39]
which commonly utilize a pre-stretch or countermovement

Studies that included participants with health issues (e.g., upper-
body injuries, recent surgery) that prevent them from either per-
forming exercise or doing it at maximum intensity

Interventions not including UBPT; or those including UBPT

but in combination with other type of exercises with an augmented
representation (i.e., > 50% of total number of exercises derived

from non-UBPT drills) so that the independent effect of UBPT

was precluded)

Comparators  Active (i.e,, individuals regularly involved in training schedules),
specific-active, or non-active control groups

Outcomes Studies that reported health- (e.g., muscle mass) and skill-related
(e.g., power; joint angle-velocity during shot-put) physical fitness
outcomes before and after UBPT

Study design  Randomized controlled and non-randomized controlled trials

Absence of a control group

Studies that did not report baseline and/or follow-up data

Studies including only one group, case studies, observational stud-
ies

UBPT: upper-body plyometric training
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English, French, German, Italian, Portuguese, and Span-
ish (i.e., authors’ native languages), were considered for
inclusion.

Data Extraction

The effects of UBPT on upper-body physical perfor-
mance measures were assessed, compared to active
(e.g., athletes in standard training), specific-active (e.g., a
group performing high-load resistance training) and/or
non-active controls. Performance measures included (but
not limited to) different specific tests (e.g., bench press,
medicine ball throw) and indices (e.g., kg; power [W]).
Measures like the powerful medicine ball throw (intra-
class correlation coefficient=0.93-0.99) and the bench
press throw (intra-class correlation coefficient=0.94—
0.85; coefficient of variation=2.48%) have shown excel-
lent reliability among competitive or physically active
individuals [48, 49], thus favouring meta-analysis consist-
ency [47].

Pre- and post-intervention means and standard devia-
tions of the dependent variables were extracted from
the included studies using Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA). For studies report-
ing values other than means and standard deviation (e.g.,
median, standard error), conversion was applied [50-52]
or appropriate statistical software was used for differ-
ent data formats (Comprehensive Meta-Analysis Soft-
ware, Version 2, Biostat, Englewood, NJ, USA). When the
required data were not clearly or completely reported,
the authors of the respective studies were contacted for
clarification purposes. If no response was obtained from
the authors or the authors did not provide the requested
data, the study outcome was excluded from further anal-
ysis. When needed, a validated [53] software (WebPlot-
Digitizer, version 4.5; https://apps.automeris.io/wpd/)
was used to obtain numerical data from articles that
reported results in figures. One author (EGC) performed
data extraction, a second author (RKT) provided confir-
mation, and a third author (RRC) helped to resolve any
discrepancies.

Risk of Bias of the Included Studies

Included studies were assessed with a valid and reliable
tool (i.e., PEDro scale) [54—56], probably the most fre-
quently used in the plyometric training literature [33,
57, 58]. Despite being called a "methodological qual-
ity" scale, its items assess aspects of the likelihood that
research will be biased. Therefore, it is helpful to com-
pare meta-analyses, especially when they used different
risk of bias assessment methodologies [59, 60]. Consid-
ering that it is not possible to satisfy all scale items in
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UBPT interventions [61], the overall risk of bias of stud-
ies was interpreted using the following convention [57,
61-63]: <3 points was considered as “poor” quality (i.e.,
high risk of bias), 4—5 points was considered as “moder-
ate” quality, while 6-7 points and 8-10 points was con-
sidered as “good” and “excellent” quality, respectively. For
practical purposes and given the nature of the research
field, we considered studies with>6 points to have low
risk of bias. Two authors (EGC and RKT) independently
assessed risk of bias, and a third author (RRC) helped to
resolve discrepancies.

Summary Measures, Synthesis of Results, and Publication
Bias

Meta-analyses can be conducted with as little as two
studies [64]. However, meta-analyses were performed
if>3 studies were available due to the reduced number
of participants commonly included in plyometric train-
ing studies [65—67]. Meta-analysis was performed using
the DerSimonian and Laird random-effects model [68,
69], with the means and standard deviations from pre
and post values taken to compute effect sizes (ES, i.e.,
Hedges’ g, presented with 95% confidence intervals [95%
CIs]) for performance parameters in the UBPT compared
to the control groups. Data were standardised using post-
intervention standard deviation values. Calculated ES
were interpreted as trivial (<0.2), small (0.2-0.6), mod-
erate (>0.6-1.2), large (>1.2-2.0), very large (>2.0-4.0),
and extremely large (>4.0) [70]. A proportional division
treatment to the control group n was applied in stud-
ies including multiple intervention groups and a single
control group [71]. The I* statistic was used to assess the
impact of heterogeneity, with values of<25%, 25-75%,
and >75% representing low, moderate, and high levels
of heterogeneity, respectively [72]. The extended Egger’s
test was used to assess risk of publication bias for con-
tinuous variables (> 10 studies per outcome) [73-75] and
a sensitivity analysis was conducted with the trim and fill
method for adjustments [76], with LO as the default esti-
mator for the number of missing studies [77]. All analyses
were carried out using the Comprehensive Meta-Analysis
Software (Version 2, Biostat, Englewood, NJ, USA). Sta-
tistical significance was set at p <0.05.

