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ABSTRACT: Team sports athletes rely heavily on unilateral movements, yet the comparative performance
benefits of unilateral training (UT) versus bilateral training (BT) remain controversial. This meta-analysis
systematically examined the effects of UT and BT on strength, jumping, sprinting, and agility in team sports,
while considering sport type and training program as potential moderators. A systematic search of PubMed,
Web of Science, Cochrane Library, and CNKI databases was conducted to identify controlled trials meeting the
PICOS criteria. Primary outcomes were strength, jumping (countermovement jump [CMJ], horizontal jump [H)],
reactive strength index [RSI]), sprinting, and agility. Pooled effects were calculated using standardized mean
difference (Hedges' g) through a three-level meta-analysis model, with subgroup and moderator analyses
conducted. Fifteen studies involving 355 team sports athletes (basketball, soccer, rugby, and ice hockey) were
included. The meta-analysis showed no significant differences between UT and BT in overall strength, jumping,
sprinting, and agility. However, UT significantly outperformed BT in unilateral strength (g = 0.68, p = 0.007),
unilateral CMJ (g = 0.37, p = 0.025), and unilateral HJ (g = 0.45, p = 0.03). No significant differences were
found in bilateral strength, bilateral jumping, and RSI. Subgroup analysis revealed no overall differences across
sports, but in basketball, UT had significant advantages over BT in sprinting (g = -0.37, p = 0.04) and agility
(g = -0.77, p = 0.04). Regarding training types, UT using plyometric training outperformed BT in strength
(g = 0.54, p = 0.03) and sprinting (g = -0.30, p = 0.03), while UT with compound training had significant
advantages in agility (g = -0.74, p = 0.04). UT outperforms BT in improving unilateral strength and jumping
ability, while producing comparable effects in bilateral performance, sprinting, and agility. These findings
underscore the value of UT in team sports involving unilateral movements. Future research should explore its
long-term effects, recovery from injury, and neuromuscular adaptations to better optimize training.
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1. For team sports athletes, UT significantly enhances unilateral
strength and jumping performance, while producing effects com-
parable to BT on bilateral strength, bilateral jumping, reactive
strength index, agility, and sprinting.

2. Sport type and training interventions influence outcomes. In bas-
ketball, UT produces greater improvements in agility and sprint
performance.

3. Regarding training interventions, UT combined with plyometric
exercises significantly improves strength and sprint performance,
while UT with compound training enhances agility.

1INTRO D U C T 1O N 1550
Team sports such as basketball, football, handball, rugby, volleyball,
and ice hockey rely heavily on unilateral lower-limb actions during
play [1-4]. These include single-leg braking and reacceleration,
rapid direction changes, short sprints with abrupt starts and stops,
single-leg takeoffs and landings, as well as striding and lateral
movements. Lower-limb performance is crucial for effective skill
execution, as leg strength and explosive power strongly correlate
with sprinting and agility [5-71. However, frequent unilateral move-
ments may actually exacerbate the occurrence of the asymmetry
phenomenon, reducing lower-limb asymmetry might enhance
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overall function and sport-specific performance [8, 9] and lower
injury risk [10].

Unilateral training (UT) involves single-limb exercises [11] and is
often combined with bilateral training (BT) to enhance movement
specificity [12]. Overall, UT improves neuromuscular coordination by
activating synergistic and core stabilizing muscles, enabling cross-ed-
ucation of the contralateral limb, correcting bilateral limb deficits
(BLD), and promoting sport-specific adaptations [13-19]. Studies
consistently show that UT improves strength, jumping, sprinting, and
balance [20-23], with clear benefits for team sports that require fre-
quent unilateral direction changes, multidirectional speed, rapid brak-
ing, and lateral jumps. Due to movement specificity, muscle recruit-
ment and training effects vary accordingly [23]. Following training
specificity principles, UT transfers more readily to unilateral perfor-
mance, while BT better supports bipedal performance [13].

Research has clarified UT and BT mechanisms from both neu-
ral and mechanical perspectives. First, the cross-education effect
shows unilateral resistance training enhances strength in the un-
trained limb via central adaptations such as increased neural drive
and motor unit discharge rate [16, 24, 25]. Second, the BLD oc-
curs when simultaneous limb contractions produce less force than
the sum of individual efforts, due to bihemispheric inhibition and
coordinated motor control [17]. Cross-education is particularly pro-
nounced during eccentric training, providing a strong physiologi-
cal rationale for applying UT in both rehabilitation and competi-
tive contexts [26].

Despite growing research, evidence on UT and BT effects on ath-
letic performance remains limited [23, 27-311. First, previous re-
views and meta-analyses often pooled data from general populations
and diverse sports, offering little insight specific to team sports ath-
letes, who engage in high-contact, intermittent, high-intensity activ-
ities dominated by unilateral movements. Second, training protocols
vary widely in exercise type, intensity, and volume, program dura-
tion, and outcomes, leading to inconsistent conclusions about mod-
erators such as sport type and training design. Third, most evalua-
tions focus on jumping and strength, with comparatively fewer
comprehensive assessments of sprinting and agility. Accordingly, clar-
ifying the distinct effects of UT and BT on lower-limb performance
in team sports athletes is essential for optimizing training and en-
hancing competitive outcomes.

This meta-analysis aimed to compare UT and BT on lower-limb
performance in team sports athletes, specifically i) strength, jump-
ing, sprinting, and agility; ii) moderating factors such as sport type
and training protocols; and iii) optimal strategies to guide evidence-
based practice.

MATERIALS AND METHOD'S 15—
The systematic review adhered to the 2020 Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [32]. The completed PRISMA 2020 checklist is available in
Electronic Supplementary Material Appendix S1. Additionally, this
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review has been registered in the OSF database, https://doi.
org/10.17605/0SF.I0/S8CMA.

Information Sources

Database searches were conducted in PubMed, Web of Science (Core
Collection), Cochrane Library (Embase, CT.gov, and ICTRP), and
CNKI. Eligible studies were full-text articles with no restrictions on
publication date, sample, or language, provided the title and abstract
were in English and/or Chinese. Three systematic snowballing search-
es were applied: 1) checking reference lists of included articles;
2) reviewing articles citing the included articles; 3) exploring “simi-
lar articles” or “find similar” (MEDLINE, Embase). Searches were
conducted on February 6, 2025, and updated on August 17, 2025.

Search Strategy

The search formula was developed based on a previous review of
similar systems [33]. The following syntax was used: (“Unilateral
exercises” OR “Unilateral resistance training” OR “Single leg training”
OR “Unilateral limb exercises”) AND (“Bilateral exercises” OR “Bi-
lateral resistance training” OR “Bilateral limb exercises”) AND (“Uni-
lateral and Bilateral resistance training” OR “Unilateral and Bilateral
plyometric training” OR “Unilateral and Bilateral Composite/Complex/
Combine training” OR “Unilateral and Bilateral flywheel training”)
AND (“Jump of ability” OR “Ability of sprint” OR “Maximum force”
OR “Ability of change of direction” OR “Ability of Balance”) AND
(“Basketball players” OR “Soccer players” OR “Rugby players” OR
“Volleyball players” OR “Handball players” OR “Hockey players”).
Additionally, PROSPERO and the Cochrane Database of Systematic
Reviews were searched for previously published protocols. The com-
plete search strategies and results for other databases are provided
in Electronic Supplementary Material Appendix S2.

Selection Process

Retrieved records were manually deduplicated by an independent
reviewer (BTW) using EndNote X9 [Clarivate Analytics, 2018]. The
cleaned dataset was then screened by two independent research-
ers (BTW and YYX) for titles and abstracts based on predefined
inclusion and exclusion criteria. Disagreements were resolved by
a third independent researcher (MYY). The same two researchers
reviewed the full texts for final inclusion. Intrarater reliability was
high (Cohen’s kappa k = 0.83), indicating almost perfect agree-
ment [34]. Remaining discrepancies were resolved through discus-
sion following the established protocol. Additionally, relevant stud-
ies were identified through reference lists of previous systematic
reviews and the expertise of the research team to capture articles
not retrieved in the initial search.

Eligibility Criteria

A priori inclusion and exclusion criteria were applied using the PICOS
framework. Eligible studies included human participants of any sex,
age, or training status, as defined by McKay et al [35]. Studies
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involving animal subjects or participants with chronic diseases were
excluded at the title/abstract screening stage.

Interventions required supervised UT with no limitations on mode
(i.e., intensity, volume, or type) and a duration of > 4 weeks. Com-
parator groups included BT only, ensuring consistency with the pro-
tocol variables.

Eligible outcomes had to include at least one physiological adap-
tation or performance measure. Physiological adaptations covered
muscle strength (i.e., isometric, isokinetic, maximal voluntary con-
traction, and 1RM). Performance outcomes included countermove-
ment jump (CMJ), horizontal jump (HJ), reactive strength index (RSI),
sprint speed/time, and agility. Studies focusing only on molecular-
level physiological processes were excluded.

Only original research with between-group controlled trial designs
(parallel or crossover, randomized or not) were included. Acute stud-
ies, reviews, opinions/viewpoints articles, validation studies, books
and case studies were excluded.

Data Extraction

Data extraction was conducted by two reviewers (BTW and YYX)
utilizing a customized Excel extraction worksheet finalized before the
full-text review. They independently extracted author information,
study characteristics, participant demographics, training protocols,
and outcomes. Inter-reviewer consistency was evaluated using Pear-
son correlation coefficients (r), with an initial overall mean r = 0.86,
indicating strong agreement [36]. Discrepancies were resolved through
discussion, with no need for third-party arbitration (MYY). If data
were missing or presented only in graphical form, study authors were
contacted. When unavailable, values were extracted using WebPlot-
Digitizer 4.1 (https://automeris.io/WebPlotDigitizer) [37]. Studies
with unresolved missing data were excluded from the final analysis.
For each group, the mean, standard deviation (SD), and sample size
were extracted pre- and post-intervention.

