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Abstract: Background: Plyometric jump training (PJT) encompasses a range of different exercises
that may offer advantages over other training methods to improve human physical capabilities
(HPC). However, no systematic scoping review has analyzed either the role of the type of PJT exercise
as an independent prescription variable or the gaps in the literature regarding PJT exercises to
maximize HPC. Objective: This systematic scoping review aims to summarize the published scientific
literature and its gaps related to HPC adaptations (e.g., jumping) to PJT, focusing on the role of the
type of PJT exercise as an independent prescription variable. Methods: Computerized literature
searches were conducted in the PubMed, Web of Science, and SCOPUS electronic databases. Design
(PICOS) framework: (P) Healthy participants of any age, sex, fitness level, or sports background;
(I) Chronic interventions exclusively using any form of PJT exercise type (e.g., vertical, unilateral).
Multimodal interventions (e.g., PJT + heavy load resistance training) will be considered only if studies
included two experimental groups under the same multimodal intervention, with the only difference
between groups being the type of PJT exercise. (C) Comparators include PJT exercises with different
modes (e.g., vertical vs. horizontal; vertical vs. horizontal combined with vertical); (O) Considered
outcomes (but not limited to): physiological, biomechanical, biochemical, psychological, performance-
related outcomes/adaptations, or data on injury risk (from prevention-focused studies); (S) Single-
or multi-arm, randomized (parallel, crossover, cluster, other) or non-randomized. Results: Through
database searching, 10,546 records were initially identified, and 69 studies (154 study groups) were
included in the qualitative synthesis. The DJ (counter, bounce, weighted, and modified) was the
most studied type of jump, included in 43 study groups, followed by the CMJ (standard CM]J or
modified) in 19 study groups, and the SJ (standard SJ or modified) in 17 study groups. Strength
and vertical jump were the most analyzed HPC outcomes in 38 and 54 studies, respectively. The
effects of vertical PJT versus horizontal PJT on different HPC were compared in 21 studies. The
effects of bounce DJ versus counter DJ (or DJ from different box heights) on different HPC were
compared in 26 studies. Conclusions: Although 69 studies analyzed the effects of PJT exercise
type on different HPC, several gaps were identified in the literature. Indeed, the potential effect of
the PJT exercise type on a considerable number of HPC outcomes (e.g., aerobic capacity, flexibility,
asymmetries) are virtually unexplored. Future studies are needed, including greater number of
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participants, particularly in groups of females, senior athletes, and youths according to maturity.
Moreover, long-term (e.g., >12 weeks) PJT interventions are needed

Keywords: human physical conditioning; exercise; muscle strength; athletic performance; muscu-
loskeletal and neural physiological phenomena

1. Introduction

Different resistance training methods have been reported to improve human physical
capabilities (HPC) [1,2]. Plyometric jump training (PJT) can offer some advantages over
other training methods (e.g., traditional resistance training), offering equal (or even more)
effectiveness for the improvement of several HPC (e.g., jumping, sprinting) [3,4]. Indeed,
unlike traditional resistance training, the ballistic nature of PJT allows the avoidance of
deceleration towards the end of a given movement (e.g., terminal hip and knee exten-
sion [5,6]), which might additionally contribute to the transference of adaptations to HPC
and sport-specific performance [7-9]. Furthermore, PJT may be inexpensive compared
to other resistance training methods, requiring little or no equipment, usually involving
drills with the body mass used as resistance [10]. Additionally, PJT may be conducted in
a relatively small physical space, which may be an essential advantage during specific
scenarios (e.g., encountering pandemic restrictions) where participants may be forced to
train at their homes [11]. Moreover, PJT may be considered more fun than other training
methods (e.g., flexibility, endurance), particularly among youths [12]. Furthermore, PJT
may reduce the risk of injury [13,14] and be adapted for successful rehabilitation pro-
grams [15]. In addition, PJT can mimic the specific short-duration high-intensity actions
of sports, potentially increasing the transference effect between PJT exercises and sport-
specific performance [7-9]. Indeed, PJT has demonstrated a favorable impact on a myriad
of athletes’ physical capabilities, such as jumping, linear running sprinting speed, agility,
change of direction speed (CODS), repeated sprint ability (RSA) with and without CODS,
short-term endurance (e.g., up to 60 s), long-term endurance (e.g., the Yo-Yo test), maximal
strength, balance, sport-specific performance (e.g., kicking speed), range of motion, and
coordination, among others [16].

A PJT program compasses a range of exercises that involve high rates of force devel-
opment and are performed with a variety of ground contact times, ranging from briefer
contacts (<250 ms plyometric or fast stretch-shortening cycle [SSC]) [15] as observed during
rapid hopping (<200 ms) [17] or hurdle jumps [18] to longer contacts as observed during
depth jumping (>360-400 ms, explosive or slow SSC) [19,20] or the countermovement
jump (CMJ; >800 ms) [18]. Indeed, the type of muscle action (e.g., complete SSC [eccentric-
amortization-concentric] vs. concentric-only movement; fast vs. slow SSC) may affect the
HPC adaptations to PJT. For example, fast SSC PJT drills may exert a more significant
effect on a linear sprint (ground contact times [GCT] ~150 ms) and slow SSC PJT drills
during actions requiring CODS (GCT ~500 ms during turning movement) [21]. A PJT also
involves exercises requiring multi-joint coordination of the lower body and considerable
voluntary effort (e.g., near-maximal or maximal vertical jump height) during the concentric
portion of a jump against the force of gravity, in addition to the ability to resist strain on
the musculoskeletal complex during the eccentric-landing phase [22-24]. Indeed, different
jumps may involve low (e.g., jump to box) or high (e.g., drop jump) eccentric ground-
impact forces that can reach up to 10 times body mass and usually exploit the mechanism
of the SSC to augment performance [22-24]. Moreover, PJT may involve either unilateral
or bilateral leg movements, without external load (e.g., body mass load) or with external
load (e.g., loaded CM]J, jump squat), with different potentials to affect the force—velocity
profile [25]. A PJT program also involves exercises with varying directions of force ap-
plication (e.g., vertical vs. horizontal), which may affect the degree of HPC adaptation.
For example, vertical-predominant jump training may significantly impact HPC with a
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greater vertical component (e.g., vertical jump). In comparison, horizontal-predominant
PJT may have a greater effect on HPC with a greater horizontal component (e.g., linear
sprint) [26]. Furthermore, the specificity of the PJT exercise concerning the targeted out-
come, and the inter-repetition pattern (e.g., cyclic vs. acyclic) [27], may additionally affect
HPC adaptations.

Because of these variations, a wide array of PJT exercises are available to physical
conditioning coaches to facilitate a range of HPC adaptations in line with manipulating
parameters such as training intensity, frequency, or jump repetitions [28-30]. Although there
is a reasonable amount of scientific literature on the effects of the type of PJT exercise on
HPC adaptations, considering the myriad of PJT exercise variations that are possible [31-33],
it is likely that a majority of the PJT types that could be incorporated into a training program
have not been adequately investigated. Indeed, coaches’ decisions regarding potentially
relevant PJT moderators are frequently based on practical experience or evidence from
cross-sectional studies with particular populations [34]. Moreover, experimental research
approaches in PJT studies usually compare a limited number of PJT exercises. Indeed, PJT
studies commonly include only two or three groups of participants, and a control group
is not always available. Furthermore, most PJT studies involved only small samples of
participants (i.e., n = 10) [3,4], precluding a generalization of results to broader groups [35].
In this context, an alternative research approach to better analyze the effect of a broader
range of PJT exercises may involve a systematic literature review.

Systematic reviews may assist practitioners in selecting more effective and safer
PJT prescriptions through an evidence-based decision approach [36-38]. Although some
systematic reviews with meta-analyses attempted to analyze the role of potentially relevant
PJT moderators (e.g., PJT intensity) on HPC [39,40], analyses on P]T exercise type were
usually precluded due to an insufficient number of studies available. Relatedly, systematic
reviews, with and without meta-analyses, involve inherent strict inclusion criteria [41-43],
usually restricted to randomized-controlled studies. However, such a research design can be
logistically challenging in PJT studies, particularly with highly trained athletes. This would
involve the exclusion of such studies from systematic reviews. Thus, much of the evidence
in this field would be limited to analyses, precluding a more comprehensive analysis
regarding the potential effects of PJT on HPC. An alternative approach to a traditional
systematic review would involve a systematic scoping review.

Scoping reviews perform a systematic mapping of existing evidence and identify rele-
vant gaps in the literature [44,45]. Scoping studies aim to provide more than pooled results
or analytical comparisons by also mapping the existing evidence [45]. Future research
would benefit from clear guidance based on an evidence-gap map (EGM) [46,47], and
scoping reviews provide a suitable and systematic approach to building such maps [45].
Fitting into the broad approach of most scoping studies, EGMs graphically represent the
body of evidence, conveying an intuitive visual interpretation of research efforts allocation
(i.e., where the evidence is rich versus where it is scarce) [46—48]. Such data assists in devel-
oping policies and guidelines and exposes areas requiring further research [46-48]. Sports-
medicine-related reviews, including EGMs, have been published in recent years [49-51]. A
scoping review with an EGM will provide a clearer picture of what is known about PJT
exercise type, as a prescription variable, for physical performance maximization in healthy
participants, helping inform future policies and funding.

Previous systematic scoping reviews [3,4,52] have addressed PJT programming issues.
However, these studies included a broad scope, not focusing on the potential role of the
type of PJT exercise on HPC, concentrating on a particular group of participants (e.g., soccer
players). Additionally, the rate of yearly PJT-related publications increased 25-fold between
2000 and 2017 [3]. More frequent updates are necessary for sports science. Moreover, the
increasing number of publications in PJT will likely render prescription reviews quickly
outdated. In rapidly emerging research fields, 25% of systematic reviews are obsolete
within two years and 50% within five years. Periodic systematic review updates of the
literature (a systematic living review of the literature) have been recommended to cope
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with fast-growing fields of knowledge [53]. The main advantage of this approach is that it
assumes that new knowledge will improve sports and clinical decision making [53]. As
such, a continuous systematic review update based on the new relevant evidence seems a
good option [54,55]. Such a potentially suitable method has yet to be applied in the field of
PJT effects on HPC and the potential moderator role of the PJT exercise type.
Considering this rationale, this article aims to summarize the published scientific
literature related to HPC adaptations (e.g., jumping) to PJT, focusing on the role of the
type of PJT exercise as an independent prescription variable, using a systematic scoping
review approach. Therefore, this systematic scoping review would add to the literature
by grouping the vast number of studies, independent of the study design (i.e., controlled,
not controlled, randomized), involving PJT interventions to improve HPC performance.
Although previous scoping reviews have addressed the role of PJT, none have included
a particular focus on the role of the type of PJT exercise as an independent prescription
variable on a broad number of HPC and groups of participants. This review approach
would add valuable information to the literature for practitioners and applied researchers.

2. Methods
2.1. Procedures

A systematic scoping review was conducted following previous guidelines, including
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020)
and PRISMA extension for Scoping Reviews [44,56-59].

2.2. Literature Search: Administration and Update

We considered recommendations from systematic scoping reviews that previously
examined the PJT literature [3,4]. Computerized literature searches were conducted in
PubMed, Web of Science, and SCOPUS electronic databases. The search strategy was
performed using the Boolean operators AND in different combinations with keywords for

A o a7

all database fields (i.e., “ballistic”, “complex”, “cycle”, “force”, “plyometric”, “shortening”
“stretch”, “training”, “velocity”) or title database field (i.e., “explosive”, “jump”, “power”,
“training”). These were combined as (i) “ballistic” AND “training”, (ii) “complex” AND
“explosive” AND “training”, (iii) “explosive” AND “training”, (iv) “force-velocity” AND
“training”, (v) “jump” AND “training”, (vi) “plyometric” AND “training”, (vii) “power”
AND “training”, and (viii) “stretch” AND “shortening” AND “cycle” AND “training”.
After an initial investigation in April 2017, an account was created by one of the authors
(RRC) in each of the respective databases, through which the author received automati-
cally generated email updates regarding the search terms used. The search was refined
in May 2019 and August 2021, with updates received daily (if available). Studies were
eligible for inclusion up to October 2022. The main advantage of this search approach is
that it assumes that new knowledge will appear and allow improvements in sports/clinical
decision making [53-55]. Indeed, the rate of PJT studies published yearly has increased
exponentially since 2010 [3,4]. The same author (RRC) conducted the initial search and
removed duplicates using the automated removal function of duplicates of EndNote™
20.4.1 for Windows (Clarivate™), with further manual removal of duplicates if required.
After that, the search results were analyzed according to the eligibility criteria. The elec-
tronic Supplementary Material describes the search strategy (code line) for each database
and the background of the search history (Table S1).

In selecting studies for inclusion, all relevant titles were reviewed before examining
the abstracts and full texts. Then, a double screening was performed [60]. First, one
experienced researcher (RRC) independently screened the retrieved studies’ titles, abstracts,
and full texts, with a second author (ED) confirming. Potential discrepancies between
the two authors regarding inclusion and exclusion criteria (e.g., intervention adequacy)
were resolved through consensus with a third author (RKT) during the search and review
process). After that, the list of included studies and the inclusion criteria were sent to two
independent world experts in the field of PJT, identified through the “Plyometric Exercise”
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field in Expertscape®. Due to a large number of expected studies, there may have been
reduced compliance from the experts, especially since (by definition) they cannot be invited
to be coauthors of the manuscript (otherwise, they would not be independent experts).
A three-week waiting period was granted for the 1st response (including a reminder
after the first two weeks) and an additional four-week period for completing the task in
case of a positive response. Upon having the final list of included studies, we manually
searched for errata and retractions [61] and retrieved pre-registered or pre-published
protocols and supplementary files when available. Snowballing citation tracking was not
performed due to the large number of studies expected to be included in this systematic
scoping review. If the number of initially included studies had proved to be not enough to
provide representative data on past and current trends in this field (i.e., <100 studies), with
further studies likely making an impact on our results, manual searches would have been
performed within the reference lists of the studies deemed eligible for inclusion after the
automated searches. We also selected representative systematic reviews on the topic and
checked their reference list.

