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Introduction

Athletic performance depends on the coordinated interaction of neuromuscular control, strength, movement efficiency, and postural
stability, particularly in sports that require repeated jumping, landing, acceleration, deceleration, and rapid changes in direction. Interlimb
asymmetry, defined as a measurable difference in performance between the right and left limbs, is commonly observed in athletes exposed
to repetitive unilateral or direction-specific sporting demands (1). Although a certain degree of asymmetry may occur naturally, greater
lower-limb asymmetry has been associated with reductions in several measures of athletic performance, while its relationship with injury
risk appears to vary according to the task, population, and method used to quantify asymmetry (2).

Agility and dynamic balance are also important components of multidirectional athletic performance. Agility involves the ability to rapidly
modify movement direction while maintaining effective control of the body, whereas successful change-of-direction performance
additionally depends on braking capacity, lower-limb strength, coordination, and efficient re-acceleration mechanics (3,4). Dynamic
balance refers to the ability to maintain or restore postural control while the center of mass moves over a changing base of support and
is particularly relevant during landing, cutting, pivoting, and other sport-specific movements. Adaptations in postural control resulting from
sport participation have been associated with neuromuscular function and athletic performance (5). Consequently, training strategies that
simultaneously address side-to-side performance differences, multidirectional movement capacity, and dynamic postural control may be
particularly relevant for athletes.

Plyometric training is widely used to improve athletic performance through repeated exploitation of the stretch-shortening cycle, in which
rapid eccentric loading is followed by an explosive concentric action. Appropriately prescribed plyometric exercise can enhance jumping
ability, reactive strength, movement speed, and change-of-direction performance (6). Training that incorporates force production in
different movement directions may further increase the specificity of plyometric exercise for sports involving multidirectional acceleration,
landing, and cutting demands (7). However, adaptations may also depend on whether exercises are performed unilaterally or bilaterally
because the two approaches impose different neuromuscular, stabilization, and force-production demands.

Previous research indicates that both unilateral and bilateral plyometric training can improve physical-performance outcomes, although
evidence regarding their comparative effectiveness remains inconsistent. A recent meta-analysis reported beneficial effects of both
unilateral and bilateral plyometric training on jumping, sprinting, and change-of-direction performance, with the magnitude of adaptation
varying according to the performance task assessed (8). Neves et al. reported broadly comparable improvements after unilateral and
bilateral plyometric training combined with linear sprint training in youth male futsal players (9). In contrast, Li et al. observed greater
benefits of unilateral plyometric training for single-leg power and change-of-direction performance in basketball players (10), whereas
Aztarain-Cardiel et al. reported advantages of bilateral training for selected physical-performance outcomes (11). Similarly, Gharaat
identified greater bilateral effects for some speed and agility measures in trained adolescent boys (12). Cao et al. further demonstrated
that unilateral, bilateral, and combined plyometric programs may differentially influence muscular strength, power, interlimb asymmetry,
and change-of-direction performance (13). Collectively, these findings suggest that the relative effects of unilateral and bilateral plyometric
training may depend on the movement task, outcome assessed, training characteristics, and athletic population.

Despite increasing evidence on unilateral and bilateral plyometric training, direct comparisons focusing simultaneously on interlimb
asymmetry, change-of-direction performance, and dynamic balance remain limited. In particular, evidence is insufficient regarding whether
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unilateral or bilateral multiplanar plyometric integration produces different adaptations across these complementary performance domains
when training frequency and duration are comparable. Clarifying these effects may help inform exercise selection in sports physiotherapy
and athletic conditioning programs where limb symmetry, multidirectional performance, and postural control are important rehabilitation or
performance objectives. Therefore, the present randomized clinical trial aimed to compare the effects of unilateral versus bilateral
multiplanar plyometric integration on interlimb asymmetry, Agility T-test performance, and dynamic balance measured using the Y-Balance
Test in athletes. It was hypothesized that the two training approaches would produce different post-intervention responses across these
outcomes.