Risk of Bias and Quality of Methods Assessment

Risk of bias was assessed using the Cochrane Collaboration’s Risk
of Bias tool 2 (Rob2) 1, which evaluates random sequence gen-
eration, random allocation concealment, blinding of outcome as-
sessment, incomplete outcome data, and selective outcome report-
ing. Disagreements were resolved through discussion or, when
needed, by a third reviewer. For non-randomized studies, the Co-
chrane’s Risk of Bias In Non-Randomized Studies of Interventions
(ROBINS-I) [39] was applied, assessing bias across seven domains:
confounding, participant selection, intervention categorization,
adherence to intended interventions, handling of missing data,
outcome measurement, and selection of reported results. Addition-
ally, the physiotherapy evidence database (PEDro) [40] scale was
used to assess methodological quality. The PEDro scale rates stud-
ies from 0-10, with scores > 6 considered high quality, 4-5 mod-
erate quality, and < 3 low quality.

Statistical Analysis

Data Synthesis and Effect Measures

We extracted the mean, SD, and sample size reported for each group
pre- and post-intervention. Because the included studies assessed
outcomes with different measurement tools, or reported different out-
comes, we calculated the standardized mean difference (SMD) as the
effect size measure, as opposed to the raw mean difference, to allow
for the pooling of results across studies. We pooled effects using pre-
and post-intervention differences (M = SD) for each outcome indicator.
The mean difference (Mgnange) and SD of the change (SDgpange) Were
calculated using the following formulae [41-43]. Furthermore, mean
change represents the change from pre- to post-test in the UT condi-
tion minus the change from pre- to post-test in the BT condition. The
first step involved calculating the difference in means:

Mchange = Mpost - Mpre (1)

where Mepange is the raw mean difference, M, is the reported mean
post-intervention, and M, is the reported mean pre-intervention [44].

Then, the SD of the change in means (SDgpang) Was calculated
as follows [44]:

SDchange = anzpre +SD2 05t — (2 X 7 X SDpre X SDpogs)  (2)

where SD¢pange i the standard deviation of the difference in means,
SD, is the standard deviation from pre-intervention, and SD,; is
the standard deviation from post-intervention, and r is the correlation
coefficient [44]. While using the pooled SD of baseline scores is
a simpler alternative, both SDy,ee and pooled SD of baseline scores
are recommended [45], depending on the research ques-
tion [43, 46-48]. We ultimately selected SD¢p,qq as the primary
method, based on our meta-analysis objectives and comparative
results from both methods (Electronic Supplementary Material Ap-
pendix S3).

Considering the relatively small sample sizes in most included
studies, Hedge's g (g) was used as the mean effect size point esti-
mate in each analysis, it must be pointed out that the positive scores
indicate outcomes favoring UT, except for agility and sprint tests,
where negative scores indicate greater reductions in time and there-
fore greater performance improvements, meaning negative ES(g) fa-
vor UT, using the following formula [49]:

Hedge's g =

(UT [Mchange] — BT [Mchange]) 3 (3)
X(1_4(n1+n2—2)—1)

SDchange

where My, is the mean difference between the UT and BT alone
groups; ny and n, are the sample sizes of these two groups; and
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SDpeieq iS the pooled standard deviation of the measurements [49].
The specific formulae are as follows:

SDyootea = J((nl —1) X SD + (n, — 1) X SD?) @)

(n +1ny, —2)
where n; and n, are the sample sizes of the two groups, and SD,
and SD, are the standard deviations of these groups. g were classi-
fied as trivial (0.2), small (0.2-0.5), medium (0.5-0.8), and /arge

(> 0.8) [501.

Meta-Analysis and Heterogeneity

A three-level meta-analysis was conducted using the generic inverse-
variance pooling method to aggregate Hedge's g, conducted with the
meta and metafor packages in the statistical software R (V.4.2.0) [51].
The DerSimonian-Laird random-effects model [52] was applied to
account for between-study heterogeneity. This model assumes that
effect sizes are derived from a distribution of true effects, rather than
a single homogeneous population. Given the variation in study de-
signs, interventions, and populations, the random-effects model
incorporates heterogeneity [44] by assuming that underlying effects
follow a normal distribution, leading to a more accurate estimation
of the overall effect size [53].

In studies reporting nested or multiple effect sizes, these were
often correlated. Including all effect sizes simultaneously could vi-
olate the independence assumption of traditional meta-analy-
ses [54], while considering only one would be overly conservative
and risk underestimating the true effect [55]. To address this, we
applied a three-level meta-analysis following the methods of Assink
& Wibbelink [56]. This approach decomposes variance into sam-
pling variance (level 1), within-study variance (level 2), and be-
tween-study variance (level 3), thereby accounting for correlated
and hierarchical effects [57]. By retaining multiple effect sizes per
study, the three-level meta-analysis enhances statistical power and
provides a more accurate estimate of effect sizes [56]. Parameters
were estimated using the restricted maximum likelihood method,
and results were cross-checked with the maximum likelihood meth-
od to ensure stability.

Tests of individual coefficients and confidence intervals (Cl) were
based on the t-distribution [58]. A prediction interval (PI) was also
computed using the t-distribution to estimate the treatment effect
while accounting for heterogeneity, providing additional information
beyond the Cl, especially considering the use of a random-effects
model [59, 60]. Studies were identified as statistical outliers when
their Cl did not overlap with the pooled-effect Cl. Influence analysis
was performed using the leave-one-out method to assess the effect
of individual studies. While several metrics can assess heterogene-
ity (e.g., Cochrane’s Q, |12 statistic, tau?), the |2 statistic is most com-
monly used and recommended [61]. Therefore, the main analysis
reports 12, interpreted as follows: 0%-25%, might not be important;
25%-50%, moderate heterogeneity; 50%-75%, substantial hetero-
geneity; and 75%-100%, considerable heterogeneity [44].

Bitai Wu et al.

Additionally, the statistical power of the primary pooled effect was
calculated to account for the possibility of false negatives due to in-
sufficient statistical power. Power calculations were performed us-
ing the metameta package [62].

Subgroup and Meta-regression Analysis

To explore sources of heterogeneity and potential moderating factors,
subgroup analyses were conducted for categorical and continuous
variables, respectively. In line with published recommendations,
subgroup analyses were restricted to subgroups with > 5 studies to
avoid unstable estimates and very low statistical power. The main
categorical moderators examined were sport discipline and training
type. Subgroup analyses were implemented within a three-level
random-effects framework, with random intercepts for study and for
effect sizes nested within studies. Standardized mean differences (yi)
and their sampling variances (vi or V) were modeled using restricted
maximum likelihood (REML), with test statistics based on a t-distri-
bution [511].

Risk of Publication Bias and Sensitivity Analysis

Publication bias was assessed using a contour-enhanced funnel
plot [63] and Egger’s asymmetry test [64, 65]. Tests were performed
only when k > 5 [66], with p > 0.05 indicating no evidence of
publication bias. Funnel plots and Egger’s regression tests evaluate
the symmetry of effect size, either through subjective or quantitative
measures, thereby assessing the risk of publication bias in the in-
cluded studies.

Additionally, in the sensitivity analysis for the selection of the cor-
relation coefficient (r), we systematically examined the assumed cor-
relation coefficient required to construct the covariance matrix for
the effect sizes. Since the true value of this parameter is unknown,
we tested five values within a plausible range of 0.51t0 0.9 (r = 0.5,
0.6, 0.7, 0.8, 0.9). For each value of r, the corresponding covari-
ance matrix was constructed using the impute_covariance_matrix
function, and a three-level random-effects model (rma.mv) was fit-
ted. Based on the principle of statistical stability, we calculated the
absolute deviation of each model’s overall effect size estimate from
the median of these estimates. The correlation coefficient correspond-
ing to the smallest absolute deviation was ultimately selected as the
standard parameter for the primary analysis, ensuring the robust-
ness of the results to variations in the assumed correlation.

Our sensitivity analysis was conducted on three levels. First, we
compared methods for selecting standard deviations. The primary
analysis utilized the standard deviation of the difference between pre-
and post-measurements, while the secondary analysis employed the
baseline standard deviation for comparison. Second, we conducted
a leave-one-out analysis, sequentially removing each study to assess
its influence on the pooled effect. Lastly, we identified potential out-
liers using the three-level meta-analysis and examined their influence
on the overall effect size in the primary model. Specifically, Cook’s
distance [67] and studentized residuals [68] were employed to
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g Records identified from:

'ﬁ PubMed (n =332) Records removed

o Cochrane Library (n =426) before screening:

-E CNKI (n=187) = + Duplicate records
S Wanfang Data (n = 27) removed (n = 262)
=) Total of 972

Excluded based on title
or abstract (n = 532)

Records screened
(n=710)

Reports excluded (n = 163)
Following conditions not met:
Intervention (n = 103)
Outcome (n = 20)
Study design (n = 37)
No-full text (n = 3)

Assessed for eligibility
(n=178)

—

Total studies included in review
(n=15)

FIG. 1. PRISMA flow diagram of study selection.

diagnose leverage, outliers, and influential cases at the within-study
(level 2) and between-study (level 3) levels. Cases were flagged if Hat
and Cook'’s distance values exceeded three times the means, or if stu-
dentized residuals were > 3. The three-level meta-analysis was then
repeated with these outliers excluded to assess model stability.

Certainty of the Evidence

The risk of bias was considered in interpreting results using the
Grading of Recommendations Assessment, Development, and Eval-
uation (GRADE) methodology, which rates evidence certainty as
“high”, “moderate”, “low” or “very low” [69]. GRADE assessments
were completed by one reviewer (BTW) and independently checked
by a second (MYY). The overall quality was initially rated as high
and downgraded one level to moderate, low, or very low for each of
the following limitations [70, 71]: > 50% of studies in the meta-
analysis had one or more risk-of-bias items assessed to be high risk
the certainty was downgraded by one level for risk of bias; if sub-
stantial statistical heterogeneity was present (12 > 50%), the cer-
tainty was downgraded by one level for inconsistency; if the 95% Cl
of the pooled estimate crossed a decision-relevant threshold (e.g., if

the Cl included the possibility of a trivial effect (i.e., g < 0.2) while
the mean effect was small, or the Cl included a large standardized
mean difference while the mean standardized mean difference was
moderate) the certainty was downgraded the certainty was down-
graded by one level for imprecision; and if publication bias was
strongly suspected either by visual inspection of the funnel plot or
by Egger’s test (p < 0.05) when the number of included studies
was > 10, the certainty was downgraded by one level for publication
bias.