2.3. Inclusion and Exclusion Criteria

Research articles published in peer-reviewed journals were considered, with no publi-
cation date or language limitations. Eligibility criteria were based on the Participants, Inter-
vention, Comparators, Outcomes, and Study Design (PICOS) framework [56]: (P) Healthy
participants of any age, sex, or sport. Studies with injured (e.g., studies on rehabilitation or
return to sports) were excluded; (I) Chronic (multiple sessions with an assessment of pre-
to post-differences) interventions exclusively using any form of PJT exercise type (e.g., ver-
tical, unilateral), either single mode (e.g., vertical only) or combined mode (e.g., vertical
combined with horizontal PJT exercises). Multimodal interventions (e.g., PJT + heavy load
resistance training) were considered only if studies included two experimental groups
under the same multimodal intervention, with the only difference between groups being
the type of PJT exercise. An evidence-based [3,4] decision was considered to determine
the minimal effective PJT duration (weeks) for the improvement of HPC, i.e., >2 weeks;
(C) Comparators include PJT exercises with different modes (e.g., vertical vs. horizontal;
vertical vs. horizontal combined with vertical); (O) Considered outcomes (but not limited
to): physiological, biomechanical, biochemical, psychological, performance-related out-
comes/adaptations, or data on injury risk (from prevention-focused studies); (S) Single- or
multi-arm, randomized (parallel, crossover, cluster, other), or non-randomized.

Only original studies in peer-reviewed and full-text format were eligible to be included.
Additional exclusion criteria: books, book chapters, and congress abstracts, as well as cross-
sectional and review papers, and training-related studies that did not focus on the effects
of PJT exercises, such as plyometric training without the use of jumps (e.g., upper-body
plyometrics only). Also excluded were retrospective studies, prospective studies (e.g., the
relationship between bone density at the end of PJT and several years of follow-up), studies
in which the use of PJT exercises was not clearly described (e.g., authors stated “plyometric
exercises were implemented”, without further explanation), studies for which only the
abstract was available, case reports, special communications, letters to the editor, invited
commentaries, errata, studies with questionable quality or unclear peer-review process
from the journal [62], overtraining studies, and detraining studies. In the case of detraining
studies, these were considered for inclusion if they involved training before a detraining
period. Because of expected difficulties with the translation of research articles written in
different languages and the fact that 99.6% of the P]T literature is published in English [3],
only articles written in English, Spanish, German, and Portuguese (i.e., authors’ native
languages), were considered for inclusion.
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3. Data Extraction
3.1. Data Collection Process

Being a systematic scoping review, data refer to study characteristics and their out-
comes but do not include the actual data results derived from specific tests-measurements,
which were not extracted. All data was coded into a specifically designed Microsoft® Excel
worksheet. If relevant data or contextual information proved to be missing, the studies’
authors were contacted through email, and a three-week waiting period was granted for
the response (including a reminder after the first two weeks). Without a response within
three weeks, the study was excluded if the needed information was required according to
eligibility criteria. If the missing information was not integral to the eligibility criteria, the
study was included in the review.

3.2. Data Items

Participant-related information: sample size, age, sex, sport, season timing (e.g., pre-
season, competitive phase), fitness level, body mass, height, and previous experience
with PJT.

Intervention-related information focused on chronic adaptations: intervention length,
PJT exercise type (e.g., vertical), identifying the box height when appropriate (e.g., PJT
involving drop jump exercise); repetitions; intensity; frequency; co-interventions (e.g., PJT
combined with heavy resistance training); inter-repetition, inter-set, and inter-day recovery
time; type of surface; progressive load dose; application strategy (e.g., replaced a portion of
formal training with P]T); and tapering strategies.

Comparators: other PJT exercise types, i.e., in the same study, two groups should be
included in the PJT intervention, with the only difference between the groups being the
type of PJT exercise used during the intervention period.

Outcomes: physiological (e.g., muscle fiber diameter), psychological (e.g., rate of
perceived exertion [RPE]), HPC (e.g., CM] height; CM]J force; a range of motion), and
system level(s) (e.g., cardiovascular, musculoskeletal, nervous). The HPC outcomes will
also be analyzed according to their factor emphasis (e.g., strength, flexibility) to provide
an overview of which categories are being assessed. Considering the goal of providing a
systematic scoping review with an evidence-gap map, outcomes were registered, but their
results were not. For example, k studies assessed the CM]J, but the actual measurement
values were irrelevant.

Study design-based evidence-level: a color coding denoted randomized (green) and
non-randomized multi-arm (yellow) studies. Considering the purposes of this systematic
scoping review, analyzing the risk of bias in studies would not impact our results or the
assessment of research trends [63].

One author (RRC) performed data extraction, and a second author (ED) provided
confirmation, and any discrepancies between them were resolved through consensus with
a third author (RKT).

3.3. Data Management and Synthesis Methods

A narrative synthesis was performed, accompanied by data summaries (e.g., number,
percentage) for the previously defined data items to provide an overview of the existing
body and the corresponding gaps in research. An EGM was constructed to graphically
represent the body of evidence and intuitively convey an overview of the existing evidence
and the current research gaps [46—-48].

3.4. Registration and Protocol

The protocol was pre-registered in Open Science Framework (OSF). The first reference
given by OSF was: Barrio, E. D., Thapa, R. K., & Ramirez-Campillo, R. (20 October 2022).
What don’t we know about plyometric jump training exercise type optimization, as a
prescription variable, for human performance maximization: A systematic scoping re-
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view with evidence-gap map. “https://doi.org/10.17605/OSEIO/Q2Y3A (accessed on
4 August 2023)”.

4. Results

Figure 1 provides a graphical schematization of the study selection process. Through
database searching, 12,503 records were initially identified, and 69 studies were included in
this systematic scoping review. The supplementary electronic material (Table S2) presents

the studies excluded (with reasons) at the preliminary qualitative synthesis stage.

Identification of studies via databases and registers

O—=-H>»0—T=——<4Z2mMO0 —

Records identified from:
PubMed (3709), Web of

Science (4482) and SCOPUS
(4312). Total n = 12,503)

!

Qz—zmmouon

v

Records screened >

(n=5171)

!

Reports screened in full text (n =

1128)

Reports assessed for eligibility
(n=124)

omocroz-—

Studies included in scoping review
(n=69)

Records removed before
screening:
Duplicate records removed (n
=7332)

Records excluded based on title
or abstract
(n =4043)

Reports excluded (n = 1004)

Participants-related reasons (e.g., studies in rats) (n = 36)
Intervention-related reasons (e.g., no comparison between type of jump) (n =
992)

Studies design-related reasons (e.g., cross-sectional) (n = 9)

Other reasons (e.g., article not retrieved) (n = 6)

Reports  excluded (reasons

detailed in electronic
supplementary material S2):
(n=155)

Figure 1. PRISMA flow diagram of the identification of studies.

The 69 studies included appeared in 37 different journals, all written in English, with
an exponential increase in the number of published articles per year in recent years. Table 1
summarizes the articles included in this systematic scoping review. Figure 2 shows the

number of articles included accumulated (grouped) over periods of five years (Figure 2).
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Table 1. Description of studies included.

Stud Randomization Sar'nple Gender Age Fre Dur Box Height Total Jumps Type of Jump Trainin, Combined Tests
y Size 8 q g Jump ype of Jump g
10 249 35, 40, 45 Depth jump
Abass (2009) . Back and 1 imal h
[64] Yes 10 Male 24.9 3 12 NA NR Rebound jump No ack and leg maximal strengt!
10 27.5 NA Horizontal unilateral
Andrew ot al 12 223 Hip depth jump One- and two-legged vertical jump, 30 m
' Yes 13 Mix 20.8 2 12 15-60 2016 Knee depth jump No sprint, standing broad jump, 1RM seated
(2010) [65] single leg press, both
13 20.8 Ankle depth jump gl leg press,
; 8 20.2 45 DJ
Asadi (2012) Yes Male 2 6 1200 No COD Tllinois Agility and T-test
[66] 8 20.3 NA @]
20 SJ (50-60% of 10RM)
Berger (1963) No Male NR 3 7 NA 210 No CMJ jump height
[67] 19 cMJ
Blakey and 1 10 DJ 1
Southard Yes 10 Male 18-21 2 8 40 500 DJ RT 1RM leg press
Margaria test power level
(1987) [68] 10 NA Vertical jumps
7 1800 FCPL Mix bilateral CM]J, unilateral, and index, DJ (30 cm)
Bogdanis et al. . height and contact time, RSI, max isometric
(2019) [69] Yes 8 Mix 182258 2 6 NR 900 FCPL Mix unilateral RT force (N), RED (N.s), IRM leg ext and curl
(Sum of right and left, max force bil index)
(ioﬁgéeozzzol) Y. 7 Mal 112 ’ 8 NA 1360 Mix SSC N Sprint 5 and 20 m, COD Illinois Agility,
t27] ° 8 e 11.3 Mix non-SSC © CM]J, RS, kicking distance
6 23.8 40 (height) DJ (counter)
Byrne et al. Yes Male » 8 g 660 No CM] (Cm),.RSI 2.0, 30,. 40,. 59, and 60, and
(2010) [70] 6 20.8 30 (RSI) DJ (bounce) trained height, inter-individual responses
) 12 15.5 20 Mix Vertical leg stiffness, jump power, RFD
Chottidao et al. Yes Male 3 8 2220 No (peak and average), jab and cross punch
(2022) [71] 12 15.6 NA Mimic rope jump (velocity and force), reaction and
movement time
NA CMJ
Clutch et al. Leg strength (IRM squat), vertical jump
(1983) [72] Yes 12 Male 209 2 4 30 320 DJ RT (cm), max iso knee extension (125°) (N)
75-110 DJ
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Table 1. Cont.

Study Randomization Sasrir;lzle Gender Age Freq Dur BoxHeight Total Jumps Type of Jump Training Combined Tests
Cronin et al. 14 ) Bungy squat jump Strength ar.‘ld power (EMG, .kg, mean and
(2003) [73] Yes Mix 23.1 2 10 NA 804 ) No peak velocity) (N and W), single leg jump
) 14 Non-bungy squat jump (cm), lunge test (s), COD T-test (s)
9 DJ unilateral/vertical CM]J (cm, GRE, vertical impulse, leg-spring
Dello Iacono stiffness, contact time, RSI, and total time),
et al. (2017) Yes Male 23.4 2 10 25 1028 D i1 1/hori ! No COD (total time, 10 m time, time to perform
[74] 9 J unilateral /horizontal. a turn, step length (0-1.2-4), step frequency,
contact time first in 10 m and to turn)
9 Jump squat parallel Distal, mid, proximal portion and changes
Earp etal. in Sum of quadriceps, vastus lateralis,
(2015) [75] Yes 9 Male 18-85 3 8 NA 872 Jump squat volitional No intermedius, medialis, and rectus femoris,
1RM to BM ratio
15 27.6 CM]J + box jumps CM]J height, shoulder angular velocity, hip
E : tal. R angle, hip angular velocity, knee angle, and
Mamman et a Yes 15 Male 26.2 3 6 60 756 CM] + box jumps (no arms) NR knee angular velocity at take-off, hip, knee,
(2022) [76] 8 y p.
CM] + box jumps (no knee) and ankle angle at the end of the
15 27.1 Jump eccentric phase
; 11 20 40 DJ
ge;};gl)e[’; 271} Yes . Mix o3 2 12 A 704 o™ No SJ, CM], and DJ (height and positive energy)
Gonzalo-Skok 9 13.3 20 Mix—vertical /bilateral 5, 1Q, 25 m.sprmt,leM], C?M] }fleft and right),
etal. (2019) Yes Male 2 6 960 No horizontal jump (le tand rig t‘), COD (V-cut
78] 9 13.2 10 Mix—horizontal /unilateral and COD 180), dorsiflexion (right and left),
SEBT (left and right, anterior and posterior)
Hawkins 10 40-90 DJ—optimal height Sargent jump, standard depth jump, knee
(1978) [79] Yes 10 Male NR 2/3 6 40-90 552 DJ—less height and loaded No extensor, plantar flexor (1IRM),
3 40-90 DJ—less height inter-individual data reported
Hoffman et al 15 SJ—load BM, 1RM squat and power clean, 40-yard
(2005) [80] ’ Yes Male 19.8 2 5 NA 160 K No sprint, COD T-test, vertical jump, SJ 70%
16 SJ—concentric load RM (power and EMG)
10 NR— NA CM]J
Holcomb et al. — B CM]J (height and peak power)
(1996) [81] Yes 10 Male coileege 3 8 40, 50, 60 1728 DJ (ankle, knee, and hip) No 5] (height and peak power)
10 8 40,50, 60 DJ
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Table 1. Cont.