Materials and Methods

A parallel-group, assessor-blinded randomized clinical trial was conducted at Body Fitness Gym and Alpha Time Fitness Club, Lahore,
Pakistan, to compare unilateral and bilateral multiplanar plyometric training in athletes. Participants were recruited using non-probability
convenience sampling. Eligible participants were male or female athletes aged 18—25 years, had a body mass index (BMI) of 20-24.9
kg/m?, had participated in sport at the provincial level, and had at least two years of sporting experience. Athletes were not eligible if they
had conditions or exposures considered likely to interfere with training participation or outcome assessment, including severe
cardiovascular disease, a diagnosed psychological condition likely to affect performance or motivation, use of performance-enhancing
drugs or substances affecting recovery, or use of medications that could influence postural stability, motor control, or cognition.
Development of a musculoskeletal injury during the intervention period or concurrent participation in other high-intensity sport likely to
confound the training response was considered a reason for discontinuation from the study procedures. Eligible athletes who consented
to participate underwent baseline assessment before group allocation.

The sample size was determined a priori for a comparison of two independent means using right-limb Y-Balance Test values reported in
previous plyometric-training research (14). The calculation was performed using G*Power version 3.1, with an effect size of 1.0265, a
one-tailed alpha level of 0.05, statistical power of 95%, and equal allocation between groups (15). The calculated minimum sample size
was 44 participants, corresponding to 22 participants per group. After allowing approximately 10% for possible attrition, 48 athletes were
recruited. Participants were allocated in a 1:1 ratio by lottery to either Group A, which received unilateral multiplanar plyometric training,
or Group B, which received bilateral multiplanar plyometric training, with 24 participants assigned to each group. The outcome assessor
remained unaware of group allocation throughout outcome assessment.

Interlimb asymmetry was assessed using the single-leg countermovement jump (SL-CMJ). Participants were familiarized with the
procedure before testing and performed the assessment separately on both limbs. The highest recorded performance from each limb was
used to calculate interlimb asymmetry according to the formula: [(higher-performing limb — lower-performing limb)/higher-performing limb]
x 100. Higher percentage values therefore represented greater side-to-side performance asymmetry. The SL-CMJ has been used to
evaluate lower-limb performance characteristics in athletic populations (16). Agility-related change-of-direction performance was assessed
using the Agility T-test, which incorporates forward sprinting, lateral shuffling, and backward movement, with performance expressed as
the time required to complete the test. Lower completion times indicated better performance.

Dynamic balance was evaluated using the Lower Quarter Y-Balance Test. Participants performed reaches in the anterior, posteromedial,
and posterolateral directions for each lower limb, and right- and left-limb performance was recorded for subsequent analysis. The Y-
Balance Test has established evidence of reliability and discriminant validity for assessment of dynamic balance and lower-extremity
functional performance (17). Interlimb asymmetry, Agility T-test performance, and Y-Balance Test performance were assessed at baseline
before commencement of training and reassessed after completion of the eight-week intervention period.

Following baseline assessment, both groups participated in three supervised plyometric-training sessions per week for eight consecutive
weeks, with each session lasting approximately 45 minutes. Each training session began with a dynamic warm-up consisting of leg swings,
walking lunges, side lunges, high knees, ankle hops, and hip circles. Group A performed unilateral versions of the prescribed plyometric
exercises, including horizontal jumps, three-bounce jumps, reactive pogo jumps, countermovement jumps, and 10-cm drop jumps. During
weeks 1-4, participants completed two sets of five repetitions per limb. During weeks 5-8, training volume was progressed to three sets
of approximately six to eight repetitions per limb, together with progression in jump height, distance, or exercise intensity.

Group B performed bilateral versions of the corresponding plyometric movement categories. During weeks 1—4, participants completed
two sets of 10 repetitions, progressing during weeks 5-8 to three sets of approximately 12—15 repetitions, with increases in jump height,
distance, or exercise intensity. Both intervention groups therefore followed the same overall training frequency, intervention duration,
session duration, warm-up structure, and broad exercise categories, while differing primarily in whether the plyometric tasks were
performed unilaterally or bilaterally. Each session concluded with static stretching of the hamstrings, quadriceps, calf muscles, hip flexors,
gluteal/piriformis muscles, and hip adductors. Stretching was maintained for approximately 20-30 seconds and was performed for three
sets of two repetitions for each muscle group. Outcome measures were reassessed after completion of week 8 by the assessor who
remained unaware of treatment allocation.