Additional Analyses

Sensibility Analyses

The robustness of the summary estimates (e.g., p-value,
ES, P) for each outcome was analysed with each study
deleted from the model (automated leave-one-out
analysis).
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Certainty of Evidence

Two authors (JA and RRC) rated the certainty of evidence
(i.e., high; moderate; low; very low) using the Grading of
Recommendations, Assessment, Development and Eval-
uation (GRADE) [78-80]. The evidence started at a high
level of certainty (per outcome), but was downgraded
based on the following criteria: (i) Risk of bias in studies:
judgments were downgraded by one level if the median
PEDro scores were moderate (< 6) or by two levels if they
were poor (<4); (ii) Indirectness: low risk of indirectness
was attributed by default due to the specificity of popu-
lations, interventions, comparators and outcomes being
guaranteed by the eligibility criteria; (iii) Risk of publi-
cation bias: downgraded by one level if there was sus-
pected publication bias; (iv) Incomsistency: judgments
were downgraded by one or two levels when the impact
of statistical heterogeneity (I?) was moderate (>25%) or
high (>75%); (v) Imprecision: one level of downgrading
occurred whenever <800 participants were available for
a comparison [81] and/or if there was no clear direction
of the effects. When both were observed, certainty was
downgraded by two levels.

Adverse Effects

The potential adverse health effects, derived from the
inadequate implementation of UBPT interventions, were
qualitatively assessed.
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Results

Study Selection

The search process in the databases identified 5587
records. Figure 1 provides a flow chart illustrating the
study selection process.

Duplicate records were removed (n=3617). After titles
and abstracts were screened, 1853 records were removed
and 117 full texts were evaluated. Thereafter, 35 studies
were considered eligible for the systematic review, and
30 studies for the meta-analyses. The exclusion reasons
from the meta-analysis for the five studies [20, 82—85] are
indicated in Fig. 1. From the 30 studies eligible for meta-
analyses 29 were written in English [21, 26, 28, 40, 41,
86-109] and one in Spanish [110].

Risk of Bias of the Included Studies

According to the PEDro checklist results (Table 2), the
median (i.e., non-parametric) score was 6.0 (low risk
of bias—good quality), with nine studies attaining 4-5
points (some risk of bias—moderate quality), and 26
studies attaining 6 points (low risk of bias—good quality).

Study Characteristics
The characteristics of the participants and the UBPT pro-
grams of the included studies are detailed in Table 3.

Ten studies [26, 40, 83, 85, 98, 99, 103, 105, 107, 108]
examined non-athletes (including resistance-trained

Records identified through database R ds duplicat d
| IDENTIFICATION | searching (n = 5,587) (PUBMED: 2,239 —_— ecords dup ;lees remove
SCOPUS: 2,146; WOS: 1,202) (=3,617)
| SCREENING | Records screened after duplicates —— | Records excluded based on title or abstract
removed (n =1,970) (n=1,853)
Full-text articles excluded: (n = 84)
E : Intervention-related reasons (e.g., lower-body plyometric) (n = 20)
ELIGIBILITY Full te{‘t‘art_ldes assessed — Studies design-related reasons (e.g., cross-sectional) (n =57)
for ehglblhty (n = 117) Other reasons (e.g., article not accessible) (n =7)
INCLUSION Articles assessed for meta-analysis —_— Articles excluded: (n = 5)

(n=35)*

(quantitative analysis)

Outcome-related reasons (e.g., data not available) (n = 5)

l

Studies included in meta-analysis (n = 30)

Fig. 1 Flow diagram of the systematic search process. (*): denotes that 2 studies were identified through other sources (i.e,, previous systematic

review)
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Table 2 Rating of studies according to the Physiotherapy Evidence Database (PEDro) scale

1 2 3 4 5 6 7 8 9 10 1 Score? Study quality
Aloui et al. [86] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Alvarez et al. [87] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Bouagina et al. [88] 1 1 0 1 0 0 0 0 1 1 1 5 Moderate
Carter et al. [89] 1 1 0 1 0 0 0 0 1 1 1 5 Moderate
Chelly et al. [90] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Cuevas-Aburto et al. [91] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Faigenbaum et al. [92] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Fernandez-Fernandez et al. [93] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Fernandez-Fernandez et al. [94] 1 0 0 1 0 0 0 0 1 1 1 4 Moderate
Haghighi et al. [95] 1 1 0 1 0 0 0 0 1 1 1 5 Moderate
Hammami et al. [96] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Hasan et al. [82] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Heiderscheit et al. [40] 1 1 0 1 0 0 0 1 1 1 1 6 Good
loannides et al. [97] 1 0 0 1 0 0 0 1 1 1 1 5 Moderate
Mangine et al. [26] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Marta et al. [98] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Martins et al. [99] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Newton et al. [41] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Pardos-Mainer et al. [110] 1 0 0 1 0 0 0 1 1 1 1 5 Moderate
Pereira et al. [20] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Pienaar et al. [100] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Santos et al. [28] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Santos et al. [101] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Schulte-Edelmann et al. [83] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Singh Vishen et al. [84] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Singla etal. [102] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Sortwell et al. [103] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Swanik et al. [85] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Szymanski et al. [104] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Thagi et al. [105] 1 0 0 1 0 0 0 1 1 1 1 5 Moderate
Turgut et al. [106] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Valades et al. [21] 1 0 0 1 0 0 0 1 1 1 1 5 Moderate
Vossen et al. [107] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Wilson et al. [108] 1 1 0 1 0 0 0 1 1 1 1 6 Good
Young et al. [109] 1 0 0 1 0 0 0 1 1 1 1 5 Moderate