RES U LTS 15
Studies Retrieved

The initial search yielded 972 publications: 820 from the primary
search, 150 from an updated search conducted six months later,
and two from other sources. After screening, 15 studies met the
inclusion criteria [21, 72-85] and were included in the meta-anal-
ysis (Fig. 1).

Characteristics of Included Studies

All 15 studies were randomized controlled trials, involving 355 par-
ticipants (337 males and 18 participants with unspecified sex).
Sample sizes ranged from 10 to 75, and intervention durations from
4 to 18 weeks. By sport, studies included basketball (7 studies,
176 participants) [21, 73-78], soccer (3 studies, 87 partici-
pants) [79-811, rugby (4 studies, 74 participants) [82, 83, 86, 85],
and hockey (1 study, 18 participants) [72]. Intervention types in-
cluded complex training (5 studies, 98 participants) [21, 77, 79,
80, 85], resistance training (5 studies, 87 participants) [72, 78, 82-84],
and plyometric training (5 studies, 170 participants) [73-76, 811.
More details on participants and intervention programs are presented
in Table 1.

Primary Analysis
The summary forest plots of all outcome measures are shown in
Figure 2.

Strength

Eleven studies (21 variables) were included in the strength analysis.
No significant difference was found between UT and BT (g = 0.20,
95% CI [-0.15 to 0.55], p = 0.25). However, compared to BT, UT
demonstrated a significant and moderate-to-large advantage in uni-
lateral strength (g = 0.68, 95% CI[0.23, 1.13], p = 0.007), while
no difference was observed for bilateral strength (g = -0.10, 95%
Cl [-0.46, 0.27], p = 0.56).

Jumping

A total of 10 studies (22 indicators) were included in the CMJ anal-
ysis. No significant difference was noted between UT and BT in
overall CMJ outcomes (g = 0.16, 95% CI [-0.11, 0.44], p = 0.24).
However, UT demonstrated a significant, moderate improvement in
unilateral CMJ performance compared to BT (g = 0.37, 95%
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FIG. 2. Primary pooled effect sizes for the outcomes.

note: Standardized mean differences (SMD) with 95% confidence intervals for various performance outcomes comparing unilateral
and bilateral training interventions. Each row represents a separate meta-analysis for a specific outcome variable. k represents the
number of included study effect size comparisons, with the number in parentheses indicating the number of unique studies contributing
to those comparisons. The effect size (ES) is reported as Hedges' g with its corresponding 95% confidence interval. In addition to
agility and sprint testing, positive values indicate results that favor unilateral training. Circle size is scaled by precision (1/standard
error), with larger circles representing more precise estimates.
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YongXing et al..1 25 -201.3 530.91 25 -236.4 369.34 —— -0.12 [-0.67, 0.44]
Random-Effects Model - 0.20 [-0.15, 0.55)

H A i

2 sralldardiznbd Mean Difhroinco 3

ur 8T REML (95% C1)

Study " M so N Mean so SMD [95% C1)
Unilateral Strength o
Speirs et al. 9 7 567 9 6 440 —_— 0.19[-0.74, 1.11)
Stern et al. 1 33es 2397 12 19.12 11.67 e 0.75[-0.09, 1.60]
Gonzalo_Skok et al.2 1 985 50.90 11 80 53.05 —— 0.71 [-0.15, 1.57]
Gonzalo_Skok et al..1 1 992 4518 1 595 65.51 R 068 [-0.18, 1.54)
JianChun et al_4 16 1306 92.50 16 431 5293 DR e 1.13[0.39, 1.88)
JianChun et al.3 16 1303 89.95 16 357 55.30 . 124[0.48, 1.99)
JianChun et al.2 16 89.7 61.98 16 219 7061 B B 0.99[0.26, 1.73)
JianChun et al..1 16 112 53.62 16 297 38.91 B L 1.70( 0.89, 2.50)
Belegidanin et al.2 1 1201 3551 1" 653 3439 —_—— 0.15[-0.69. 0.99)
Belegisanin et al..1 1 19.32 3843 1" 3 34.07 —_—— 0.43[-0.41, 1.28)
Random-Effects Model e 068023, 1.13]
A 0 1 forence >

. ur L REML (95% C1)
swdy  Bijlateral Strength N Mean so N Mean so SO s U
Appleby B et al.(2020) 10 12 3143 13 17 2551 -0.17 [1.00, 0.65)
Xiang et al [} 1 268.85 ° 57 54534 —_— 0.12[-0.81, 1.04)
Drowzas et al. 2 23 62 10223 23 27 6239 - 0.41[-0.18, 0.99]
Drowzas et al. 1 23 126 157.60 23 &6 105.53 - 0.44[-0.15, 1.02]
Ramirez_Campilo et al.(2018).2 9 03 290 9 [ 10.73 —_—— -0.69 [-1.64, 0.26)
Ramirez_Campilo et al.(2018).1 9 26 877 ° 203 4442 - -0.79 -1.75.0.17)
Stem et al. 1 1273 2267 12 2958 2503 —_— -0.68 [-1.52, 0.16)
Tianyu et al. 10 65 7.08 10 105 7.58 —_—— -0.52[-1.42, 0.37)
Gonzalo_Skok et al. 1 50.4 64.19 1 627 68.15 —_— -0.05 [-0.88. 0.79)
YongXing et al 2 25 813 96.92 25 4.7 69.88 N 0.40 [-0.16, 0.96]
YongXing et al..1 25 -2013 53091 25 2364 360.34 —- -0.12[-0.67, 0.44]
Random-Effects Model o -0.10 [-0.46. 0.27)

o e e o oy i}
i J 0 1 1..."

FIG. 3.The pooled effect size of the strength.
Note: N, the total number of effects included in the pooled effect size; UT, unilateral training; BT, bilateral training; 95%Cl, 95%
confidence interval; SMD, standardized mean difference; SD, standardized difference.
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ur BT REM!
Study CMJ N Mean sD N Mean sD Li(95%.Cl) SMD [95% CI]
Xiang et al. 9 0.9 367 9 0.5 565 —_— 0.08 [-0.84, 1.00]
Drouzas et al..2 23 28 6.45 23 1.3 5.96 —a— 0.24 [-0.34, 0.82)
Drouzas et al..1 23 0.9 4.98 23 0.9 5.00 — — 0.00 [-0.58, 0.58]
Ramirez_Campillo et al.(2018).3 9 2 458 9 3 5.00 ——— -0.20[-1.12,0.73)
Ramirez_Campillo et al.(2018).2 9 2 265 9 [} 265 —f—'— 0.72 [-0.23, 1.67]
Ramirez_Campillo et al.(2018).1 9 3 3.00 9 o 3.00 ——— 0.95 [-0.02, 1.93]
Stern et al..3 1 0.99 8.07 12 1.76 485 — -0.11[-0.93, 0.71)
Stern et al..2 1 2.39 4.54 12 1.22 354 —_—— 0.28 [-0.54, 1.10]
Stern et al..1 1" 33 435 12 273 4.96 — 0.12[-0.70, 0.94]
Davé etal.3 5 2 8.88 5 2 8.00 —_— 0.00 [-1.24, 1.24)
Davé etal..2 5 1 5.19 5 2 458 ———— -0.18 [-1.43, 1.06)
Davé et al..1 5 2 8.88 5 2 8.00 —_— 0.00 [-1.24, 1.24]
Tianyu et al. 10 37 6.66 10 8.66 437 _ -0.84 [-1.76, 0.07)
Gonzalo_Skok et al. 1 24 471 11 1.7 5.40 e 0.13 [-0.70, 0.97]
JianChun et al..2 16 o 0.66 16 04 0.75 ow 0.55 [-0.15, 1.26]
JianChun et al..1 16 38 0.60 16 32 0.50 — 1.06 [ 0.32, 1.80)
Belegi$anin et al..3 1 487 3.46 1" 3.81 5.52 —{'ﬂ— 0.22 [-0.62, 1.08]
Belegisanin et al..2 1 233 3.79 11 2.04 393 —_—— 0.07 [-0.76, 0.91]
Belegisanin et al..1 1" 123 3.19 1 216 359 —— -0.26 [-1.10, 0.58]
Zhaoging et al..3 10 2.56 4.47 10 4.35 6.33 — -0.31[-1.19, 0.57)
Zhaoging et al..2 10 283 3.49 10 091 4.77 e 0.44 [-0.45, 1.33]
Zhaoging et al..1 10 3.58 3.87 10 0.42 4.96 —_— 0.68 [-0.22, 1.58]
Random-Effects Model -> 0.16 [-0.11, 0.44)
T
-gtanda-rhiud I?ean I:)*’hrnnc:né
ur L4 REML (95% C1)
Study Unilateral CMJ N Mean $0 N Mean s SMD [95% C1)
Drowzas et al. 2 28 045 2 13 596 —a— 024-034.082]
Ramirez_Campiio et al(2018).2 ° 2 265 ° ° 265 ——— 072023, 1.67)
Ramirez_Campio et al.(2018).1 ° 3 3.00 e ° 300 —_— 0.65 (-0.02. 1.93)
Stemn et al. 2 " 2% 454 12 122 354 —_—— 0.28 (-0.54, 1.10)
Steen etal 1 " 33 435 12 273 496 —— 0.12 [-0.70. 0.94]
Davo etal 2 5 1 519 5 2 458 —————— +0.18 [-1.43, 1.08]
Davoetal.1 s 2 888 s 2 800 R — 0.00-1.24. 1.24)
JianChun et al 2 18 0 068 1% 04 075 —+—— 055[-0.15. 1.26)
JianChun et al..1 L] 38 060 16 32 050 — e 1.06[032, 1.80]
Belegitanin et al. 2 " 233 37 1 204 393 S T 007 [-0.76,0.91]
Belegidanin et al 1 " 123 319 " 218 3se e “026(-1.10.0.58)
Zhaoging et al 2 10 283 349 10 09 477 —_— 0.44-045,1.33)
Zhaoging etal 1 10 ass 87 10 042 496 —— 0681-022, 1.58)
Random-Effects Model - 0.37[0.06, 0.69)
'zm:mn I&m Dd;umz
ur 8r REML (95% C1)
swdy  Bilateral CM) N Mean so N Mean S0 SMD [95% C1)
Xiang et al. ° 0 367 ° 0s 565 —— 0.08 [-0.84. 1.00]
Drouzas et al 23 0e 498 23 09 5.00 —a— 0.00 (-0.58. 0.58)
Ramirez_Campilo et a.(2018) ° 2 458 ° 3 500 —— 020§-1.12.0.73)
Stern et al. " 0.99 so7 2 178 485 —— 0.1 -093.0.71)
Davo et al. s 2 888 s 2 8.00 —_— 0.00[-1.24. 1.24)
Tianyu et al 10 a7 668 10 866 437 —— 084 -1.76. 0.07)
Gorzalo_Skok et al. " 24 an 1" 17 540 —_—— 0.13-0.70, 0.97)
Belegdanin et al 1 487 348 1" s 552 - 0.22 -0.62, 1.08]
Zhaoging et al. 10 256 447 10 435 633 — e 0.311.19,057)
Random-Effects Model < -0.00 [-0.42, 0.23)
*2 Standardized Mean Difference ©