Data were analyzed using IBM SPSS Statistics version 27.0. Continuous variables were summarized using means and standard
deviations, while categorical variables were presented as frequencies and percentages where applicable. Distributional normality of the
continuous outcome variables was evaluated using the Shapiro—Wilk test before application of parametric analyses. Paired-samples t
tests were used to evaluate pre- to post-intervention changes within each treatment group, while independent-samples t tests were used
to compare Group A and Group B at the assessed time points. Statistical significance was defined as p<0.05. All 48 randomized
participants completed the intervention and post-intervention assessment; therefore, the reported analyses included 24 participants in
each group with no loss to follow-up or missing post-intervention outcome data.

The study was conducted after approval by the concerned Institutional Review Board, and participation was based on participant consent.
The outcome-assessment process incorporated assessor blinding to reduce detection bias, while use of the same outcome measures at
baseline and after eight weeks and supervised delivery of both training protocols were intended to maintain consistency in assessment
and intervention delivery.

Results

Forty-eight athletes completed the study and were included in the analysis, with 24 participants in the unilateral plyometric group and 24
in the bilateral plyometric group. Group Aincluded 10 males (41.7%) and 14 females (58.3%), whereas Group B included 11 males (45.8%)
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and 13 females (54.2%). Baseline age, height, weight, BMI, and sex distribution were similar between the two groups, with not statistically
significant between-group differences in the available demographic characteristics (Table 1).

Baseline values for all study outcomes were also comparable between groups. The mean between-group difference at baseline was -0.27
percentage points for interlimb asymmetry (95% CI -1.05 to 0.51; p=0.491), —0.12 s for Agility T-test performance (95% CI —-0.57 to 0.33;
p=0.595), -0.39 for right-limb Y-Balance Test performance (95% CI -2.08 to 1.30; p=0.644), and 0.08 for left-limb Y-Balance Test
performance (95% Cl -2.00 to 2.16; p=0.939) (Table 2).

Table 1. Baseline demographic characteristics of participants

Characteristic Group A: Unilateral (n=24) Group B: Bilateral (n=24) p-value
Age, years 21.87 £1.94 20.96 + 2.33 0.148
Height, cm 175.00 + 7.50 173.92 £ 7.25 0.614
Weight, kg 68.79 £ 7.63 68.30 + 6.91 0.817
BMI, kg/m? 22.42 +1.49 22.55 + 1.45 0.761
Male, n (%) 10 (41.7) 11 (45.8) 1.000
Female, n (%) 14 (58.3) 13 (54.2) 1.000

Data are presented as mean + SD or n (%). Continuous variables were compared using Welch’s independent-samples t test calculated
from the reported summary data. Sex distribution was compared using Fisher’s exact test. BMI, body mass index.

Table 2. Between-group comparison of study outcomes at baseline and after eight weeks

Group Amean Group B mean Mean difference

. ) _ :
Outcome Time poin +SD +SD (A-B) 95% CI p-value Hedges’g
Interlimb asymmetry, % Baseline  13.58+1.53  13.85+1.13 -0.27 '10'0551 © 0491 -0.20
Interlimb asymmetry, % Week 8 11.77 £ 1.53 1276 £ 1.14 -0.99 _167%0 0.015 -0.72

- . -0.57 to
Agility T-test, s Baseline 17.92 £0.79 18.04 £ 0.77 -0.12 0.33 0.595 -0.15

. -3.03 to
Agility T-test, s Week 8 12.75 £ 1.69 14.83 £ 1.58 -2.08 113 <0.001 -1.25

. . -2.08 to

Y-Balance Test, right Baseline 89.41 £ 2.99 89.80 £ 2.81 -0.39 130 0.644 -0.13
Y-Balance Test, right Week 8 98.41 +2.99 96.30 + 2.84 2.1 0.42 to 3.81 0.016 0.71
Y-Balance Test, left Baselne  88.91+371  88.83+3.44 0.08 200t 0939 0.02
Y-Balance Test, left Week 8 96.43 + 3.53 94.25 + 3.48 2.18 0.14t0 4.22 0.036 0.61

Data are presented as mean + SD. Mean differences, 95% confidence intervals, p-values, and Hedges’ g were calculated from the reported
group means, standard deviations, and n=24 per group using two-sided Welch independent-samples t tests. Negative differences for
interlimb asymmetry and Agility T-test favor lower Group A values, whereas positive differences for Y-Balance Test outcomes indicate
higher Group A values. Cl, confidence interval; SD, standard deviation.

