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ABSTRACT: Plyometric jump training (PJT) can be used for improving balance through bilateral and unilateral
jump-landing drills. Since the increased number of articles testing the effects of PJT on dynamic and static
balance, it is relevant to summarize the evidence and determine the effects across different original articles.
This systematic review with meta-analysis was conducted to assess the effects of PJT programs on dynamic
and static balance in soccer players. The data sources utilized were Cochrane, Medline (PubMed), SPORTDiscus,
and Web of Science. (i) Soccer players of any age or sex without injury, illness, or other clinical conditions;
(ii) PJT-based programs restricted to a minimum of three weeks (duration); (iii) passive or active control groups;
(iv) pre-post interventions values of dynamic and/or static balance; (v) randomized-controlled trials; and (vi) peer-
reviewed original full-text studies written in English, Portuguese, and/or Spanish. The database search initially
identified 803 titles. From those, eight articles were eligible for the systematic review and meta-analysis. The
results showed no significant differences between PJT and active controls in dynamic anterior, postero-medial,
or postero-lateral balance for both left and right legs (p > 0.05). Additionally, no significant differences were
found between PJT and active controls in terms of static balance (p = 0.495). The current evidence suggests
that PJT has no significant advantage over active control groups in terms of dynamic or static balance.
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Soccer is characterized by an intermittent exercise profile in which
periods of low- to moderate-intensity activities are interspaced by
high-intensity efforts [1]. Among high-intensity efforts, accelera-
tions/decelerations, turns, and jumps are key determinants of du-
els [2]. Additionally, as soccer is a tactical-technical-based game,
actions such as kicking, passing, dribbling, and cutting maneuvers
are often performed during matches [3, 4]. To support high perfor-
mance during the aforementioned actions, players need adequate
levels of strength, power, and aerobic capacity [5, 6]. However,
excellent balance can also bolster soccer players’ performance. For

example, better balance was meaningfully correlated with kicking
accuracy [7]. Additionally, jumping performance was associated with
better postural control [8], even when balance conditions were
poor [9]. Finally, adequate levels of balance might protect against
musculoskeletal and ligament injury risk [10]. In one study, greater
asymmetries observed in a dynamic balance test were associated
with lower extremity injury risk [11].

There are two main dimensions of balance (also named postural
control) [12, 13]. Static balance involves the ability to maintain
a base of support with minimal movement, and dynamic balance is
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the ability to perform a task while maintaining a stable position.
Balance can be influenced by several factors, including sensory in-
formation (e.g., somatosensory, visual, and vestibular systems), joint
range of motion, and the neuromuscular control of the athlete [14-16].
Assessments of static balance are often performed by monitoring the
center of pressure motion for a specified duration in which the athlete
must keep a unilateral or bilateral position on a force platform with
eyes open or close [17, 18]. For assessing dynamic balance, some
field-based tests are used, namely the Star Excursion Balance
test [19] or Y-balance test [20], in which the athlete, while assum-
ing a unilateral stance, tries to reach the farthest point possible with
the contralateral limb. Dynamic balance can also be measured in
laboratory settings using a stabilometer [21], force platforms [17],
or a Biodex balance system [22].

Balance training can improve balance ability [23]. However,
other training methods, such as plyometric jump training (PJT), also
may improve balance at the same time as jumping (i.e., power),
maximal strength, sprinting, and acceleration [24]1[25-27], thereby
providing a time-efficient training method. A typical PJT program
incorporates jump drills that leverage the stretch-shortening cycle of
the musculotendinous unit [28], commonly through unilateral/bilat-
eral or vertical/horizontal jumps on different surfaces (e.g., stable or
unstable) [29]. Such drills may stimulate factors associated with
balance ability, such as sensory information, joint range of motion,
and neuromuscular control [14-16]. In this sense, PJT might offer
adequate stimuli for improving soccer players’ balance [30].

Some (but not all) studies revealed balance improvements in
soccer players after PJT. Moreover, most PJT studies conducted among
soccer players have incorporated a small sample size (e.g.,

TABLE 1. Inclusion and exclusion criteria
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10 participants per group). In this scenario, a systematic review of
the literature following a meta-analytical approach might contribute
to solving controversies regarding the effects of PJT on soccer players’
balance. Therefore, the purpose of this study was to conduct a sys-
tematic review with meta-analysis to assess the effects of PJT pro-
grams on dynamic and static balance in soccer players.

MATERIALS AND METHOD'S 15
This systematic review and meta-analysis followed the Cochrane
Collaboration [31], PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-analyses) guidelines [32] and guidelines for
systematic reviews in sports science [33]. The PICOS approach
(Population, Intervention, Comparator, Outcomes, Study design) was
followed: (P) soccer players from any age or sex, without injury, ill-
ness or other clinical condition; (1) PJT-based programmes restricted
to a minimum of 3 weeks (duration) and no restricted to frequency
(number of sessions per week); (C) Passive or active control groups;
(O) Pre-post values of dynamic and/or static balance; and (S) random-
ized controlled-trials. The protocol was registered with the Interna-
tional Platform of Registered Systematic Review and Meta-Analysis
Protocols with the number 202110107 and the DOI number
10.37766/inplasy2021.1.0107.

Eligibility criteria
Inclusion and exclusion criteria for this systematic review and meta-
analysis can be found in table 1.

Duplicates were identified using the reference manager software
(EndNote™ X9, Clarivate Analytics, Philadelphia, PA, USA). Two
authors (MRG and JRG) independently performed screening of the

Item Inclusion Criteria

Exclusion Criteria

Population

Soccer players from any age or sex, without injury,
illness or other clinical condition. Futsal (indoor
soccer), if any, will be included.

Soccer players in rehabilitation or in return-to-play
programmes. Other sports than soccer/futsal (e.g., volleyball,
basketball, rugby, Australian or American football).

Intervention

PJT-based programmes (bilateral and/or unilateral)
restricted to a minimum of 3 weeks (duration) and
no restricted to frequency (number of sessions per
week).

Other training methods. PJT combined with other training
methods.

Comparator

Passive or active control groups.

Other PJT training group (i.e., PJT vs. PJT without control
group were excluded). Cases as two PJT and a control were
included.

Outcome

Pre-post intervention values of static and/or dynamic
balance.