FIG. 4.The pooled effect size of the CMJ.
Note: N, the total number of effects included in the pooled effect size; UT, unilateral training; BT, bilateral training; 95%Cl, 95%
confidence interval; SMD, standardized mean difference; SD, standardized difference.
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ur 8T REML (95% CI)
Study HI N Mean so N Mean so SMD [95% CI)
Boxuan et al. ° 44 44.30 ° 29 66.12 —— 0.25[-0.67. 1.18]
Drouzas et al. 2 23 21 2352 23 9 20.07 - o= 0.54 [-0.05. 1.13)
Drouzas et al..1 23 8 2623 23 8 17.09 —a— 0.00 [-0.58, 0.58]
Ramirez_Campilio et al.(2018).5 ° 1 15.00 ° 10 755 L G -0.72[-1.68.0.23)
Ramirez_Campilic et al.(2018).4 ° 42 51.39 9 22 6255 e 0.33 [-0.60, 1.26]
Ramirez_Campilio et al.(2018).3 9 32 40.15 9 8 39.51 — - 0.57 [-0.37, 1.52]
Ramirez_Campilio et al.(2018).2 E) 38 33.51 9 o 30.51 —- 1.13[0.13.2.12)
Ramirez_Campilio et al (2018).1 9 43 31.51 9 4 2905 S e 123[022. 223)
Stem etal. 3 1 6 19.53 12 115 15.24 —_— -0.30 [-1.13. 0.52)
Stern et al. 2 1 1245 2208 12 9.66 1357 - - 0.15[-0.67.0.97)
Stemn et al..1 1 12.91 13.62 12 6.58 15.32 ——— 0.42[-0.41, 1.25)
Davé et al. 2 5 41 80.47 5 20 101.47 - o - 0.21[-1.04, 1.45]
Davé etal..1 5 42 101.47 5 14 7397 — = 0.28 [-0.96. 1.53)
Random-Effects Model =g 027 [-0.21,0.74)
> 2] o i 3
- Mean Di 3 3
ur 8T REML (95% CI)
s 2 N Mean so ~N -, so SMD [95%
- Unilateral HJ e s
Boxuan et al. ° 44 44.30 ° 29 66.12 ———— 0.25[-0.67, 1.18]
Drouzas et al 23 21 23.52 23 ° 20.07 - - 0.54 [-0.05, 1.13)
Ramirez_Campiio et al (2018).4 9 42 51.39 9 22 6255 e 0.33 [-0.60, 1.26)
Ramirez_Campilio et al (2018).3 El 32 40.15 ° 8 39.51 —_ 0.57 [-0.37, 1.52)
Ramirez_Campilio et al (2018).2 £l as 33.51 ° o 3051 | —_—— 1.13[0.13,2.12)
Ramirez_Campiio et al (2018).1 9 43 31.51 ° 4 2008 ——— 123[0.22,223)
Stern et al 2 11 1245 22.08 12 966 1357 — e 0.15 [-0.67, 0.97)
)
Stern et al .1 11 1291 13.62 12 658 1532 —— 0.42[-0.41, 1.25)
Davé et al 2 s 41 80.47 s 20 101.47 _— 0.21 [-1.04, 1.45)
Davé etal 1 5 42 101.47 B 14 73.97 —_—— 028 [-0.96, 1.53)
Random-Effects Model —— 0.45(0.04, 0.85)
g 1 i
2 St ] Mean Differer 3
ur 8T REML (95% Cn
Study N Mean SO ~N Mean SO SMD [95% C1]
Bilateral HJ
Orouzas et al. 23 s 26.23 23 s 17.09 - 0.00 [-0.58, 0.58)
Ramirez_Campilic et al (2018) ° 1 15.00 ° 10 7.55 -—— -0.72 [-1.68, 0.23)
Stern et al. " L] 19.53 12 115 1524 S —— i Smm— ~0.30 [-1.13, 0.52)
Random-Effects Model | ——mmm— ©0.22[-1.15,0.71)

FIG. 5. The pooled effect size of the HJ.
Note: N, the total number of effects included in the pooled effect size; UT, unilateral training; BT, bilateral training; 95%Cl, 95%
confidence interval; SMD, standardized mean difference; SD, standardized difference;HJ, horizon jump.
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ur BT REML (95% ClI)
Study N Mean SD N Mean SD SMD [95% CI]
Stern et al..3 11 0.12 0.39 12 0.09 0.42 — 0.07 [-0.75, 0.89]
Stern et al..2 11 -0.02 0.16 12 0.01 0.21 —— -0.15[-0.97, 0.67]
Stern et al..1 11 0.11 0.15 12 0.07 0.10 — 0.31[-0.52, 1.13]
Belegisanin et al. 11 0.32 0.42 11 0.35 0.37 B -0.07 [-0.91, 0.76]
Zhaoging et al..3 10 0.42 0.21 10 0.32 0.34 —_— 0.34 [-0.54, 1.22]
Zhaoqing et al..2 10 0.06 0.13 10 -0.01 0.15 — 0.48 [-0.41, 1.37]
Zhaoging et al..1 10 0.05 0.11 10 -0.02 0.13 . 0.56 [-0.34, 1.45]
Random-Effects Model ~ecogiiios 0.16 [-0.39, 0.71]

FIG. 6. The pooled effect size of the RSI.
Note: N, the total number of effects included in the pooled effect size; UT, unilateral training; BT, bilateral training; 95%Cl, 95%

confidence interval; SMD, standardized mean difference; SD, standardized difference;RSlI, reactive strength index.

ur

1 005 1. .15
Standardized Mean Difference

REML (95% CI

Study N Mean SD N Mean SsD {95%.Ch SMD [95% CI]
Appleby.B et al.(2020) 10 -0.54 0.61 13 -0.9 0.40 ——— 0.69 [-0.16, 1.54]
Fisher et al. 8 -0.64 0.47 7 -0.11 0.37 -1.17 [-2.27, -0.07]
Speirs et al. 9 -0.08 0.09 9 -0.07 0.15 _— -0.08 [-1.00, 0.85]
Drouzas et al. 23 -0.18 0.56 23 -0.12 0.53 — -0.11[-0.69, 0.47]
Ramirez_Campillo et al.(2018) 9 -0.13 0.25 9 -0.21 0.26 —_— 0.30[-0.63, 1.23]
Stern et al..2 11 -0.07 0.09 12 -0.01 0.08 —— -0.68 [-1.52, 0.16]
Stern et al..1 11 -0.04 0.07 12 -0.01 0.07 — -0.41[-1.24, 0.41]
Davo et al..2 5 -0.49 0.83 5 -0.63 0.45 —_— 0.19[-1.05, 1.43]
Davoé et al..1 5 -0.6 0.69 5 -0.78 0.49 —_— 0.27 [-0.97, 1.52]
Tianyu et al..3 10 -0.93 0.40 10 -0.25 0.51 — -1.42 [-2.40, -0.44]
Tianyu et al..2 10 -0.33 0.11 10 -0.15 0.08 —_— -1.79 [-2.83, -0.75]
Tianyu et al..1 10 -0.48 0.09 10 -0.08—o 40— -4.03 [-5.55, -2.50]
Gonzalo_Skok et al..3 11 -0.07 0.13 11 -0.05 0.11 —a— -0.16 [-1.00, 0.68]
Gonzalo_Skok et al..2 11 -0.09 0.16 11 0 0.12 —— -0.61[-1.47, 0.24]
Gonzalo_Skok et al..1 11 -0.07 0.21 11 -0.07 0.22 . 0.00 [-0.84, 0.84]
Belegianin et al. 1 -0.35 0.08 11 -0.21 0.09 _ -1.58 [-2.54, -0.62]
Zhaoging et al..3 10 -0.43 0.38 10 -0.18 0.33 —— -0.67 [1.57, 0.23]
Zhaoging et al..2 10 -0.13 0.70 10 -0.03 0.10 —— -0.19[-1.07, 0.69]
Zhaoging et al..1 10 -0.11 0.97 10 -0.04 0.1 —a— -0.10[-0.97, 0.78]
Random-Effects Model - -0.40 [-0.87, 0.086]