Study Randomization Sa;rir;lzle Gender Age Freq Dur BoxHeight Total Jumps Type of Jump Training Combined Tests
10 23.7 Non-braking weighted SJ CM]J, §J, and weight S] (W and W.kg), RSI,
jump and reach, con and ecc squat (1IRM),
Hori et al. isometric quadriceps and hamstrings
(2008) [82] No 10 Male 24.8 2 8 NA 576 Braking weighted SJ No strength (10°, 30°, 50°, 70°, 90°), isokinetic
con/ecc quads and hams strength (60° /s,
180°/s, 360°/s)
Hortobagyi 15 Mix—Vertical BM, height, thigh and calf girth, SB], five
bound test, vertical jump, vertical jump one
et al[.8(31]990) Yes 15 Male 134 2 10 NA 2600 Mix—Horizontal No leg after a 3-step run-up and back throw
over head of a 4 kg ball (cm)
7 20.1 Mix-Assisted elastics
Khoadei et al. . . . Sprint time (10, 10-20, 20-30, and 30 m)
(2017) [84] Yes ? Male 209 3 4 NA 1480 Mix—Resisted elastics. No Agility T-test and Tllinois (s)
8 20.9 Mix
King and 11 15.3 Mix—Sagittal plane
Cipriani (2010) Yes Male 2 6 NA 1296 No Vertical jump (cm)
[85] 10 15.1 Mix—Frontal plane
11 Rope jum Inter-individual responses; responders, VO
K L pe jump p ; resp , VO2
usuma et a Yes Male 15-17 3 8 NA NR NR max (mL/kg/min), anaerobic
(2020) [86] L g
11 High jump threshold (bpm)
Laurent et al 11 Mix—Bounce DJ DJ 20, 40, 60 cm (height, contact, RSI), MVC
(2020) [87] . No Mix 19-26 2 10 30-40 2980 ] No torque, CM] (height), tendon stiffness index,
11 Mix—Counter DJ Achilles tendon CSA
13 SJ—traditional weight
Loturco et al. Yes Male 185 3 2 NA 180 No SJ and CM] (cm), SJ, half squat power
(2020) [88] 12 Sj—elastic band (W.kg), 5, 10, and 20 m sprint, COD zig-zag
12 18.2 CM]J—uvertical Vert and horizontal jump (height, peak
LO;S;%O [eg]al. Yes Male 2,4, 3 NA 512 No force), 10 and 20 m sprint and accel, effect to
(2015) 12 185 5 SLJ—horizontal speed and accel
Machado et al. 8 38 45 S . e
(2019) [89] Yes 5 Male ” 2 8 e 2880's D] No 5 km trial sport-specific
M L 12 222 20-30-40- Mix—Acyclical i
azlsalzukgeot a Yes Male 3 6 607684 3888 . : No gMJ, repeated ?M],. DJ (force, height, knee
( ) [90] 12 2.7 Mix—Cyclical exion degree, landing time)

91
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Table 1. Cont.

Study Randomization Sa;rir;lzle Gender Age Freq Dur BoxHeight Total Jumps Type of Jump Training Combined Tests
16 20.6 15-20 Mix—~Unilateral ; :
Makaruk et al. Yes Female » 1 6424 FCPL : . No Wingate peak power (W), five alternate leg
(2011) [91] 18 209 30-35 Mix—Bilateral bounds (m), CMJ, and UCM] (W and m)
10 20.7 Mix—Vertical ; ; ;
Manouras et al. Yes Male 1 8 40 680 No 10 a.nd 30 m sprint, ‘CO].D right and left side,
(2016) [92] 10 19.1 Mix—Horizontal horizontal and vertical jump
12 CMJ—Unloaded
i 12 CMJ]—Negative elastic i
Mazré‘f;lfgzt] al Yes Male 237 3 8 NA 1404 J—Neg No thM ;q‘?alt{tsl' and CMJ fGRlF' Conce“tt“;
( 12 CMJ—Positive elastic ime, height, power maximal, mean, etc.
11 CM]J—Vest, change inertia
Markovic et al. Y 10 Mal 1 3 o NA 1260 CMJ—Deloaded machine N Quadriceps peak torque, CMJ from —30% to
(2011) [94] €s 10 aie CMJ—Loaded dumbbells °© +30% BW (Mechanical behavior parameters)
Marshall and 34 DJ—Bounce
M 201 768 N M
ora[gS(] 013) Yes 35 Male 22 3 8 30 DJ—Countermovement © J
Mastalerz et al. 12 Mix—Inclined plane Knee ext power (30, 60, .180, 240°/s), CM]
(2009) [96] Yes Male 22-24 5 4 NR 800 No (power), EMG concentric vastus lateralis
12 Mix—Vertical and rectus femoris (average and mean)
l\gaStersc()?ggg;i v 10 i 20.2 3 10 NA 1620 s Rope jump N CM]J (W), 50-yard sprint, Wingate (mean
rov\Egﬂ es m ix 203 660 reps cM] ° and maximal), 1RM (leg press bench press)
; 11 50 DJ—100 cm ;
Matavulj et al. Yes Male 1516 3 6 540 No CM]J, RFD (1.<nee and hip extensors), MIF
(2001) [98] 11 100 DJ—50 cm (knee and hip extensors)
Mazurek et al. Yes 14 Male 20 2.3 5 20, 40, 60, 1218 Mix—RSI fast SSC Yes—RT Anthropometric, aerobic capacity, RSI, SJ,
(2018) [99] 12 76 Mix—height, low SSC CM]J, and 5] (height)
9 24.2 S]—80%1RM Anthropometric, 1RM squat, 30 SJ 30%,
McBride et al. No—1RM 55%, 80% (height, peak force, power peak,
(2002) [100] squat ratio 10 Male 21.6 2 6 NA Ind S]—30%1RM No EMG vastus lateralis), COD agility, 5, 10,
and 20 m sprint
McClenton 10 22.1 NA 139 Mix- Vertimax machine
t al. (2008 Yo i Vertical jump (cm
et al. (2008) e 10 Mix 213 2 6 50-100 137 DJ No rtical jump (cm)

[101]
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Table 1. Cont.

Study Randomization Sasrir;lzle Gender Age Freq Dur BoxHeight Total Jumps Type of Jump Training Combined Tests
McCormick 7 16.3 Mix—Frontal plane :
etal. (2016) Yes Female 2 6 NA 129 : , No CM, SLJ, right and left lateral hop
[102] 7 15.7 Mix—Sagittal plane COD right and left lateral shuffle test
NR Male Mix—Unilateral
NR Male Mix—Bilateral
T Bilateral and unilateral (squat, vertical jump
l\gg(‘)‘;)d[% gé]al' Yes NR  Female 20.7 2 6 NA >360 NCR Mix—Unilateral Yes—RT height, absolute and relative power)
) NR Female Mix—Bilateral Margaria—Kalamen stair climb
NR Mix Mix—Unilateral
NR Mix Mix—Bilateral
. 9 24.2 S]—30%1RM Weight, BM, 1RM squat, myosin heavy
l\t/Ichl(légggl) Y Mal 5 3 NA Ind N chain and fibers (Type I, Ila, and IIb),
¢ a[i04] e 9 ae 21.2 n S]—80%1RM 0 percentage, mobility, and change of titin-1
and titin-2
10 20.7 45 DJ Muscle soreness, 24, 48 h post (rectus,
Mirzaei et al. biceps femoris, and gastrocnemius), vertical
(2014) [105] Yes 10 Male 212 2 6 NA 1200 oMj No jump and SLJ, 20 and 40 m sprint, COD
T-test and Illinois, 1RM leg press
Mirzaei et al. Y 9 Mal 20.5 2 6 45 1200 D] N Isometric knee ext EMG (vastus medialis
(2013) [106] es 9 awe 20.6 NA CMJ © and rectus femoralis), CM] (height)
Ramirez- 25 13.9 30 DJ—30 cm CM]J (height), 20 cm RSI, 5 multiple bounds,
Campillo et al. Yes Male 2 7 Optimal 906 . No 20 m sprint, COD, 5RM squat, 2.4 km trial
(2018) [107] 24 13.1 RSI DJ—Optimal (10 to 40) time, kicking distance
10 11.6 1610 Mix—Vertical CM]J vert and horizontal, 20 cm DJ (RSI),
Ramirez- - R multiple 5 bound, kicking velocity, 15 and
Campillo et al. Yes 10 Male 114 2 6 NA 1610 Mix—Horizontal No 30 m sprint-test, and Yo-Yo recovery and
(2015) [26] 10 112 1440 Mix—Vertical /Horizontal stance eyes open and closed (medial lateral
and anterior posterior)
12 11 2160 FCPL Mix—Bilateral CM]J horizontal and vert (right, left, and
Ramirez- 16 116 1080 FCPL Mix—Unilateral bilateral), 20 cm DJ (RSI), multiple 5 bound,
Campillo et al. Yes Male ) 2 6 NA No kicking velocity, 15 and 30 m sprint, T-test,
(2015) [108] and Yo-Yo recovery and stance eyes open
12 11.6 1440 FCPL Mix—Bilateral / Unilateral and closed perturbed (medlal lateral and

anterior posterior)
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Table 1. Cont.

Study Randomization Sa;rir;lzle Gender Age Freq Dur BoxHeight Total Jumps Type of Jump Training Combined Tests
Rosas et al. Y. 21 Mal 12.3 » 6 NA 1152 Mix N - CM] vert and horizontal (right, left, and
(2016) [109] €s 21 ale 121 Mix—handheld haltered ° bilateral), 20 cm DJ (RSI), kicking velocity
Ruffieux et al. 13 20.4 CM]J (80%) + DJ (20%) Yes— )
(2020) [110] Yes 713 Female s 2 6 37 720 DJ (80%) + CM] (20%) regular - CMJ, CMJ arm swing, CM]J run-up and DJ
Sheppard et al. Yes 8 Mix 218 3 5 NA 705 CMJ—load eccentric Yes— - CM]J (height, peak velocity, peak force, and
(2008) [111] 8 ' CMJ—without load volleyball power)
; 8 30-40 DJ—low to high _ ;
Singh et al. Yes Mix ”3 5 6 240 & Yes—RT 10 and 20 m sprint
(2018) [112] 3 70-85 DJ—high to low - 505COD
Singh and L 20 25,30 DJ—Vertical
Singh (2013) Yes 20 Male 18-21 2 10 35 40 1200 DJ—Horizontal NR - 4572 m sprint
(1131 20 DJ—Vertical /Horizontal
Singh and 20 Ontimal DJ—Vertical
Singh (2012) Yes 20 Male 19.9 2 10 2%1‘8’ 1200 DJ—Horizontal NR - DJ (height)
114 -
[114] 20 DJ—Vertical /Horizontal
Singh and L Ootimal DJ—Vertical
Singh (2012) Yes 20 Male 19.9 2 10 z%ljz)a 1200 DJ—Horizontal NR - Running long jump
11 -
[115] 20 DJ—Vertical /Horizontal
Optimal .
Sotiropoulos 1 RSI DJ—Optimal RSI - 1RM half squat, SJ, CM]J, and CM]J no arms
et al. (2022) Yes — . Female 23.8 1-2 8 T Lo i 600 o - Yes—RT (height), DJ 20, 30, 40, 50, 60, and 70 cm
[116] L ﬂ DJ—25% high (height, contact time, and RSI)
11 25% low DJ—25% less
Staniszewski 13 Box up V;Iljrl:p; vertical Y - - Muscle torque (hip and knee flexors,
etal. (2021) Yes - Male 21 5 4 14-28 1600 els— extensors, and plantar flexor), CM]J (force,
117 Box downward + vertical classes velocity, power, height, and range of swing),
[117] 13 Y, P g g g

jumps creatinkinase
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Table 1. Cont.

Stud Randomization Sar'nple Gender Age Fre Dur Box Height Total Jumps Type of Jump Trainin, Combined Tests
y Size g q g p yp p g
11 30-40 Mix—Unilateral RT split - 1RM squat and split, CM], single leg CM],
Stern et al. Yes T Male 17.6 5 6 576 SLJ, RSI (left, right, and reactive), 10 and 30
(2020) [118] 12 15-20 Mix—Bilateral RT squat m sprint, COD 505 left and right
(time, deficit)
Stien et al. Ve 18 Female 21.3 - 8 NA 1380 Mix—elastic band assisted No _ Squat 40, 60, 80% (con velocity), SJ (height),
(2020) [119] 18 20.9 Mix—elastic band resisted muscle thickness vastus lateralis
Strate et al. Yes 16 Female 21.3 25 8 NA 1380 Mix—elastic band assisted No - Training attendance, CM]J (height), 40 m
(2022) [120] 17 20.9 Mix—elastic band resisted sprint (speed, accel, and time)
11 24 30, 50, 75 DJ—Bounded - DJ 30, 50, and 75 cm (GCT, height, RSI,
Taube et al. ) H-reflex/M-wave ratio, M-wave, soleus,
(2012) [121] Yes Mix 3 4 396 No rectus femoris, gastrocnemius; tibialis
11 25 30 Dj—Counter anterior muscle activity and hip, knee, and
ankle flexion angle)
Thomas et al. 6 40 DJ - Vertical jump, 505 COD, 5, 10, 15, and
(2009) [122] Yes T Male 17.3 2 6 TTNA 580 oMy No 20 m sprint
Pendulum “natural”
Trzaskoma 10 22.1 NA . .
ot j\l (2010) Yes Male 4 3 176 take off No - CM]J (height, power, and Sum of torques hip
[i 23] 10 6 NA Pendulum “impact” and knee extensors), IRM squat
’ take off
8 189 30 Mix—Horizontal
: 8 ' 20-60 Mix—Vertical - 10,20,30 m sprint (time)
V(vzaglgf;s[fzt 4?1' Yes — Male —— 2 3 — 300 : . No - VO, Vmax, FO (N), FOrel (N-kg), Pmax (W),
12 198 30 Mix—Horizontal Prel (W-kg), Sfv, Srel, RFmax (%), DRF (%)
12 20-60 Mix—Vertical
Weakley et al. Yes 16 Male 208 3 4 NA 108 SJ + 72 5] barbell + horizontal Yes—RT - Jump (height, peak velocity, peak power,
(2021) [125] 13 21.4 horizontal S hexagonal + horizontal + others mean power, mean force, and impulse)
Weltin et al. 12 21 NA 2890 FCPL Unilateral lateral jumps - Lateral unilateral jumps (reduced/increased
(2017) [126] Yes Female 3 4 No degrees of trunk internal knee internal

12 22 45 >3940 FCPL Mix—Bilateral vertical rotation, reduced trunk degrees, step width)
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Table 1. Cont.

