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Abstract

Background. Adolescence is characterized by heightened trainability, yet approximately 18 % of young people

are overweight or obese. It has been noted that in five Yogyakarta futsal clubs, 37-51 % of U17 players show

BMI 2 25 kg:m?, potentially hampering performance.

Objectives. This study aimed to examine whether implementing an eight-week resistance-training programme
enhances 20-m sprint speed, lower-body strength, and explosive power in U17 futsal athletes, and whether body fat
change mediates these effects.

Materials and methods. Thirty 18-19-year-old male players completed periodised resistance sessions

that were conducted on a thrice-weekly basis. Body mass, BMI, body fat percentage (BF %), sprint time,
one-repetition-maximum leg press, and standing long-jump distance were measured in the pre-/post-intervention
phase. Paired-sample t-tests were used to assess within-group changes. Mediation models (PROCESS; 5,000
bootstraps) examined whether ABF % transmitted the influence of ABMI on performance.

Results. A substantial decrease was observed in body mass (-1.21 kg), BMI (-0.43 kg-m), and BF % (-1.48 %),
while sprint time (-0.95 s), leg-press strength (+11.9 kg), and jump distance (+11.8 cm) improved (all p <.001).
ABMI predicted ABF % (B = 5.38, p <.001). BF % partially mediated the BMI-sprint link (indirect effect = 3.52,
95 % CI [2.70, 4.47]), although a significant direct path persisted. Mediation was non-significant for strength and
power; BMI reduction showed no relation to strength change, yet retained a strong direct association with power
gains independent of BF %.

Conclusions. The findings of this study indicate that resistance training markedly improves neuromuscular
performance and body composition in youth futsal athletes. A lower BMI enhances sprint speed both directly and
through concurrent reductions in BF %, whereas adaptations in strength and power arise through mechanisms other
than adiposity. Training programmes should therefore combine neuromuscular loading with strategies for healthy
weight management to optimise youth futsal performance.

Keywords: anthropometric, resistance training, speed, strength, power, futsal.

Introduction sports, including futsal. Futsal is a high intensity discipline
that demands explosiveness, agility, and rapid acceleration
within a confined playing area. Meeting these demands
requires an optimal physical profile that supports dynamic
and efficient play (Barbero-Alvarez, Soto, Barbero-Alvarez,
& Granda-Vera, 2008; Yulvia Miftachurochmah, Tomoliyus,

In contemporary youth-athlete development, enhancing
key physical capacities — strength, speed, and explosive
power — has become a central objective across many

© Asmara, M., Prasetyo, Y., Suhartini, B., Pamungkas, G., & & ER, 2023; Milanovi¢ et al., 2011). Resistance training is

Shodig, B., 2025. widely recommended to build such capacity and has been

C PETM shown to improve muscular strength, explosive power, and
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sprint speed (Behringer, Vom Heede, Yue, & Mester, 2010;
Faigenbaum et al., 2009).

Physiologically, adolescence is considered a golden age
of trainability, marked by heightened adaptability to exercise
stimuli. Hormonal and neuromuscular changes during this
period accelerate training responses, making it strategically
advantageous for optimizing physical development (Lloyd
& Oliver, 2012; Malina, Rogol, Cumming, Coelho e Silva, &
Figueiredo, 2015). Recent evidence confirms that structured,
progressive resistance training programmes significantly
enhance adolescent performance indicators such as muscular
strength, sprint velocity, and jump height (Behm et al., 2017;
Dias et al., 2023; Vesci, Webster, Sich, & Marinko, 2017).
While biological maturation contributes to these gains, sport
specific neuromuscular adaptations elicited by targeted
training also play a decisive role. A parallel challenge has
emerged with the global rise in adolescent overweight and
obesity. Zhang et al. (2024) reported that approximately
18 % of individuals aged 5-19 years are overweight or obese,
with faster growth rates in developing nations, including
Indonesia. Preliminary observations in five futsal clubs
within the Special Region of Yogyakarta indicated that
37-51 % of U20 players recorded a body mass index (BMI)
> 25 kg-m, suggesting excess body mass that may hinder
optimal on court performance.

Body composition variables — particularly fat mass and
fat free mass — are closely linked to athletic performance.
In adult cohorts, excess body mass, especially elevated fat
mass, increases mechanical load, reduces sprint efliciency,
slows change of direction ability, and impairs acceleration
(Bishop et al., 2007). Conversely, recent intervention studies
demonstrate that reducing fat percentage can promote
muscle mass accretion even within short training periods
(Liu, Li, Lu, & Zhu, 2024). Relative increases in muscle mass
further support improvements in strength and explosive
power. Hence, programmes that favourably modify
body composition are crucial for youth-performance
enhancement.