2 From a possible maximal score of 10. A detailed explanation for each PEDro scale item can be accessed at https://www.pedro.org.au/english/downloads/pedro-scale;
In brief: item 1, eligibility criteria were specified; item 2, participants were randomly allocated to groups; item 3, allocation was concealed; item 4, the groups were
similar at baseline; item 5, there was blinding of all participants regarding the upper-body plyometric training programme being applied; item 6, there was blinding of
all coaches responsible for the application of the upper-body plyometric training programme regarding its aim; item 7, there was blinding of all assessors involved in
measurement of upper-body outcomes; item 8, measures of outcome variables were obtained from more than 85% of participants initially allocated to groups; item 9,
all participants for whom upper-body outcomes were available received the treatment or control condition as allocated or, data were analysed by “intention to treat”;
item 10, the results of between-group statistical comparisons were reported; and item 11, measures of variability for at least one upper-body outcome were provided

participants and physical education students). Other
studies examined athletes from different sports such as
handball (n=5) [86, 88, 90, 91, 96], basketball [28, 82,
101], baseball [41, 89, 104], tennis [93, 94, 110], volley-
ball [20, 21, 106] (n=3 for each sport), cricket [84, 102]
(n=2), golf [87], karate [97], rugby [100], softball [92],
and table tennis [95] (n=1 for each sport). Of note, one

study [109] included participants from different sports
(i.e., water polo, field hockey, gymnastics, and volleyball).
A total of 1,412 participants, with an age range of 7.3—
27.2 years, were analysed in this systematic review. Tak-
ing all included studies together, 773 individuals from 52
groups participated in the intervention programs and 639
participated in the control groups (35 groups). Among
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the 35 control groups, 22 groups were active controls
(e.g., handball players), 6 groups were passive controls,
and the other 7 groups were intervention control groups
(e.g., high-load resistance training). Nineteen experimen-
tal groups (and their respective controls) involved partic-
ipants with a mean age of <18 years (Table 3). Regarding
participants’ sex, 6 studies reported a mixed sample of
male and females (n=287 [20.3% of total participants]),
13 groups involved females only (n=216 [15.3% of total
participants]), 44 groups involved males (n=821 [58.2%
of total participants]), and 6 groups involved unspeci-
fied participants’ sex (n=288 [6.2% of total participants])
(Table 3). All except six studies [21, 94, 97, 105, 109, 110]
recruited experimental and control groups from the same
sample through randomization procedures (e.g., groups
with similar [probability] training-competition level,
age, sport). According to one study [94], pre-tests were
employed to regulate the initial status of players. Training
duration in the intervention and control groups ranged
from 4 to 12 weeks (Table 3), although most studies
lasted 8 weeks (54.3%, n=19). The frequency of weekly
training sessions ranged from 2 to 4 sessions per week
with a median (and mode) of 2 (Table 3). The testing
protocols involved mostly medicine ball throws (n=17
studies), maximal strength performance (n=13), and
sport-specific throwing performance (n=10).

Results From the Meta-Analysis

Maximal Strength Performance

Thirteen studies provided data for maximal strength
performance, involving 15 intervention groups and 15
control/comparator groups. Results showed a small sig-
nificant effect for the intervention groups compared to
the control (i.e., passive, active, specific-active) groups:
ES=0.39, 95% CI=0.15-0.63, p=0.002, I*=29.7%,
total participants n=363 (Fig. 2). Egger’s two-tailed
test revealed a p-value<0.001, and after the Duval and
Tweedie’s trim and fill adjustment method (with three
studies trimmed to the right of the mean), the adjusted
values indicated an ES=0.52, 95% CI=0.27-0.76. After
the sensitivity analyses (automated leave-one-out anal-
ysis), the robustness of the summary estimates (ie.,
p-value, ES and 95% CI) was confirmed.

Medicine Ball Throwing Performance

Seventeen studies provided data for medicine ball throw-
ing (MBT) performance, involving 20 intervention
groups and 20 control/comparator groups, using medi-
cine balls with different weights: 1 kg [21, 96, 98, 99, 103],
1.5 kg [97], 2 kg [21, 94, 104, 110], 2.7 kg [107], 3 kg [21,
28, 96-102, 106], 3.6 kg [92], 4 kg [21], and 5 kg [21].
Results showed a significant effect for the intervention
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groups compared to the control (i.e., passive, active,
specific-active) groups: ES=0.64, 95% CI=0.43-0.85,
p<0.001, *=46.3%, total participants n=819, Egger’s
test two-tailed =0.229 (Fig. 3). After the sensitivity analy-
ses (automated leave-one-out analysis), the robustness of
the summary estimates (i.e., p-value, ES and 95% CI) was
confirmed.

Sport-Specific Throwing Performance

Ten studies provided data for sport-specific throwing
performance, involving 10 intervention groups and 10
control/comparator groups. Results showed a significant
effect for the intervention groups compared to the con-
trol (i.e., passive, active, specific-active) groups: ES=0.55,
95% CI=0.25 to 0.86, p<0.001, *=36.8%, total partici-
pants n=291 (Fig. 4). Egger’s two-tailed test revealed a
p-value=0.029, and after the Duval and Tweedie’s trim
and fill adjustment method (with five studies trimmed
to the left of the mean) the adjusted values indicated an
ES=0.34, 95% CI=-0.01-0.68. After the sensitivity
analyses (automated leave-one-out analysis), the robust-
ness of the summary estimates (i.e., p-value, ES and 95%
CI) was confirmed.