Study Randomization Sasrir;lzle Gender Age Freq Dur BoxHeight Total Jumps Type of Jump Training Combined Tests
Wilson et al. 13 22.1 20-80 DJ CM], SJ, leg ext str.engt.h isokir}etic, 30 m
(1993) [127] Yes NR 2 10 >540 No sprint and 6 s cycling, isometric force,
13 23.7 NA S]—Loaded and RFD
Yang et al. Yes 20 Mix 13.4 3 1 NA 88,560~ Rope jump—freestyle No SLJ, 1RM left right-hand grip, flexibility,
(2020) [128] 20 135 95,040 Rope jump—traditional waist circumference, BMD
Young et al. 11 Max height DJ—for height Stapding Verticgl jumP, run-up jump, SJ
Yes ——  Male 19-34 3 6 ———— 468 No (height, dynamic and isometric strength
(1999) [129]
5 Max RSI DJ—for RSI

relative to BM), DJ (height and RSI)

Note: abbreviations are ordered alphabetically. BM: body mass; BMD: bone mass density; CMJ: countermovement jump; COD: change of direction; DJ: drop jump; Dur: duration of
plyometric jump training (weeks); EMG: electromyography; FCPL: foot contacts per leg; Freq: frequency of plyometric jump training (sessions per week); GCT: ground contact time;
MIF: maximal isometric force; NA: not applicable; NR: not reported; PE: physical education; RFD: rate force development; RM: repetition-maximum; RSI: reactive strength index; RT:
resistance training; SEBT: star excursion balance test; SJ: squat jump; SLJ: standing long jump; SSC: stretch-shortening cycle.
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Figure 2. Number of included articles (accumulated) as per year of publication.

4.1. Participants” Characteristics and General Critical Elements of Plyometric Jump Training

Table 2 shows the participant characteristics from the 69 studies included. The range
of participants’ age was 11 to 39 years, with a mean of 20.1 years. Participants’ mean body
mass, stature, and body mass index were 69.5 kg, 174.1 cm, and 22.9 kg.m 2, respectively.
The rest of the relevant information is included in Table 2.

Table 3 shows the general critical elements of PJT. The underfoot surface type was
not reported in 73.9% of studies (51 of 69). Regarding soft surfaces, 10.1% (7 of 69) of
studies reported the use of grass, 4.3% used athletic mats (3 of 69), 2.9% (2 of 69) used
sand, and only 1.4% (1 of 69) reported unstable surfaces. Three studies (2.9%) used special
equipment (e.g., force plates or different machines) to perform PJT, and only one (1.4%)
used a mixture of both types of surface (mat vs. wooden parquet). Concerning the total
dose of interventions (e.g., foot contacts per leg, number of jumps, time, velocity, strength,
etc.), 97.1% of studies report this information. A wide range of values was observed, from
137 to 3888 jumps. However, values varied according to training design (e.g., duration).
PJT was combined with other training methods as part of an intervention in 17.4% (12 of 69)
of studies, but no clear information was identified in 7.2% (5 of 69) of the studies. In most
studies, combined resistance training was used the most in 66.7% (8 of 12) cases. Volleyball,
physical education classes, and combined sprint, resistance training, and feedback were the
other methods combined with PJT [33.3% (4 of 12)]. However, in most included studies
[75.4% (52 of 69)], the PJT intervention programs were not combined with any other type of
training. Training duration ranged from 3 to 12 weeks. A total of 79.7% of studies applied
weeks of training (mode, in 21 of 69), with a mean of 7.1 weeks observed. Regarding
training frequency, this ranged from 1 to 5 days per week; 55.1% of studies used 2 days
per week, and 30.4% used 3 days per week. Only 8.6% applied a combination of training
frequencies, commonly two and three sessions per week. PJT intensity was not clearly
reported in 26.1% of the studies included. In comparison, 60.9% reported it as maximal
using criteria such as height, distance, reactive strength index, optimal power, percentage
of one repetition maximum, time, voluntary effort, velocity, rate of execution, force, or a
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mixture of these. Only 13.0% used submaximal intensity, quantified as the percentage of
one repetition maximum, height, distance, velocity, and rating of perceived exertion. The
rest time between sets and/or exercises was not clearly reported for 21.7% of the studies.
The rest interval extended from 30 to 600 s, with a mean of 132 s and a mode of 120 s
(14 of 69). With regard to the rest period between plyometric jump repetitions, 66.7% of
the studies did not specify the interval or were not applicable. For those that reported
the duration, this ranged from 2 to 30 s, with a mean of 11 s and a mode of 15 s (8 of
69). The rest period between training sessions was not reported in 50.7% of the studies.
Among those studies that reported this value, 48 and 72 h were the most typical rest period
durations reported, with intervals ranging from 24 to 120 h.

4.2. The Type of P|T Exercise as an Independent Prescription Variable

All of the 69 included studies recruited two or more intervention groups, for a total
of 154 study groups, and 33.7% of groups mixed different jumps during the intervention.
Thus, 66.2% employed a kind of jump only [mostly CM] (13.7%) or DJ (30.0%)]. Box heights
for DJs ranged from 10 to 110 cm, and individualized prescription of heights was used
in 6.2% (10 groups). The type of PJT exercise prescription was grouped into 33 different
groups to show this analysis. Figure 3 includes an EGM of the 154 study groups grouped by
type of jump employed and study design (e.g., randomized-controlled, randomized non-
controlled, non-randomized controlled, and non-randomized non-controlled) (Figure 3).
DJ (counter, bounce, weighted, and modified) was the most studied type of jump included
in 43 groups, followed by CM] (usual CM]J or modified) in 19 groups and SJ (usual SJ or
modified) in 17 groups.

4.3. Comparisons of Plyometric Jump Training Exercises on Selected Outcomes of Human
Physical Capabilities

Table 4 shows an EGM of PJT exercise type and outcomes measured in terms of HPC.
Vertical jump and strength HPC outcomes were the most analyzed in 54 and 38 studies,
respectively. Sprint, power, agility, physiological measurements, and horizontal jump
performance were followed by 22, 22, 18, 16, and 12 studies, respectively. The least
measured results related to HPC were biomechanical-related, sport-specific performance,
balance, aerobic, asymmetry, and flexibility, by 7, 6, 3, 2, and 2 studies, respectively.

Bounce versus counter DJ or DJ using different box heights was the most used, 26 times,
followed by vertical versus horizontal jumps comparison, 21 times. Bilateral versus unilat-
eral and DJ versus CMJ comparisons were studied 21 times each. Assisted versus resisted
and fast SSC versus slow SSC jumps were compared 15 and 11 times, respectively. The rest
of the comparisons were measured fewer than ten times and were included in the EGM
(Table 4).

The DJ results seem similar to those of CM]J in terms of improving vertical jump height;
six studies compared these types of jump, with four noting similar improvements with
both training prescriptions [81,105,106,122], one favoring DJ [77] and another CM]J [110].

No differences were found in any studies comparing bounce vs. counter DJ to im-
prove lower limb strength [68,79,87,98,116,129]; only one favored the group that used
optimal RSI box height [107]. To improve vertical jump performance, two studies favored
counter DJ [95,116]; however, the other seven did not show differences between these
comparators [70,79,87,98,107,121,129].
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Table 2. Participant characteristics included in eligible articles.
Male  71.0% >18 yearsold  72.5% High 14.5% Team sports 34.8% Experience  20.3% In-season 17.4%
Female 10.0% <18yearsold  24.6% Moderate/ 71 gy, Individual 5 5, No 43.5% Preseason  13.0%
Physical norma Sport sports PJT previous experience Trainin
Sex Age Y por pre ng
Mix 17.4% NCR 29%  performance level Low 5.8%  practiced Mixed 10.1% experience Mixed 1.4% period Off-season 2.9%
NCR  1.6% Mix 1.4% Non- 33.3% NCR  34.8% Non- 56 50,
Competitive Competitive
NCR 7.3% NCR 14.5% NCR 24.6%
PJT: plyometric jump training; NCR: not clearly reported among eligible articles.
Table 3. Plyometric jump training prescription characteristics.
Soft 17.3% Reported 97.1% Added 34.8% Yes 17.4% >6 weeks 79.7% 1 day/week 1.4%
Unstable 1.4% No reported 2.9% Replaced 11.6% No 75.4% <6 weeks  20.3% 2 days/week 55.1%
Habitual i
Surface Machines 2.9% Dose ¢ rIZz i111 il];u Nop revious 17.4%  Combined? NCR 72%  Duration Frequency 3 days/week 30.4%
g training
Mat/parquet 1.4% NCR 36.2% >4 days/week 4.4%
NCR 73.9% Mixed 8.7%
Maximal 60.9% P . Volume 29.0% No 7.2% >120s  31.9% Rest/Sessions >48h 33.3%
Intensity Submaximal 13.0% 1'% TSZ”’E Intensity 10.1% Yes 11.6% <120s  46.4% NCR 50.7%
NCR 26.1%  overioa Technique  10.1% NCR 81.2% NCR  21.7%
Mixed 203%  Tupering Rest/Sets
No overload  21.7%
Yes, no 5.8%
report
NCR 2.9%

Surface: type of surface on which training intervention were performed; dose: studies that reported total dose used in their training intervention (could be reported as foot contacts per

leg, number of jumps, time, velocity, strength, etc.); habitual training: studies that reported if intervention period was added or replaced by their usual training; combined?: studies in

which PJT was combined with another type of training; duration: intervention duration; frequency: total number of training used per week during training interventions; intensity: PJT

training intensity reported; progressive overload: overload followed during PJT intervention period; tapering: reduction of any training variables previous post-tests; rest/sets: rest

between sets during PJT exercises; rest/sessions: rest between PJT training sessions; NCR: not clearly reported among eligible articles.
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Figure 3. PJT exercise as an independent prescription variable. Bounce DJ a: focus on reduced foot—ground time contact; CM] Modified b: refrain from moving
specific joints (e.g., no arm movements, no knee flexing, etc.) or perform de-loaded or loaded; Counter DJ c: focus on maximizing jump height. (studies in which
instructions were to minimize ground contact time and maximize height were included as Counter DJ); D] modified d: focus on specific joints (e.g., ankle, knee, or
hip) or in the following jump (e.g., horizontal or vertical); Optimal DJ e: height that elicited the highest ratio of jump height to contact time; S] modified f: reduce the
joint range of movement or loaded SJ (e.g., only concentric loaded, only eccentric loaded, or both); Slow SSC g: slow or suprime SSC.
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Table 4. Evidence-gap map of HPC adaptations related to the type of PJT exercise.

COMPARATORS

Hip DJ vs. Knee D] ?
Hip DJ vs. Ankle DJ ?
Knee DJ vs. Ankle DJ 2
DJ vs. CM]
Loaded vs. Unloaded
Bounce DJ vs. Counter
Db
Bilateral vs. Unilateral
Fast SSC vs. Slow SSC ©
Cyclical vs. Acyclical
Eccentric overload vs.
Plyometric
Vertical vs. Horizontal
CM] vs. No arms CMJ
Vert + Bil vs. Hor + Uni
Loaded vs. concentric
load
Eccentric braking vs.
No braking
Assisted vs. Resisted
Sagittal vs. Frontal
Bands vs. Traditional
weight
SJ vs. DJ
Inclined vs. Vertical
SJ 80% vs. SJ 30%
Machine vs. DJ
Box jump upward vs.
downward
Handheld altered vs.
plyometric
Traditional barbell vs.
hexagonal
Rope jump traditional
vs. freestyle

OUTCOMES
. . Physiol  Biomecha - Aerobic
Strength \;(‘elr;cal H](:lr]llfon’tal Sprint 201]1?: Power 1:tsymm SSP ogical nical Flei:ﬂbll Baclean Capac-
P P gty Ty Changes Changes y ity
1 1 1 1
1 1 1 1
1 1 1 1
I 2 3 3 1
2 3 1
2 1 1 2 1 1
3 2 2 2 3 1 1 1
1 3 1 1 1 1 2 1
B 2 1 2 1 2 1
1 1 1 1
1 N 5 . ! 2 2 1
1 1
1 1 1 1 1
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Yellow: one article; Orange: two-three articles; Green: four or more articles; White: no article available; # Partic-
ipants were asked to focus on specific joints; ® Denotes that studies either compared different DJ heights (e.g.,
individualized vs fixed), or different DJ technique (e.g., bounce jump [i.e., focus on reduced foot-ground time
contact] vs counter jump [focus on jump height]); ¢ Denotes that studies compared fast vs slow SSC jump exercises
using different approaches (e.g., participants were asked to focus on reduce joint range of movement vs increase
joint range of movement; participants were asked to focus on reduce foot-ground time contact vs focus on increase
jump height). CM]J: countermovement jump; DJ: drop jump; HPC: human physical capabilities; PJT: plyometric
jump training; SJ: squat jump; SSC: stretch-shortening cycle; SSP: sport-specific performance.

Regarding unilateral vs. bilateral jump comparators on vertical jump performance,
unilateral jumps are superior to bilateral jumps in three of five studies that evaluated
this [69,91,103]; in the other two, the group that mixed both types was better in one [108],
and in the other, there were differences between groups [118].

Vertical jump performance was similar in vertical vs. horizontal jump in three stud-
ies [26,83,92], while one favored the vertical jump group [114]. Four studies measured
sprint performance; one favored the horizontal training group [124], another a group that
mixed both types of exercises [26], and the final two found no differences [92,113].

5. Discussion

This scoping review with EGM aimed to summarize the latest scientific literature
related to HPC adaptations (e.g., jumping) to PJT, focusing on the role of the type of
PJT exercise as an independent prescription variable, using a systematic scoping review
approach. The main results comprehensively characterize the leading HPC regarding PJT
exercises. The following paragraphs discuss the identified gaps and future directions for
the PJT type of exercise research regarding HPC.