Outcomes not related to dynamic and/or static balance; no
information (e.g., mean; standard deviation) reported for
pre- and/or post-intervention (e.g., follow-up excluded)

Study Design

Randomized controlled and/or parallel trials.

Non-randomized and non-controlled studies

Additional criteria

Peer reviewed, original, full-text studies written in
English, Portuguese and/or Spanish.

Written in other language than English, Portuguese and/or
Spanish. Reviews, letters to editors, trial registrations,
proposals for protocols, editorials, book chapters, conference
abstracts.
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title, abstract and reference list of each study to locate potentially
relevant studies. Additionally, they reviewed the full version of the
papers in detail to identify articles that met the selection criteria and
those that were excluded. A discussion was made in the cases of
discrepancies regarding the selection process with the participation
of a third author (DC).

Information sources

Electronic databases (Cochrane, Medline (PubMed), SPORTDiscus,
and Web of Science) were searched for relevant publications, from
inception up to January 26, 2021. Keywords and synonyms were
entered in various combinations in all fields: (“Soccer” OR “Football”)
AND (“plyometric*” OR “ballistic” OR “stretch-shortening cyle” OR
“reactive strength” OR “jump*”) AND (“balance” OR “stability”). An
external expert was contacted to verify the final list of references
included in this systematic review and to indicate if there was any
study that was not detected through our search.

Extraction of data

A data extraction sheet, adapted from the Cochrane Consumers and
Communication Review Group’s data extraction template [34], was
used to assess inclusion requirements and subsequently tested on
ten randomly selected studies (i.e., pilot testing). This process was
conducted by two independent reviewers (MRG and JRG). Any dis-
agreement regarding study eligibility was resolved in a discussion
between both reviewers and a third author (FMC). Full text articles
excluded, with reasons, were recorded. The records were registered
in a form created in Microsoft Excel (Microsoft Corporation, Readmon,
WA, USA).

Data items

Aiming to establish consistency in data analyzing and reporting,
only measures that were analyzed three or more times for different
articles were included [25]. The dynamic and/or static balance
was chosen as the main outcome. Adverse effects were also ex-
tracted as secondary outcome, in case of any reported. The pre- and
post-data (e.g., mean, standard deviation, number of participants,
per each group) was extracted. Intermediate assessments (in mid-
dle of interventions) and/or follow-up periods (without intervention)
were not extracted. The method used for the assessment of balance
was also extracted. Additionally, the following information was
extracted from the included studies: (i) participants age (years),
sex, competitive level; (ii) PJT training (only or combined with
other method); type of jumps included (unilateral and/or bilateral);
(iii) PJT characteristics as: duration (number of weeks); training
frequency (sessions per week); intensity level (e.g., maximal); jump
box height (cm); number of total jumps completed during the in-
tervention; rest type (active, passive) between sets (min); rest time
between repetitions (s); rest time between sessions (hours); type
of jump surface (e.g., unstable; stable); training period of the year
(e.g., pre-season, in-season).

Assessment of methodological quality

The Physiotherapy Evidence Database (PEDro) scale was used to
assess the methodological quality of the randomized-controlled trials
included in this systematic review and meta-analysis. The scale scores
the internal study validity in a range of O (low methodological qual-
ity) to 10 (high methodological quality). Eleven items are measured
in the scale. The criterion 1 is not included in the final score. Points
for items 2 to 11 were only attributed when a criterion was clearly
satisfied. Two of the authors (MRG and FMC) independently scored
the articles. Disagreements in the rating between both authors was
resolved through discussion with a third author (DC). Aiming to
control the risk of bias between authors, the Kappa correlation test
was used to analyze the agreement level for the included studies.
A minimum agreement level of k = 0.90 was established.

Summary measures, synthesis of results, and publication bias
We followed previously stablished methods [25, 26]. Briefly, analy-
sis and interpretation of results were only conducted in the case of
at least three studies provided baseline and follow-up data for the
same measure. Pre-training and post-training means and standard
deviations (SD) for dependent variables were used to calculate effect
sizes (ES; Hedge's g) for each outcome measure in the PJT and
control groups. Data were standardized using post-intervention SD
values. The random-effects model was used to account for differ-
ences between studies that might impact the PJT-based ef-
fect [35, 36]. The ES values are presented with 95% confidence
intervals (Cl). Calculated ES were interpreted using the following
scale: < 0.2, trivial; 0.2-0.6, small; > 0.6-1.2, moderate; > 1.2-2.0,
large; > 2.0-4.0, very large; > 4.0, extremely large [37]. Hetero-
geneity was assessed using the /? statistic, with values of < 25%,
25-75%, and > 75% considered to represent low, moderate, and
high levels of heterogeneity, respectively [38]. The risk of bias was
explored using the extended Egger’s test [39]. When bias was pres-
ent, the trim and fill method was applied [40], in which case LO was
assumed as the default estimator for missing studies [41]. All anal-
yses were carried out using the Comprehensive Meta-Analysis software
(version 2; Biostat, Englewood, NJ, USA). Statistical significance
was set at p < 0.05.

RIS U L TS 15
Studly identification and selection

The searching of databases identified an initial 803 titles. These
studies were then exported to reference manager software (EndNote™
X9, Clarivate Analytics, Philadelphia, PA, USA). Duplicates (357 ref-
erences) were subsequently removed either automatically or manu-
ally. The remaining 446 articles were screened for their relevance
based on titles and abstracts, resulting in the removal of a further
365 studies. The full texts of the remaining 81 articles were examined
diligently. After reading full texts, a further 73 studies were excluded
owing to the following criteria: population (n = 7); intervention
(n = 28); outcome (n = 12); comparator (n = 11); and study design
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Records identified through database searching
(Cochrane, Medline (PubMed), SPORTDiscus, and
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(n =803)

Eligibility Screening Identification
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Records after duplicates removed

(n =446)

A

Records screened
(n=446)

Records excluded based on titles and

A

A 4

abstracts
n=365

Full-text articles assessed
for eligibility
(n=81)

Full-text articles excluded (n =73)

\ 4

Main exclusion reasons:

A

- Population (criteria 1) =7
- Intervention (criteria 2) = 28

Studies included in
qualitative synthesis
(n=28)

- Comparator (criteria 3) = 11
- Outcome (criteria 4) = 12

- Study design (criteria 5) = 14

- Other reason (criteria 6) = 1

A 4

Studies included in
guantitative synthesis
(meta-analysis)
(n=8)

FIG. 1. PRISMA flow diagram highlighting the selection process for the studies included in the current systematic review.