Table 3. Within-group changes from baseline to eight weeks

Outcome Group Baseline mean * SD Week 8 mean * SD Mean change
Interlimb asymmetry, % Group A 13.58 + 1.53 11.77 £ 1.53 -1.81
Interlimb asymmetry, % Group B 13.85+1.13 12.76 £ 1.14 -1.09
Agility T-test, s Group A 17.92 £0.79 12.75 £ 1.69 -5.17
Agility T-test, s Group B 18.04 £ 0.77 14.83 £ 1.58 -3.21
Y-Balance Test, right Group A 89.41+£2.99 98.41 +2.99 9.00
Y-Balance Test, right Group B 89.80 £ 2.81 96.30 + 2.84 6.50
Y-Balance Test, left Group A 88.91+£3.71 96.43 + 3.53 7.52
Y-Balance Test, left Group B 88.83 £ 3.44 94.25 + 3.48 5.42

Mean change was calculated as week-8 value minus baseline value. Negative changes represent reductions in interlimb asymmetry and
Agility T-test completion time; positive changes represent increases in Y-Balance Test performance. Paired-change standard deviations,
confidence intervals, and exact paired-test p-values cannot be derived from group-level baseline and follow-up SDs alone.

After eight weeks, Group A demonstrated a lower mean interlimb asymmetry than Group B, with values of 11.77 £ 1.53% and 12.76 +
1.14%, respectively. The between-group mean difference was —-0.99 percentage points (95% CI -1.78 to —0.20; p=0.015), corresponding
to a Hedges’ g of —0.72. Agility T-test completion time was also lower in Group A than in Group B at week 8 (12.75 + 1.69 s vs 14.83 *
1.58 s), with a mean difference of —2.08 s (95% CI -3.03 to —1.13; p<0.001) and a Hedges’ g of —1.25.

For dynamic balance, the week-8 right-limb Y-Balance Test score was 98.41 + 2.99 in Group A and 96.30 + 2.84 in Group B, giving a mean
difference of 2.11 (95% CI 0.42 to 3.81; p=0.016) and a Hedges’ g of 0.71. Left-limb Y-Balance Test performance was 96.43 + 3.53 in
Group A compared with 94.25 + 3.48 in Group B, corresponding to a mean difference of 2.18 (95% CI 0.14 to 4.22; p=0.036) and a
Hedges’ g of 0.61 (Table 2).

Arithmetic pre-to-post changes were observed in both groups across all outcomes. Interlimb asymmetry decreased by 1.81 percentage
points in Group A and 1.09 percentage points in Group B. Agility T-test completion time decreased by 5.17 s and 3.21 s, respectively.
Right-limb Y-Balance Test values increased by 9.00 in Group A and 6.50 in Group B, while left-limb values increased by 7.52 and 5.42,
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respectively (Table 3). These change values describe the magnitude and direction of within-group change and do not constitute a statistical
comparison of the change between treatment groups.

Discussion

The present study compared unilateral and bilateral multiplanar plyometric training with respect to interlimb asymmetry, change-of-
direction performance, and dynamic balance in athletes. Both groups demonstrated favorable pre-to-post changes across the assessed
outcomes, while the unilateral group had lower interlimb asymmetry and Agility T-test completion time and higher right- and left-limb Y-
Balance Test scores at the eight-week assessment. The magnitude of the post-intervention between-group differences was greatest for
Agility T-test performance, with moderate-to-large standardized differences also observed for interlimb asymmetry and dynamic balance.
These findings suggest that unilateral plyometric training may provide a comparatively greater stimulus for performance tasks that require
limb-specific force production, stabilization, and multidirectional control, although the current analysis primarily establishes post-
intervention group differences rather than a formally tested group-by-time treatment interaction.

The lower interlimb asymmetry observed after unilateral training is consistent with previous evidence indicating that single-limb plyometric
exercise may provide a more specific stimulus for reducing side-to-side performance differences. Li et al. reported greater improvements
in single-leg power and change-of-direction ability following unilateral compared with bilateral plyometric training in basketball players
(10). Similarly, Cao et al. found that unilateral, bilateral, and combined plyometric programs produced different adaptations in muscular
strength, power, asymmetry, and change-of-direction performance in youth basketball players (13). A recent meta-analysis also reported
that unilateral and bilateral plyometric training can improve several physical-performance outcomes, although the magnitude of adaptation
may depend on the performance task and training characteristics (8). More specifically, evidence synthesized by Sun et al. suggests that
unilateral plyometric training can reduce lower-limb asymmetry in athletic populations (19). The direction of the present findings is therefore
compatible with the concept of task-specific adaptation, whereby repeated loading of each limb independently may provide greater
opportunity to address side-to-side performance differences than exercises performed simultaneously with both limbs.