5.1. General Characteristics

From the 69 eligible articles that included a minimum of two experimental groups
to perform different types of PJT, 38.5% needed to be more clearly described, meaning
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that their findings could not be leveraged for putting into practice or being reproduced
by scientists with better methodologies. An insufficiently described study implies the
omission of treatment descriptors, such as training duration, frequency, intensity, etc. Thus,
61.5% of the studies included in this review demonstrated a high description quality, and
their findings are the line to follow in future research. However, in terms of the results,
only 50.7% of the studies included reported at least one dependent variable mean change
between pre- and post-intervention. Also, given the growing consensus concerning the
importance of effect sizes in intervention studies, it is relevant to include this measure [130].
Regrettably, only 23.2% of studies reported this measure clearly, and these values were
often presented in graphical form or not registered. Although most of the included studies
had well-described methodologies, investigators should try to isolate as many conditions
as possible for performing the types of jumps described. For example, a study to compare
horizontal vs. vertical jumps in basketball players is usually contaminated by the sport
practiced, basketball, which involves many vertical jumps in both training groups. Thus,
including an active control group and another passive control group could be interesting. A
crossover design could be an optimal alternative when using a control group is not possible
due to a small sample size or other reasons. However, this may be a suboptimal approach
for athletes physically maturing fast [131].

5.2. Characteristics of Participants and General Critical Elements of Plyometric Jump Training

Another scoping review that involved all PJT studies identified as a shortcoming
the poor number of studies conducted with females (only 22%) [4]. Only 24.6% included
<18 years old samples; this indicated a gap in the literature in studies that compare different
types of jumps in youth participants. This gap has been previously reported among PJT and
resistance training studies [3,132]. It is known that biological age influences adaptations
to PJT interventions [133]. However, only a few consider the maturation phase using
tools like the Tanner scale. At the same time, the oldest group reported was 39 years old;
this indicates a big literature gap comparing jump types on older adults. Strength and
conditioning professionals need to know much more about the jump exercise selection for
a good training prescription for older adults in terms of HPC. Regarding anthropometric
measures, all subjects were healthy and within usual standards; no studies were carried out
with overweight participants. Thus, despite PJT improving motor performance in obese
young boys and metabolic abnormalities in obese females [134,135], the current literature
does not present data about the type of jumps in this population.

Similar to the scoping review results that include all PJT studies [3], only 14.5% of
the articles included were conducted with high-level participants. Although PJT seems
effective in improving athlete performance [136], the lack of a high-level sample could
be due to professional trainers’ refusal to modify training sessions or transfer data to
others. In addition, previous experience with PJT in the sample (only 20.3% of studies
included) could impact the training adaptation and deliver lower benefits due to the
high requirements of training that need experienced athletes. Subjects without previous
experience improve their performance more quickly due to the new stimuli demanded,
which could be better for obtaining significant results. Most participants involved in a
competitive season participated in studies during the in-season or pre-season (30.4%); only
2.3% were carried out during the off-season, despite the benefits of implementing PJT
during this period for eliciting strength and power gains [80]. That could be due to the
difficulty of recruiting and monitoring enough participants during this period. However,
although in-season implementation of PJT could interfere more with regular training, its
application could reduce the risk of injuries, especially among youth athletes [137]. Strength
and conditioning coaches can monitor their athletes more precisely during in-season and
pre-season periods than during the off-season, which could explain the difference in
these results.

To show the specific effect of one type of jump over another, isolating one unique
exercise is the better choice. A total of 66.25% of the groups included in this review
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performed one unique exercise per training group; this is an excellent scientific strategy to
observe the effect of one type of jump vs. another. Nevertheless, on rare occasions, athletes
or casual physical activity users use only one exercise in their exercise programs. Thus, for
strength and conditioning professionals, studies and training groups that perform more
than one different jump of the same type could be more helpful for their work. For example,
a study that compares various vertical jumps vs. various horizontal jumps could be more
representative of the training programs than one that only compares one vertical jump vs.
one horizontal jump [92]. Another essential tip to better assess different types of jumps is
to report if the study training methodology was added to or replaced the regular training
of the participants [138,139]. However, 36% of studies do not report this, and 35% added
the study training methodology to participants’ regular training, which could make the
improvements ascribed to the PJT more questionable. Relatedly, 17.4% of the included
studies reported that the PJT training was added to another training method as part of
an intervention (resistance training, volleyball, physical education classes, or sprinting).
Therefore, researchers should consider these methodological limitations to draw accurate
conclusions. Regarding HPC, asymmetries, flexibility, and aerobic capacity were the most
significant gaps regarding PJT exercise type, with only two comparators for each of these
HPC, followed by balance with three comparators.

5.3. The Type of PJT Exercise as an Independent Prescription Variable

The type of PJT exercise prescription was grouped into 33 different groups to show this
analysis. This aggregation was created to show researchers the most studied P]T exercises
and the primary characteristics of their studies. For example, the modified CM] group
included CMJs that refrain from moving specific joints (e.g., no arm movements, no knee
flexing, etc.) or were performed de-loaded or loaded. In this sense, counter DJ was the
most analyzed exercise included in 25 groups. The literature shows a robust analysis of this
exercise, with 16 of 25 groups analyzed presented randomized controlled trials. However,
from a practical perspective, to optimize HPC, isolating only one type of jump is not the
best choice [26]. Figure 3 shows a quick view of the literature PJT exercises analyzed and
the robustness of the evidence. The longer the column, the more researched the type of
jump is, and the darker the column, the higher the quality of the evidence. One group was
found in the literature that uniquely used a mix of horizontal, unilateral exercises or a mix
of vertical, bilateral. In addition, researchers could consider other types of exercises that
still need to be explored, e.g., acyclical unilateral or loaded unilateral exercises.

5.4. Comparisons of Plyometric Jump Training Exercises on Selected Outcomes of Human
Physical Capabilities

Table 4 shows an EGM comparing PJT exercise types and outcomes measured in terms
of HPC. Blank squares represent comparisons that have yet to be studied. For example,
CMJ vs. arms-restricted CM]J; the literature does not show us anything about strength,
horizontal jump, sprint, COD, power, asymmetries, SSP, physiological changes, flexibility,
balance, and aerobic capacity HPC data in this comparison of exercise type.

Literature studies that showed more than four comparators on the same HPC were
analyzed for vertical jump performance, comparing DJ vs. CM]J; in four studies, no differ-
ences in performance between the type of jumps were found. In these four studies, the
measure used to assess vertical jump performance was CMJ; however, in two, the group
trained with CM]J exercised in the sand [105,106]. It is important to consider the surface
type because it is a determinant that induces specific adaptations [139]. The study which
favored the CM]J group involved female volleyball players and measured specific jumps
in volleyball. The authors reported that the advantage of this type of jump was due to
slower SSC characteristics and seemed more sport-specific [110]. However, in a study that
involved subjects not involved in competitive sports or recreational activities involving
jumps, the DJ seemed more effective than CM]J in improving vertical jump in D], CM], and
CM]J and DJ [77]. Thus, subjects that usually were not involved in fast SSC activities could
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be more sensitive to this type of stimulus than to slow SSC activities. Regarding bounce
and counter DJ, seven studies did not show differences in favor of the jump-measuring
of DJ or CM] height [70,79,87,98,107,121,129]. However, one study included a group with
no fixed DJ height and individualized each subject to their maximum RSI; these groups
performed better than groups with fixed box height [107]. Another study, which included
a box height a bit higher than optimal box height but performed these jumps with loads,
showed similar improvements in the group with optimal box height and better vertical
jump performance to those using less than optimal box height [116]. In contrast, a study
carried out by Marshall and Moran et al. [95] compared purely bounce vs. counter DJ jumps
with the same height of box but changing the instructions to participants (e.g., jumping
more quickly vs. jumps at maximum height) and they discovered that counter DJ was
more effective than bounce DJ at enhancing CM] height. Unilateral jumps seem to be more
sensible for improving vertical jump performance than bilateral jumps [69,91,103]. How-
ever, a study that mixed both types of jump showed better performance, so a combination
seems more advantageous [108]. The study carried out by Makaruk et al. [91] suggested
that unilateral exercises produce better jumping performance in a shorter period compared
to bilateral exercises. However, achieved performance gains last longer after bilateral PJT.
So, these conclusions could be used by strength and conditioning coaches depending on
their goals and the need for short or extended periods. The orientation of jumps, vertical
vs. horizontal, is indifferent in improving CM] height [26,83,92], and a combination of the
two seems to be advantageous [26]. In the only study that assessed DJ height as a vertical
jump parameter, vertical jumps proved better than horizontal jumps [114]. So, in addition
to specifying the direction of jumps, the characteristics of fast or slow SSC could be better
specified to induce adaptations.

To assess the strength outcome, the only comparator with enough studies was bounce
vs. counter DJ. However, no differences were shown in tests involving 1RM leg press, 1IRM
knee extension, MVC, etc., [68,79,87,98,116,129]. The exception was a study that included
a group that used optimal RSI box height vs. fixed, which proved better for improving
5RM squat [107]. So, again individualization could be key to prescribing PJT. To assess
sprint outcome, the only comparator with enough studies was vertical vs. horizontal. Once
again, only the study that mixed a group with both types of jumps showed advantages [26],
so individualized and mixed different kinds of hops with different characteristics may
suppose better stimuli.

Aerobic capacity, flexibility, and asymmetries are the outcomes that have received
minimal attention from researchers, with only two studies conducted for each. Similarly,
balance has been a considered outcome in only three studies. However, the dynamic
nature of plyometrics requires increased oxygen uptake and energy utilization, which
may contribute to some extent to improving aerobic capacity [140]. Plyometric exercises
often involve stretching and lengthening muscles before the explosive contraction phase.
The repeated stretching and loading of muscles during plyometric movements could
improve flexibility [141]. Plyometric training challenges the neuromuscular system and
requires athletes to control their body movements in various planes of motion. This constant
demand for stability and coordination during plyometric exercises can improve balance and
proprioception (awareness of body position in space). Plyometric exercises often involve
bilateral and unilateral movements, which can help address asymmetries by promoting
equal strength and coordination on both sides of the body.

6. Limitations

Despite the comprehensive nature of this systematic scoping review, which encom-
passed numerous articles comparing various PJT exercises, it is essential to acknowledge
certain inherent limitations. The limited data analysis: this review did not conduct sta-
tistical analyses or meta-analyses on the results of individual articles. Consequently, the
assessment of the performance and health impacts associated with each type of jump will
be addressed in future research endeavors. The lack of a specific research question: this
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scoping review adopted a broad approach and did not center on specific research questions.
However, these aims were successfully achieved given that the objective was to identify
gaps in the literature, highlight areas for future research, and provide a comprehensive
overview of PJT exercises.

7. Conclusions

Exploring the literature gaps on HPC adaptations through P]T exercises reveals the
need for comprehensive, high-quality research across various domains (see Table 2 and
Figure 3). Notably, the vertical jump is the most extensively investigated aspect of HPC,
with an impressive 54 comparative studies, followed by strength with 38 studies. Con-
versely, outcomes in terms of aerobic capacity, flexibility, and asymmetries have received
minimal attention from researchers, with only two studies conducted for each. Similarly,
balance was a considered outcome in only three studies. Notably, a handful of P]T exercise
comparisons have received considerable attention, with four or more studies conducted.
These include DJ vs. CM]J (focused on strength), bounce DJ vs. counter DJ (focused on
strength and vertical jump), bilateral jumps vs. vertical jumps (focused on vertical jump),
and vertical jumps vs. horizontal jumps (assessing vertical jump and sprint performance).
Yet, the breadth of unexplored territory in this field remains substantial, urging researchers
to illuminate and deepen our understanding of PJT exercises in the context of HPC. As
the authors of this systematic scoping review, we offer this work as a guiding resource for
future investigations in sports sciences, intended to bridge the identified literature gaps.
Moreover, researchers will find it invaluable in determining gaps in PJT exercise selection,
providing a roadmap for future innovative research endeavors.
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Glossary
Abbreviations in alphabetical order:
BM body mass.
BMD bone mass density.
CMJ countermovement jump.
COD change of direction.
CODS change of direction speed.
DJ drop jump.
Dur duration of plyometric jump training (weeks)
EGM evidence-gap map.
EMG electromyography.
FCPL foot contacts per leg.
Freq frequency of plyometric jump training (sessions per week).
GCT ground contact time.
HPC human physical capabilities.
MIF maximal isometric force.
NA not applicable.
NCR not clearly reported.
NR not reported.
PE physical education.
PICOS participants, intervention, comparators, outcomes, and study design.
PIT plyometric jump training.
PRISMA  preferred reporting items for systematic reviews and meta-analyses.
RFD rate force development.
RM maximum repetition.
RSA repeated sprint ability.
RSI reactive strength index.
RT resistance training.
SEBT star excursion balance test.
SJ squat jump.
SLJ standing long jump.
SSC stretch-shortening cycle.
SSP sport-specific performance.

References

1. Krzysztofik, M.; Wilk, M.; Wojdata, G.; Gotas, A. Maximizing Muscle Hypertrophy: A Systematic Review of Advanced Resistance
Training Techniques and Methods. Int. J. Environ. Res. Public Health 2019, 16, 4897.

2. Foran, B. High-Performance Sports Conditioning; Human Kinetics: Champain, IL, USA, 2001.

3. Ramirez-Campillo, R;; Alvarez, C.; Garcia-Hermoso, A.; Ramirez-Vélez, R.; Gentil, P; Asadi, A.; Chaabene, H.; Moran, J.; Meylan,
C.; Garcia-De-Alcaraz, A.; et al. Methodological Characteristics and Future Directions for Plyometric Jump Training Research:
A Scoping Review. Sports Med. 2018, 48, 1059-1081. [PubMed]

4. Ramirez-Campillo, R.; Moran, J.; Chaabene, H.; Granacher, U.; Behm, D.G.; Garcia-Hermoso, A.; Izquierdo, M. Methodological
characteristics and future directions for plyometric jump training research: A scoping review update. Scand. J. Med. Sci. Sports
2020, 30, 983-997. [PubMed]

5. Suchomel, T.J.; Taber, C.B.; Sole, C.J.; Stone, M.H. Force-time differences between ballistic and non-ballistic half-squats. Sports
2018, 6, 79.