(n = 14). Therefore, 8 articles were eligible for the systematic review

and meta-analysis (Figure 1). The 8 studies included provided mean

and standard deviation post-detraining data for at least the main

outcome.

Studly characteristics

The characteristics of the eight studies included in the meta-analysis
can be found in Table 2. Additionally, the details of the PJT-based
programs can be found in Table 3. The included randomized-con-

trolled studies involved 14 individual experimental groups and
191 participants, and 105 participants in the 8 control groups.
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Methodological quality

Using the PEDro checklist it was possible to determine that 2 of the
studies were classified with 6 points, 4 studies with 7 points and
2 studies with eight points (Table 4).

PJT vs. control: effects on dynamic balance

A summary of the included studies and results of anterior, postero-
medial and postero-lateral dynamic balance before and after
PJT-based intervention and control groups are provided in Tables 5,
6 and 7, respectively. Table 8 presents summary of the composites
of dynamic balance.
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TABLE 2. Characteristics of the included studies and outcomes extracted.

Measure extracted

Study N Mean age (yo) Sex Type of control Out- Tes.t S used |n.the from the tests in the Tendency
group comes original studies L ]
original studies
o . SB: number of times
n 00 a. .
g =2 Epr. 23 ActCon: _specn‘lc Flamingo balance the participant lost SB: less,
- Exp®: 23 8-13 M program with soccer SB )
<] . test their balance better.
a . ActCon: 22 skills .
5] (composite).
5 Y-Balance test DB: anterior, DB:
3 (anterior, ) ) .
2] . . posterior-medial, higher,
= posterior-medial, osterior-lateral better
s Exp%: 12 16.2 = 0.2 ActCon: continued DB posterior-lateral P directions
2 Exp®: 14 16.3 = 0.4 M with the standard directions, plus displacement (cm) SB.
é PassCon: 12 16.4 = 0.2 training SB composite score) P highér
£ : i :
& Static Stork Balance SB: ?;(r)rri, ﬁ'trrll: (sec) better
Test g g
Star excursion
— balance test .
S ) (antero-lateral DB: .a”te“of'
= ActCon: continued : ’ posterior-medial, DB:
= Exp: 14 11.8 + 0.4 . ) anterior, antero- . .
© M with their standard DB ) ; posterior-lateral higher,
B AtcCon: 14 11.6 £ 0.5 . medial, medial, o
soccer training ) . directions better
o posterior-medial, .
= i . displacement (cm)
posterior, posterior-
lateral, and lateral)
Star excursion
— balance test .
o) DB: anterior,
0 . (antero-lateral, ) )
: ActCon: continued : posterior-medial, DB:
—= Exp: 14 19.0 £ 0.9 L . anterior, antero- . .
© M training without DB } . posterior-lateral higher,
B ActCon: 13 19.0 £ 0.7 medial, medial, o
- change osteromedial directions better
= poste ’ displacement (cm)
posterior, postero-
lateral, and lateral)
_ . Y-Balance test DB: anterior,
., oo ActCon: received an . ) )
5 EX Exp: 9 intervention using (anterior, posterior-medial, DB:
S3 : 18-30 F A ) DB posterior-medial, posterior-lateral higher,
S © ActCon: 8 eccentric hamstring . o
oa . posterior-lateral directions better
[ exercises o .
directions) displacement (cm)
Normal stance eyes
IS open and eyes closed
a a Exp?: 11.2 = 2.4 Perturbed stance, SB: bilateral normal
£ Exp?: 12 b
S b Exp®: 11.0 = 2.0 eyes open and eyes stance eyes open
S = Exp®: 16 . ; . SB: less,
T . Exp©: 116 = 1.7 M PassCon SB closed in a balance displacement,
o Exp®: 12 ; ! better
=5 PassCon: 14 PassCon: platform (Data (anterior-posterior,
£ : 116 = 2.7 obtained for cm)
e anterior-posterior and
medial-lateral)
_ . Expihi11.4 + 2.4 SB: bilateral normal
woS Exp®™ 10 Exo®:11.6 + 1.4 stance eyes open
o =q ci pr:ll.o = 1. :
23 = Exp®: 10 G Normal stance eyes displacement, SB: less,
€ E— cl. Exp®:11.4 19 M PassCon SB ! :
S5 © Exp®: 10 open and eyes closed (anterior-posterior better
o + PassCon: .
@  PassCon: 10 and medial-lateral,
112 + 2.3
cm)
= Lower quarter
= Y balance test
= ActCon: specific (anterior, . DB:
© . ’ .
kol Exp: 12 11.3 = 0.7 M program with soccer DB posterior-medial, DB: composite score higher,
— ActCon: 12 . . (cm)
g skills posterior-lateral better
3 directions, plus
=

a composite score)

a: bilateral plyometric; b: unilateral plyometric training; c: combined bilateral and unilateral plyometric training group; d: unloaded;
e: with load; f: combined agility and plyometric; g: combined balance and plyometric; h: vertical plyometric; i:horizontal plyometric;
j: combined vertical and horizontal plyometric; I: combined strength, balance, agility and plyometric; M: male; F: female; Exp:
experimental group; ActCon: active control group; PassCon: passive control group without experimental approach; SB: static balance;
DB: dynamic balance; PHD: prone hold test; ND: not described; plyo: plyometric.
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TABLE 3. Characteristics of the included studies and outcomes extracted.

