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Abstract

Background. Yoga and elastic-band resistance training (EBRT) are cost-effective methods to enhance physical
function, yet their combined effects on competitive young tennis athletes remain underexplored.

Objectives. This study aimed to examine the impact of a 12-week yoga + EBRT program on functional fitness in

intermediate-level male tennis players.

Materials and Methods. Thirty-four athletes (age 20.3 + 1.5 years) were randomly assigned to an experimental
group (yoga + EBRT, n = 17) or control group (regular tennis training, n = 17). Functional outcomes were assessed
at baseline, week 6, and week 12 using the Chair Stand, Arm Curl, Chair Sit-and-Reach, Single-Leg Stance, and
Timed Up-and-Go (TUG) tests. A 2 x 3 repeated-measures ANOVA evaluated group x time effects, with effect sizes
reported as Cohen’s d and partial eta squared (n’p) with 95% confidence intervals (CIs).

Results. Significant group x time interactions were found for all outcomes (p < 0.01). At post-test, the experimental
group showed superior performance compared with controls in arm curl (+4.2 reps, 95% CI [1.77, 6.63], d = 1.16),
chair stand (+2.3 reps, 95% CI [-0.23, 4.83], d = 0.61), sit-and-reach (+6.2 cm, 95% CI [3.12, 9.28], d = 1.35), and
TUG (-1.0's,95% CI [-1.44, —0.56], d = —1.53). Improvements in single-leg stance were small and non-significant
(+1.2'5,95% CI [-2.03, 4.43], d = 0.25). Attendance averaged 88%, with no adverse events reported.

Conclusions. A 12-week yoga and EBRT program significantly improved muscular endurance, flexibility, and
mobility compared with regular training, with large effect sizes observed for upper-body endurance, flexibility,

and dynamic agility. These findings support the use of combined yoga and elastic-band protocols as a practical
conditioning option for young tennis athletes. Further studies should integrate tennis-specific performance metrics to

confirm sport transferability.
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Introduction

Participation in sports and physical activity extends
far beyond physical training; it serves as a vital driver of
holistic growth, enhancing not only physical fitness but also
psychological health and overall well-being (Choudhary &
Dubey, 2024; Choudhary et al., 2024). Tennis is a physically
demanding sport that places high and varied demands on
the musculoskeletal and neuromuscular systems, requiring
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repeated explosive actions, rapid change-of-direction,
unilateral stability, and reliable recovery between high-
intensity efforts (Fernandez-Fernandez et al., 2013; Koya et
al., 2022). Tennis performance requires a unique blend of
explosive strength, endurance, flexibility, and repeated high-
intensity efforts (Kovacs, 2006), underscoring the relevance
of conditioning programs that target multiple functional
domains. Conditioning programs for tennis, therefore,
commonly combine strength, power, plyometric, and
neuromuscular training to optimise on-court performance
and reduce injury risk (Guo, 2024; Ramirez-Campillo et
al., 2023). However, practical constraints (time, equipment
availability, and athlete schedules) and the need to preserve
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movement quality have driven interest in hybrid, low-cost
modalities such as elastic-band resistance and mind-body
practices (e.g., yoga) that can be integrated into athletes’
routines while targeting complementary physiological
and sensorimotor systems (Lopes et al., 2019; Hernandez-
Martinez, 2024). Recent intervention studies have
demonstrated that integrated conditioning approaches can
meaningfully enhance tennis-related capacities such as skill,
agility, strength, and balance. For instance, Bangari et al.
(2025) reported significant improvements in tennis skills,
agility, strength, and balance following a 12-week integrated
core and plyometric program in adolescent players. Parallel
evidence shows that high-intensity interval training elicits
substantial performance gains in adolescent tennis athletes
(Choudhary & Choudhary, 2025), whilea 12-week structured
yoga intervention produced notable improvements in
flexibility, balance, and joint kinematics in university athletes
(Choudhary, S., et al.,, 2025). Shorter yoga-based protocols,
such as a six-week Surya Namaskar program, have also been
shown to enhance back flexibility and lumbar flexion in
young females (Dubey & Choudhary, 2024), supporting the
inclusion of yoga-derived mobility work within multimodal
conditioning for tennis. Recent perspectives highlight yoga’s
neurophysiological benefits and its potential role in clinical
neurology, supporting the idea that mind-body practices can
produce central nervous system adaptations beneficial for
motor control and sensorimotor integration (Choudhary &
Choudhary, 2025).

Yoga and elastic-band resistance each have a growing
evidence base for improving functional fitness components
relevant to sport. Yoga interventions have been shown to
increase joint range of motion, balance, and movement
control in athletic and non-athletic populations (Amin
& Goodman, 2014; Gothe & McAuley, 2016; Polsgrove et
al,, 2016), and athlete-targeted trials report improvements
in flexibility and postural stability after short to moderate
training blocks (Polsgrove et al., 2016). Elastic-band
resistance training (EBRT) produces strength gains
comparable to conventional resistance training, while
offering low equipment cost, portability, and high exercise
specificity when arranged in functional, multiplanar patterns
(Lopes et al., 2019; Hernandez-Martinez, 2024). Elastic
resistance bands have been shown to acutely enhance jump
performance via post-activation potentiation, highlighting
their capacity to improve explosive neuromuscular function
(Chaware & Lum, 2024). Importantly, combinations of
yoga and elastic-band exercise have been trialled in clinical
and older-adult samples with positive effects on mobility,
balance, and functional capacity, supporting the face validity
of coupling these modalities for broader populations (Akbar
et al., 2022; Buttichak et al., 2023). From a mechanistic
standpoint, combined yoga + EBRT is plausibly suited to
address both peripheral and central contributors to tennis
performance. Peripheral adaptations include improvements
in musculotendinous extensibility and joint range of motion
through sustained stretch and soft-tissue remodelling,
which support larger and more efficient movement arcs
(Amin & Goodman, 2014; Polsgrove et al., 2016). EBRT
offers progressive overload to muscular and tendinous
structures in sport-specific directions (e.g., resisted rows,
lateral lunges, rotational chops), translating to improved
force production and muscular endurance relevant to

serving and repeated groundstrokes (Lopes et al., 2019;
Fernandez-Fernandez et al., 2013). Central adaptations
include enhanced neural drive, motor unit recruitment,
and inter-muscular coordination that appear early in
resistance programs and underpin rapid gains in strength
and power (Aagaard, 2003). In parallel, the attentional
and sensorimotor training elements of yoga are associated
with improved proprioception and movement consistency,
possibly augmenting motor learning and movement
economy when paired with resistance stimuli (Cotman et
al., 2007; Lim, 2019). Evidence from tennis-specific and
athlete-focused research supports the transfer potential
of multimodal programs. Short-term tennis conditioning
that combined elastic resistance, medicine-ball work, and
core training produced measurable increases in serve
velocity in juniors (Fernandez-Fernandez et al., 2013), and
resisted sprint interventions improved acceleration and
horizontal power in young tennis players (Moya-Ramon
et al., 2020). Systematic reviews and recent meta-analyses
of neuromuscular training indicate significant benefits for
serve speed, sprint, and change-of-direction performance,
and muscular strength when balance, plyometric, and
resistance components are combined (Zhou et al., 2025;
Deng et al., 2025). Thus, a hybrid program that mixes yoga’s
mobility and balance emphasis with EBRT’s progressive,
sport-specific overload is theoretically capable of producing
both the physical capacitiesand motor controlimprovements
that are meaningful for tennis performance.