Several neuromuscular mechanisms may plausibly contribute to this pattern. Unilateral plyometric tasks require each lower limb to
independently absorb impact, stabilize the body, generate propulsive force, and control the center of mass during take-off and landing.
This may increase the demand placed on limb-specific motor control and stabilization compared with bilateral tasks, in which force and
postural demands can be distributed across both lower extremities. Such training specificity may be particularly relevant when the outcome
itself is assessed independently for each limb. Nevertheless, the present study did not directly measure neuromuscular activation, muscle
strength, rate of force development, landing biomechanics, or other physiological mechanisms; therefore, these explanations should be
considered plausible interpretations rather than demonstrated mechanisms.

Change-of-direction performance improved numerically in both groups, while the unilateral group demonstrated a substantially lower
Agility T-test completion time at the post-intervention assessment. This finding is consistent with Li et al., who observed an advantage of
unilateral plyometric training for change-of-direction performance (10). However, the literature is not uniform. Neves et al. reported broadly
comparable performance improvements following unilateral and bilateral plyometric training when both approaches were combined with
linear sprint training in youth male futsal players (9). Aztarain-Cardiel et al. reported advantages of bilateral training for selected physical-
performance outcomes in male postpubertal basketball players (11), while Gharaat also found greater bilateral effects for some speed
and agility measures in trained adolescent boys (12). These differences may reflect variation in participant age, sporting background,
baseline training status, intervention volume, exercise selection, concurrent training, and the specific tests used to assess multidirectional
performance.

The comparatively favorable Agility T-test performance observed in the unilateral group may also be related to the mechanical
requirements of rapid directional changes. Successful change-of-direction performance requires force absorption during braking, control
of single-limb support, repositioning of the center of mass, and rapid force generation during re-acceleration. Because unilateral plyometric
tasks repeatedly expose each limb to independent loading and stabilization demands, they may transfer more directly to phases of
movement in which one limb temporarily bears a greater proportion of body weight. However, the Agility T-test is a preplanned change-
of-direction task rather than a reactive agility test involving an external decision-making stimulus. The present findings should therefore
be interpreted specifically as changes in planned multidirectional change-of-direction performance rather than as evidence of improved
perceptual or reactive agility.

Dynamic balance also demonstrated favorable post-intervention differences for the unilateral group on both right- and left-limb Y-Balance
Test performance. Unilateral plyometric exercises require repeated maintenance of postural stability over a comparatively small base of
support and may challenge proprioceptive control, lower-extremity coordination, and stabilization during landing. Previous experimental
evidence has shown that plyometric and balance training can improve neuromuscular control in recreational athletes with functional ankle
instability (18). In addition, combined balance and plyometric approaches have been investigated for their effects on interlimb asymmetry
and neuromuscular performance in soccer players (20). Although those populations and intervention structures differ from those of the
present study, they support the broader concept that plyometric loading combined with substantial postural-control demands can influence
dynamic balance and limb-specific neuromuscular performance.

From a sports physiotherapy and conditioning perspective, these findings may be relevant when exercise programs are intended to
address multiple components of lower-limb performance simultaneously. Both unilateral and bilateral plyometric approaches were
associated with favorable changes over the eight-week intervention period, suggesting that either format may be incorporated into
structured athletic training when appropriate to the athlete's needs and training status. The larger post-intervention differences observed
in the unilateral group indicate that unilateral exercises may be particularly relevant when the training objective emphasizes limb-specific
control, reduction of performance asymmetry, change-of-direction capacity, or dynamic balance. Nevertheless, exercise selection should
also consider sport-specific demands, training history, individual tolerance, and the broader rehabilitation or performance program rather
than relying on a single training modality.