Muscle Volume

Three studies provided data for upper-body muscle vol-
ume, involving 3 intervention groups and 3 control/
comparator groups. Results showed a significant effect
for the intervention groups compared to the active con-
trol groups: ES=0.64, 95% CI=0.20-1.08, p=0.005,
IP=0.0%, total participants n=78 (Fig. 5).

Certainty of Evidence

Results from the GRADE analyses are presented in
Table 4. For medicine ball throwing and muscle volume
the certainty of evidence was considered low. For maxi-
mal strength performance and sport-specific throwing,
the evidence was rated as very low.

Adverse Effects

Most of the included studies did not report soreness,
pain, fatigue, injury, damage, or adverse health effects
related to the UBPT intervention. One study indicated
that four participants from the control group were
excluded because of unspecified injury and insufficient
attendance at training/assessment sessions [88]. Another
study reported that 6/30 players from the experimental
group and 3/30 from the control group were excluded
from the final analysis due to acute injuries (i.e., ankle
sprain) produced during plyometric training (only 1
player) or during specific sport training (tennis, 8 players)
[94].
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper

g error Variance limit limit Z-Value p-Value
Aloui et al., 2021 [86] bench 0470 0.500 0.250 -0.509 1.449 0.941 0.347 —_—
Aloui et al., 2021 [86] pull 0.561 0.503 0.253 -0.424 1.547 1.116 0.264 -
Alvarez et al., 2012 [87] bench 0.221 0.654 0.428 -1.062 1.503 0.337 0.736 ——
Alvarez et al., 2012 [87] row 0.266 0.656 0.430 -1.019 1.552 0.406 0.685
Cuevas-Aburto et al., 2020 [91] -0.128 0.356 0.126 -0.826 0.569 -0.361 0.718 —a—
Haghighi et al., 2021 [95] 0.478 0.446 0.199 -0.396 1.351 1.072 0.284 ——
Hammami et al., 2019 [96] right 1.489 0.581 0.338 0.350 2.628 2.562 0.010 =
Hammami et al., 2019 [96] left 2483 0.694 0482 1.122 3.844 3.575 0.000 e e —
Hammami et al., 2019 [96] back 2.030 0.638 0.407 0.779 3.281 3.180 0.001 —
Mangine et al., 2008 [26] 0.288 0.464 0.215 -0.621 1.197 0.621 0.535 ——
Newton et al., 1994 [41] 0.251 0.475 0.225 -0.680 1.181 0.528 0.598 —_—
Singla et al., 2019 [102] (younger) 0.550 0453 0.205 -0.337 1.437 1.215 0.225 -+
Singla et al., 2019 [102] (18-25 y) -0.040 0431 0.185 -0.884 0.804 -0.093 0.926
Singla et al., 2019 [102] (older) 0.134 0.473 0.224 -0.794 1.061 0.282 0.778 E
Szymanski et al., 2007 [104] bench ~ -0.068 0.468 0.219 -0.986 0.849 -0.146 0.884
Szymanski et al., 2007 [104] rotdom  0.376 0473 0.223 -0.550 1.303 0.796 0.426 —T—
Szymanski et al., 2007 [104] rot non-don).343 0472 0.223 -0.581 1.268 0.728 0.467 —T—
Valades et al., 2017 [21] bench 0.441 0.721 0.521 -0.973 1.855 0.611 0.541 —_—
Valades et al., 2017 [21] pull 1.573 0.853 0.728 -0.099 3.245 1.844 0.065
Vossen et al., 2000 [107] 0.230 0.332 0.110 -0.420 0.879 0.692 0.489
Wilsonet al., 1996 [108] 0.027 0.374 0.140 -0.705 0.760 0.074 0.941
Young et al., 2014 [109] -0.272 0.396 0.157 -1.049 0.504 -0.688 0.492
Pooled 0.389 0.124 0.015 0.146 0.633 3.134 0.002 <

-4.00 -2.00 0.00 2.00 4.00
Favours control Favours intervention

Fig. 2 Forest plot illustrating plyometric training-related improvements of the maximal strength performance in comparison to control (i.e, passive,
active, specific-active) groups. Forest plot values are shown as effect sizes (Hedges'g) with 95% confidence intervals (Cl). Black squares: individual
studies. The size represents the relative weight. White rhomboid: summary value. Rot dom: dominant torso rotational strength; Rot non-dom:
non-dominant torso rotational strength

Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower  Upper

g error  Variance  limit limit Z-Value p-Value
Faigenbaum et al., 2007 [92] 0.286 0.376 0.141 -0450 1.022 0.763 0.446 —_.t
Fernandez-Fernandez et al., 2016 [94] 0.481 0.280 0.079 -0.068 1.031 1.717  0.086
Hammami et al., 2019 [96] 1.898 0.371 0.138 1.170  2.626 5.113 0.000 —_—
Toannides et al., 2020 [97] 1.5kg 0.064 0.653 0427 -1.217 1.345 0.098  0.922
Toannides et al., 2020 [97] 3kg -0.024 0.653 0427 -1.305 1256  -0.037 0.970
Marta et al., 2021 [98] 1kg 0.270 0312 0.097 -0.340 0.881 0.868  0.385 ——
Marta et al., 2021 [98] 3kg 0.287 0312 0.097 -0324  0.898 0920  0.357 ——
Martins et al., 2020 [99] lkg 0.261 0.412 0.170 -0.546  1.069 0.634  0.526 —
Martins et al., 2020 [99] 3kg 0.278 0.412 0.170 -0.530  1.086 0.674  0.500 —
Pardos-Mainer et al., 2017 [110] male 0.755 0.577 0332 -0375 1.885 1.309  0.190
Pardos-Mainer et al., 2017 [110] female ~ 0.567 0.597 0356 -0.603 1.736 0950  0.342
Pienaar et al., 2013 [100] 0.766 0.344 0.118  0.091 1.440 2226 0.026 —r
Santos et al., 2008 [28] 1.064 0.423 0.179 0236 1.892 2519 0012 L
Santos et al., 2011 [101] 0.821 0.417 0.174  0.003 1.638 1.968  0.049 e
Singla et al., 2019 [102] (younger) 0.298 0.446 0.199 -0577 1.173 0.668  0.504 —_—
Singla et al., 2019 [102] (18-25 y) -0.070 0.431 0.185 -0914 0774 -0.162 0.871 L
Singla et al., 2019 [102] (older) 1.713 0.561 0315 0612 2813 3.051 0.002 —_—
Sortwell et al., 2021 [103] 0.443 0.256 0.066 -0.059  0.945 1.731 0.084 —a—
Szymanski et al., 2007 [104] 0.923 0.296 0.088 0343 1.504 3.117  0.002 -—i—
Thagi et al., 2020 [105] 1.016 0.143 0.020 0.736  1.296 7.111 0.000 -
Turgut et al., 2019 [106] 1.724 0.433 0.188 0.875 2.573 3979  0.000 —_—
Valades et al., 2017 [21] lkg 0.376 0.718 0516 -1.031  1.784 0.524  0.600
Valades et al., 2017 [21] 2kg 0.356 0.717 0514 -1.049 1.762 0497  0.619
Vossen et al., 2000 [107] 0.244 0.332 0.110 -0.406 0.8%4 0.736  0.462 —lLGr—
Pooled 0.643 0.107 0011 0434 0.853 6.031 0.000 <

-2.00 -0.75 0.50 1.75 3.00

Favours control  Favours intervention

Fig. 3 Forest plot illustrating plyometric training-related improvements of the medicine ball throwing performance in comparison to control (i.e.,
passive, active, specific-active) groups. Forest plot values are shown as effect sizes (Hedges'g) with 95% confidence intervals (Cl). Black squares:
individual studies. The size represents the relative weight. White rhomboid: summary value



Garcia-Carrillo et al. Sports Medicine - Open (2023) 9:93 Page 11 of 19
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Aloui et al., 2021 [86] jump 1.083 0.631 0399 -0.155 2320 1.715 0.086 L
Aloui et al., 2021 [86] run 1.140  0.637 0405 -0.108 2388 1.791 0.073 =
Aloui et al., 2021 [86] stand 0934  0.619 0383 -0.279 2.147 1509 0.131 —_—
Alvarez et al., 2012 [87] 0.455 0580 0337 -0.682 1.592 0.784 0433
Bouagina et al., 2021 [88] jump 0424 0620 0384 -0.791 1.638 0.684 0494 $
Bouagina et al., 2021 [88] run -0.712 0.635 0403 -1.956 0.532 -1.122 0.262 i
Bouagina et al., 2021 [88] stand 0.558 0.626 0392 -0.668 1.785 0.892 0372
Carter et al., 2007 [89] 0390 0416 0.173 -0426 1205 0936 0349
Chelly et al., 2014 [90] jump 3.158 1.023 1.046 1.154 5.162 3.088 0.002
Chelly et al., 2014 [90] run 2.498 0896  0.802 0.743 4.254 2789 0.005
Chellyet al., 2014 [90] stand 0930 0672 0452 -0387 2247 1384 0.166
Cuevas-Aburto et al., 2020 [91] -0.117 0356  0.126 -0.814 0.580 -0.329 0.742
Fernandez-Fernandez et al., 2013 [93]0.601 0364 0132 -0.112 1314 1.652 0.099
Fernandez-Fernandez et al., 2016 [94]0.689  0.285 0.081 0.131 1247 2421 0.015
Heiderscheit et al., 1996 [40] 0.133 0269  0.072 -0393 0.660 0496 0.620
Newton et al., 1994 [41] 0.341 0477 0227 -0593 1275 0715 0474
Pooled 0552 0.157  0.025 0245 0.860 3.523 0.000

-3.00 -1.25 0.50 2.25 4.00

Favours control ~ Favours intervention

Fig. 4 Forest plot illustrating plyometric training-related improvements of the sport-specific throwing performance in comparison to control (i.e,

passive, active, specific-active) groups. Forest plot values are shown as effect sizes (Hedges'g) with 95% confidence intervals (Cl). Black squares:
individual studies. The size represents the relative weight. White rhomboid: summary value