Balance and proprioception are particularly important
in tennis because the sport demands rapid transitions from
dynamic movement to stable stroke platforms and frequent
unilateral loading (Jacquier-Bret et al., 2024). Contemporary
reviews demonstrate that targeted proprioceptive and
sensorimotor training produce robust improvements in
balance, postural control, and explosive strength across
athletic cohorts (Winter, 2022; Yilmaz, 2024; Sluga & Kozinc,
2024). These adaptations reduce movement variability,
speed reactive stabilisation, and likely contribute to injury
risk reduction when implemented alongside strength work
(Winter, 2022; Sluga et al., 2024). Therefore, integrating
balance-centric yoga poses (e.g., Tree, Warrior III) and
unilateral EBRT progressions (e.g., single-leg Romanian
deadlifts, lateral band walks) creates a coherent training
stimulus for tennis athletes.

Despite promising theoretical and empirical
foundations, gaps remain. Much of the prior work on
yoga + band combinations has been conducted in older
or clinical populations (Akbar et al., 2022; Muangritdech,
2023), leaving a relative paucity of randomised, sport-
specific trials in young competitive athletes. Similarly, while
elastic resistance and neuromuscular training are supported
individually by systematic reviews and meta-analyses (Lopes
et al, 2019; Ma, 2025; Rong, 2025), clear evidence on the
dose, progression, and periodisation of combined yoga +
EBRT programs for maximal transfer to tennis performance
is limited. Additionally, many tennis conditioning studies
focus narrowly on isolated outcomes (e.g., serve speed),
whereas coaches require evidence that interventions improve
a constellation of functional qualities (strength, flexibility,
balance) that together underpin court performance and
injury resilience (Fernandez-Fernandez et al., 2013; Koya
etal., 2022).
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While previous research has shown that yoga can
improve flexibility and balance (Dubey & Choudhary, 2024)
and that elastic-band resistance training effectively develops
muscular strength (Lopes et al., 2019; Choudhary et al., 2025;
Herndndez-Martinez et al., 2024), there is limited evidence
on their combined effects in competitive sport contexts. Most
yoga + resistance interventions have been applied to older
or clinical populations (Muangritdech et al., 2023), while
tennis-specific conditioning studies have primarily focused
on isolated modalities such as plyometrics, high-intensity
interval training, or traditional strength training (Bangari et
al., 2025; Choudhary et al., 2025). Thus, it remains unclear
whether integrating yoga with elastic-band resistance can
yield complementary neuromuscular, flexibility, and balance
adaptations in young, competitive tennis athletes.

Although both yoga and elastic-band resistance training
have independently demonstrated positive effects on flex-
ibility, balance, muscular strength, and overall functional
fitness, the majority of combined interventions have been
tested primarily in clinical or elderly populations (Akbar et
al., 2022; Muangritdech et al., 2023; Jangphonak et al., 2025).
These studies consistently report improvements in mobility,
joint stability, and quality of life, but they provide limited
insight into the transferability of such programs to young,
competitive athletes engaged in high-intensity, sport-specif-
ic training. Previous research has demonstrated that a yoga
combined elastic band program can significantly improve
balance and functional fitness in older adults (Jangphonak et
al,, 2025). However, evidence in competitive young athletes
remains scarce. To date, evidence on yoga combined with
resistance band training in athletic contexts remains scarce,
and randomised controlled trials (RCTs) in tennis players
are virtually nonexistent. This gap highlights the need to in-
vestigate whether the synergistic benefits observed in clini-
cal samples can extend to sports populations where explo-
siveness, endurance, and balance are critical to performance.

Equally important are the practical considerations
faced by coaches and athletes. Traditional resistance
training often requires access to gyms, heavy equipment,
and structured supervision, which may not always be

feasible in resource-limited tennis academies or during
travel for tournaments. In contrast, elastic-band resistance
training and yoga are cost-effective, portable, and highly
adaptable methods that can be implemented with minimal
equipment. When integrated, they provide both peripheral
benefits (musculoskeletal strength, extensibility) and central
adaptations (neuromuscular coordination, proprioceptive
control). This makes the hybrid program not only
scientifically promising but also practically viable, offering
coaches a conditioning approach that supports performance
while reducing logistical barriers.

Therefore, the present study aimed to evaluate the effects
of a 12-week structured yoga combined with an elastic-band
resistance training program on functional performance,
muscular endurance, flexibility, balance, and mobility among
intermediate-level male tennis athletes compared with a con-
trol group engaged in regular training. It was hypothesised
that the intervention group would demonstrate significantly
greater improvements across all outcomes, with particularly
pronounced gains in flexibility and balance due to the syner-
gistic effects of yoga and proprioceptive resistance.

Materials and Methods

Study Design

This study employed a two-arm, parallel-group
randomised controlled trial (RCT) design with repeated
measures at three time points: baseline (T0), mid-test at
week six (T1), and post-test at week twelve (T2) to examine
the effects of a yoga combined elastic band training program
on functional performance and balance among competitive
young tennis athletes. Participants were randomly assigned
in a I1:1 allocation ratio using computer-generated
randomisation, with 17 athletes allocated to the experimental
group and 17 to the control group. The intervention group
received the structured training protocol, whereas the
control group continued with their regular tennis training
routines (table 1). To minimise bias, both outcome assessors
and data analysts were blinded to group allocation.