Study BM H SPT ':::;is Laterality Freq Wk  BH T Comb PO TP
w0 Exp%: 39.3 = 8.2 Exp*: 142.2 + 8.7 Sets
© O b, b, a, 1
N = Exp®: 36.1 = 7.8 Exp> 139.2 =+ 7.0 Np Moderate Epr. U 5> 10 10-30 cm 60-120 No and Middle
g © ActCon: ActCon: experience Exp®: B s season
%  385=106  141.6 = 10.4 P
E5 Exp’59.8 2.8 Exp% 1.78 + 0.21
© O e, €.
E = Exp®: 60.9 = 3.4 Exp% 1.77 = 0.31 2 weeks High B&U > 10 30-40 cm 48-144 No More January to
Ew PassCon: PassCon: reps April
T3 58.9 = 3.7 1.78 = 0.32
T Exp: 365 + 5.1 Sets
<t .
2 = AtcCon: Exp: 1.43 + 0.10 ND Normal B&U 2 8 20-30cm b4-124 No and March-April
2w AtcCon:1.42 += 0.04
= 342 £ 3.6 reps
o Exp: 67.6 £ 5.9 Sets
m .
= - AtcCon: Bxp: 1.76 = 0.05 b \oderate  B&U 2 6 30-50 cm 140-216  No  and March-Apri
S AtcCon: 1.76 = 0.06
= 69.2 + 5.8 reps
=23 8§X+p:9 L7 EXp:23.07 =341 Eccentric; Sets
Sg = AT ActCon: ND Moderate B&U 3 6 ND 180 RT; and ND
£g S ActCon: 25.07 = 5.90 lyometric reps
S % 66.16 + 15.81 =S Py P
o EXpa:
B 43.5 + 149  Exp®: 146 + 13.7
E E Exp® 45.0 = 9.3 Exp® 147 = 11.1 Exp®: B 120-240 Middle-
ﬁ" _ Exp®: Exp®: 144 + 17.5 6 weeks Normal Exp>>U 2 6 20cm No Reps season
g g 42.2 + 16.9 PassCon: Exp®: B&U
S PassCon: 143 + 17.7
o 41.8 = 12.7
o Exp®":40.0 = 5.9
%- —_ Expc’i: c,h,
EX 446 +110 Exph 144
S = ol Exp®: 150 October —
- Exp®: i 6 weeks Moderate B&U 3 8 NA ND No
N Exp®: 141 November
S5 A0Lx128  poiccon: 146
S PassCon: '
= 422 +16.9
53
S~ AIL 488 =040 Al 153+005 "% Moderate B&U 3 8  NA ND No o October -
R + 0.66 November
[}

BH: box height for plyometric drop jumps (cm); BM: body mass (kg); Comb: combined; F: female; Freq: frequency of training
(days/week); H: height of participants (cm); M: male; PO: progressive overload, in the form of either volume (i.e., V), intensity (i.e., 1),
type of drill (i.e., T), or a combination of these; TJ: total plyometric jumps; TP: training period of the season; Wk: weeks of training.
*Fitness level: high, for professional/elite athletes with regular enroliment in national and/or international competitions, highly trained
participants with > 10 training hours per week or > 6 training sessions per week and a regularly scheduled official and friendly
competitions. Moderate, for non-elite/professional athletes, with a regular attendance in regional and/or national competitions, between
5 and 9.9 training hours per week or 3-5 training sessions per week and a regularly scheduled official and friendly competitions.
Normal, for recreational athletes with < 5 training hours per week with sporadic competitions’ participation, and for physically active
participants and school-age youths regularly involved in physical education classes;

a: bilateral plyometric; b: unilateral plyometric training; c: combined bilateral and unilateral plyometric training group; d: unloaded;
e: with load; f: combined agility and plyometric; g: combined balance and plyometric; h: vertical plyometric; i:horizontal plyometric;
j: combined vertical and horizontal plyometric; I: combined strength, balance, agility and plyometric; M: male; F: female; Exp:
experimental group; ActCon: active control group; PassCon: passive control group without experimental approach.
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TABLE 4. Methodological assessment with Physiotherapy Evidence Database (PEDro) scale

Reference 1 2 3 4 5 6 7 8 9 10  Score
Drouzas et al. [58] Yes Yes Yes No No No Yes No Yes Yes Six
Hammami et al. [50] Yes Yes Yes No Yes No Yes No Yes Yes  Seven
Jlid et al. [47] Yes Yes Yes No No Yes Yes Yes Yes Yes  Eight
Jlid et al. [59] Yes Yes Yes No No Yes Yes Yes Yes Yes  Eight
Porrati-Paladino et al. [49] Yes Yes Yes No No Yes Yes No Yes Yes  Seven
Ramirez-Campillo et al. [57] Yes Yes Yes No No No Yes Yes Yes Yes  Seven
Ramirez-Campillo et al. [24] Yes Yes Yes No No No Yes Yes Yes Yes  Seven
Trecoci et al. [43] Yes Yes No No No No Yes No Yes Yes Six

*: PEDRro scale items number; **: the total number of points from a possible maximal of 10; N.°1: eligibility criteria were specified;
N.°2: subjects were randomly allocated to groups; N.°3: allocation was concealed; N.°4: the groups were similar at baseline regarding
the most important prognostic indicators; N.°5: there was blinding of all subjects; N.°6: there was blinding of all therapists who
administered the therapy; N.°7: there was blinding of all assessors who measured at least one key outcome; N.°8: measures of at
least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; N.°9: all subjects for whom
outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for
at least one key outcome was analyzed by “intention to treat”; N.°10: the results of between-group statistical comparisons are reported
for at least one key outcome; and N.°11: the study provides both point measures and measures of variability for at least one key
outcome.

TABLE 5. Summary of the included studies and results of dynamic balance (anterior) before and after intervention.

Latera- Before After After-before .Before . After Aft.er-before

Study Group lity Sex TS N (left leg) (left leg) (left leg) (right leg) (right leg) (right leg)
Mean + SD Mean + SD (A%) Mean + SD Mean + SD (A%)
Hammami et al. [50] Ex¥ B&U M 20 12 82 +38 85 + 5 3.7 82 +8 86 =7 5.8
Hammami et al. [50] Exp® B&U M 20 14 88 =10 93 = 10 5.7 86 + 8 91 = 8 4.9
Hammami et al. [50] ActCon - M 20 12 84 +7 87 =7 3.6 83 +8 83 +6 0.0
Jlid et al. [47] Exp B&U M 16 14 655 +42 702 + 3.6 7.3 809 =36 839 =237 3.8
Jlid et al. [47] ActCon - M 16 14 67.7 41 67.0=4.4 -1.0 83.1+1.7 833=19 0.3
Jlid et al. [69] Exp B&U M 12 14 744 5.1 758 =47 1.8 740 £ 3.8 757 =34 2.3
Jlid et al. [59] ActCon - M 12 13 726 +3.4 726 = 3.8 0.02 712 +39 71.8=+38 0.8
Porrati-Paladino et al. [49]  Exp B&U F 18 9 59.7 +44 628 =4.1 5.2 60.2 = 3.7 631 =47 4.8
Porrati-Paladino et al. [49] ActCon - F 18 8 55040 584 +4.7 6.2 55.3 + 3.8 61.3 5.2 10.8

B: bilateral; U: unilateral; B&U: bilateral and unilateral; ActCon: active control; PassCon: passive control; TS: total sessions;
d: unloaded; e: with load; f: combined agility and plyometricM: male; F: female; Exp: experimental group; ActCon: active control
group; PassCon: passive control group without experimental approach.