Study name Statistics for each study
Hedges's Standard Lower  Upper
g error  Variance limit  limit
Aloui et al., 2021 [86] 0.584 0.369 0.136 -0.140  1.308
Bouagina et al.,, 2021 [88]  0.714 0.397 0.158 -0.064 1.492
Chelly et al., 2014 [90] 0.624 0413 0.170 -0.185 1.433
Pooled 0.638 0.226 0.051 0.195 1.081

Hedges's g and 95% CI

Z-Value p-Value

1582 0.114 ——
1798  0.072 L
1513 0.130 L
282 0.005 e
-1.00 -0.25 0.50 1.25 2.00
Favours control Favours intervention

Fig. 5 Forest plot illustrating plyometric training-related increase of the upper-body muscle volume in comparison to active controls. Forest plot
values are shown as effect sizes (Hedges' g) with 95% confidence intervals (Cl). Black squares: individual studies. The size represents the relative

weight. White rhomboid: summary value

Discussion

The primary goal of this systematic review with meta-
analysis was to examine the effects of UBPT on the
physical fitness of healthy youth and young adult par-
ticipants, compared to active, specific-active, and passive
matched controls. The main findings indicate that UBPT
resulted in small to moderate improvements in maxi-
mal strength (ES=0.52), medicine ball throwing perfor-
mance (ES=0.64), sport-specific throwing performance
(ES=0.34), and muscle volume (ES=0.64) in healthy
youth and young adult individuals.

Maximal Strength Performance
Compared to control conditions (i.e., passive, active,
and specific-active), UBPT improved maximal strength

performance in healthy individuals with small effect sizes
ranging from 0.39 to 0.52. This observed improvement is
consistent with several physiological adaptations related
to maximal strength performance [111, 112], such as
improved neuromuscular function (e.g., power, proprio-
ception, and postural control) [113, 114] and increased
muscle activation [115]. Moreover, improvements in
muscle—tendon stiffness [116, 117] and architecture
[116, 118], including increased muscle cross-sectional
area, fibre type distribution, muscle mechanics of the
upper and lower limbs (i.e., length. and muscle pennation
angle), and neural adaptations such as increased firing
rates, increased motoneuron excitability and decreased
presynaptic inhibition [119] have also been noted after
plyometric training.
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Table 4 GRADE analysis
Outcome N°studies  Risk of bias in studies Risk of publication Inconsistency Imprecision Certainty
(sample bias of
size) evidence
Maximal strength 13 (n=363) No downgrade Downgrade by 1 level  Downgrade by 1level  Downgrade by two Very low
performance (median PEDro score:  (Egger’s two-tailed (25% < 2 < 75%) levels (n <800; very
6) test, p<0.001) large Cls crossing
the null effect)
Medicine ball throwing 17 (n=819)  No downgrade No downgrade (no Downgrade by 1level  Downgrade by one Low
(median PEDro score:  suspected risk of publi- (25% < 2 < 75%) level (very large Cls
6) cation bias) crossing the null
effect)
Sport-specific throw- 10 (n=291) No downgrade Downgrade by 1 level  Downgrade by 1level  Downgrade by two Very low
ing (median PEDro score:  (Egger’s two-tailed (25% < 2 < 75%) levels (n < 800; very
6) test, p=0.029) large Cls crossing
the null effect)
Muscle volume 3(n=78) No downgrade Not applicable (< 10 No downgrading Downgrade by two Low

(median PEDro score:  studies)

6)

(I < 25%) levels (n <800; very
large Cls crossing

the null effect)

Risk of bias in studies: downgraded by one level if the median PEDro scores were moderate (< 6) or by two levels if they were poor (< 4)

Low risk of indirectness was attributed by default due to strict eligibility criteria

Risk of publication bias (assessed only if > 10 studies were available for the comparison): downgraded by one level if there was suspected publication bias

Inconsistency: judgments were downgraded by one or two levels when the impact of statistical heterogeneity (/) was moderate (> 25%) or high (> 75%)

Imprecision: one level of downgrading occurred whenever < 800 participants were available for a comparison [81] and/or if there was no clear direction of the effects
(including large ranges for the 95% confidence interval, even if the overall meta-analysis presents a clear average direction). When both were observed, certainty was

downgraded by two levels

Note: for outcomes not meta-analytically analysed, a very low certainty of evidence was considered present

Improvements in maximal strength are crucial for
success in various sports [7, 120—122], especially those
where athletes should overcome larger loads (e.g., throw-
ing events, weightlifting) [123]. However, the percentage
of athletes from maximal strength sports that incorpo-
rate UBPT regularly is relatively low, with ~14% in pow-
erlifting and ~ 29% in strongman [124, 125]. Results from
this systematic review can be helpful in evidence-based
practice, but the limited number of studies available on
the effect of UBPT on maximal strength performance
precludes a robust analysis of the optimal prescription
variables to maximize improvements.