$ : : 3

FIG. 7. The pooled effect size of the agility.
Note: N, total number of effects included in the pooled estimate; UT, unilateral training; BT, bilateral training; SMD, standardized
mean difference; SD, standard deviation; 95%Cl, 95% confidence interval. Negative SMD values indicate greater reductions in

agility time (i.e., better agility performance) in the UT group compared with the BT group, whereas positive values indicate better

agility performance in the BT group.
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ur BT REML (95% CI
Study N Mean SD N Mean SD {25 Cl) SMD [95% CI]
Appleby.B et al.(2020).2 10 -0.23 0.51 13 -0.19 0.34 — -0.09 [-0.92, 0.73]
Appleby.B et al.(2020).1 10 -0.47 0.51 13 -0.13 0.65 — -0.55[-1.39, 0.29]
Boxuan et al. 9 -0.11 0.15 9 -0.07 0.12 —_— -0.28 [-1.21, 0.65]
Fisher et al. 8 0.01 0.13 7 -0.07 0.08 — 0.69[-0.36, 1.73]
Speirs et al. 9 -0.09 0.16 9 -0.06 0.25 o -0.14 [-1.06, 0.79]
Xiang et al. 9 0.05 0.26 9 -0.03 0.33 —_— 0.26 [-0.67, 1.18]
Drouzas et al..3 23 -0.07 0.28 23 -0.07 0.25 — " 0.00[-0.58, 0.58]
Drouzas et al..2 23 -0.07 0.15 23 -0.08 0.21 —a— 0.05[-0.52, 0.63]
Drouzas et al..1 23 -0.09 0.10 23 -0.02 0.09 —— -0.72[-1.32, -0.13]
Stern et al..2 11 -0.07 0.09 12 -0.08 0.09 —_—— 0.11[-0.71, 0.93]
Stern et al..1 11 -0.09 0.06 12 -0.07 0.06 — -0.32 [-1.14, 0.50]
Tianyu et al. 10 -0.35 0.15 10 -0.19 0.12 _— -1.13[-2.07, -0.18]
Gonzalo_Skok et al..3 11 -0.09 0.14 11 -0.11 0.15 — 0.13 [-0.70, 0.97]
Gonzalo_Skok et al..2 11 -0.06 0.09 11 -0.06 0.08 — 0.00 [-0.84, 0.84]
Gonzalo_Skok et al..1 11 -0.06 0.06 11 -0.04 0.04 — -0.38 [-1.22, 0.47]
Belegi$anin et al..2 911 -0.09 0.18 11 -0.07 0.13 . m— -0.12[-0.96, 0.71]
Belegianin et al..1 11 -0.06 0.06 11 -0.01 0.07 — -0.74 [-1.60, 0.13]
Zhaoging et al. 10 -0.06 0.07 10 -0.02 0.06 —_— -0.59 [-1.48, 0.31]
Random-Effects Model - -0.22[-0.50, 0.06]
I T T T

FIG. 8. The pooled effect size of the sprint.

N

-2 -1 0 . 1
Standardized Mean Difference

Note: N, total number of effects included in the pooled estimate; UT, unilateral training; BT, bilateral training; SMD, standardized
mean difference; SD, standard deviation; 95%Cl, 95% confidence interval. Negative SMD values indicate greater reductions in
sprint time (i.e., better sprint performance) in the UT group compared with the BT group, whereas positive values indicate better

sprint performance in the BT group.

CI [0.06, 0.69], p = 0.025), while no difference was found in bi-
lateral CMJ (g = -0.09, 95% CI [-0.42, 0.23], p = 0.53).

For the HJ analysis, (5 studies, 13 indicators), there was no sig-
nificant difference between UT and BT (g = 0.27, 95% CI [-0.21,
0.741, p = 0.25). UT demonstrated a significant, small-to-moder-
ate improvement in unilateral HJ compared to BT (g = 0.45, 95%
CI[0.04, 0.85], p = 0.03), with no difference between UT and BT
for bilateral HJ (g = -0.22, 95% CI [-1.15, 0.71], p = 0.41).

In the RSI analysis, (3 studies, 7 test measures), neither UT nor
BT significantly improved unilateral RSI (g = 0.28, 95% CI [-0.60,
1.15], p = 0.39) or bilateral RSI (g = 0.10, 95% CI [-0.97, 1.17],
p=0.72).

Agility

A total of 11 studies (19 indicators) were included in the agility
analysis. Results showed no significant difference in agility between
UT and BT (g = -0.40, 95% CI [-0.87, 0.06], p = 0.08).

Sprinting

A total of 11 studies (18 indicators) were included in the sprint anal-
ysis. Results showed no significant difference between UT and BT on
sprint performance (g = -0.22, 95% CI [-0.50, 0.06], p = 0.12).

Further details on sensitivity analyses and publication bias as-
sessments for each outcome are provided in Electronic Supplemen-
tary Material Appendix S3.

Moderator Analysis

A factor analysis was conducted to investigate the effects of sport
type and training program on the performance of team sports athletes
under unilateral and bilateral interventions.

Effects by Sport

Overall, no significant differences were observed between UT and
BT across sports (P > 0.05). However, in basketball, compared to
other performances, UT led to significant improvements in both agil-
ity and sprint performance, with effect sizes ranging from moderate
to large (g = -0.77, 95% CI [-1.55, 0.00], p = 0.04; g = -0.37,
95% ClI [-0.74, -0.00], p = 0.04).

Effects by Intervention Type

No significant differences were found between UT and BT across
intervention types (p > 0.05). However, compared to other interven-
tion types, the combination of UT with PT yielded significant improve-
ments in strength (with a moderate effect size, g = 0.54, 95%
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ClI[0.05, 1.031, p = 0.03) and in sprint performance (with a small
effect size, g = -0.30, 95% CI [-0.59, -0.02], p = 0.03). Addition-
ally, UT implemented with CT significantly enhanced agility, showing
a moderate-to-large effect (g = -0.74, 95% CI [-1.47, -0.02], p =
0.04).

Risk of Bias and Quality of Methods

The risk of bias for each study and PEDro scale is depicted in Elec-
tronic Supplementary Material Appendix S3. Publication bias was
assessed using funnel plots and Egger's test across outcomes of
strength, jumping, agility, and sprint performance. The Egger regres-
sion analysis indicated potential publication bias for unilateral strength
(p < 0.05), bilateral strength (p < 0.01), and agility (p < 0.01),
while no significant bias was found for the other nine indicators
(p > 0.05). Electronic Supplementary Material Appendix 3.

Sensitivity Analysis

Leave-one-out sensitivity analyses (Supplement Table S3 of the ESM)
showed that excluding any single study did not significantly impact
the overall pooled outcomes, confirming the robustness and reli-
ability of our findings, consistent with Kadlec et al [86].To determine
the appropriate value of the correlation coefficient (r) between effect
sizes in the three-level model, a sensitivity analysis was conducted
by examining r values ranging from 0.5 to 0.9. The results indicated
that when r = 0.6, the pooled effect size estimate was most stable
(showing the smallest deviation from the median), and the hetero-
geneity structure was reasonably acceptable. Therefore, r = 0.6 was
selected for the final model fitting to enhance the robustness and
interpretability of the findings. A detailed rationale is provided in
Electronic Supplementary Material Appendix S4. Furthermore, the
GRADE evidence rating results of this systematic review are pre-
sented in Electronic Supplementary Material Appendix S5.

DISCU'S'S 1O N 5
This meta-analysis of 15 studies compared UT and BT effects on
lower-limb performance in team sports athletes, focusing on strength,
jumping, sprinting and agility. Given the prevalence of asymmetric
unilateral movements in these sports, the specificity of UT appears
to drive improvements in unilateral performance that can influence
the efficacy of on-court movements. UT produced significant improve-
ments in unilateral strength (g = 0.68, p = 0.007), unilateral CMJ
(g = 0.37, p = 0.025), and unilateral HJ (g = 0.45, p = 0.03).
In contrast, no significant differences were observed between UT and
BT for bilateral strength, bilateral jumping, RSI, agility, or sprinting.
These findings highlight the unique benefits of UT for unilateral tasks
and offer practical guidance for optimizing training in team sports.

Strength

Although no significant advantage of UT was observed over BT for
overall strength (g = 0.20, 95% CI [-0.15, 0.55], p = 0.25) and
bilateral strength (g = -0.10, 95% CI [-0.46, 0.27], p = 0.56),
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compared to BT, UT showed a significant positive effect on unilat-
eral strength (g = 0.68, 95% CI [0.23, 1.13], p = 0.007). The
results of the strength investigation indicate that unilateral and bi-
lateral training do not fully conform to the principle of specialized
training. This is because we only found a specialized advantage for
unilateral strength in the UT group, but did not observe a specialized
advantage for bilateral strength in the BT group. UT exercises, such
as single-leg squats, replicate unilateral movements and enhance
neuromuscular adaptations within one limb, including enhanced
motor unit recruitment and intermuscular coordination [79]. Since
team sports (e.g., football and basketball) also involve single-leg
actions such as shooting and executing a three-step layup, the uni-
lateral benefits of UT are particularly relevant.

The lack of significant bilateral strength effects may reflect the
heterogeneous training backgrounds of team-sport athletes. Previ-
ous studies indicate that athletes at different training levels exhibit
distinct adaptations and bilateral strength imbalances. High-level
athletes often demonstrate greater stability and more balanced low-
er-limb strength, which may limit further bilateral strength improve-
ments [31]. Moreover, frequent bilateral movements in routine tech-
nical training could reinforce bilateral strength, yielding comparable
outcomes between modalities. Our findings align with Zhang
et al. [23] (g = 8.95, 95% CI [2.30, 15.61], p = 0.008) but dif-
fer from the bilateral strength advantages reported by Kassiano
et al. [30] and Kaifang Liao et al. [29]. These discrepancies may
stem from differences in inclusion criteria (e.g., study sources, inter-
vention duration, or training load) or testing methods (e.g., isokinet-
ic vs. dynamic strength assessments) [30]. Among the 15 included
studies, the average intervention period was 7.3 weeks, with test-
ing methods encompassing both dynamic and joint isokinetic strength
assessments.

Some researchers argue that bilateral strength gains from BT re-
flect training specificity, where task coordination improves with prac-
tice [87, 88]. Hakkinen et al. [89] reported that BT increases sur-
face electromyographic (EMG) activity in both legs more than UT. In
contrast, our analysis revealed that UT significantly improved strength
when paired with PT (g = 0.54), marking the first evidence of in-
tervention type as a moderator. Compared with other interventions,
PT enhances strength by utilizing the stretch-shortening cycle to store
elastic potential energy and generate explosive force [23], thereby
boosting physical fitness [90]. PT has been shown to significantly
improve strength across various sports [91], including team sports
disciplines [92]. These gains are attributed to neural adaptations
(i.e., increased motor unit discharge frequency, synchronization, and
excitability [931]) and muscle hypertrophy [94]. Despite some incon-
sistencies in the literature, our results reinforce the evidence for the
clear advantages of UT in developing unilateral strength.