TABLE 6. Summary of the included studies and results of dynamic balance (posterior-medial) before and after intervention.

Latera- Before After After-before .Before . After Aft.er-before

Study Group lity Sex TS N (left leg) (left leg) (left leg) (right leg) (right leg) (right leg)
Mean + SD Mean + SD (A%) Mean + SD Mean + SD (A%)
Hammami et al. [50] Ex¥ B&U M 20 12 109 + 12 108 =10 -0.9 106 = 10 110 = 9 3.8
Hammami et al. [50] Exp® B&U M 20 14 114 =+6 121 £ 5 6.1 111 =7 118 £ 5 6.3
Hammami et al. [50] ActCon - M 20 12 113 +6 112 + 7 -0.9 109 = 8 112 = 7 2.8
Jlid et al. [47] Exp B&U M 16 14 80.8 =£3.1 84.0 = 2.3 3.9 749 42 79.6 =39 6.39
Jlid et al. [47] ActCon - M 16 14 825 +23 816+ 2.6 -1.0 776 4.1 777 = 4.4 0.07
Jlid et al. [69] Exp B&U M 12 14 80.2 =54 81.0=* 5.6 1.2 741 £ 55 751 =51 1.41
Jlid et al. [59] ActCon - M 12 13 785 =*43 785+ 4.4 -0.04 755 +7.0 76.2=+=7.0 0.31
Porrati-Paladino et al. [49]  Exp B&U F 18 9 59262 646 =7.1 9.1 642 =72 67.56 =55 5.2
Porrati-Paladino et al. [49] ActCon - F 18 8 556 +6.9 643 *6.5 15.6 57.4 + 10.1 63.88 = 7.7 11.3

B: bilateral; U: unilateral; B&U: bilateral and unilateral; ActCon: active control; PassCon: passive control; TS: total sessions;
d: unloaded; e: with load; f: combined agility and plyometric; M: male; F: female; Exp: experimental group; ActCon: active control
group; PassCon: passive control group without experimental approach.
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TABLE 7. Summary of the included studies and results of dynamic balance (posterior-lateral) before and after intervention.

Latera- Before After :::::; Before After t?::::e
Study Group lity Sex TS N  (left leg) (left leg) (left leg) (right leg) (right leg) (right leg)
Mean + SD Mean = SD (A%) Mean + SD Mean = SD (A%)
Hammami et al. [50] Exp¢ B&U M 20 12 55 +11 b3 + 11 -3.6 53 + 12 53 £+ 12 0.0
Hammami et al. [50] Exp®* B&U M 20 14 53 +8 b5 + 8 3.8 b5+ 9 60 =9 9.1
Hammami et al. [50] ActCon - M 20 12 51 =11 47 = 11 -7.8 52 =10 52 =+ 10 0.0
Jlid et al. [471] Exp B&U M 16 14 895 6.5 89.0+ 7.6 -0.1 823 +7.1 86.2+54 4,93
Jlid et al. [47] ActCon - M 16 14 91.0 29 89.0 +4.9 2.2 84.4 + 88 839 +86 —-0.59
Jlid et al. [59] Exp B&U M 12 14 87.0 + 4.7 88.8 = 4.2 2.0 86.1 + 4.0 87.8 3.7 1.96
Jlid et al. [59] ActCon - M 12 13 87.9 + 3.2 885 + 34 0.7 86.7 + 33 87.3 35 1.83
Ef;rﬁ“[fg;ad‘”" Exp B&U F 18 9 70.4+92 71.11+82 1.0 641 =108 68.6+ 109 7.0
Ef;rﬁ“[f;;ad‘”" ActCon - F 18 8 654+72 69.9=67 69 631=82 71.13+54 127

B: bilateral; U: unilateral; B&U: bilateral and unilateral; ActCon: active control; PassCon: passive control; TS: total sessions; d:
unloaded; e: with load; f: combined agility and plyometric; M: male; F: female; Exp: experimental group; ActCon: active control group;
PassCon: passive control group without experimental approach.

TABLE 8. Summary of the included studies and results of dynamic balance (composite score) before and after intervention.

Latera- (II:::tf(:;e) (|e¢:tﬁ: y After-before (riB treuftolr:: ) (ni Arffeui ) After-before
Study Group 0% sex TS N g & (et leg) eht leg ENLTCE)  (right leg)
lity Mean Mean (A%) Mean Mean (A%)
+ SD + SD ° + SD + SD °
. 139.1 143.0 140.5 144.4
Trecroci et al. [43]  Exp B&U M 24 12 . 186 L 178 2.8 + 163 4174 2.8
. 133.8 134.7 133.1 134.2
Trecroci et al. [43] ActCon - M 24 12 + 119 4122 0.7 + 130 4117 0.8

B: bilateral; U: unilateral; B&U: bilateral and unilateral; ActCon: active control; PassCon: passive control; TS: total sessions; M: male;

Exp: experimental group; ActCon: active control group;

TABLE 9. Summary of the included studies and results of static balance before and after intervention.