Nevertheless, effective and safe UBPT interventions,
with an exercise frequency of 2—-3 times per week and
lasting between 4 and 12 weeks, can be a valuable addi-
tion to resistance training programs aimed at improv-
ing maximum strength. The exercises performed during
the training sessions mainly consisted of medicine ball
throws, push-ups, and bench press throws (at 40-55%
1RM [91, 109]). Although these exercises seem to be
effective in improving maximal strength, the magni-
tude of the improvement was small (ES=0.39). Future
research should explore the use of other exercises that
may have a greater impact on maximal strength. In this
regard, resistance training performed at~90% of 1RM
with maximal volitional concentric contraction velocity

has been shown to be a suitable method to focus on the
nervous system, and investigations have shown that it is
more effective in enhancing force generation than con-
ventional resistance training performed at~70-75%
of the 1RM [126]. Therefore, the combination of resist-
ance and plyometric training could be a time-effective
method, potentially providing larger improvements in
maximal upper-body strength [26, 104, 127]. Neverthe-
less, it is important to be cautious when interpreting the
current results, as the GRADE analysis indicates a very
low level of certainty concerning this outcome.

Medicine Ball Throwing Performance

After examining 17 studies that compared UBPT to
various control conditions (i.e., passive, active, specific-
active control groups), a moderate increase (ES=0.64)
in MBT performance was observed. Plyometric train-
ing can induce physiological adaptations associated with
MBT performance, such as enhancement of the elastic
properties of the musculotendon unit, neural sequenc-
ing optimization and firing rates of the motor units
involved [57]. UBPT might also induce improvements
in muscular fitness traits associated with MBT, includ-
ing muscle power, explosiveness (e.g., rate of force devel-
opment), and coordination [48]. However, the learning
effect should be considered, as individuals demonstrated
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greater improvements in performance with weights simi-
lar to those used during training sessions which is in line
with the principle of training specificity [97].

When using MBT as a field test in the studies included
in this systematic review, variability was observed in
testing protocols, including different throwing positions
(seated, kneeling, standing), different numbers of maxi-
mal throwing trials, and the use of medicine balls with
different weights ranging from 1 to 5 kg. Regardless of
the testing protocol used, increased MBT performance
after UBPT can be an important adaptation for athletes,
as it can predict performance improvements in shot put
[128] or handball throwing [129, 130].

It is noteworthy that adding plyometric training to
resistance training programs was more effective than
resistance training alone in improving upper-body power
(measured by the seated medicine ball throw) [92], torso
and sequential hip-torso-arm rotational strength [104].
However, resistance training has been observed to be
more effective than MBT in increasing throwing velocity
among individuals without prior experience in resistance
training [41]. It appears that the total training workload
is the most critical factor in increasing overhead throw-
ing speed [131]. Despite this, the present meta-analysis’s
findings should be interpreted with caution due to the
low certainty of evidence in the GRADE analysis.

Sport-Specific Throwing Performance

A systematic review and meta-analysis revealed a mod-
est improvement (ES=0.55) in sport-specific throwing
performance after UBPT compared to control groups,
including active, specific-active, and passive control
groups. UBPT exercises can lead to physiological adap-
tations that may enhance throwing performance, such as
increased firing rates of motor units, improved inter- and
intra-muscular coordination, increased muscle fibre con-
traction velocity, and improvements in force and power
generation capabilities [132-135]. Moreover, UBPT
exercises predominantly target the velocity components
of the force—velocity spectrum, which are important
for sport-specific throwing [136]. Other neuromuscular
adaptations induced by UBPT exercises may involve a
better utilization of the stretch-reflex of the upper-body
in a high-velocity ballistic manner, similar to the sport-
specific throwing skill [137].

Included studies in this systematic review measured
sport-specific throwing performance, including hand-
ball throwing velocity (standing, jumping, and three-
step running), baseball throwing velocity, and ball speed
during golf driving. Previous studies have reported the
significant transference effects of plyometric exercises
to sport-specific performance in other sports (e.g., soc-
cer, swimming) [29, 31, 32]. Furthermore, UBPT-induced
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adaptations may lead to improved kinetic characteristics
during throwing such as increased force, power, and rate
of force development [88]. In addition, the increase in
maximal strength (Fig. 2) and MBT performance (Fig. 3)
discussed in previous sections may also contribute to
sport-specific throwing performance [138]. For instance,
a significant association between upper-body maximal
strength and ball throwing velocity (r=0.64—-0.69) was
previously noted [139, 140]. Results arising from the cur-
rent meta-analysis should be interpreted with caution as
the certainty of evidence is very low for this outcome in
the GRADE analysis.

Upper-Body muscle Volume

The results of this meta-analysis suggest that UBPT
increases the upper-body muscle volume compared to
the control groups (ES=0.64). No previous meta-analysis
has reported the effects of UBPT on upper-body muscle
volume. However, previous meta-analyses have reported
plyometric training to be effective in muscle hypertro-
phy [141] and increased muscle architecture (e.g., mus-
cle thickness, fascicle length, pennation angle) [142] of
the lower limbs. Indeed, plyometric exercises have also
been reported to increase the calf-girth in physically
active adults [143]. Moreover, a systematic review sug-
gested that plyometric training may produce similar
effects on whole muscle hypertrophy compared to tradi-
tional resistance training methods for lower extremities
muscles, at least in the short-term (i.e., 12 weeks) [141].
The physiological basis of such an increment of muscle
volume may be attributed to specific muscle fibre recruit-
ment during the plyometric exercises [144]. UBPT is
characterized by short duration high-velocity movement
that activates the motor units associated with fast-twitch
muscle fibres [144] which are suggested to have greater
potential for hypertrophy [138, 145]. However, such spec-
ulations about hypertrophy response being specific to
muscle fibre type have been suggested to be controversial
in the literature [138, 146]. Another mechanism that may
be responsible for the increase in muscle volume is the
increase in the rate of protein synthesis [147], which has
the potential to increase the muscle volume. This is note-
worthy because body composition can influence physi-
cal performance such as speed, change of direction, and
upper limb explosive strength [148]. However, results of
this meta-analysis should be interpreted with caution due
to the low number of studies (n=3) and the low certainty
of evidence obtained in the GRADE analysis.