Several aspects of the study strengthen interpretation of the findings. The two groups followed the same intervention duration and training
frequency, outcome assessments were conducted at standardized baseline and eight-week time points, and the outcome assessor
remained unaware of group allocation. All 48 randomized participants completed follow-up, eliminating loss-to-follow-up within the reported
sample. In addition, the study examined complementary performance domains rather than a single isolated outcome, allowing comparison
of limb symmetry, change-of-direction performance, and dynamic balance within the same intervention period.
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The findings should nevertheless be interpreted in light of important limitations. Participants were recruited through convenience sampling
from two fitness settings, which may limit generalizability to athletes from other sports, competitive levels, or training environments. The
sample was relatively small, and sport-specific subgroup analyses were not available. The study did not include long-term follow-up, so
the persistence of the observed changes is unknown. Training adherence beyond completion of the study, adverse events, and detailed
measures of intervention fidelity were not reported. The study also assessed several outcomes without an explicitly designated primary
outcome in the reported analysis. Most importantly, the statistical approach was based on within-group paired comparisons and between-
group comparisons at individual time points rather than a baseline-adjusted model or formal group-by-time interaction. Consequently,
although the unilateral group demonstrated more favorable post-intervention values and larger arithmetic changes across the assessed
outcomes, the present results should not be interpreted as definitive evidence that unilateral training produced a statistically greater
longitudinal treatment effect. Future analyses and adequately powered trials using baseline-adjusted or repeated-measures models, effect
estimates with confidence intervals, clearly specified primary outcomes, and longer follow-up would provide a more precise estimate of
the comparative effects of unilateral and bilateral plyometric training.

Conclusion

Both unilateral and bilateral multiplanar plyometric training were associated with favorable changes in interlimb asymmetry, Agility T-test
performance, and dynamic balance over eight weeks. At post-intervention assessment, athletes who performed unilateral training
demonstrated lower interlimb asymmetry and Agility T-test completion time and higher right- and left-limb Y-Balance Test scores than
those who performed bilateral training. These findings indicate that unilateral plyometric training may be particularly relevant when limb-
specific control, change-of-direction performance, and dynamic balance are important training objectives; however, the comparative
findings should be interpreted in the context of the study's sample size and the absence of a formal longitudinal group-by-time treatment-
effect analysis.

DECLARATIONS

Author Contributions: Concept: MM; Design: MM, AGM; Data Collection: MM, MS, Al, ZS; Analysis: MM, AGM; Drafting: MM, MS, Al, ZS;
Critical Review: AGM, MNB. All authors reviewed and approved the final manuscript.

Ethical Approval: The study was conducted after approval from the concerned Institutional Review Board. The authors certified that the
research protocol had received institutional ethical approval before submission. The specific ethical approval reference
number and approval date should be reported according to the official approval letter.

Informed Consent: Informed consent was obtained from all participants before enrolment in the study.

Conflict of Interest: The authors declare no conflict of interest.

Funding: No external funding was received for this study.

Data Availability: Data are available from the corresponding author on reasonable request.

Acknowledgments: The authors acknowledge the guidance and support of Aamir Gul Memon and the contributions of the research team
and study participants.

Al Declaration: Generative Al tools were used solely for language and grammatical refinement. The authors verified the final
manuscript and remain fully responsible for its accuracy, integrity, and scientific content.

REFERENCES

1.  Pathmanathan C, Herrera N, C6té JN, Robbins S. Interlimb symmetry characteristics among male and female athletes: a systematic review.
JOSPT Open. 2026;4(1):36-60. doi:10.2519/josptopen.2025.0137.

2. Fox KT, Pearson LT, Hicks KM. The effect of lower inter-limb asymmetries on athletic performance: a systematic review and meta-analysis.
PLoS One. 2023;18(6). doi:10.1371/journal.pone.0286942.

3. Meyer S, Newsome D, Fuller T, Newsome K, Ghezzi PM. Agility: what it is, how to measure it, and how to use it. Behav Anal Pract.
2021;14(3):598-607. doi:10.1007/s40617-020-00465-4.

4. Jones P, Dos’Santos T, editors. Multidirectional speed in sport: research to application. 1st ed. Routledge; 2023.

5. Zemkova E, Kovacikova Z. Sport-specific training induced adaptations in postural control and their relationship with athletic performance.
Front Hum Neurosci. 2023;16:1007804. doi:10.3389/fnhum.2022.1007804.

6. Stien N, Strate M, Andersen V, Saeterbakken AH. Effects of overspeed or overload plyometric training on jump height and lifting velocity.
Sports Med Int Open. 2020;4(2). doi:10.1055/a-1116-0749.