6. Cormie, P; McGuigan, M.R.; Newton, R.U. Developing maximal neuromuscular power: Part 2—Training considerations for
improving maximal power production. Sports Med. 2011, 41, 125-146. [PubMed]

7. Ramirez-Campillo, R.; Alvarez, C.; Garcia-Pinillos, F.; Gentil, P.; Moran, J.; Pereira, L.A.; Loturco, 1. Effects of plyometric training
on physical performance of young Male soccer players: Potential effects of different drop jump heights. Pediatr. Exerc. Sci. 2019,
31, 306-313.

8.  Loturco, L.; Pereira, L.A.; Kobal, R.; Zanetti, V.; Kitamura, K.; Abad, C.C.C.; Nakamura, F.Y. Transference effect of vertical and
horizontal plyometrics on sprint performance of high-level U-20 soccer players. J. Sports Sci. 2015, 33, 2182-2191.

9.  Loturco, L; Tricoli, V.; Roschel, H.; Nakamura, EY.; Abad, C.C.C.; Kobal, R.; Gil, S.; Gonzélez-Badillo, ].J. Transference of traditional
versus complex strength and power training to sprint performance. J. Hum. Kinet. 2014, 41, 265.

10. Chu, D.; Myer, G. Anatomy and Physiology of Plyometrics; Human Kinetics: Champaign, IL, USA, 2013; pp. 13-14.

11.  Gentil, P.; Ramirez-Campillo, R.; Souza, D. Resistance training in face of the coronavirus outbreak: Time to think outside the box.

Front. Physiol. 2020, 11, 859.


https://www.ncbi.nlm.nih.gov/pubmed/29470823
https://www.ncbi.nlm.nih.gov/pubmed/32034819
https://www.ncbi.nlm.nih.gov/pubmed/21244105

Sports 2023, 11, 150 26 of 30

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.
35.

36.
37.
38.
39.

40.

41.

Ward, P.; Hodges, N.J.; Starkes, J.L.; Williams, M.A. The road to excellence: Deliberate practice and the development of expertise.
High Abil. Stud. 2007, 18, 119-153.

Hewett, T.E.; Myer, G.D. Reducing knee and anterior cruciate ligament injuries among female athletes—A systematic review of
neuromuscular training interventions. . Knee Surg. 2005, 18, 82-88. [PubMed]

Yuill, E.A.; Pajaczkowski, ].A.; Howitt, S.D. Conservative care of sports hernias within soccer players: A case series. |. Bodyw. Mov.
Ther. 2012, 16, 540-548. [PubMed]

Flanagan, E.P.; Comyns, T.M. The use of contact time and the reactive strength index to optimize fast stretch-shortening cycle
training. Strength Cond. ]. 2008, 30, 32-38.

Michailidis, Y.; Venegas, P.; Metaxas, T. Effects of Combined Horizontal Plyometric and Change of Direction Training on Anaerobic
Parameters in Youth Soccer Players. Sports 2023, 11, 27. [PubMed]

Lloyd, R.S; Oliver, ].L.; Hughes, M.G.; Williams, C.A. The effects of 4-weeks of plyometric training on reactive strength index and
leg stiffness in male youths. J. Strength Cond. Res. 2012, 26, 2812-2819. [PubMed]

Cappa, D.F; Behm, D.G. Neuromuscular characteristics of drop and hurdle jumps with different types of landings. . Strength
Cond. Res. 2013, 27, 3011-3020.

Ebben, W.P; Fauth, M.L.; Garceau, L.R.; Petushek, E.J. Kinetic quantification of plyometric exercise intensity. J. Strength Cond. Res.
2011, 25, 3288-3298.

Pedley, ].S.; Lloyd, R.S.; Read, P.; Moore, L.S.; Oliver, ].L. Drop jump: A technical model for scientific application. Strength Cond. J.
2017, 39, 36-44.

Dos’ Santos, T.; McBurnie, A.; Thomas, C.; Comfort, P.; Jones, P.A. Biomechanical determinants of the modified and traditional
505 change of direction speed test. ]. Strength Cond. Res. 2020, 34, 1285-1296.

Komi, P.V. Stretch-shortening cycle. Strength Power Sport 2003, 3, 184-202.

Radnor, ].M.; Oliver, J.L.; Waugh, C.M.; Myer, G.D.; Moore, LS.; Lloyd, R.S. The influence of growth and maturation on
stretch-shortening cycle function in youth. Sports Med. 2018, 48, 57-71.

Taube, W.; Leukel, C.; Gollhofer, A. How neurons make us jump: The neural control of stretch-shortening cycle movements. Exerc.
Sport Sci. Rev. 2012, 40, 106-115.

Jiménez-Reyes, P.; Samozino, P.; Brughelli, M.; Morin, ]J.-B. Effectiveness of an individualized training based on force-velocity
profiling during jumping. Front. Physiol. 2017, 7, 677. [PubMed]

Ramirez-Campillo, R.; Gallardo, F.; Henriquez-Olguin, C.; Meylan, C.M.; Martinez, C,; Alvarez, C.; Caniuqueo, A.; Cadore, E.L.;
Izquierdo, M. Effect of vertical, horizontal, and combined plyometric training on explosive, balance, and endurance performance
of young soccer players. J. Strength Cond. Res. 2015, 29, 1784-1795. [PubMed]

Bouguezzi, R.; Chaabene, H.; Negra, Y.; Moran, J.; Sammoud, S.; Ramirez-Campillo, R.; Granacher, U.; Hachana, Y. Effects of
jump exercises with and without stretch-shortening cycle actions on components of physical fitness in prepubertal male soccer
players. Sport Sci. Health 2020, 16, 297-304.

Bobbert, M.E. Drop jumping as a training method for jumping ability. Sports Med. 1990, 9, 7-22.

Bobbert, M.F.; Huijing, P.A.; Schenau, G.J.V.I. Drop jumping. I. The influence of jumping technique on the biomechanics of
jumping. Med. Sci. Sports Exerc. 1987, 19, 332-338.

Bobbert, M.E; Huijing, P.A.; Van Ingen Schenau, G.J. Drop jumping. II. The influence of dropping height on the biomechanics of
drop jumping. Med. Sci. Sports Exerc. 1987, 19, 339-346. [PubMed]

Chu, D.A. Jumping into Plyometrics; Human Kinetics: Champaign, IL, USA, 1998.

Kraemer, W.; Comstock, B.; Clark, J.; Dunn-Lewis, C.; Hoffman, J. NSCA’s Guide to Program Design; Human Kinetics: Champain,
IL, USA, 2012; pp. 10-26.

Barrio, E.D.; Alvarez, C.; Thapa, R K.; Ramachandran, A K; Singh, U.; Ramirez-Campillo, R. Jump Rope Training for Health and
Fitness in School-age Participants: Secondary Analyses from a Systematic Review. Int. |. Kinesiol. Sports Sci. 2023, 11, 27-41.
Ebben, W.P. Practical guidelines for plyometric intensity. NSCA'’s Perform. Train. ]. 2007, 6, 12-16.

Abt, G.; Boreham, C.; Davison, G.; Jackson, R.; Nevill, A.; Wallace, E.; Williams, M. Power, precision, and sample size estimation
in sport and exercise science research. J. Sports Sci. 2020, 38, 1933-1935.

Meylan, C.M.; Cronin, J.B.; Oliver, ]J.L.; Hughes, M.G.; Manson, S. An evidence-based model of power development in youth
soccer. Int. . Sports Sci. Coach. 2014, 9, 1241-1264.

Tack, C. Evidence-based guidelines for strength and conditioning in mixed martial arts. Strength Cond. J. 2013, 35, 79-92.
Murad, M.H.; Asi, N.; Alsawas, M.; Alahdab, F. New evidence pyramid. BMJ Evid.-Based Med. 2016, 21, 125-127.
Ramirez-Campillo, R.R.; Castillo, D.; Raya, J.; Jason, G. Effects of Plyometric Jump Training on Jump and Sprint Performance in
Young Male Soccer Players: A Systematic Review and Meta-analysis. Sports Med. 2020, 50, 2125-2143. [PubMed]
Ramirez-Campillo, R.; Sanchez-Sanchez, J.; Romero-Moraleda, B.; Yanci, J.; Garcia-Hermoso, A.; Manuel Clemente, F. Effects of
plyometric jump training in female soccer player’s vertical jump height: A systematic review with meta-analysis. J. Sports Sci.
2020, 38, 1475-1487. [PubMed]

Rao, G.; Lopez-Jimenez, E; Boyd, J.; D’Amico, F; Durant, N.H.; Hlatky, M.A.; Howard, G.; Kirley, K.; Masi, C.; Powell-Wiley, TM.;
et al. Methodological standards for meta-analyses and qualitative systematic reviews of cardiac prevention and treatment studies:
A scientific statement from the American Heart Association. Circulation 2017, 136, e172—e194. [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/15742602
https://www.ncbi.nlm.nih.gov/pubmed/23036885
https://www.ncbi.nlm.nih.gov/pubmed/36828312
https://www.ncbi.nlm.nih.gov/pubmed/22130392
https://www.ncbi.nlm.nih.gov/pubmed/28119624
https://www.ncbi.nlm.nih.gov/pubmed/25559903
https://www.ncbi.nlm.nih.gov/pubmed/3657482
https://www.ncbi.nlm.nih.gov/pubmed/32915430
https://www.ncbi.nlm.nih.gov/pubmed/32255389
https://www.ncbi.nlm.nih.gov/pubmed/28784624

Sports 2023, 11, 150 27 of 30

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Gentil, P; Arruda, A.; Souza, D.; Giessing, J.; Paoli, A.; Fisher, ].; Steele, J. Is there any practical application of meta-analytical
results in strength training? Front. Physiol. 2017, 8, 1.

Doleman, B.; Williams, J.P.; Lund, J. Why most published meta-analysis findings are false. Tech. Coloproctol. 2019, 23, 925-928.
Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.; Horsley, T.; Weeks, L.;
et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467-473.
[PubMed]

Peters, M.D.; Godfrey, C.; Mclnerney, P; Khalil, H.; Larsen, P.; Marnie, C.; Pollock, D.; Tricco, A.C.; Munn, Z. Best practice
guidance and reporting items for the development of scoping review protocols. JBI Evid. Synth. 2022, 20, 953-968.
Schuller-Martinez, B.; Meza, N.; Pérez-Bracchiglione, J.; Franco, ].V.A.; Loezar, C.; Madrid, E. Graphical representation of the body
of the evidence: The essentials for understanding the evidence gap map approach. Medwave 2021, 21, e8164. [CrossRef] [PubMed]
Snilstveit, B.; Vojtkova, M.; Bhavsar, A.; Stevenson, J.; Gaarder, M. Evidence & Gap Maps: A tool for promoting evidence informed
policy and strategic research agendas. J. Clin. Epidemiol. 2016, 79, 120-129.

Miake-Lye, LM.; Hempel, S.; Shanman, R.; Shekelle, P.G. What is an evidence map? A systematic review of published evidence
maps and their definitions, methods, and products. Syst. Rev. 2016, 5, 28.

Tayfur, A.; Haque, A.; Salles, ].I; Malliaras, P.; Screen, H.; Morrissey, D. Are landing patterns in jumping athletes associated with
patellar tendinopathy? A systematic review with evidence gap map and meta-analysis. Sports Med. 2022, 52, 123-137.
Budarick, A.R.; Moyer, R.F. Linking physical activity with clinical, functional, and structural outcomes: An evidence map using
the Osteoarthritis Initiative. Clin. Rheumatol. 2022, 41, 965-975. [PubMed]

Alsaleh, S.; Murphy, N.; Miller, S.; Morrissey, D.; Lack, S. Local neuromuscular characteristics associated with patellofemoral pain:
A systematic review and meta-analysis. Clin. Biomech. 2021, 90, 105509. [CrossRef] [PubMed]

Ramirez-Campillo, R.; Moran, ]J.; Oliver, J.L.; Pedley, ].S.; Lloyd, R.S.; Granacher, U. Programming plyometric-jump training in
soccer: A review. Sports 2022, 10, 94.

Van Der Vlist, A.C.; Winters, M.; Weir, A.; Ardern, C.L.; Welton, N.J.; Caldwell, D.M.; Verhaar, J.A.N.; de Vos, R.-]. Which
treatment is most effective for patients with Achilles tendinopathy? A living systematic review with network meta-analysis of 29
randomised controlled trials. Br. J. Sports Med. 2021, 55, 249-256.

Winters, M.; de Vos, R.-].; Van Middelkoop, M.; Rathleff, M.S.; Weir, A. Stay alive! What are living systematic reviews and what
are their advantages and challenges? Br. |. Sports Med. 2021, 55, 519-520.

Elliott, ].H.; Synnot, A.; Turner, T.; Simmonds, M.; Akl, E.A.; McDonald, S.; Salanti, G.; Meerpohl, J.; MacLehose, H.; Hilton, J.;
et al. Living systematic review: 1. Introduction—The why, what, when, and how. J. Clin. Epidemiol. 2017, 91, 23-30. [CrossRef]
Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. . Clin. Epidemiol. 2009, 62, e1-34.

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. Declaracién PRISMA 2020: Una guia actualizada para la publicacién de revisiones sistematicas. Rev. Espariola
Cardiol. 2021, 74, 790-799. [CrossRef]

Brooker, J.; Synnot, A.; McDonald, S.; Elliott, J.; Turner, T.; Hodder, R. Guidance for the Production and Publication of Cochrane Living
Systematic Reviews: Cochrane Reviews in Living Mode; Cochrane Collaboration: London, UK, 2019.

Vergara-Merino, L.; Verdejo, C.; Carrasco, C.; Vargas-Peirano, M. Living systematic review: New inputs and challenges. Medwave
2020, 20, €8092. [CrossRef]

Waffenschmidt, S.; Knelangen, M.; Sieben, W.; Biihn, S.; Pieper, D. Single screening versus conventional double screening for
study selection in systematic reviews: A methodological systematic review. BMC Med. Res. Methodol. 2019, 19, 132. [CrossRef]
Higgins, ].P; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.]. Cochrane Handbook for Systematic Reviews of Interventions;
John Wiley & Sons: Hoboken, NJ, USA, 2019.