Limitations and Directions for Future Research
According to the GRADE analysis, the level of certainty
of the evidence for most outcomes ranged from very low
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to low. Therefore, it is important to exercise caution when
interpreting the results of the current meta-analysis. To
enhance the reliability and applicability of the findings,
future research should aim to overcome these limitations
by utilizing larger sample sizes and conducting more ran-
domized controlled trials. It is noteworthy, however, that
this study is a significant addition to the field, as it has
summarized the existing evidence and pinpointed areas
requiring further investigation.

While a significant number of studies were included
in this review, UBPT is still relatively understudied
compared to lower-body plyometric training. Future
studies on UBPT should focus on determining the opti-
mal dose for participants based on their characteristics.
Additionally, the extent to which UBPT transfers to
sport-specific performance in other upper-body-dom-
inated sports (e.g., badminton, tennis, boxing) remains
to be determined. Furthermore, most studies included
in this review involved male participants, with only six
studies including females (as shown in Table 3). This
sex disparity highlights the need for more inclusive and
representative studies to fully understand the effects of
UBPT on female physical fitness.

Practical Applications

The findings of this systematic review with meta-analysis
have significant implications for coaches and practition-
ers involved in training programs, aiming to optimize
training protocols targeting various aspects of physical
fitness and sport-specific performance. Table 5 provides
evidence-based practical recommendations for UBPT
programming for trainers and practitioners seeking to
improve maximal strength, medicine ball and sport-spe-
cific throwing performance, and upper-body muscle vol-
ume among youth and young adult population.
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To maximize the potential benefits derived from
UBPT on specific training goals (e.g., maximal
strength; medicine ball throwing performance [e.g.,
maximal power]), practitioners may consider a set of
evidence-based practical recommendations indicated
in Table 5: (i) include a warm-up (<15 min) before
UBPT sessions, (ii) perform 2—4 UBPT sessions per
week, (iii) continue for a duration of at least 4 weeks,
(iv) include a variety of exercises (e.g., 4—12 per ses-
sion), particularly for long-term interventions, (v) after
adequate technique reached for a particular exercise
consider a progression up to maximal-intensity exer-
cises, and (vi) include 1-6 sets of 1-10 repetitions per
exercise, for a total of 50—100 repetitions per session.

It should be noted that the practical recommenda-
tions presented in this systematic review are based on
information from the individual studies, rather than
the meta-analyses themselves. Unfortunately, few stud-
ies directly compared different variables of UBPT pre-
scription (e.g., exercise type, intensity), which limits
our ability to analyse these factors.

Conclusions

The current systematic review provides evidence
to support the effectiveness of UBPT interventions
in enhancing physical fitness and performance out-
comes in healthy youth and young adults. The find-
ings suggest that UBPT can improve maximal strength,
medicine ball throwing performance, sport-specific
throwing performance, and muscle volume compared
to control groups. However, caution should be exer-
cised when interpreting the results, as the level of cer-
tainty of the evidence was found to be between very
low and low.

Table 5 Evidence-based practical recommendations for UBPT programming

Wu Freq Dur Int Exe PExe Sets Reps RBS RBTS? PO
Maximal strength performance (13)P 15 2-3 4-12  Max,Mix 1-6  50-100 2-10 3-30 60-240 48-96 V.L,noPO
Medicine ball throwing performance (17) 10-15 2-4 4-12  Max, Mix 1-6  50-100 1-10 4-15 15-240 48-96 V,Freq
Sport-specific throwing performance (10)  35-15  2-3 4-8 Max 1-5 50-100 2-6 6-20 30-240 48 V, L, no PO
Upper-body muscle volume (3) 15 2 8 Max 1-3 100 3-5 6-12 240 48 VL

Dur total duration (weeks) of UBPT interventions, Exe number of UBPT exercises performed per session, Freq frequency of UBPT (sessions per week), Int intensity of
UBPT intervention exercises; L load, Max maximal, PExe percentage of UBPT exercises in the whole upper-body training programme, PO progressive overload (either
as intensity, type of exercise, volume, or a combination of these), Reps total repetitions performed, RBS rest between sets (seconds), RBTS rest between UBPT sessions
(hours), UBPT upper-body plyometric training, V volume (repetitions), Wu warm-up time (minutes)

2 applicable to training sessions within a given week

b values in parenthesis denote the number of studies reporting data for the outcome
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Abbreviations

1RM One-repetition maximum

@] Confidence interval

ES Effect size

GRADE  Grading of Recommendations Assessment, Development and
Evaluation

MBT Medicine ball throwing

OSF Open Science Framework platform

PEDro Physiotherapy Evidence Database

PICOS Participants, intervention, comparators, outcomes, and study design

PRISMA  Preferred Reporting Items for Systematic reviews and Meta-Analyses

UBPT Upper-body plyometric training
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