Study Group Laterality Sex TS N Megsf:eSD Me::tir sD Afttizct’:)fore
Drouzas et al. [58] Exp? u M 20 23 20 £ 8 17 =5 -15.0
Drouzas et al. [58] Exp® B M 20 23 20 £ 8 17 £ 6 -15.0
Drouzas et al. [58] ActCon - M 22 20 =7 17 £ 5 -15.0
Hammami et al. [50] Exp? B&U M 20 12 2.24 = 0.76 7.78 = 4.50 247.3
Hammami et al. [50] Exp® B&U M 20 14 3.37 £ 2.94 4.86 + 3.42 44.2
Hammami et al. [50] ActCon M 20 12 2.16 = 0.61 3.35 = 2.53 55.1
Ramirez-Campillo et al. [57] Exp? B M 12 12 0.50 = 0.18 0.46 = 0.08 -8.1
Ramirez-Campillo et al. [57] Exp® u M 12 16 0.45 = 0.20 0.40 = 0.17 -9.8
Ramirez-Campillo et al. [57] Exp® B&U M 12 12 0.51 = 0.17 0.40 = 0.10 -19.6
Ramirez-Campillo et al. [57] PassCon M 24 14 0.50 = 0.15 0.50 = 0.15 -1.5
Ramirez-Campillo et al. [24] Exp®h B&U M 24 10 0.42 = 0.11 0.38 £ 0.10 -9.9
Ramirez-Campillo et al. [24] Exp®! B&U M 24 10 0.52 + 0.20 0.45 = 0.16 -11.2
Ramirez-Campillo et al. [24] Exp®) B&U M 24 10 0.47 = 0.17 0.38 +£ 0.10 -16.2
Ramirez-Campillo et al. [24] PassCon M 24 10 0.50 = 0.13 0.47 = 0.10 -4.3

B: bilateral; U: unilateral; B&U: bilateral and unilateral; ActCon: active control; PassCon: passive control; TS: total sessions; a: bilateral
plyometric; b: unilateral plyometric training; c: combined bilateral and unilateral plyometric training group; d: unloaded; e: with load;
f: combined agility and plyometric; g: combined balance and plyometric; h: vertical plyometric; i:horizontal plyometric; j: combined
vertical and horizontal plyometric; I: combined strength, balance, agility and plyometric; M: male; F: female; Exp: experimental group;
ActCon: active control group; PassCon: passive control group without experimental approach.
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Effects of plyometric jump training on soccer player’s balance

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

g error  Variance limit limit Z-Value p-Value
Hammami et al. [50] unloaded 0.568 0.486 0236 -0383 1520 1.170 0242 L
Hammanmi et al. [50] loaded 0.639 0478 0229 0298 1576 1336 0.182 L
Jiid et al. [47] 0924 0.387 0150 0165 1683 2387 0017 —l
Jiid et al. [59] 0.296 0.376 0.141 -0440 1.033 0.789 0430 i
Porrati-Paladino et al. [49] -0.596 0472 0223 -1522 0330 -1.261 0207 —

0.387 0.252 0064 -0.108 0.882 1.534 0.125 4

-2.00 -1.00 0.00 1.00 2.00
Favours control Favours plyometric-jump

FIG. 2. Forest plot of changes in dynamic anterior balance with the right leg after participating in plyometric-jump training programmes
compared to active control conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl). The size of the
plotted squares reflects the statistical weight of each study. The black diamond reflects the overall result.

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

g error Variance limit limit Z-Value p-Value
Hammanmi et al. [50] unloaded 0.000 0476 0227 -0933 0933 0.000 1.000 —
Hammami et al. [50] loaded 0.207 0.468 0219 0711 1125 0441 0.659 i
Jiid et al. [47] 1.304 0.406 0.165 0508  2.100 3210 0.001 i
Jiid et al. [59] 0316 0.376 0.141 -0421 1.053 0.841 0.400 B
Porrati-Paladino et al. [49] -0.065 0461 0213 0969 0839 -0.141 0.888

0.382 0.255 0.065 -0.118 0.882 1.496 0.135

-2.00 -1.00 0.00 1.00 2.00
Favours control Favours plyometric-jump

FIG. 3. Forest plot of changes in dynamic anterior balance with the left leg after participating in plyometric-jump training programmes
compared to active control conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl). The size of the
plotted squares reflects the statistical weight of each study. The black diamond reflects the overall result.

Study name Statistics for each study Hedges's g and 95%CI
Hedges's  Standard Lower  Upper
g error  Variance limit limit Z-Value p-Value
Hammami et al. [50] unloaded 0.113 0477 0227 -0.821 1.047 0237 0.813 r
Hammami et al. [50] loaded 0.681 0.480 0230 -0259 1.621 1.420 0.156 —
Jiid et al. [47] 1.074 0.394 0.155 0302 1.846 2.726 0.006 —_——
Jiid et al. [59] 0.048 0.374 0.140 -0.684 0.780 0.128 0.898
Porrati-Paladino et al. [49] -0.445 0467 0219 -1361 0472  -0951 0342
0.309 0.268 0072 -0217 0835 1.153 0.249
-2.00 -1.00 0.00 1.00 2.00
Favours control Favours plyometric-jump

FIG. 4. Forest plot of changes in dynamic postero-medial balance with the right leg after participating in plyometric-jump training
programmes compared to active control conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (ClI).
The size of the plotted squares reflects the statistical weight of each study. The black diamond reflects the overall result.
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Study name Statistics for each study Hedges's g and 95%CI
Hedges's  Standard Lower  Upper

g error  Variance limit limit Z-Value p-Value

Hammami et al. [50] unloaded 0.000 0476 0227 -0933 0933 0.000 1.000
Hammami et al. [50] loaded 1362 0.515 0265 0353 2370 2.646 0.008
Jlid et al. [47] 1.622 0.426 0182 0786 2457 3.805 0.000
Jiid et al. [59] 0.153 0.374 0.140 -0.580  0.886 0410 0.682
Porrati-Paladino et al. [49] -0459 0.468 0219 -1376 0458  -0.981 0.327
0.530 0.399 0159 -0252 1312 1.328 0.184

250 -1.25 0.00 125 2.50
Favours control Favours plyometric-jump

FIG. 5. Forest plot of changes in dynamic postero-medial balance with the left leg after participating in plyometric-jump training
programmes compared to active control conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl).
The size of the plotted squares reflects the statistical weight of each study. The black diamond reflects the overall result.