Jumping
Analysis of CMJ performance showed no significant differences in
overall CMJ (g = 0.16, 95% CI [-0.11, 0.44], p = 0.24) and
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TABLE 1. Characteristics for the studies included in the meta-analysis

Study Participants Outcome measure
Author, year Sex Identity N (yﬁi(:s) I-:ilril;t V\I((:gg)ht performance
- UT(10) 20.6+15  1856+3.6 79.9+6.5
Zhaoging M B CMJ, RSI, COD, V-cut
(73], 2021 BT(10) 20.4=%1.3 186.1+4.0  80.7+5.0
- UT(25) 16.2+0.6  175.1=7.1 61.9+6.9
YongXing M B Peak landing forces
[74], 2024 BT(25) 16.4%0.6 180.6+7.1 69.6+8.5
Bogdan Belegiganin M B ut1l) 15.5+0.5 186.0x6.0 71.0=x12.0 Maximum force, 5-0-5 test,
[75], 2025 BT(11) 15.2+0.4 183.0+4.0  69.0+7.0 CMJ, RSI, Sprint
JianChun " 5 uT(1e) 15.9+0.9 175.5+6.9 62.4+5.2 Maximum force, CMJ,
[76], 2024 BT(16) 16.3+0.8 180.5+50  68.9+6.7 5-0-5 test
Gonzalo-Skok M 5 uT(11) 16.8+1.7 190.4+6.9 76.9+8.6 Maximum fOI’CB, CMJ,
[21], 2017 BT(11) 16.7%1.7 188.9+7.5  74.9+96 COD, Sprint
Tianyu y . UT(10) 199+1.4  183.2+6.8 77.9+59 Maximum force, CMJ, Sprint,
(771, 2024 BT(10) 20.8+1.1 183.0+5.8  76.2+8.7 5-0-5 test, T-test
o DA uT(5) :
Hernandez-Davo M B 216+2.4 180.0+0.9 83.6+21.4 Maximum force, CMJ,
[78], 2018 BT(5) Standing triple jump, T-test
Stern utaln Maximum force, CMJ, DJ, Standing
[79], 2020 M S BT(12) 17.6=1.2 179.6=7.2 17379 horizontal jump, Sprint, 5-0-5 test
Ramirez-Campillo ute 17.3=1.1 177.1x5.9 64.9+5.5 Maximum force, CMJ, COD,
M S : . .
(801, 2018 BT(9) 17.6+05  1749+53  683+3.6 Standing horizontal jump
Drouzas " s uT(23) 99+1.8 142.2+8.7 39.3+8.2 Maximum force, CMJ, SJ,
[811, 2020 BT(23) 10.0=0.5 139.2+7.0 36.1+7.8 Horizontal Jump, Sprint, COD
Xiang UT(9) 15.3+0.3 178.9+8.2 74.3+7.7 Maximum force
M R .
[82], 2023 BT(9) 152+05  180.0+4.5 742+65 CMJ, Sprint
UT(10) 23.1+4.1 186.3+5.1 104.6+11.5
Appleby.B M R Sprint, COD
[83], 2020 BT(13) 21.8+3.3 184.3+59 101.3+12.8
Speirs \ . UT(9) 18.1+05  183.0+3.4  96.7+9.3 Maximum force,
on .
[84], 2016 BT(9) 18.1%0.5 185.0+89 98.1+13.4 Sprint, COD
Fisher uT(8) 198+1.4 182.0+0.8 82.6+6.5 T-test, lllinois agility test,
M R .
[85], 2014 BT(7) 20.1%=1.7 180.0+0.6  85.7+7.0 Sprint
Boxuan UT(9) 15.7+0.6  174.6+39  64.5+4.6 Sprint
M H o
[72], 2020 BT(9) 15.6+0.9 171.7+2.4 62.7+10.8 Standing Triple Jump
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TABLE 1. Continue
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Study Training program
N S
< 90 % . .
Author, year ® E o £ Intensity Exercises Sets Reps
=S F=SF
; i Unilateral vertical, horizontal, lateral plyometric 4 reps/side
Zhaoqing 8 2 PT maximal 6
[73], 2021 effort Bilateral vertical, horizontal, lateral plyometric 8 reps
; ; Unilateral plyometric
YongXing 8 2 PT maximal 1 50-75 reps
[74], 2024 effort Bilateral plyometric
iEani 0.005 kg/m? Split squat
Bogdan BelegiSanin 6 2 PT 53 8 reps
[75], 2025 0.010 kg/m? Half squat
JianChun maximal Unilateral vertical, horizontal plyometric 2+5 reps/side
8 2 PT 2
[76], 2024 effort Bilateral vertical, horizontal plyometric 4+10 reps
Gonzalo-Skok 80-100% Unilateral squat+Single DJ+Single CMJ
6 2 CT Non
[21], 2017 1RM Squat+DJ+CMJ 4
- % Bulgarian squat+Split jump
Tianyu 8 2 CT 85% 1R.M+ 5 6+10 reps
[771, 2024 self-weight Squat-+jump
. . . Unilateral squat 4 reps/side
Hernandez-Davo 6 2 RT 0.02? 4
[78], 2018 kg/m squat 8 reps
Stern 75-859% Elevated split squat+Unilateral DJ, Horizontal jump, CMJ 3-6 reps/side
6 2 CT 4
[791, 2020 1RM Squat+DJ+Horizontal jump+CMJ 3-6 reps
Unilateral knee extensors, flexors+Unilateral DJ, horizontal .
Ramirez-Campillo o, . 70%IRM jump a5 3-10 reps/side
[80], 2018 10-25 cm
Knee extensors, flexors+DJ+Horizontal jump 3-10 reps
Drouzas maximal Unilateral vertical, horizontal, lateral plyometric 50% of the BLT
10 2 PT —
[81], 2020 effort Bilateral vertical, horizontal, lateral plyometric 6-10 reps
: _90% Unilateral leg press
Xiang 5 2 RT 70-90% 1 2-7 reps
[82], 2023 1RM Bilateral leg pres
_85% Unilateral resistance
Appleby.B 12 2 grr 4978%% 2-3  4-8reps
(831, 2020 1RM Bilateral resistance
Speirs 75-92% Single elevated squat
[841, 2016 5 2 R 1RM Squat 4 3-6 reps
Unilateral leg squat+Unilateral horizontal, lateral .
. . ) ) 6 reps/side
Fisher jump+Max speed jumps+Unilateral box jump
6 2 CT 80%l1RM 1-3
[85], 2014 Squat+horizontal, lateral jump+Max speed jumps+ Box 6 reps
jump P
Boxuan . Bulgarian squat
(721, 2020 8 2 RT 87%1RM 5 5 reps

Squat

Note: N, sample size; PT, plyometric training; RT, resistance training; CT, complex training; CMJ, countermovement jump; RSI,
reactive strength index; COD, change of direction; DJ, drop jump; B, basketball; S, soccer; R, rugby; H, hockey.
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bilateral CMJ (g = -0.09, 95% CI [-0.42, 0.23], p = 0.53), but
unilateral CMJ showed a significant advantage for UT, compared to
BT (g = 0.37, 95% CI [0.06, 0.69], p = 0.025). These findings
are consistent with previous reviews [23, 29]. Improvements in
vertical jump height often coincide with gains in strength, sprint
speed, and long-distance running capacity [95-971, all critical to
athletic performance [98]. The unilateral CMJ enhancement highlights
UT’s benefits for single-leg take-off tasks such as basketball dunks
and volleyball spikes. During UT, the reduced base of support and
contact area engage synergistic and stabilizing muscles [11], enhanc-
ing single-limb explosive power and stability through coordinated
hamstrings and quadriceps action [19]. Supporting this, Bogdanis
et al. [22] found unilateral jump training improves unilateral force
development rate more effectively than bilateral jump training. The
lack of bilateral CMJ differences suggests that both UT and BT ef-
fectively enhance bilateral vertical jump performance. Furthermore,
UT may indirectly enhance bilateral jumping via the cross-education
effect, improving performance in the untrained limb [99]. Pending
confirmatory research, this cross-education phenomenon could be
mediated by neural adaptations within the cerebral cortex, spinal
cord, and neuromuscular system, potentially mediated by inhibitory
interactions between limbs [23].

Routine technical training may aid bilateral vertical jump devel-
opment. However, the significant UT advantage reported by Zhang
etal. [27] (g = 0.53, 95% CI [0.02, 1.04], p = 0.04) differs from
our findings. Subgroup analysis showed that a total ground contact
frequency of < 900 repetitions significantly enhanced vertical jump
performance. We attribute these discrepancies to differences in ver-
tical jump testing methods, training program design, and participant
characteristics. Specifically, Zhang et al. [27] included five squat
jump metrics, while our analysis focused solely on CMJ metrics.
Moreover, biomechanical differences between slow and fast stretch-
shortening cycle contractions produce distinct mechanical outputs
and jump performances [100, 101]. Accordingly, we recommend
that future research standardize both testing methods and jump types
to improve comparability.

Analysis of HJ performance showed no significant differences be-
tween UT and BT for overall HJ (g = 0.27, 95% CI [-0.21, 0.74],
p = 0.25) and bilateral HJ (g = -0.22, 95% CI [-1.15, 0.71], p =
0.41), but compared to BT, UT demonstrated a significant advan-
tage on unilateral HJ (g = 0.45, 95% CI [0.04, 0.85], p = 0.034).
This improvement underscores the advantage of UT in tasks requir-
ing single-leg explosive power. Unlike vertical jumps, horizontal jumps
place greater emphasis on hip flexion and extension [102] and take-
off angle [103]. Enhancements in unilateral strength from UT likely
enhance propulsive force in unilateral HJ. Although vertical jump
ability often receives great attention, HJ distance may be equally or
more relevant for assessing functional movement and correlates more
strongly with sprint performance [31, 104]. The absence of signifi-
cant bilateral HJ differences suggests that both UT and BT effective-
ly enhance bilateral HJ, potentially influenced by core strength

contributions [27]. These findings further highlight the specific ben-
efits of UT for unilateral HJ performance.