Table 1. Yoga + Elastic Band Training Protocol (12 Weeks, Experimental Group)

Week Warm-.Up (10 Elastic Band Training (Sets x Reps, Tempo, Yoga Poses. (Sets x Hold Cool-Down (10 min)
min) Band Colour) Time)

1-2 Light jog, Squats (2x12, yellow), Lateral walks (2x8, Tree (2x20s), Forward bend  Static stretches,
mobility drills yellow), Rows (2x10, red) (2%20s) breathing

3-4 Skipping, side Squats (3x10, red), Push press (2x10, red), RDL ~ Warrior II (2x30s), Knee-to- Spinal twists, stretches
shuffles (2x8, red) chest (2x20s)

5-6 Ladder drills, Single-leg squats (3x8, green), Hip thrusts Pigeon (2x20s), Tree with Guided breathing, long
lunges (3x10, green), Rows (3x10, green) band (2x25s) stretches

7-8 High knees, Lateral lunges (3x10, green), Overhead press Warrior III (2x25s), Cow Yoga Nidra, stretches
planks (3x10, green), Face pulls (3x12, green) face (2x25s)

9-10 Skipping + agility Single-leg RDL (3%8, blue), Band squat jumps Balance flow (Tree > Hamstring/hip stretches
cones (3%8, blue), Resisted push-ups (3x10, blue) Warrior III)

11-12  Sport-specific Resisted sprints (4x15m, blue), Rotational chops Combined sequence (Tree, = Dead Body Pose, static

footwork (3x8, blue), Rows (3x10, blue)

Warrior II, Leg lift) (2x30s  stretches

each)

Notes: Tempo = 2s concentric, 1s pause, 2s eccentric; RPE = 6-8/10 depending on week; band colors increased progressively (yellow >

blue). Yoga pose holds increased from 20 to 40s over 12 weeks.

1360



Choudhary, P. K., Choudhary, S., Wulandari, I., & Saha, S. (2025). Analyzing the Effects of a 12-Week Yoga and Elastic-Band Resistance
Training Program on Functional Fitness in Intermediate-Level Male Tennis Athletes: A Randomised Controlled Trial

Enroliment Assessed for eligibility (n= 38)

Excluded (n=4)
+ Not meeting inclusion criteria (n= 4)

+ Declined to participate (n= 0)
+ Other reasons (n=0)

Randomized (n= 34)

l {___ Allocation ,l l
Allocated to intervention (n=17)
+ Received allocated intervention (n=17)
+ Did not receive allocated intervention (give Allocated to control group (n=17)
reasons) (n=0)
l Follow-Up l
Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)

l Testing Points l

Testing Points

Testing Points

Baseline (TO), Mid (T1), Post-Test (T2)

l ) |

Analysed (n= 17)
+ Excluded from analysis (give reasons) (n=0)

Baseline (TO), Mid (T1), Post-Test (T2)

Analysed (n=17)
+ Excluded from analysis (give reasons) (n=0)

Fig. 1. CONSORT flow diagram of participant recruitment,
allocation, follow-up, and analysis

Participants

A total of thirty-four male tennis athletes classified in
the Eclipse category, aged between 18 and 23 years, were
recruited for the study. Inclusion criteria required athletes to
be male, within the specified age range, and to demonstrate
an intermediate playing level. The intermediate level was
operationally defined as engaging in regular tennis training
three to six times per week, sustaining practice sessions
of 60-90 minutes, and demonstrating fundamental tennis
competencies such as consistent groundstrokes, reliable
serving ability, and verified match experience as confirmed
by both the coach and athlete.

Table 2. Demographic characteristics of participants

Control  Experimental
. Group Group  Total (N = 34)
Rzl (n=17) (n=17) M+SD
M+ SD M + SD
Age (years) 20215 204+1.6 203+15
Height (cm) 176.8+62  177.3+59  177.0 6.0
Weight (kg) 69.5+78  702+81  69.8+7.9
BMI (kg/m?) 21419  224+20 222419
Playing experience (| 4 64415 6.3+ 1.4
(years)
Weelly training 41+0.8 43409 42+0.8

frequency (sessions)

All participants were medically cleared for exercise,
provided written informed consent, and committed to
attending at least 80% of the scheduled training sessions.

Ethics Consideration

The study was conducted in accordance with the
principles of the Declaration of Helsinki. It was approved
by a local ethics committee, and written informed consent
was obtained from all participants before data collection..
All procedures were non-invasive, posed minimal risk to
participants, and involved standard training and fitness
assessments commonly used in sport science research. All
participants were fully informed about the study objectives,
procedures, potential risks, and benefits,and provided written
informed consent before participation. Confidentiality and
anonymity were strictly maintained throughout the study.

Exclusion Criteria

Exclusion criteria included any current musculoskeletal
injuries that could impair training or performance, diagnosed
cardiovascular, respiratory, or neurological disorders that
contraindicate moderate-intensity exercise, current or recent
use of performance-enhancing substances, and concurrent
participation in other structured training interventions that
could confound the study outcomes. These criteria were
implemented to ensure homogeneity in playing level and to
minimise extraneous variability that could bias the results.

Sample Size and Power Analysis

The final sample size of thirty-four athletes was primarily
determined by practical considerations of athlete availability;
however, it was cross-validated against established statistical
power requirements. According to Cohen’s power analysis
framework, using G*Power software for a repeated-measures
ANOVA with a within-between interaction, an alpha level of
0.05, a statistical power of 0.80, and a medium effect size
(f = 0.25), the recommended sample size is approximately
34-40 participants. Therefore, the inclusion of 34 athletes
in this study was considered adequate to achieve sufficient
statistical power for detecting meaningful changes while
maintaining a feasible recruitment target within the specific
population of young competitive tennis athletes.

Intervention Fidelity

To ensure consistency and accuracy in the delivery of
the training program, all yoga and elastic-band sessions were
supervised by certified instructors with expertise in strength
and conditioning and yoga practice. Athlete attendance was
recorded, and participants were required to complete at least
80% of sessions to remain eligible for analysis. Instructors
provided live corrections to maintain proper exercise
technique, while research assistants monitored adherence
and documented any deviations. This process ensured that
the intervention was implemented as designed and reduced
the likelihood of performance bias.

Randomisation, Allocation Concealment, and Blinding

Participants were randomly assigned to either the
experimental group (yoga + elastic-band training) or the
control group (regular tennis training) using a computer-
generated random number sequence (1:1 allocation).
Allocation concealment was ensured through the use of
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sealed, opaque, sequentially numbered envelopes, which
were prepared by an independent researcher not involved in
participant recruitment or outcome assessment. To minimise
bias, outcome assessors and data analysts were blinded to
group assignments throughout the study. Assessors who
administered and recorded the functional fitness tests were
not informed of participant allocation, and raw data were
coded before statistical analysis to maintain objectivity.

Outcome Measures

The assessments were conducted following standardised
procedures established by Jones and Rikli (2013), which
provide validated field-based measures of functional
fitness commonly applied in exercise science research. The
following tests were selected for this study: All outcome
assessments were conducted at three time points: baseline
(T0), mid-test at week six (T1), and post-test at week twelve
(T2) using standardised and validated physical fitness tests
adapted from Rikli and Jones’ Senior Fitness Test battery.
Five primary measures were employed:

Chair Stand Test (lower-body strength): Participants
were instructed to stand up and sit down from a standard
chair as many times as possible in 30 seconds, with arms
crossed over the chest. The total number of repetitions was
recorded.