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

g error  Variance limit limit Z-Value p-Value
Hammanmi et al. [50] unloaded 0.000 0.476 0227 093 0933 0.000 1.000 _—
Hammanmi et al. [50] loaded 0.516 0474 0225 -0414 1445 1.087 0277 L
Jiid et al. [47] 0.595 0375 0.141 -0141 1331 1.584 0.113 i
Jlid et al. [59] 0.296 0.376 0.141 -0440 1.032 0.788 0431 i
Porrati-Paladino et al. [49] -0.379 0.466 0217 -1292 0534 0813 0416 —

0.248 0.190 0036 -0.125 0621 1.305 0.192 ’

-2.00 -1.00 0.00 1.00 2.00
Favours control Favours plyometric-jump

FIG. 6. Forest plot of changes in dynamic postero-lateral balance with the right leg after participating in plyometric-jump training
programmes compared to active control conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl).
The size of the plotted squares reflects the statistical weight of each study. The black diamond reflects the overall result.

Study name Statistics for each study Hedges's g and 95%CI
Hedges's  Standard Lower  Upper
g error  Variance limit  limit Z-Value p-Value
Hammanmi et al. [50] unloaded 0.173 0477 0228 -0.762 1108 0.363 0.717 i
Hammanmi et al. [50] loaded 0.643 0478 0229 -0294 1581 1.345 0.179 L
Jiid et al. [47] 0228 0368 0136 -0494 0949 0619 0536 —i—
Jlid et al. [59] 0303 0376 0.141 -0433 1040 0.807 0420 L
Porrati-Paladino et al. [49] -0.479 0.468 0219 -1.397 0440 -1.022 0307 —
0.188 0.190 0036 -0.184  0.560 0.990 0322 €P
-2.00 -1.00 0.00 1.00 2.00
Favours control Favours plyometric-jump

FIG. 7. Forest plot of changes in dynamic postero-lateral balance with the left leg after participating in plyometric-jump training
programmes compared to active control conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl).
The size of the plotted squares reflects the statistical weight of each study. The black diamond reflects the overall result.
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Effects of plyometric jump training on soccer player’s balance

Studyname Statistics for each study Hedges's g and95% CI
Hedges's Standard Lover Upper

g aror Varance limit limit ZValue p-Value
Drouzas et al. [58] bilateral 0000 0358 028 -0.702 0702 0000 1.000
Drouzas et al. [58] unilateral 0000 0358 0128 0702 0702 0000 1.000
Hammami et al. [50] unloaded -1.038 0507 0257 2031 0045 -2.049 0.040 3
Hammami et al. [50] loaded 0090 0468 0219 0827 1006 0192 0848
Ramirez-Campillo et al. [57] bilateral 0372 052 0272 0651 1394 0713 0476 i
Ramirez-Campillo et al. [57] unilateral 0289 0507 0257 0705 1282 0570 0569 i
Ramirez-Campillo et al. [57] bi+unilateral 0911 0541 0293 -0.149 1972 1684 0092 i
Ramirez-Campillo et al. [24] vertical 0093 0589 0347 -1061 1247 0158 0874
Ramirez-Campillo et al. [24] horizontal 0249 0591 0349 0909 1406 0421 0674 L
Ramirez-Campillo et al. [24] verti+horiz (0558 0598 0358 0615 1731 0933 0351 &

0103 051 0023 0193 0400 0683 0495 <

200 -1.00 0.00 1.00 200
Favours control Favours plyometric-jump

FIG. 8. Forest plot of changes in static balance after participating in plyometric-jump training programmes compared to active control
conditions. Values shown are effect sizes (Hedges's g) with 95% confidence intervals (Cl). The size of the plotted squares reflects the
statistical weight of each study. The black diamond reflects the overall result.

Four studies provided data for dynamic anterior balance with the
right leg, involving five experimental and four active control groups
(pooled n = 110). Results showed a small effect of PJT on dy-
namic anterior balance with the right leg (ES = 0.39; 95%
Cl=-0.11100.88;p = 0.125; I = 40.5%; Egger's testp = 0.602;
Figure 2) when compared to active controls.

Four studies provided data for dynamic anterior balance with the
left leg, involving five experimental and four active control groups
(pooled n = 110). Results showed a small effect of PJT on dy-
namic anterior balance with the left leg (ES = 0.38; 95% Cl = -0.12
t00.88; p = 0.135; 12 = 42.0%; Egger’s test p = 0.383; Figure 3)
when compared to active controls.

Four studies provided data for dynamic postero-medial balance
with the right leg, involving five experimental and four active control
groups (pooled n = 110). Results showed a small effect of PJT on
dynamic postero-medial balance with the right leg (ES = 0.31; 95%
Cl=-0.22100.84; p = 0.249; I = 47 .5%; Egger's testp = 0.696;
Figure 4) when compared to active controls.

Four studies provided data for dynamic postero-medial balance
with the left leg, involving five experimental and four active control
groups (pooled n = 110). Results showed a small effect of PJT on
dynamic postero-medial balance with the left leg (ES = 0.53; 95%
Cl=-0.25t01.31;p = 0.184; I = 74.8%; Egger's testp = 0.849;
Figure 5) when compared to active controls.

Four studies provided data for dynamic postero-lateral balance
with the right leg, involving five experimental and four active control
groups (pooled n = 110). Results showed a small effect of PJT on

dynamic postero-lateral balance with the right leg (ES = 0.25; 95%
Cl=-0.13t100.62; p = 0.192; /2> = 0.0%; Egger’s testp = 0.335;
Figure 6) when compared to active controls.

Four studies provided data for dynamic postero-lateral balance
with the left leg, involving five experimental and four active control
groups (pooled n = 110). Results showed a trivial effect of PJT on
dynamic postero-lateral balance with the left leg (ES = 0.19; 95%
Cl=-0.181t00.56; p = 0.322; /> = 0.0%; Egger’s test p = 0.769;
Figure 7) when compared to active controls.

PJT vs. control: effects on static balance

A summary of the included studies and results of static balance re-
ported before and after PJT-based intervention and control groups are
provided in Table 9.

Four studies provided data for static balance, involving ten ex-
perimental and four active control groups (pooled n = 200). Results
showed a trivial effect of PJT on static balance (ES = 0.10; 95%
Cl=-0.19t00.40; p = 0.495; /> = 0.0%; Egger's test p = 0.424;
Figure 8) when compared to active controls.