Analysis of the RSI (3 studies, 7 indicators) revealed no signifi-
cant differences between UT and BT for either unilateral RSI (g =
0.28, 95% CI [-0.60, 1.15], p = 0.39) or bilateral RSI (g = 0.10,
95% CI [-0.97, 1.17], p = 0.72). RSI reflects an athlete’s ability to
rapidly transition from eccentric to concentric contraction and is cal-
culated by dividing vertical jump height by ground contact time [105].
It is a key metric for explosive jumps in team sports, particularly for
fast stretch-shortening cycle actions like jumping. Additionally, RSI
moderately correlates with strength, linear speed, endurance, and
change of direction performance [106]. Despite UT producing sig-
nificant unilateral strength gains, no corresponding RSI improve-
ments were observed, contrasting with some previous stud-
ies [107, 108]. This may be due to the small number of studies
limiting statistical power. Additionally, RSl is influenced by technique,
muscle fiber composition, and training specificity, which may ob-
scure differences between training methods [105]. Variations in RSI
metrics (e.g., RSI vs. RSImod) and differences in drop heights (e.g,
20-40 cm) can also affect RSI outcomes [109, 110]. Future re-
search should increase sample sizes, standardize testing protocols
(e.g., fixed-height drop jumps), and incorporate surface electromy-
ography (EMG) analyses to better understand how UT and BT influ-
ence RSI.

Agility

Analysis of agility performance (11 studies, 19 indicators) revealed
no significant difference between UT and BT (g = -0.40, 95%
CI[-0.87, 0.06], p = 0.08). Agility is a critical ability in team sports,
encompassing multiple components such as technique, reaction
time, leg strength, linear speed, and cognitive processing [1111.
Overall, results indicate comparable effects of UT and BT on agility.
One study on football players found comparable agility improvements
regardless of training type via two-way ANOVA [112]. Likewise,
Campillo et al. [113] found that while the training group with UT
improved significantly compared to controls, no significant difference
emerged between the two training groups. Although UT does not
significantly enhance agility, some studies indicate a notable advan-
tage for unilateral agility [21, 76]. This is attributed to UT’s ability
to enhance neuromuscular adaptations and elastic energy utiliza-
tion [23, 114], thereby improving unilateral braking and propulsion
capabilities [115]. Recent studies also highlight eccentric adaptations
as a key mechanism, with eccentric strength and vector-specific force
production identified as modifiable factors for change of direc-
tion [7, 116]. Additionally, eccentric force during single-leg support
exceeds that during double-leg support [73]. Consequently, future
research should focus on the effects of unilateral eccentric training
on agility. The near-significant result (p = 0.08) indicates a potential
effect that merits further investigation with larger sample sizes. This
analysis was strengthened by incorporating multiple agility tests to
enhance comprehensiveness.
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Moderator analyses indicated a statistically significant pooled
effect for agility within the basketball subgroup (g = -0.77); how-
ever, this finding should be interpreted with caution, given the lim-
ited number of studies and the possibility that the result is influ-
enced by one or a few individual trials. These data are better viewed
as preliminary and a hypothesis. Basketball's sport-specific de-
mands, such as frequent rebounding and rapid, multi-directional
movements, place high loads on unilateral lower-limb function,
which may help explain why UT could be particularly relevant in
this context [117, 118]. Consistent with this notion, Tianyu et
al [77]. reported that UT improved change-of-direction ability in
basketball players and suggested that this benefit may stem from
similarities between UT movement patterns and basketball-specif-
ic actions (e.g., sliding defense) that promote neuromuscular ad-
aptations related to directional changes, a view supported by sev-
eral other studies [21, 75, 119]. Further robust research is needed
to validate these preliminary exploratory findings. Regarding inter-
vention type, UT utilizing CT demonstrated significant improve-
ments in agility (g = -0.74). CT that combines resistance training
and PT is known to effectively enhance athletic performance [79, 801.
Meta-analyses of UT and BT also identify CT as a key driver of
muscular performance gains [23]. The agility benefits of CT may
arise from RT facilitating center-of-gravity control during direction
changes [120, 121], while PT augments muscle recruitment by
enhancing elastic energy storage and release. Additionally, coun-
termovement jump exercises effectively develop hamstring
strength, further enhancing change-of-direction and agility
performance [77, 122].

Sprint
Analysis of sprint performance (11 studies, 18 indicators) revealed
no significant difference between UT and BT (g = -0.22, 95%
CI [-0.50, 0.06], p = 0.12). Linear sprinting is a fundamental skill
in team sports that is driven by alternating single-leg propulsion.
Although UT is often considered more effective for sprinting due to
its specific biomechanical specificities [23], our findings suggest that
both training methods can improve sprint performance through dis-
tinct mechanisms: UT primarily develops single-leg strength, while
BT improves overall force production. Moran et al. [123] (g = 0.17,
95% CI [-0.15, 0.50], p = 0.30) reported comparable findings.
Evidence indicates that UT facilitates linear sprint development via
enhanced neuromuscular activation [23] and potentially reduces
bilateral force deficits [123]. Both UT and BT can also increase core
muscle engagement through induced instability [124, 125], while
BT provides the additional advantage of accommodating heavier
external loads [126]. Furthermore, studies on elite athletes suggest
BT may derive greater benefits [1271, highlighting unique advan-
tages for each training method. Discrepancies with previous reviews
may stem from differences in sprint test distances (e.g., 10-m vs.
30-m sprints), as these capture distinct physical qualities [128].

A statistically significant pooled effect for sprint performance was
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observed within the basketball subgroup (g = -0.37); however, this
result should be interpreted cautiously, as the number of available
studies is limited and the estimate may be influenced by one or a few
individual trials rather than reflecting a robust sport-specific effect.
In basketball, frequent short sprints are integral to decisive offensive
and defensive actions, which may partly explain why UT appears
particularly relevant in this context [129, 130]. Duan et al [77]. re-
ported greater sprint improvements with UT in basketball players
and attributed this to training specificity, namely, closer matching of
the muscle activation patterns and neuromuscular coordination de-
mands of sport-specific movements. With respect to intervention
type, plyometric training within UT programs showed a significant
advantage for sprint performance (g = -0.30), again warranting cau-
tious interpretation given subgroup sample sizes. Previous work has
identified PT as a particularly effective UT modality for enhancing
horizontal sprinting [31], and both horizontal and vertical PT have
been shown to improve sprint performance [31]. From a contact-time
perspective, PT closely mimics the brief ground-contact times char-
acteristic of sprinting [123], and its emphasis on vertical and later-
al movements, large joint ranges of motion, and stretch—shortening
cycle contractions may underlie these benefits [131]. Nevertheless,
the current findings should be viewed as preliminary and hypothe-
sis-generating, and further well-designed trials across different sports
are needed before firm conclusions can be drawn about sport- or
modality-specific sprint advantages with UT.

Overall, compared with BT, UT aligns more closely with sport-
specific training principles in team sports and demonstrates superi-
or transfer to lower-limb performance. UT offers a clear advantage
in unilateral explosiveness while delivering comparable outcomes to
BT in other performance domains. Both training methods effective-
ly engage stabilizing and synergistic muscles and enhance neuro-
muscular coordination [11, 107, 1321. Moreover, the cross-transfer
effect of UT on the untrained limb offers a versatile training option.
Its lower limb loading also makes UT preferable for athletes with
back pain or those recovering from injury. However, excessive reli-
ance on UT may impair movement technique, posture, and strength
development [30, 133, 134]. Therefore, training should avoid over-
reliance on a single method and instead combine UT and BT based
on the athlete’s training status and performance objectives. Sub-
group analysis further revealed that the effects of UT and BT on low-
er-limb performance were moderated by sport and intervention type,
with significant improvements observed in PT and CT interventions.
Sport type was not identified as a significant moderator; however, in
basketball, but not in other sport types, UT produced greater im-
provements in agility and sprint performance. We recommend that
future studies validate these findings through longitudinal studies
and include female cohorts.

Research significance and impact
This study provides valuable guidance for team sports training. The
clear advantages of UT in enhancing unilateral strength and jumping
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indicate that it should be a core component of team-sports training
programs, particularly to improve single-leg performance, such as
single-leg take-offs and changes of direction. The comparable effects
of UT and BT on bilateral tasks and other performance indicators
offer coaches the flexibility to integrate training methods according
to sport-specific demands; for example, emphasizing UT during skill-
focused phases and BT during strength-accumulation phases. The-
oretically, these findings support training specificity and provide in-
direct evidence of neuromuscular adaptations underlying both
methods. Practically, optimizing training design may enhance com-
petitive performance and reduce injury risk by improving unilateral
strength and stability. Future research should investigate the role of
UT in injury prevention and determine the optimal combination of
training modalities.

Potential limitations and future direction

This study has several limitations. First, the small number of includ-
ed studies on RSI (n = 3) limits statistical power and generalizability.
Second, heterogeneity in training protocols, testing methods, and
participant characteristics (e.g., intervention periods ranging from 6 to
12 weeks) may have affected result robustness. Most studies involved
young athletes, with limited or no data on adults, highly trained ath-
letes, and women, restricting the generalizability of our findings. In
addition, the subgroup results reported in this meta-analysis, particu-
larly those suggesting sport- or modality-specific results, should be
regarded as preliminary and exploratory and interpreted with caution
until they are confirmed by larger, well-designed trials.

Our findings demonstrate that discrepancies exist in both testing
methodologies and procedural protocols across several fundamental
assessments, which has partially augmented the heterogeneity of
existing research. Consequently, we recommend that well-established
gold-standard measures—such as unilateral and bilateral jump tests

and agility assessments—should be standardized and explicitly de-
fined in future studies. Furthermore, our research reveals that with-
in studies investigating the effects of unilateral versus bilateral train-
ing on team sport athletes, the majority of outcome measures focus
on muscular strength and jump performance. In contrast, relatively
few studies have examined the impacts of such training on agility,
sprint performance, or even cardio-respiratory function. We there-
fore propose that future research endeavors should prioritize and ex-
pand empirical exploration into these understudied domains. Final-
ly, regarding research on unilateral and bilateral training in team
sports, the study population remains predominantly concentrated on
adolescent male athletes. To comprehensively validate the applica-
bility of unilateral and bilateral training interventions, future research
should significantly enhance efforts targeting underrepresented
groups, including female athletes, adult athletes, and clinical reha-
bilitation populations.