Arm Curl Test (upper-body strength): Using an
8-pound (3.6 kg) dumbbell, participants performed as many
bicep curls as possible within 30 seconds. The number of
completed repetitions was recorded.

Chair Sit-and-Reach Test (flexibility): Participants sat
on the edge of a chair with one leg extended and attempted
to reach toward their toes using both hands. The distance
between the fingertips and toes was measured in centimetres,
with positive values for overlap and negative values for
shortfall.

Single-Leg Stance Test (static balance): Participants
were timed while standing on one leg with arms at the side
and eyes open, until balance was lost or the foot touched the
floor. The best attempt was recorded in seconds.

Time Up-and-Go Test (dynamic balance and agility):
Participants were timed while standing from a chair, walking
three meters, turning, and returning to sit. The total time to
complete the task was measured in seconds.

All tests were administered by trained assessors
blinded to group allocation, and each participant was given
a familiarisation trial before data collection. To minimise
variability, testing was conducted at the same time of day (+1
hour) across all time points, and participants were instructed
to avoid strenuous exercise 24 hours before assessment.
The primary outcomes were changes in muscular strength,
flexibility, and balance across the three testing intervals.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA), with
the significance level set at p < 0.05. Descriptive statistics,
including mean and standard deviation (M + SD), were
calculated for all variables at each measurement point. Prior
to inferential analysis, the dataset was screened for missing
values, outliers, and entry errors. Assumptions of normality

were evaluated using the Shapiro-Wilk test along with visual
inspection of Q-Q plots, while homogeneity of variance
was assessed through Levene’s test. For repeated-measures
analyses, Mauchly’s test of sphericity was performed, and in
cases where sphericity was violated, the Greenhouse-Geisser
correction was applied.

To examine changes in performance over time and
differences between groups, a 2 (Group: Experimental vs.
Control) x 3 (Time: TO baseline, T1 mid-test, T2 post-test)
repeated-measures analysis of variance (RM-ANOVA)
was performed for each outcome measure (Arm Curl,
Chair Stand, Chair Sit-and-Reach, Single-Leg Stance, and
Time Up-and-Go). The analysis provided main effects for
time, main effects for group, and group x time interaction
effects. When significant interactions were observed, post
hoc pairwise comparisons with Bonferroni adjustments
were conducted to identify the source of differences across
time points within each group and between groups at each
measurement interval.

Effect sizes were reported as partial eta squared (n?,)
for the ANOVA outcomes, interpreted as small (0.01),
medium (0.06), or large (0.14). For post hoc comparisons,
Cohen’s d was calculated to quantify the magnitude of
between-group and within-group differences. In addition,
baseline equivalence between groups was examined using
independent-samples t-tests for continuous variables (age,
height, weight, BMI, and test scores) and chi-square tests
for categorical variables. Missing data were handled using a
complete-case approach if <5% of values were absent; if more
extensive missingness occurred, SPSS’s multiple imputation
procedure (Fully Conditional Specification) was applied,
and pooled results were reported.

Results

The present study evaluated the effects of a 12-week yoga
program combined with an elastic band training program
on functional performance outcomes in young male tennis
athletes. Descriptive statisticsare first presented to summarize
participant characteristics, followed by assumption checks to
ensure compliance with parametric test requirements. The
main findings are then reported from repeated-measures
ANOVA, highlighting group, time, and interaction effects.
Finally, detailed within-group comparisons with effect sizes
are provided to illustrate the magnitude of changes across
the intervention period.

Table 7 presents descriptive statistics and within-group
changes across baseline, mid-test, and post-test.The experi-
mental group showed consistent improvements in all out-
comes, with large gains in arm curl, chair stand, sit-and-
reach, single-leg stance, and reduced TUG times.

Control group values remained largely unchanged,
with negligible or negative changes across the 12 weeks.
Significant within-group improvements were evident only
in the intervention group (p < 0.001). These results confirm
the progressive and sustained benefits of yoga combined
with elastic-band resistance training.

Table 8 compares post-test outcomes between the
experimental and control groups with mean differences, 95%
confidence intervals, and effect sizes. The intervention group
outperformed controls in all measures, with large effects in
arm curl, sit-and-reach, and TUG time.
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Table 3. Shapiro-Wilk test for normality of outcome
measures

Table 4. Levene’s Test of Homogeneity of Variances for
outcome measures at baseline, mid-test, and post-test

Baseline Mid-Test Post-Test

Outcome Measure Group (TO) (p) (T1)(p) (T2)(p)
Arm Curl Test Control 0.214 0.311 0.268
Experimental  0.356 0.284 0.227
Chair Stand Test Control 0.189 0.241 0.198
Experimental  0.254 0.336 0.298
Chair Sit-and-Reach Control 0.227 0.302 0.310
Experimental  0.241 0.290 0.331
Single-Leg Stance ~ Control 0.218 0.254 0.279
Experimental  0.276 0.325 0.298
Time Up-and-Go  Control 0.243 0.289 0.301
Experimental  0.266 0.313 0.286

Note. Shapiro-Wilk tests indicated that all outcome measures
were normally distributed at baseline, mid-test, and post-test (p
> 0.05), satisfying the assumption of normality for parametric
analyses

Moderate improvements were seen in chair stand
repetitions, while single-leg stance showed small, non-
significant differences. Negative values for TUG mean
difference favour the experimental group, as lower times
indicate better performance. Overall, the between-
group analysis confirms the practical significance of the
intervention beyond statistical improvements.