7. Junge N, Jargensen TB, Nybo L. Performance implications of force-vector-specific resistance and plyometric training: a systematic review
with meta-analysis. Sports Med. 2023;53(12):2447-2461. doi:10.1007/s40279-023-01902-4.

8. Zhang Z, Qu W, Peng W, Sun J, Yue J, Guan L, et al. Effect of unilateral and bilateral plyometric training on jumping, sprinting, and change
of direction abilities: a meta-analysis. BMC Sports Sci Med Rehabil. 2025;17(1):97. doi:10.1186/s13102-025-01113-6.

9. Neves TA, Soalheiro I, Winckler C, Michalsik LB, Ramirez-Campillo R, Guerra RLF. The impact of unilateral and bilateral plyometric training
combined with linear sprints on physical performance in youth male elite futsal players. Int J Sports Physiol Perform. 2025;20(8):1145-1151.
doi:10.1123/ijspp.2024-0538.

10. LiZ, Lei S, Zhang H, Wang X, Sun 'Y, Fan J, Xie B. Effects of unilateral and bilateral plyometrics training on basketball players’ leg power and
change of direction ability. Sport Sci Health. 2025;21(3):1711-1721. doi:10.1007/s11332-025-01390-1.

11. Aztarain-Cardiel K, Garatachea N, Pareja-Blanco F. Effects of bilateral and unilateral plyometric training on physical performance in male
postpubertal basketball players. Int J Sports Physiol Perform. 2025;20(3):429-437. doi:10.1123/ijspp.2024-0208.

12. Gharaat MA. The comparison of the effects of unilateral vs. bilateral plyometric training on performance indicators in trained adolescent boys.
Physical Activity in Children. 2024;1(2):35-42. doi:10.61186/pach.2024.482038.1031.

13. Cao J, Xun S, Zhang R, Zhang Z. Effects of unilateral, bilateral and combined plyometric jump training on asymmetry of muscular strength
and power, and change-of-direction in youth male basketball players. J Sports Sci Med. 2024;23(4):754-766. doi:10.52082/jssm.2024.754.

14. Zafén-Chulia D, Moreno-Manfas E, Llana-Belloch S. Effects of a six-week plyometric training program on balance, jumping ability, and
between-leg asymmetry in young adult basketball players. J Hum Sport Exerc. 2025;20(2):606-619. doi:10.55860/mbewnn78.

15. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 3.1: tests for correlation and regression analyses. Behav
Res Methods. 2009;41(4):1149-1160. doi:10.3758/BRM.41.4.1149.

16. Pamuk O, Makarac Y, Ceylan L, Kiigiik H, Kizilet T, Ceylan T, et al. Associations between force-time related single-leg counter movement
jump variables, agility, and linear sprint in competitive youth male basketball players. Children (Basel). 2023;10(3):427.
doi:10.3390/children10030427.

17. Plisky P, Schwartkopf-Phifer K, Huebner B, Garner MB, Bullock G. Systematic review and meta-analysis of the Y-Balance Test Lower Quarter:
reliability, discriminant validity, and predictive validity. Int J Sports Phys Ther. 2021;16(5):1190-1209. doi:10.26603/001¢.27634.

Page 5 of 6



JOURNAL OF PRECISION MEDICINE AND HEALTH RESEARCH | elSSN 3106-9495 Volume 3, Issue 1, 2026 | Article ID: 57

18. Huang PY, Jankaew A, Lin CF. Effects of plyometric and balance training on neuromuscular control of recreational athletes with functional
ankle instability: a randomized controlled laboratory study. Int J Environ Res Public Health. 2021;18(10):5269. doi:10.3390/ijerph18105269.

19. Sun W, LiH, Qu L, ZhouY, Cao X, Wang K, Li K. Unilateral plyometric training effectively reduces lower limb asymmetry in athletes: a meta-
analysis. Front Physiol. 2025;16:1551523. doi:10.3389/fphys.2025.1551523.

20. Muehlbauer T, Borgmann K, Limpach S, Krombholz D, Panzer S. Impact of unilateral single-mode balance training vs. combined balance and
plyometric training on soccer players’ interlimb asymmetry in balance and neuromuscular performance. Front Sports Act Living.
2026;8:1743152. doi:10.3389/fspor.2026.1743152.

Page 6 of 6



	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	DECLARATIONS
	REFERENCES