CONCLU SO N S 15
This meta-analysis demonstrates that UT confers significant advan-
tages for unilateral strength and unilateral jumping performance in
team sports athletes, while producing outcomes comparable to BT
for bilateral strength, bilateral jumping, RSI, sprinting, and agility.
These findings support the optimization of team-sport training pro-
grams by emphasizing UT to improve unilateral movement perfor-
mance. Future research should investigate the long-term effects,
injury prevention potential, and underlying neuromuscular mecha-
nisms of UT and BT to guide evidence-based training practices.
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SUPPLEMENTARY MATERIAL APPENDIX S1. PRISMA Checklist.

Location where

Checklist item item is reported

Section and Topic Item #

Effects of Unilateral and Bilateral Training on Performance in team sports Athletes:A Systematic Review and Meta-Analysis

Title

1

Identify the report as a systematic review.

1

ABSTRACT

Abstract

See the PRISMA 2020 for Abstracts checklist.

INTRODUCTION

Rationale

Describe the rationale for the review in the context of existing knowledge.

1-3

Objectives

Provide an explicit statement of the objective(s) or question(s) the review addresses.

1-3

METHODS

Eligibility criteria

Specify the inclusion and exclusion criteria for the review and how studies were
grouped for the syntheses.

3-4

Information
sources

Specify all databases, registers, websites, organisations, reference lists and other
sources searched or consulted to identify studies. Specify the date when each
source was last searched or consulted.

Search strategy

Present the full search strategies for all databases, registers and websites, including
any filters and limits used.

Selection process

Specify the methods used to decide whether a study met the inclusion criteria of
the review, including how many reviewers screened each record and each report
retrieved, whether they worked independently, and if applicable, details of
automation tools used in the process.

Data collection
process

Specify the methods used to collect data from reports, including how many
reviewers collected data from each report, whether they worked independently, any
processes for obtaining or confirming data from study investigators, and if
applicable, details of automation tools used in the process.

Data items

10a

10b

List and define all outcomes for which data were sought. Specify whether all results
that were compatible with each outcome domain in each study were sought (e.g.
for all measures, time points, analyses), and if not, the methods used to decide
which results to collect.

List and define all other variables for which data were sought (e.g. participant and
intervention characteristics, funding sources). Describe any assumptions made
about any missing or unclear information.

Study risk of bias
assessment

11

Specify the methods used to assess risk of bias in the included studies, including
details of the tool(s) used, how many reviewers assessed each study and whether
they worked independently, and if applicable, details of automation tools used in
the process.

Effect measures

12

Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference)
used in the synthesis or presentation of results.

Synthesis
methods

13a

13b

13c

13d

13e

13f

Describe the processes used to decide which studies were eligible for each
synthesis (e.g. tabulating the study intervention characteristics and comparing
against the planned groups for each synthesis (item #5)).

Describe any methods required to prepare the data for presentation or synthesis,
such as handling of missing summary statistics, or data conversions.

Describe any methods used to tabulate or visually display results of individual
studies and syntheses.

Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to
identify the presence and extent of statistical heterogeneity, and software package(s)
used.

Describe any methods used to explore possible causes of heterogeneity among
study results (e.g. subgroup analysis, meta-regression).

Describe any sensitivity analyses conducted to assess robustness of the synthesized
results.

5-6

5-6

Reporting bias
assessment

14

Describe any methods used to assess risk of bias due to missing results in
a synthesis (arising from reporting biases).
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SUPPLEMENTARY MATERIAL APPENDIX S1. Continue

Section and Topic Item #

Checklist item

Location where
item is reported

Certainty 15 Describe any methods used to assess certainty (or confidence) in the body of 6
assessment evidence for an outcome.
RESULTS
Study selection 16a  Describe the results of the search and selection process, from the number of 6
records identified in the search to the number of studies included in the review,
ideally using a flow diagram.
16b  Cite studies that might appear to meet the inclusion criteria, but which were 6
excluded, and explain why they were excluded.
Study 17 Cite each included study and present its characteristics. 7
characteristics
Risk of bias in 18 Present assessments of risk of bias for each included study. 12
studies
Results of 19 For all outcomes, present, for each study: (a) summary statistics for each group 7-11
individual studies (where appropriate) and (b) an effect estimate and its precision (e.g. confidence/
credible interval), ideally using structured tables or plots.
Results of 20a  For each synthesis, briefly summarise the characteristics and risk of bias among 7-11
syntheses contributing studies.
20b  Present results of all statistical syntheses conducted. If meta-analysis was done, 7-11
present for each the summary estimate and its precision (e.g. confidence/credible
interval) and measures of statistical heterogeneity. If comparing groups, describe the
direction of the effect.
20c  Present results of all investigations of possible causes of heterogeneity among study 7-11
results.
20d  Present results of all sensitivity analyses conducted to assess the robustness of the 7-11
synthesized results.
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting 12
biases) for each synthesis assessed.
Certainty of 22 Present assessments of certainty (or confidence) in the body of evidence for each 13
evidence outcome assessed.
DISCUSSION
Discussion 23a  Provide a general interpretation of the results in the context of other evidence. 13-17
23b  Discuss any limitations of the evidence included in the review. 13-17
23c  Discuss any limitations of the review processes used. 13-17
23d  Discuss implications of the results for practice, policy, and future research. 13-17
OTHER INFORMATION
Registration and 24a  Provide registration information for the review, including register name and 3
protocol registration number, or state that the review was not registered.
24b  Indicate where the review protocol can be accessed, or state that a protocol was n/a
not prepared.
24c  Describe and explain any amendments to information provided at registration or in n/a
the protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the role of n/a
the funders or sponsors in the review.
Competing 26 Declare any competing interests of review authors. n/a
interests
Availability of 27 Report which of the following are publicly available and where they can be found: n/a

data, code and
other materials

template data collection forms; data extracted from included studies; data used for
all analyses; analytic code; any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0.
To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/
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Supplementary Material Appendix S2. Database Search Form

Search items

Content

Data source

PubMed, Google Scholar, Web of Science, CNKI, Proquest, Wan Fang

Retrieval format

“Unilateral training” (“Unilateral exercises” OR “Unilateral resistance training” OR “Single leg training” OR
“Unilateral limb exercises”)“Bilateral training” (“Bilateral exercises” OR “Bilateral resistance training” OR
“Bilateral limb exercises”) Unilateral training and Bilateral training (“Unilateral and Bilateral resistance training
OR “Unilateral and Bilateral plyometric training” OR “Unilateral and Bilateral Composite/Complex/Combine
training” OR “Unilateral and Bilateral flywheel training”) Athletic Performance (“Jump of ability” OR “Ability of
sprint” OR “Maximum force” OR “Ability of change of direction” OR “Ability of Balance”) Collective Ball Sport
Athletes (“Basketball players” OR “Soccer players” OR “Rugby players” OR “Volleyball players” OR “Handball
players” OR “Hockey players”)

”

Language of
literature

English, Chinese

Type of literature Journal, Thesis

S3 TABLE 1. PEDro scale.

Study PEDro score

Bogdan Belegi$anin [75], 2025

Basketball

Gonzalo-Skok [211, 2017

&)

JianChun [76], 2024
Hernandez-Davo [78]1, 2018
Tianyu [77], 2024
YongXing [74], 2024
Zhaoqing [73], 2021

Soccer

Stern [79], 2020
Ramirez-Campillo [80], 2018
Drouzas [811, 2020

Rugby

Xiang [82], 2023
Appleby.B [831, 2020
Speirs [84], 2016
Fisher [85], 2014

Hockey

Ml OO O OO OO N OO N O

Boxuan [72], 2020
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S3 FIG. 2. Publication bias of each indicator.
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S5 Table 1. GRADE Evidence Certainty Assessment.

. GRADE Evidence Certainty Assessment
Participants Hedge’s g

Outcome (RCTs) R:)sik of Inconsistency Indirectness Imprecision Other concerns  (95% Cl) Certainty™
Unilateral Training vs Bilateral Training

gtr:cials;;al (51R1’(7)T) Serious Mot serious  Not serious  Serious biaPs Zlﬁiiii?ed (0.230{381.13) ?5%8
E;ﬂlateral (51;&) Serious  Not serious Not serious Serious None (0.040;:)60.85) GBGE(SIO
(L:Jl\r;lijateral (71;(;) Serious  Not serious Not serious Serious None (0.060lt370.69) GBGESVO
Strength (1 IZT;E)T) Serious  Not serious Not serious Serious None (_0.15?'5000.55) ,slafzgi
Sprint (1 12?25(3T) Serious  Not serious  Not serious Serious None (—0.5E)O't(2)20.06) ,\6/?:32338
RSI 3 ??5CT) Serious  Not serious Not serious Serious None (_0.3;)';60171) %5%8
HJ (51;&) Serious  Not serious Not serious Serious None (_0.210',[2070.74) GBGE(SIO
cmJ (lozgl’?lCT) Serious  Not serious Not serious Serious None 0.1 ?';60.44) Sﬁig
gt”rztnegrfr: (82§8T) Serious - Not serious  Not serious  Serious bi:lJ le:(;ztged (-0.4-60.ti00.27) %e%%%
Eﬂateral 3 8R7CT) Serious  Not serious Not serious Serious None (_1.1_50'&2)20.71) %e(r)y%\?
gi\lﬂeral (9138” Serious  Not serious Not serious Serious None (-0.4-20-t290.23) EBGESVO
Agility 1 12??70T) Serious  Not serious  Not serious Serious biapszlli;?)zz?ed (—0.8_70;(§00.06) %3%8

1 GRADE levels of certainty

High: We are very confident that the true effect lies close to the estimate.

Moderate: The true effect is likely close to the estimate, but there is a possibility it is substantially different.
Low: Our confidence in the effect estimate is limited—the true effect may be substantially different.

Very low: We have very little confidence in the effect estimate.
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