Discussion

This 12-week yoga plus elastic-band program produced
consistent, meaningful improvements in functional
performance, upper- and lower-body muscular endurance,
flexibility, static and dynamic balance among intermediate

Table 5. Mauchly’s Test of Sphericity for Time (T0, T1, T2)

Outcome Measure  Time Point F-value p-value
Baseline (T0) 0.84 0.37
Arm Curl Test Mid-Test (T1) 0.92 0.34
Post-Test (T2) 1.12 0.29
Baseline (T0) 0.78 0.38
Chair Stand Test Mid-Test (T1) 0.91 0.34
Post-Test (T2) 1.03 0.31
Baseline (T0) 0.69 0.41
Chair Sit-and-Reach Mid-Test (T1) 0.87 0.36
Post-Test (T2) 1.08 0.30
Baseline (T0) 0.74 0.40
Single-Leg Stance ~ Mid-Test (T1) 0.96 0.33
Post-Test (T2) 1.15 0.28
Baseline (T0) 0.88 0.36
Time Up-and-Go ~ Mid-Test (T1) 1.02 0.31
Post-Test (T2) 1.09 0.29

Note. Levene’s Test for equality of variances indicated no
significant differences in variance between groups across all
outcome measures at baseline, mid-test, and post-test (p > 0.05)

male tennis athletes, while the control group (regular tennis
training) showed minimal change. These findings mirror
and extend the work of Jangphonak et al. (2025), who
reported significant gains in strength, flexibility, and balance
following a shorter (6-week) yoga + elastic-band program
in older adults. Translating those mechanisms to a younger,
sport-specific population helps explain why the experimental
group here exhibited larger improvements: the combined
regimen targets both peripheral tissue adaptations (flexibility,

Outcome Measure Mauchly’s W X’ (df=2) Sig. (p) Greenhouse-Geisser € Huynh-Feldt ¢
Arm Curl Test 0.920 3.40 0.18 0.96 0.98
Chair Stand Test 0.880 5.60 0.06 0.86 0.92
Chair Sit-and-Reach 0.750 16.20 <0.001 0.68 0.79
Single-Leg Stance 0.810 8.50 0.014 0.72 0.82
Time Up-and-Go 0.950 2.10 0.35 0.98 0.99

Note. Mauchly’s test evaluates the sphericity assumption for the within-subject factor (Time)

Table 6. Repeated-measures ANOVA results for time, group, and interaction effects across functional outcome measures

Outcome Measure Time Effect (E, p, n%,)

Group Effect (F, p, %))

Group x Time Interaction (F, p, n°,)

Arm Curl Test
Chair Stand Test
Chair Sit-and-Reach

F(2,64) = 18.4,p < 0.001, 0%, = 0.36
F(2,64) = 15.2, p < 0.001, n*, = 0.32
F(2,64) = 21.5, p < 0.001, n*, = 0.40
F(2,64) = 10.7, p < 0.001, 0%, = 0.25
F(2,64) = 12.9, p < 0.001, 0%, = 0.29

Single-Leg Stance
Time Up-and-Go

F(1,32) = 4.5, p = 0.041,1%, = 0.12
F(1,32) = 5.2, p = 0.029, n?, = 0.14
F(1,32) = 6.1, p = 0.019, %, = 0.16
F(1,32) = 3.8, p = 0.058, %, = 0.11
F(1,32) =4.9, p = 0.034, %, = 0.13

F(2,64) = 9.3, p < 0.001, 1%, = 0.22
F(2,64) = 8.1, p = 0.001, n2, = 0.20
F(2,64) = 11.5, p < 0.001, n%, = 0.26
F(2,64) = 6.4, p = 0.003, n, = 0.17
F(2,64) = 7.8, p = 0.001, n2, = 0.20

Note. All outcome measures demonstrated significant main effects of time (p < 0.001), indicating performance changes across the 12

weeks
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Table 7. Descriptive statistics and within-group changes

Outcome Measure Group B;[s:;:li (s'l;;)) Mhi/ﬂ; ;T:s; gf)l) P(;/s[:l:it éTDZ) ATO-T2  p (within)
Arm Curl (reps/30 s) Control 14.8 +3.5 15.0 + 3.6 15.1+34 +0.3 0.62
Experimental 152 +3.6 17.8 £3.7 19.3+£3.8 +4.1 <0.001
Chair Stand (reps/30 s) Control 142+ 3.6 14.0 + 3.5 13.9+34 -0.3 0.59
Experimental 143 +£39 155+4.0 16.2+4.1 +1.9 <0.001
Chair Sit-and-Reach (cm)t Control 1.2+6.0 1.1 +5.2 1.1 +5.1 -0.1 0.92
Experimental 1.5+2.7 49+3.6 7.3+4.0 +5.8 <0.001
Single-Leg Stance (s) Control 11.4+5.0 11.3+4.6 11.2+£4.5 -0.2 0.40
Experimental 10.4 £3.9 11.8+4.7 124 +5.1 +2.0 <0.001
Timed Up-and-Go (s) Control 8.8+0.6 9.0+0.7 8.9+0.7 +0.1 0.06
Experimental 89+0.7 8.3+0.6 7.9 +0.6 -1.0 <0.001

Descriptive statistics and within-group changes in functional performance outcomes across baseline (T0), mid-test (T1), and post-test
(T2). Values are mean + standard deviation (SD). A TO-T2 represents the net change from baseline to post-test. Positive values indicate
improvement, except for Timed Up-and-Go (TUG), where a negative change reflects better performance. Within-group significance (p)

and effect sizes (Cohen’s d) are reported

Table 8. Post-test (T2) between-group differences with 95% CIs and Cohen’s d

Test N (Exp) Mea;‘xi)SD N (Ctrl) M"(“C“tfl)SD (I‘Ig:;‘_‘ C’fg 95% CI (Diff) Cohemsd 95% CI (d)
Arm Curl (reps/30 s) 17 193 +£3.8 17 151+34 +4.2 +1.77 to +6.63 1.16 0.43to 1.89
Chair Stand (reps/30 s) 17 16.2+4.1 17 139+34 +2.3 -0.23 to +4.83 0.61 —-0.08 to 1.30
Chair Sit-and-Reach (cm) 17 7.3+4.0 17 1.1+5.1 +6.2 +3.12 to +9.28 1.35 0.60 to 2.10
Single-Leg Stance (s) 17 12451 17 11.2+£45 +1.2 -2.03to+4.43  0.25 -0.43 t0 0.93
Timed Up-and-Go (s)$ 17 7.9+0.6 17 8.9+£0.7 -1.0 -1.44t0-0.56 -1.53 -2.30to -0.76

Post-test (T2) between-group comparisons of functional performance outcomes following a 12-week yoga and elastic-band resistance
training program. Values are mean + standard deviation (SD). Mean difference (Exp-Ctrl), 95% confidence intervals (CI), and effect
sizes (Cohen’s d with 95% CI) are shown. Negative values for Timed Up-and-Go (TUG) indicate faster completion times and thus

superior performance in the experimental group

connective tissue compliance) and central neuromuscular
adaptations (motor unit recruitment, coordination) that are
especially relevant to athletic performance.

Improvements in flexibility in the present study are con-
sistent with prior yoga investigations demonstrating that
targeted asanas increase joint range of motion and muscle
extensibility (Amin & Goodman, 2014; Gothe & McAuley,
2016). The progressive stretching and sustained holds used
in our yoga sequences likely promoted increased tolerance to
stretch and viscoelastic changes in musculotendinous units
(Amin & Goodman, 2014). Greater hamstring and lumbar
flexibility (chair sit-and-reach improvements) can directly
benefit groundstrokes and court coverage by allowing larger,
more economical ranges of motion during dynamic lunges
and rotations, and they may reduce injury risk during high-
velocity movements (Gothe & McAuley, 2016; Nietal.,2014).
Given the high prevalence of overuse and musculoskeletal
injuries in tennis players, there is a need for conditioning
approaches that simultaneously improve performance and
reduce injury risk (Rodriguez-Gonzalez et al., 2024).