DISCU'S'S 1O /N 15
The purpose of this systematic review with meta-analysis was to
assess the effects of PJT programs on dynamic and static balance
in soccer players. The main finding of this review is that PJT has no
significant advantage over active control conditions in terms of im-
proving soccer players’ dynamic or static balance, although small
magnitudes of change in favor of PJT were found.
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Effects of P]T on dynamic balance

Dynamic balance is considered a key factor in soccer performance
since it helps players to maintain a stable center of gravity when
executing sport-specific movements [42]. For example, a player must
exhibit excellent balance to keep their body stable while performing
combinations of upper- and lower-body movements during the flight,
landing, and take-off phases of jumps, which are crucial for success-
ful participation in soccer [43].

In this regard, PJT seems to be an essential training method for
improving soccer players’ dynamic balance capacity by improving
their neuromuscular control [44], proactive and/or feed-forward ad-
justments [45], and the sensitivity of afferent feedback pathway
during exercise [46].

Despite this, the results obtained in our systematic review with
meta-analysis revealed no significant improvements in dynamic bal-
ance after applying PJT in comparison to control groups in all move-
ment planes, although some small changes in favor of PJT were
detected. However, it could be that the age and sex of participants,
as well as the duration of interventions, influenced the results.

Specifically, significant improvements in all movement planes were
observed in the youngest players (i.e., 11.8 + 0.4 years) [47], pos-
sibly because adaptations are achieved more rapidly at early ages [48].
Nevertheless, Porrati-Paladino and Cuesta-Barriuso [49] did not ob-
serve significant improvements in any movement plane after the
application of a multi-direction PJT in U23 female players over six
weeks. Finally, Hammami et al. [50] revealed better results in an
ankle-loaded group, highlighting the necessity of stressing the impli-
cated muscles beyond their normal capacity to obtain significant
adaptative responses [51].

Concerning the observed results, PJT seems to be a key strategy
for preventing decreases in the dynamic balance capacity of soccer
players, which is associated with an increase in injury risk [47].
However, several factors such as sex, age, and intervention duration
must be considered when PJT is prescribed as a balance-improvement
method.

Effects of P]T on static balance

In addition to dynamic balance, players must achieve and maintain
adequate levels of static balance to resist falling and act efficiently
during soccer practice [52]. Specifically, players must maintain their
balance and posture before executing regular soccer actions such as
sprinting or jumping in order to improve their efficiency or aestheti-
cism in these movements [53].

In this sense, the PJT facilitates several neuromuscular adaptations
in the lower limbs responsible for static balance [54]. Such adapta-
tions include improvements in inter-muscular coordination, muscle
size and architecture, changes in single-fiber mechanics, and chang-
es in muscle-tendon mechanical-stiffness [55], which could improve
physical performance and minimize injury risk [56].

Our study showed that PJT has no significant effect on static
balance in comparison to other active control conditions, possibly

Filipe Manuel Clemente et al.

due to the differences in the purposes of the PJTs used across stud-
ies (e.g., bilateral, unilateral, or combined; vertical, horizontal, or
combined) and in the participants’ age (which ranged from eight to
16 years).

Nevertheless, the individualized analysis of the selected studies
revealed some important findings. On the one hand, most of par-
ticipants improved their static balance capacity, albeit without pre-
senting significant differences when compared to control groups. As
such, PJT could be an interesting method for maintaining this capac-
ity while also improving other physical qualities (i.e., jumping and
sprinting) [26].

On the other hand, Ramirez-Campillo et al. [24;57] observed
that, compared to the control group, significant improvements in
static balance occurred when combined PJT programs were applied
in terms of laterality (i.e., bilateral + unilateral exercises) and move-
ment plane (i.e., vertical + horizontal exercises). Additionally,
Ramirez-Campillo et al. [24] stated the importance of the specific-
ity of the exercise selection, as these authors observed better results
for the anterior-posterior plane, which could be associated with the
anterior-posterior training nature purposed for each group. Finally,
coinciding with aforementioned results on dynamic balance, Ham-
mami et al. [50] reported greater improvements in static balance for
an ankle-loaded group. The results obtained in this investigation
suggest that using a combined PJT improves the static balance of
soccer players. This finding highlights the necessity of applying spe-
cific exercises when the goal is to improve balance on a specific
plane.

Study limitations, future research, and practical applications
This systematic review with meta-analysis has several limitations.
Most notably, the heterogeneity sample included in the selected stud-
ies is characterized by a broad age range (8-23 years), different
sexes, and varying skill levels of participants (amateur, sub-elite, and
elite). Another limitation is the small number of researches related
to the effects of PJT on dynamic balance (i.e., only three investiga-
tions with five different cohorts) and static balance (i.e., only three
investigations with 10 different cohorts using many PJT programs).
Therefore, strength and conditioning specialists should consider the
conclusions and practical applications with caution.

Due to the promising benefits of PJT on the maintenance/improve-
ment of balance in soccer players, future studies should analyze the
same PJT (per the recommendations presented in this study) in dif-
ferent populations in order to be able to generalize the results. More-
over, considerations about the day of PJT implementation and type
of exercises should be considered [60]. Additionally, longer PJT pro-
grams are required to validate our findings regarding the effects of
these programs on balance. In fact, it is expectable that PJT stimu-
late proprioceptors (e.g., muscle spindle, Goldi tendon organ and
mechanoreceptors located in join capsules and ligaments) and im-
prove the neural efficiency through enhancement of neuromuscular
coordination by possibly also improving balance [61].
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Effects of plyometric jump training on soccer player’s balance

Concerning the observed findings from this systematic review with
meta-analysis, some practical indications must be considered when
PJT programs were prescribed with a focus on players’ balance:

— Combined PJT in terms of laterality (i.e., bilateral + unilateral
exercises) and movement plane (i.e., vertical + horizontal exer-
cises) must be applied.

— Specificity in selected exercises is required to achieve selected
improvements in terms of movement planes.

— Ankle overload could improve dynamic and static balance in soc-
cer players.

— PJT on unstable surfaces must be included to improve the co-
contraction of the lower extremity muscles and changes in pro-
prioception and neuromuscular control.

CONCLU SO /N S 1550
The present systematic review suggests that PJT provides no sig-
nificant benefits in terms of dynamic and static balance when com-
pared to other active control programmes (specific soccer training).
More studies should be conducted on this topic, specifically consid-
ering the effect of several moderators, such as the laterality of the
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