Grudniewicz, A.; Moher, D.; Cobey, K.D.; Bryson, G.L.; Cukier, S.; Allen, K.; Ardern, C.; Balcom, L.; Barros, T.; Berger, M.; et al.
Predatory journals: No definition, no defence. Nature 2019, 576, 210-212. [PubMed]

Rambaud, A.].; Ardern, C.L.; Thoreux, P.; Regnaux, ].-P.; Edouard, P. Criteria for return to running after anterior cruciate ligament
reconstruction: A scoping review. Br. J. Sports Med. 2018, 52, 1437-1444. [CrossRef]

Abass, A.O. Comparative effect of three modes of plyometric training on leg muscle strength of university male students. Eur. J.
Sci. Res. 2009, 31, 577-582.

Andrew, D.P; Kovaleski, ].E.; Heitman, R.J.; Robinson, T.L. Effects of Three Modified Plyometric Depth Jumps and Periodized
Weight Training on Lower Extremity Power. Sport J. 2010, 13. Available online: https:/ /thesportjournal.org/article/tag/2001
/page/2/ (accessed on 4 August 2023).

Asadi, A. Effects of six weeks depth jump and countermovement jump training on agility performance. Sport Sci. 2012, 5, 67-70.
Berger, R.A. Effects of dynamic and static training on vertical jumping ability. Res. Q. Am. Assoc. Health Phys. Educ. Recreat. 1963,
34,419-424. [CrossRef]

Blakey, ].B.; Southard, D. The combined effects of weight training and plyometrics on dynamic leg strength and leg power. J. Appl.
Sports Sci. Res. 1987, 1, 14-16.


https://www.ncbi.nlm.nih.gov/pubmed/30178033
https://doi.org/10.5867/medwave.2021.03.8164
https://www.ncbi.nlm.nih.gov/pubmed/34081682
https://www.ncbi.nlm.nih.gov/pubmed/34802082
https://doi.org/10.1016/j.clinbiomech.2021.105509
https://www.ncbi.nlm.nih.gov/pubmed/34678670
https://doi.org/10.1016/j.jclinepi.2017.08.010
https://doi.org/10.1016/j.recesp.2021.06.016
https://doi.org/10.5867/medwave.2020.11.8092
https://doi.org/10.1186/s12874-019-0782-0
https://www.ncbi.nlm.nih.gov/pubmed/31827288
https://doi.org/10.1136/bjsports-2017-098602
https://thesportjournal.org/article/tag/2001/page/2/
https://thesportjournal.org/article/tag/2001/page/2/
https://doi.org/10.1080/10671188.1963.10613253

Sports 2023, 11, 150 28 of 30

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Bogdanis, G.C.; Tsoukos, A.; Kaloheri, O.; Terzis, G.; Veligekas, P.; Brown, L.E. Comparison between unilateral and bilateral
plyometric training on single-and double-leg jumping performance and strength. . Strength Cond. Res. 2019, 33, 633-640.
[CrossRef]

Byrne, PJ.; Moran, K.; Rankin, P.; Kinsella, S. A comparison of methods used to identify ‘optimal’drop height for early phase
adaptations in depth jump training. J. Strength Cond. Res. 2010, 24, 2050-2055. [CrossRef]

Chottidao, M.; Kuo, C.H.; Tsai, S.C.; Hwang, S.; Lin, ].J.; Tsai, Y.S. A Comparison of Plyometric and Jump Rope Training Programs
for Improving Punching Performance in Junior Amateur Boxers. Front. Bioeng. Biotechnol. 2022, 10, 878527. [CrossRef]

Clutch, D.; Wilton, M.; McGown, C.; Bryce, G.R. The effect of depth jumps and weight training on leg strength and vertical jump.
Res. Q. Exerc. Sport 1983, 54, 5-10. [CrossRef]

Cronin, J.; McNAIR, P.E.; Marshall, R. The effects of bungy weight training on muscle function and functional performance.
J. Sports Sci. 2003, 21, 59-71. [CrossRef]

Dello Iacono, A.; Martone, D.; Milic, M.; Padulo, ]J. Vertical-vs. horizontal-oriented drop jump training: Chronic effects on
explosive performances of elite handball players. J. Strength Cond. Res. 2017, 31, 921-931. [CrossRef] [PubMed]

Earp, ].E.; Newton, R.U.; Cormie, P.; Blazevich, A.J. Inhomogeneous quadriceps femoris hypertrophy in response to strength and
power training. Med. Sci. Sports Exerc. 2015, 47, 2389-2397. [CrossRef]

Emamian, A.; Oskouei, A.H.; Azreh, R.; Carroll, K. Effects of Task Constraints on Countermovement Jump Kinematics Following
a Short-Term Training. |. Mot. Learn. Dev. 2022, 1, 257-272. [CrossRef]

Gehri, D.J.; Ricard, M.D.; Kleiner, D.M.; Kirkendall, D.T. A comparison of plyometric training techniques for improving vertical
jump ability and energy production. . Strength Cond. Res. 1998, 12, 85-89.

Gonzalo-Skok, O.; Sanchez-Sabaté, J.; Izquierdo-Lupén, L.; Saez de Villarreal, E. Influence of force-vector and force application
plyometric training in young elite basketball players. Eur. J. Sport Sci. 2019, 19, 305-314. [CrossRef] [PubMed]

Hawkins, E]J.A. The Comparative Effects on Vertical Jump of Three Different Depth Jump Programs. Ph.D. Dissertation, University
of British Columbia, Vancouver, BC, Canada, 1978.

Hoffman, J.R.; Ratamess, N.A.; Cooper, ].].; Kang, J.; Chilakos, A.; Faigenbaum, A.D. Comparison of loaded and unloaded jump
squat training on strength/power performance in college football players. J. Strength Cond. Res. 2005, 19, 810-815. [PubMed]
Holcomb, W.R; Lander, J.E.; Rutland, R.M.; Wilson, G.D. The effectiveness of a modified plyometric program on power and the
vertical jump. J. Strength Cond. Res. 1996, 10, 89-92.

Hori, N.; Newton, R.U.; Kawamori, N.; McGuigan, M.R.; Andrews, W.A.; Chapman, D.W.; Nosaka, K. Comparison of weighted
jump squat training with and without eccentric braking. J. Strength Cond. Res. 2008, 22, 54—65. [CrossRef] [PubMed]
Hortobagyi, T.; Havasi, ].; Varga, Z. Comparison of 2 stretch-shorten exercise programs in 13-year-old boys-nonspecific training
effects. J. Hum. Mov. Stud. 1990, 18, 177-188.

Khodaei, K.; Mohammadi, A.; Badri, N. A comparison of assisted, resisted, and common plyometric training modes to enhance
sprint and agility performance. J. Sports Med. Phys. Fit. 2017, 57, 1237-1244. [CrossRef]

King, J.A.; Cipriani, D.J. Comparing preseason frontal and sagittal plane plyometric programs on vertical jump height in
high-school basketball players. J. Strength Cond. Res. 2010, 24, 2109-2114. [CrossRef]

Kusuma, A.L; Setijono, H.; Mintarto, E.; Indra, A.; Setijono, H. Effects of Jump Rope and High Jump Training with 1:1 Intervals
on Increasing Vo2 Max and Anaerobic Threshold. Int. |. Innov. 2020, 12, 14.

Laurent, C.; Baudry, S.; Duchateau, J. Comparison of plyometric training with two different jumping techniques on achilles
tendon properties and jump performances. J. Strength Cond. Res. 2020, 34, 1503-1510. [CrossRef] [PubMed]

Loturco, I; Pereira, L.A.; Reis, V.P.,; Zanetti, V.; Bishop, C.; McGuigan, M. Traditional free-weight vs. variable resistance training
applied to elite young soccer players during a short preseason: Effects on strength, speed, and power performance. J. Strength
Cond. Res. 2020, 36, 3432-3439. [CrossRef] [PubMed]

Machado, A.F,; De Castro, J.B.P,; Bocalini, D.S.; Junior, A.].F.; Nunes, R.D.A.M.; Vale, R.G.D.S. Effects of plyometric training on the
performance of 5-km road runners. J. Phys. Educ. Sport 2019, 19, 691-695.

Makaruk, H.; Czaplicki, A.; Sacewicz, T.; Sadowski, J. The effects of single versus repeated plyometrics on landing biomechanics
and jumping performance in men. Biol. Sport 2014, 31, 9-14.

Makaruk, H.; Winchester, ].B.; Sadowski, J.; Czaplicki, A.; Sacewicz, T. Effects of unilateral and bilateral plyometric training on
power and jumping ability in women. |. Strength Cond. Res. 2011, 25, 3311-3318. [CrossRef] [PubMed]

Manouras, N.; Papanikolaou, Z.; Karatrantou, K.; Kouvarakis, P.; Gerodimos, V. The efficacy of vertical vs. horizontal plyometric
training on speed, jumping performance and agility in soccer players. Int. J. Sports Sci. Coach. 2016, 11, 702-709.

Markovic, S.; Mirkov, D.M.; Knezevic, O.M; Jaric, S. Jump training with different loads: Effects on jumping performance and
power output. Eur. J. Appl. Physiol. 2013, 113, 2511-2521. [CrossRef]

Markovic, G.; Vuk, S; Jaric, S. Effects of jump training with negative versus positive loading on jumping mechanics. Int. J. Sports
Med. 2011, 32, 365-372. [CrossRef]

Marshall, B.M.; Moran, K.A. Which drop jump technique is most effective at enhancing countermovement jump abil-
ity,”countermovement” drop jump or “bounce” drop jump? J. Sports Sci. 2013, 31, 1368-1374. [CrossRef] [PubMed]

Mastalerz, A.; Lutostawska, G.; Urbanik, C. Power training efficiency after single joint and multiple joint exercises. HUMAN 2009,
10, 153-157. [CrossRef]


https://doi.org/10.1519/JSC.0000000000001962
https://doi.org/10.1519/JSC.0b013e3181d8eb03
https://doi.org/10.3389/fbioe.2022.878527
https://doi.org/10.1080/02701367.1983.10605265
https://doi.org/10.1080/0264041031000071001
https://doi.org/10.1519/JSC.0000000000001555
https://www.ncbi.nlm.nih.gov/pubmed/27398920
https://doi.org/10.1249/MSS.0000000000000669
https://doi.org/10.1123/jmld.2021-0040
https://doi.org/10.1080/17461391.2018.1502357
https://www.ncbi.nlm.nih.gov/pubmed/30058461
https://www.ncbi.nlm.nih.gov/pubmed/16287349
https://doi.org/10.1519/JSC.0b013e31815ef052
https://www.ncbi.nlm.nih.gov/pubmed/18296956
https://doi.org/10.23736/S0022-4707.17.06901-8
https://doi.org/10.1519/JSC.0b013e3181e347d1
https://doi.org/10.1519/JSC.0000000000003604
https://www.ncbi.nlm.nih.gov/pubmed/32271290
https://doi.org/10.1519/JSC.0000000000003899
https://www.ncbi.nlm.nih.gov/pubmed/33298713
https://doi.org/10.1519/JSC.0b013e318215fa33
https://www.ncbi.nlm.nih.gov/pubmed/22076090
https://doi.org/10.1007/s00421-013-2688-6
https://doi.org/10.1055/s-0031-1271678
https://doi.org/10.1080/02640414.2013.789921
https://www.ncbi.nlm.nih.gov/pubmed/23631690
https://doi.org/10.2478/v10038-009-0007-1

Sports 2023, 11, 150 29 of 30

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.
115.

116.

117.

118.

119.

120.

121.

122.

Masterson, G.L.; Brown, S.P. Effects of weighted rope jump training on power performance tests in collegians. . Strength Cond.
Res. 1993, 7, 108-114.

Matavulj, D.; Kukolj, M.; Ugarkovic, D.; Tihanyi, J.; Jaric, S. Effects of pylometric training on jumping performance in junior
basketball players. ]. Sports Med. Phys. Fit. 2001, 41, 159-164.

Mazurek, K.; Zmijewski, P.; Makaruk, H.; Mréz, A.; Czajkowska, A.; Witek, K.; Bodasiniski, S.; Lipiniska, P. Effects of short-term
plyometric training on physical performance in male handball players. ]. Hum. Kinet. 2018, 63, 137-148. [CrossRef]

McBride, ] M.; Triplett-McBride, T.; Davie, A.; Newton, R.U. The effect of heavy-vs. light-load jump squats on the development of
strength, power, and speed. |. Strength Cond. Res. 2002, 16, 75-82. [PubMed]

McClenton, L.S.; Brown, L.E.; Coburn, ].W.; Kersey, R.D. The effect of short-term VertiMax vs. depth jump training on vertical
jump performance. J. Strength Cond. Res. 2008, 22, 321-325. [CrossRef] [PubMed]

McCormick, B.T.; Hannon, J.C.; Newton, M.; Shultz, B.; Detling, N.; Young, W.B. The effects of frontal-and sagittal-plane
plyometrics on change-of-direction speed and power in adolescent female basketball players. Int. ]. Sports Physiol. Perform. 2016,
11, 102-107. [CrossRef] [PubMed]

McCurdy, K.W.; Langford, G.A.; Doscher, M.W.; Wiley, L.P.; Mallard, K.G. The effects of short-term unilateral and bilateral
lower-body resistance training on measures of strength and power. . Strength Cond. Res. 2005, 19, 9-15.

McGuigan, M.R.; Sharman, M.]J.; Newton, R.U.; Davie, A.].; Murphy, A.J.; McBride, ] M. Effect of explosive resistance training on
titin and myosin heavy chain isoforms in trained subjects. J. Strength Cond. Res. 2003, 17, 645-651.

Mirzaei, B.; Asghar Norasteh, A.; Saez de Villarreal, E.; Asadi, A. Effects of six weeks of depth jump vs. countermovement jump
training on sand on muscle soreness and performance. Kinesiology 2014, 46, 97-108.