Elastic-band training produced clinically relevant
strength gains in both upper- and lower-body tests (arm
curl, chair stand) (Stojanovi¢ et al., 2021). Meta-analytic
evidence indicates elastic (band) resistance training yields

strength improvements comparable to conventional resis-
tance training across populations (Lopes et al., 2019). For
tennis athletes, band-based exercises produce functional,
multiplanar loading (rotational chops, resisted rows, single-
leg Romanian deadlifts) that transfers well to stroke produc-
tion and rapid court movements (Fernandez-Fernandez et
al,, 2013; Koya et al., 2022). The large effect sizes observed
in arm curl and chair stand measures in our experimental
group suggest elastic resistance served as an effective, low-
cost, joint-friendly stimulus to increase muscular endur-
ance and force capacity attributes linked to serve speed and
repeated explosive actions in tennis (Fernandez-Fernandez
et al,, 2013; Moya-Ramon et al., 2020).

Beyond peripheral changes, neuromuscular adaptations
help explain rapid performance gains. Early strength im-
provements, particularly over 6-12 weeks, are often medi-
ated by neural mechanisms including increased motor unit
recruitment, firing rate, synchronisation, and reduced an-
tagonist co-contraction (Aagaard, 2003; Aslam et al., 2025).
The combined modality in this study (yoga + band work +
proprioceptive balance tasks) likely augmented both feedfor-
ward and feedback motor control processes. Yoga's emphasis
on posture, balance, and mindful control complements resis-
tance work by enhancing proprioceptive acuity and intermus-
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cular coordination; systematic reviews of proprioceptive and
balance training document improvements in motor control,
reduced injury risk, and better sport-specific performance
(Winter et al., 2022; Yilmaz et al., 2024). The balance and agil-
ity improvements (single-leg stance and faster TUG scores)
are particularly meaningful for tennis, a sport characterised
by unilateral demands, sudden changes of direction, and rap-
id stabilisation after groundstrokes. The yoga balance poses
(Tree, Warrior III) combined with unilateral band-loading
likely challenged both ankle/hip strategies and trunk con-
trol, producing improved static and dynamic stability (Ergin
& Arslan, 2020). These results align with meta-analytic and
RCT evidence showing that balance and mind-body exer-
cises (yoga, tai chi) improve postural control and reduce fall
risk in clinical and older populations (Ni et al., 2014; Howe et
al., 2011), and more recent athlete-focused research confirms
proprioceptive training benefits rapid change-of-direction
and stability (Winter et al., 2022; Francavilla et al., 2025).
For tennis players, improved postural control translates into
better shot recovery, more stable stroke platforms, and po-
tentially fewer lower-limb injuries (Manojlovi¢ et al., 2020).

The cognitive and sensorimotor aspects of yoga breath
control, attentional focus, and slow controlled movement
likely contributed to enhanced motor planning and decreased
movement variability. Neurobiological work has repeatedly
shown that physical training stimulates neurotrophic factors
and improves sensorimotor integration, which supports
learning and coordination (Cotman et al., 2007). Thus,
pairing yoga’s mindfulness elements with dynamic resistance
exercises may foster both physical and central adaptations
necessary for fine-tuned athletic skills.

Importantly, the integrated program’s sport-specific pro-
gressions (weeks 9-12, emphasising resisted sprints and ro-
tational power) were intended to maximise transfer to tennis
performance. Evidence suggests that combining strength,
power, and neuromuscular training yields greater improve-
ments in explosive tasks (sprint, jump) than isolated mo-
dalities (Ma et al., 2025; Rong et al., 2025). While the present
investigation focused on functional fitness tests rather than
direct tennis performance metrics (e.g., serve velocity or
match statistics), previous studies show that improvements
in strength, rotational power, and balance relate positively
to serve speed and on-court explosive actions (Fernandez-
Fernandez et al., 2013; Koya et al., 2022). Future work should
therefore include tennis-specific outcomes (serve velocity,
sprint times, change-of-direction tests) to confirm transfer.

Study strengths include a randomised, parallel-group
design, sport-specific participant selection (Eclipse-
category intermediate male players), and rigorous repeated
measures across three time points: baseline, mid, and post,
which allowed us to capture trajectories of adaptation and
demonstrated that meaningful improvements continued
after mid-test. The use of widely validated field tests, Rikli
& Jones (2013)-derived measures, enhances reproducibility
and comparability with other studies, and the requirement
for 280% attendance preserved intervention fidelity.

The observed improvements in flexibility, balance, and
muscular endurance provide plausible pathways to on-court
performance. Increased hip and thoracolumbar range of
motion (Chair Sit-and-Reach) can facilitate greater trunk-
pelvis separation and elastic energy storage during the
serve’s cocking and acceleration phases, mechanics linked

to higher ball velocity (Jacquier-Bret & Gorce, 2024; Gorce
& Jacquier-Bret, 2024). Gains in single-leg stance reflect
better neuromuscular control at the ankle-knee-hip, which
underpins stable stroke platforms after split-steps and during
wide-base groundstrokes, thereby reducing compensatory
motions that dissipate force. Enhanced lower-body
endurance and repeated 30-s chair stands imply improved
force maintenance across points and games, contributing to
consistent first-step quickness and late-rally agility. Together,
yoga’s postural control and extensibility plus elastic-band
resistance’s multiplanar loading likely improved feedforward
stabilisation and segmental sequencing both prerequisites
for faster serves, sharper change-of-direction, and lower
cumulative joint stress.

Our findings align with Guo et al. (2024), who highlight
the need for integrated neuromuscular conditioning in
adolescent tennis, and extend Deng et al. (2025), showing
strength & conditioning interventions improve serve speed
by demonstrating parallel gains in flexibility and balance
capacities often omitted in serve-centric trials. They also
complement Zhou et al. (2025), where neuromuscular
training improved service velocity, sprint, and COD, by
providing randomised evidence that coupling mobility/
balance (yoga) with resistance (bands) produces large
effects across multiple functional domains. Compared
with device-dependent or lab-based protocols, our elastic-
band approach mirrors the practicality emphasised by
Hernandez-Martinez et al. (2024), for portable resistance in
field settings. Mechanistically, the present pattern of early-to-
mid block gains resonates with neural adaptation timelines
summarised by Aagaard (2003). To our knowledge, this is
among the first RCTs in competitive tennis players testing a
yoga + elastic-band hybrid, moving beyond single-modality
programs (e.g., plyometrics alone; Fernandez-Fernandez et
al,, 2013; Moya-Ramon et al.,, 2020) and addressing calls for
multimodal, low-cost interventions.

Stretching-induced flexibility gains are particularly
valuable in tennis, as they enhance tendon compliance and
reduce injury risk in high SSC movements (Witvrouw et
al., 2004). Developing muscular strength through heavy-
load and eccentric-based methods underpins power and
resilience (Suchomel et al., 2018), while tennis-specific
conditioning demands structured resistance programs to
sustain performance in the modern game (Reid & Schneik-
er, 2008). Resistance and plyometric training both benefit
youth athletes, with plyometrics effective pre-PHV and re-
sistance training more impactful around/post-PHV (Peitz et
al., 2018). Yoga interventions have shown improvements in
flexibility, vitality, and overall fitness (Noradechanunt et al.,
2017), and when combined with resistance elements, fur-
ther enhance balance and strength (Jangphonak et al., 2025).
Plyometric training also directly improves tennis serve ve-
locity without affecting precision (Behringer et al., 2013).
Finally, speed, power, and dominant-side strength strongly
correlate with competitive performance, highlighting the
need for balanced conditioning in youth players (Girard &
Millet, 2009).

Limitations and Future Directions

A key limitation of this study is the use of the Senior
Fitness Test (SFT) battery, which was originally validated
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for older adults. We selected these measures due to their
practicality, reproducibility, and minimal equipment
requirements, making them suitable for field-based
sport science interventions. Previous research has also
demonstrated that SFT components can detect meaningful
changes in flexibility, balance, and muscular endurance
among younger and athletic populations (Polsgrove et al.,
2016; Gothe & McAuley, 2016). Nonetheless, the SFT lacks
ecological specificity totennis. Future studies should therefore
complement functional assessments with athlete-validated,
tennis-specific measures, such as the countermovement jump
(CM]) for explosive lower-body power, the 5-0-5 change-
of-direction test for agility and footwork, radar-measured
serve speed as a direct sport performance outcome, short
sprints (10-20 m) for acceleration and first-step quickness,
and the Y-Balance Test for dynamic balance and injury-risk
profiling (Fernandez-Fernandez et al., 2013; Moya-Ramon
et al., 2020; Zhou et al., 2025). Integrating these outcomes
will provide a more comprehensive evaluation of training
effects, linking functional fitness improvements to direct
tennis performance indicators.

Practical Applications for Coaches and Practitioners

The full protocol requires only elastic bands, floor
space, and a mat. Sessions (=60 min) can be slotted 3x/
week in pre-season or 2x/week in-season as maintenance.
Start with foundational mobility and bilateral band patterns
(weeks 1-4), progress to unilateral and balance-challenging
sequences (weeks 5-8), and add tennis-specific rotational/
chop and band-assisted footwork (weeks 9-12). Minimal
equipment and easy transport make it feasible for academies
with limited budgets and for travel blocks. Use simple field
markers, a 30-s chair stand, a sit-and-reach, and a single-
leg stance to track adaptation and adjust band tension/hold
durations.

Pair mobility blocks before on-court sessions (move-
ment quality priming) and use band work on strength/con-
ditioning days to maintain load while limiting joint stress.
“The practical value of hybrid yoga-elastic band interven-
tions is reinforced by evidence emphasizing the benefits of
portable and low-cost training technologies in sports science
(Jaén-Carrillo et al., 2024).

Conclusion

The present randomised controlled trial demonstrated
that a 12-week yoga program combined with elastic-band
resistance training produced significant improvements
in muscular endurance, flexibility, and dynamic mobility
among intermediate-level male tennis athletes, compared
with regular training alone. Large effect sizes were observed
for arm curl repetitions, sit-and-reach flexibility, and
Timed Up-and-Go performance, while gains in chair stand
repetitions were moderate and improvements in single-leg
balance were small and not statistically significant. These
findings suggest that integrating yoga with elastic-band
training offers a practical, low-cost approach to enhance
selected domains of functional fitness relevant to tennis.
However, the absence of direct tennis-specific performance
metrics (e.g., serve velocity, sprint times, change-of-direction
ability) limits conclusions regarding sport-specific transfer.

Future research with larger and more diverse cohorts,
inclusion of female players, and the use of athlete-validated
outcome measures is recommended to confirm and extend

these findings.
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Appendix Table

Table A1. Comparison of Functional Fitness Tests with Tennis-Specific Alternatives

Functional Test Used Fitness Component Tennis-Specific Alternative Relevance to Tennis Performance

Chair Stand (30 s) Lower-body muscular Countermovement Jump (CMJ) Explosive power for serves, jumps, and
endurance rapid recovery steps

Arm Curl (30's) Upper-body muscular Serve speed (radar gun) Direct indicator of stroke power and
endurance effectiveness

Chair Sit-and-Reach Flexibility (hamstrings/ Hip and shoulder range of Greater reach in strokes, improved
lower back) motion (ROM) tests trunk rotation, reduced injury risk

Single-Leg Stance Static balance Y-Balance Test Dynamic balance, asymmetry

detection, injury prevention in
unilateral tennis movements

Timed Up-and-Go (TUG) Agility, mobility 5-0-5 Change of Direction Court coverage, first-step quickness,
(COD), 10-20 m sprint rapid directional changes

Note: Functional tests were chosen for their field-friendliness and reproducibility. Tennis-specific tests are recommended for future trials
to enhance ecological validity.

Table A2. Elastic-Band Resistance Calibration and Progression

Resistance at 100%  Resistance at 200% elongation

Band Color ozt () (kg) Weeks Applied Progression Notes
Yellow ~1.4 ~2.6 Weeks 1-2 Initial familiarisation, low-load adaptation
Red ~2.3 ~4.1 Weeks 3-4 Introduced moderate resistance, bilateral focus
Green ~3.2 ~5.7 Weeks 5-8 Transition to higher resistance, unilateral
balance emphasis
Blue ~4.5 ~8.0 Weeks 9-12  Peak training block, resisted sprints and

rotational power drills

Note: Resistance values approximate manufacturer calibration (TheraBand®, Hygenic Corp., USA). Band tension was increased
progressively to maintain target RPE 6-8/10.