Mirzaei, B.; Norasteh, A.A.; Asadi, A. Neuromuscular adaptations to plyometric training: Depth jump vs. countermovement
jump on sand. Sport Sci. Health 2013, 9, 145-149. [CrossRef]

Ramirez-Campillo, R.; Alvarez, C.; Garcia-Pinillos, F.; Sanchez-Sanchez, ].; Yanci, J.; Castillo, D.; Loturco, I.; Chaabene, H.; Moran,
J.; Izquierdo, M. Optimal reactive strength index: Is it an accurate variable to optimize plyometric training effects on measures of
physical fitness in young soccer players? J. Strength Cond. Res. 2018, 32, 885-893. [CrossRef]

Ramirez-Campillo, R.; Burgos, C.H.; Henriquez-Olguin, C.; Andrade, D.C.; Martinez, C,; Alvarez, C; Castro-Sepulveda, M.;
Marques, M.C.; Izquierdo, M. Effect of unilateral, bilateral, and combined plyometric training on explosive and endurance
performance of young soccer players. . Strength Cond. Res. 2015, 29, 1317-1328. [CrossRef]

Rosas, F.; Ramirez-Campillo, R.; Diaz, D.; Abad-Colil, F.; Martinez-Salazar, C.; Caniuqueo, A.; Cafias-Jamet, R.; Loturco, I;
Nakamura, FY.; McKenzie, C.; et al. Jump training in youth soccer players: Effects of haltere type handheld loading. Int. J. Sports
Med. 2016, 37, 1060-1065. [CrossRef] [PubMed]

Ruffieux, J.; Walchli, M.; Kim, K.-M.; Taube, W. Countermovement jump training is more effective than drop jump training in
enhancing jump height in non-professional female volleyball players. Front. Physiol. 2020, 11, 231. [CrossRef]

Sheppard, J.; Hobson, S.; Barker, M.; Taylor, K.; Chapman, D.; McGuigan, M.; Newton, R. The effect of training with accentuated
eccentric load counter-movement jumps on strength and power characteristics of high-performance volleyball players. Int. J.
Sports Sci. Coach. 2008, 3, 355-363. [CrossRef]

Singh, J.; Appleby, B.B.; Lavender, A.P. Effect of plyometric training on speed and change of direction ability in elite field hockey
players. Sports 2018, 6, 144. [CrossRef] [PubMed]

Singh, D.; Singh, S. Effects of vertical and horizontal plyometric exercises on running speed. Hum. Mov. 2013, 14, 144-147.
[CrossRef]

Singh, D.; Singh, S. Iinfluence of Exercise Specifity on Depth Jump Performance. Braz. J. Biomotricity 2012, 6, 261-268.

Singh, D.; Singh, S. Effects of vertical, horizontal, and combination depth jump training on long jump performance. Biomed. Hum.
Kinet. 2012, 4, 107-111. [CrossRef]

Sotiropoulos, K.; Smilios, I.; Barzouka, K.; Christou, M.; Bogdanis, G.; Douda, H.; Tokmakidis, S.P. Effects of Drop Jump Training
from Different Heights and Weight Training on Vertical Jump and Maximum Strength Performance in Female Volleyball Players.
J. Strength Cond. Res. 2022, 37, 423-431. [CrossRef] [PubMed]

Staniszewski, M.; Hammoud, N.; Zybko, P.; Witek, K.; Tkaczyk, J.; Urbanik, C. Effect of concentric vs. eccentric variant of lower
limbs plyometric training on biomechanical and biochemical parameters. Eur. ]. Sport Sci. 2021, 21, 351-358.

Stern, D.; Gonzalo-Skok, O.; Loturco, I.; Turner, A.; Bishop, C. A comparison of bilateral vs. unilateral-biased strength and
power training interventions on measures of physical performance in elite youth soccer players. . Strength Cond. Res. 2020, 34,
2105-2111. [CrossRef]

Stien, N.; Strate, M.; Andersen, V.; Saeterbakken, A .H. Effects of overspeed or overload plyometric training on jump height and
lifting velocity. Sports Med. Int. Open 2020, 4, E32-E38. [CrossRef]

Strate, M.; Stien, N.; Saeterbakken, A.H.; Andersen, V. The effects of assisted and resisted plyometric training on jump height and
sprint performance among physically active females. Eur. ]. Sport Sci. 2022, 22, 1569-1576.

Taube, W.; Leukel, C.; Lauber, B.; Gollhofer, A. The drop height determines neuromuscular adaptations and changes in jump
performance in stretch-shortening cycle training. Scand. J. Med. Sci. Sports 2012, 22, 671-683.

Thomas, K.; French, D.; Hayes, PR. The effect of two plyometric training techniques on muscular power and agility in youth
soccer players. J. Strength Cond. Res. 2009, 23, 332-335. [CrossRef] [PubMed]


https://doi.org/10.2478/hukin-2018-0014
https://www.ncbi.nlm.nih.gov/pubmed/11834109
https://doi.org/10.1519/JSC.0b013e3181639f8f
https://www.ncbi.nlm.nih.gov/pubmed/18550943
https://doi.org/10.1123/ijspp.2015-0058
https://www.ncbi.nlm.nih.gov/pubmed/26023808
https://doi.org/10.1007/s11332-013-0161-x
https://doi.org/10.1519/JSC.0000000000002467
https://doi.org/10.1519/JSC.0000000000000762
https://doi.org/10.1055/s-0042-111046
https://www.ncbi.nlm.nih.gov/pubmed/27557406
https://doi.org/10.3389/fphys.2020.00231
https://doi.org/10.1260/174795408786238498
https://doi.org/10.3390/sports6040144
https://www.ncbi.nlm.nih.gov/pubmed/30424507
https://doi.org/10.2478/humo-2013-0017
https://doi.org/10.2478/v10101-012-0020-2
https://doi.org/10.1519/JSC.0000000000004272
https://www.ncbi.nlm.nih.gov/pubmed/35836281
https://doi.org/10.1519/JSC.0000000000003659
https://doi.org/10.1055/a-1116-0749
https://doi.org/10.1519/JSC.0b013e318183a01a
https://www.ncbi.nlm.nih.gov/pubmed/19002073

Sports 2023, 11, 150 30 of 30

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Trzaskoma, L.; Tihanyi, J.; Trzaskoma, Z. The effect of a short-term combined conditioning training for the development of leg
strength and power. J. Strength Cond. Res. 2010, 24, 2498-2505. [CrossRef]

Watkins, C.M.; Gill, N.D.; Maunder, E.; Downes, P.; Young, ]J.D.; McGuigan, M.R.; Storey, A.G. The Effect of Low-Volume
Preseason Plyometric Training on Force-Velocity Profiles in Semiprofessional Rugby Union Players. J. Strength Cond. Res. 2021, 35,
604-615. [CrossRef]

Weakley, J.J.; Till, K.; Read, D.B.; Leduc, C.; Roe, G.A.; Phibbs, PJ.; Darrall-Jones, J.; Jones, B. Jump training in rugby union players:
Barbell or hexagonal bar? J. Strength Cond. Res. 2021, 35, 754-761. [CrossRef]

Weltin, E.; Gollhofer, A.; Mornieux, G. Effects of perturbation or plyometric training on core control and knee joint loading in
women during lateral movements. Scand. |. Med. Sci. Sports 2017, 27,299-308. [CrossRef] [PubMed]

Wilson, G.J.; Newton, R.U.; Murphy, A.J.; Humphries, B.]. The optimal training load for the development of dynamic athletic
performance. Med. Sci. Sports Exerc. 1993, 25, 1279-1286. [PubMed]

Yang, X.; Lee, J.; Gu, X.; Zhang, X.; Zhang, T. Physical fitness promotion among adolescents: Effects of a jump rope-based physical
activity afterschool program. Children 2020, 7, 95. [CrossRef] [PubMed]

Young, W.; Wilson, C.; Byrne, C. A comparison of drop jump training methods: Effects on leg extensor strength qualities and
jumping performance. Int. . Sports Med. 1999, 20, 295-303. [CrossRef] [PubMed]

Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive statistics for studies in sports medicine and exercise science. Med.
Sci. Sports Exerc. 2009, 41, 3. [CrossRef] [PubMed]

Cumming, S.P; Lloyd, R.S.; Oliver, J.L.; Eisenmann, J.C.; Malina, R.M. Bio-banding in sport: Applications to competition, talent
identification, and strength and conditioning of youth athletes. Strength Cond. J. 2017, 39, 34—47. [CrossRef]

Granacher, U.; Lesinski, M.; Biisch, D.; Muehlbauer, T.; Prieske, O.; Puta, C.; Gollhofer, A.; Behm, D.G. Effects of resistance
training in youth athletes on muscular fitness and athletic performance: A conceptual model for long-term athlete development.
Front. Physiol. 2016, 7, 164.

Moran, J.J.; Sandercock, G.R.; Ramirez-Campillo, R.; Meylan, C.M.; Collison, J.A.; Parry, D.A. Age-related variation in male youth
athletes” countermovement jump after plyometric training: A meta-analysis of controlled trials. J. Strength Cond. Res. 2017, 31,
552-565.

Nobre, G.G.; de Almeida, M.B.; Nobre, I.G.; Dos Santos, EK.; Brinco, R.A.; Arruda-Lima, T.R.; De-Vasconcelos, K.L.; De-Lima, ].G.;
Borba-Neto, M.E.; Damasceno-Rodrigues, E.M.; et al. Twelve weeks of plyometric training improves motor performance of 7-to
9-year-old boys who were overweight/obese: A randomized controlled intervention. J. Strength Cond. Res. 2017, 31, 2091-2099.
[CrossRef]

Racil, G.; Zouhal, H.; Elmontassar, W.; Abderrahmane, A.B.; De Sousa, M.V.; Chamari, K.; Amri, M.; Coquart, J.B. Plyometric
exercise combined with high-intensity interval training improves metabolic abnormalities in young obese females more so than
interval training alone. Appl. Physiol. Nutr. Metab. 2016, 41, 103-109. [CrossRef]

Stojanovi¢, E.; Risti¢, V.; McMaster, D.T.; Milanovi¢, Z. Effect of plyometric training on vertical jump performance in female
athletes: A systematic review and meta-analysis. Sports Med. 2017, 47, 975-986. [CrossRef]

Rossler, R.; Donath, L.; Verhagen, E.; Junge, A.; Schweizer, T.; Faude, O. Exercise-based injury prevention in child and adolescent
sport: A systematic review and meta-analysis. Sports Med. 2014, 44, 1733-1748. [CrossRef]

Meylan, C.; Malatesta, D. Effects of in-season plyometric training within soccer practice on explosive actions of young players.
J. Strength Cond. Res. 2009, 23, 2605-2613. [CrossRef]

Ahmadi, M.; Nobari, H.; Ramirez-Campillo, R.; Pérez-Gémez, J.; Ribeiro, A.L.d.A.; Martinez-Rodriguez, A. Effects of plyometric
jump training in sand or rigid surface on jump-related biomechanical variables and physical fitness in female volleyball players.
Int. ]. Environ. Res. Public Health 2021, 18, 13093. [CrossRef] [PubMed]

Ducrocq, G.P; Hureau, T.].; Meste, O.; Blain, G.M. Similar cardioventilatory but greater neuromuscular stimuli with interval drop
jump than with interval running. Int. J. Sports Physiol. Perform. 2020, 15, 330-339. [CrossRef] [PubMed]

Silva, A.F,; Clemente, FEM.; Lima, R.; Nikolaidis, P.T.; Rosemann, T.; Knechtle, B. The effect of plyometric training in volleyball
players: A systematic review. Int. J. Environ. Res. Public Health 2019, 16, 2960. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1519/JSC.0b013e3181e2e081
https://doi.org/10.1519/JSC.0000000000003917
https://doi.org/10.1519/JSC.0000000000002742
https://doi.org/10.1111/sms.12657
https://www.ncbi.nlm.nih.gov/pubmed/26923543
https://www.ncbi.nlm.nih.gov/pubmed/8289617
https://doi.org/10.3390/children7080095
https://www.ncbi.nlm.nih.gov/pubmed/32823828
https://doi.org/10.1055/s-2007-971134
https://www.ncbi.nlm.nih.gov/pubmed/10452226
https://doi.org/10.1249/MSS.0b013e31818cb278
https://www.ncbi.nlm.nih.gov/pubmed/19092709
https://doi.org/10.1519/SSC.0000000000000281
https://doi.org/10.1519/JSC.0000000000001684
https://doi.org/10.1139/apnm-2015-0384
https://doi.org/10.1007/s40279-016-0634-6
https://doi.org/10.1007/s40279-014-0234-2
https://doi.org/10.1519/JSC.0b013e3181b1f330
https://doi.org/10.3390/ijerph182413093
https://www.ncbi.nlm.nih.gov/pubmed/34948702
https://doi.org/10.1123/ijspp.2019-0031
https://www.ncbi.nlm.nih.gov/pubmed/31188680
https://doi.org/10.3390/ijerph16162960
https://www.ncbi.nlm.nih.gov/pubmed/31426481

	Introduction 
	Methods 
	Procedures 
	Literature Search: Administration and Update 
	Inclusion and Exclusion Criteria 

	Data Extraction 
	Data Collection Process 
	Data Items 
	Data Management and Synthesis Methods 
	Registration and Protocol 

	Results 
	Participants’ Characteristics and General Critical Elements of Plyometric Jump Training 
	The Type of PJT Exercise as an Independent Prescription Variable 
	Comparisons of Plyometric Jump Training Exercises on Selected Outcomes of Human Physical Capabilities 

	Discussion 
	General Characteristics 
	Characteristics of Participants and General Critical Elements of Plyometric Jump Training 
	The Type of PJT Exercise as an Independent Prescription Variable 
	Comparisons of Plyometric Jump Training Exercises on Selected Outcomes of Human Physical Capabilities 

	Limitations 
	Conclusions 
	References