AHanis BnnmvBy 12-TMXKHEBOI Nporpamv Norv Ta CUNoBMX
TPeHYBaHb 3 elaCTUMHUMN CTPIYKamMn Ha PYHKLiOHAJNIbHY
NiAroTOB/IEHICTb TEHICUCTIB-4ONOBIKiB cepeAHbOro piBHA
KBanidgikauii: PaHAoOMi30BaHe KOHTPOJ/IbOBaHe [AOC/NIAXKEeHHA

Ipamant Kymap Yoyarapi'*°®, Cyuimpasa Yoyprapi'**<?,
Inppi Bynangapi**“PE, Coxom Caxa'AcP

"HauionanpHuit iHCTUTYT BisndHOro BrxoBaHH: Jlakmmi6ai
*[lep>xaBHuit yHiBepcutet [Taganr

ABTOpCHKNMIT BKIAM: A — [U3aiiH ZOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 13 c., 8 Tab., 1 puc., 52 mxeperna.

Icropis muranns. Viora Ta cunosi TpenyBanns 3 enactiaaumu ctpiukamu (CTEC) € eKkoHOMIYHO eeKTUBHUMI MeTONaMu
noinueHHs $pisndHoI GyHKILIL, IpOoTe IXHIi CYKyITHMII BIVIMB Ha MOJIOAMX CIIOPTCMEHIB-TeHICHCTIB, sIKi 6epyTh y4acTh y 3MaraH-
HSIX, 3/IMIIAETHCSA HEJOCTATHDBO JOCTIKEHNIM.

Merta gocmigKeHHA. MeTa LIbOTO HOC/I/PKEHHS MOJIATaNa y BYBYeHHI BIMBY 12-TioxHeBoi mporpamu jtoru Ta CTEC Ha
¢dyHKIiOHAIBHY (Qi3NYHY MiIrOTOB/IEHICTD TEHICUCTIB-40/I0BIKIB cepeHbOro piBHA KBamigikaryil.

Marepianu ta Mmetogu. Tpuansts 4otvpu cioprcMenn (Bik 20.3 + 1.5 pokiB) 6y/10 pO3IO/iIEHO 32 METOZOM paH/OMisalii Ha
excriepuMeHTanbHy rpymy (itora + CTEC, n = 17) Ta KOHTpOIbHY IpyIy (pery/IspHi TpeHyBaHHA 3 TeHicy, n = 17). OLiHOBaHHA
(GYHKIIOHAJIBHMX Pe3y/IbTaTiB IPOBOAMIOCA Ha MOYATKY JOCTIIKEHH, Ha 6-My Ta 12-My TIKHI 3a JIOIIOMOTOI0 HACTYITHUX TeC-
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TiB: BCTaBaHHA 3i CTi/NbLIA i CilaHHA Ha3all, He BUKOPUCTOBYIOUM PYK, 3STMHAHHA PYK i3 MiiiioMOM Baru Ha 6illeIic, BUMipIoBaHH:A
THYYKOCTI IIIAXOM CHJIiHHA Ha CTUIBLI Ta CIHPOOM HOTATHYTICS PYKOIO IO TA/bIiB BUTATHYTOI HOI'M, CTOSHHSA Ha OfHIil HO31 Ta
tecty «Bcranb Ta iigu» (TUG). I3 3acTocyBaHHAM JUCHEPCiIHOTO aHasi3y 3 2 X 3 IOBTOPHUMM BUMipaMu OIiHIOBaIM eeKTH
IPYIM X 9acy, IPUIOMY po3mipu edexTy nosigommsmcs sk koedinient d Koena ra yactkosuii era-ksaapar (n°p) 3 95% poBi-
puumn intepBanamu (I1I).

PesynpraTn. BcTaHOB/IEHO 3HaYyIlli B3a€EMOJIl MDX IPYIOI0 Ta 9acoM i Bcix mokasHukis (p < 0.01). Ha erami mocrrecty
€KCIIepMMeHTa/IbHa IPyIla IPOJAEMOHCTPyBala Kpally Pe3y/lIbTaTMBHICTh MOPIBHAHO 3 KOHTPOIbHOIO IPYIIOI0 Y BUKOHAHHI TECTIB
Ha 3TMHAHH PYK i3 migitoMoM Baru Ha 6inernc (+4.2 mosropensst, 95% JI1 [1.77, 6.63], d = 1.16), BcTaBaHHs 3i CTI/NbIA 1 CifaHHs
Hasa/Jj, He BUKOPUCTOBYI0UM PyK (+2.3 moBTopenH:, 95% 1 [-0.23, 4.83], d = 0.61), cupinHs Ha CTiIbLI Ta CIPOOK JOTATHY TUCA
PYKOIO 10 ITa/IbIiB BUTATHYTOI HOTM (+6.2 cm, 95% I [3.12,9.28],d = 1.35) i TUG (-1.0 ¢, 95% J]I [-1.44, —0.56], d = —1.53). ITo-
JIIIIIEHHS B yTPUMAaHHI piIBHOBAry Ha OfHiil HO3i Oy HesHauHuMU i HeictoTHUMY (+1.2 ¢, 95% [I1 [-2.03, 4.43], d = 0.25). PiBeHb
BifiBiZyBaHOCTI CTaHOBUB B cepeiHbOMY 88%, TOOIYHNMX peak1iili He 3adikcoBaHO.

BucHoBku. 12-tmkHeBa mporpama itorn Ta CTEC 3HayHO HOKpaluia M A30By BUTPMBAICTh, THYYKICTh Ta PYXIMUBICTb,
HOPIBHIOOYM 3 PEry/IApPHUMI TPEHYBAHHAMU, IPUYOMY BeIUKi po3Mipn edeKTy CIoCTepirajncs s BUTPUBATIOCTI BEPXHbOI
YACTMHMU Ti/la, THYYKOCTi Ta JMHAMIYHOI CIIPUTHOCTI. 3a3HaueHi pe3y/nbTaTy HifTBEPKYIOTh JOLiIbHICTh BUKOPUCTAHHSA KOM-
6iHOBaHMX NIPOTOKOJIIB JIOTY Ta TPEHYBAHb 3 eTACTUYHVIMU CTPiYKaMI K MPAKTUYHOTO BapiaHTY MiATOTOBKY MOJIOLVIX CIIOPTC-
MeHiB-TeHicucTiB. ITofanpini gocmifkeHHA MOBMHHI BKIOYaTH CrenydivHi A1 TeHiCy MeTPUKM Pe3y/lTbTaTMBHOCTI 3 METOIO
HiTBEPKEHHSI CIIOPTUBHOI TpaHCpepaberbHOCTI.

KinrouoBi cnoBa: itora, cujIoBi TpeHyBaHHA 3 €aCTUYHVMIY CTPiYKaMM, CIOPTCMEHM-TeHicKCTH, QYHKIiOHa/IbHA MiATOTOB-
JIEHICTD, piBHOBAra, THY4IKiCTb.
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