Growing evidence underscores resistance training as
a dual purpose intervention that simultaneously amplifies
neuromuscular function (increasing strength, power, and
speed) and remodels body composition (Behm et al., 2017;
Lesinski, Prieske, & Granacher, 2016; Y Miftachurochmah,
Sukamti, Arjuna, & Pamungkas, 2023). Yet few studies have
examined whether anthropometric improvements actually
mediate the link between resistance training and perfor-
mance gains in late adolescent futsal athletes. Resolving this
mechanism has immediate practical value for coaches de-
signing evidence based programmes and tailoring work-
loads to players with sub optimal BMI or fat mass profiles.
Accordingly, the present study investigated the effects of a 8
week resistance training programme on sprint speed, lower
body strength, and explosive power in U20 futsal athletes.
Crucially, it tested whether reductions in BMI and body fat
percentage mediate the training performance relationship,
thereby clarifying the pathways through which resistance
training enhances on court readiness in this age group.

Materials and Methods

This study employed a quasi-experimental design
with a pre-test and post-test approach conducted over an

eight-week period. The primary objective was to examine
the mediating role of anthropometric improvements in the
effects of resistance training on speed, strength, and explosive
power among U20 futsal athletes. The intervention consisted
of a structured resistance training program. Pre- and post-
intervention assessments were conducted to evaluate changes
in anthropometric parameters and physical performance
outcomes. This research was approved by the Research Ethics
Committee of Universitas Negeri Yogyakarta, registration
number: T/36.1/UN34.9/KP.06.07/2024.

Study Participants

A total of 30 male futsal athletes aged 18-19 years
participated in this study. Participants were recruited from
five futsal clubs located in the Special Region of Yogyakarta,
Indonesia. The inclusion criteria were as follows: (1) active
participation in futsal training for at least one year, (2) no
history of musculoskeletal injury within the past six months,
and (3) a body mass index (BMI) between 25.1 and 29.9
at baseline assessment. The exclusion criteria included:
(1) any medical condition contraindicating participation
in resistance training, and (2) noncompliance with at least
80% of the scheduled training sessions. Written informed
consent was obtained from all participants and their legal
guardians prior to enrollment in the study.

Experimental Design

Priortotheintervention, participantsunderwentbaseline
assessmentsthatincludedanthropometricmeasurementsand
physical performance tests. Anthropometric measurements
were conducted first, followed by performance testing, with
sufficient rest intervals between tests to minimize fatigue.
All assessments were standardized and administered by the
same team of evaluators to ensure consistency and reliability
of the results. Following the initial assessment, participants
engaged in a structured resistance training program for
eight weeks while continuing their regular futsal training
schedules. The resistance training sessions were conducted
three times per week, with a minimum of 48 hours between
sessions. Each session lasted approximately 60 minutes,
consisting of 5-10 minutes of dynamic warm-up, 40-
50 minutes of resistance training, and 5-10 minutes of cool-
down. The program followed the principle of progressive
overload, starting at moderate intensity (60% of one-
repetition maximum, 1RM) and gradually progressing to
high intensity (up to 80% of 1RM) in the final weeks. The
resistance training exercises included both upper- and lower-
body dominant movements, as detailed below outlining the
training program. Participant attendance was recorded,
and inclusion in the final analysis required participation
in at least 80% of the training sessions. At the end of the
intervention period, post-test assessments identical to the
baseline evaluations were conducted to determine changes
in anthropometric and physical performance variables.

Testing Procedure

Anthropometric measurements included assessments
of body mass and height. Height was measured using a
stadiometer with participants barefoot. Body mass index
(BMI) and body fat percentage (BF) were estimated using a
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bioelectrical impedance analyzer (Omron HBF 375, Tokyo,
Japan), following standard pre-test conditions such as fasting
and hydration control.

Physical performance testing was conducted to assess
sprint speed, lower-body strength, and lower-body explosive
power. Sprint speed was evaluated using a 20-meter sprint test,
with timing recorded by three stopwatch operators. Each par-
ticipant performed two sprint trials, and the fastest time was
recorded as the final result. Lower-body strength was assessed
using a one-repetition maximum (1RM) test on a leg press
machine (Technogym), in accordance with standard maximal
strength testing guidelines (Baechle & Earle, 2008). Following
awarm-up, participants performed incremental lifts until they
reached the maximum load they could lift once with proper
technique. Lower-body explosive power was measured using
the long broad jump test to assess horizontal jumping ability.
Each participant completed three maximal-effort jumps, and
the best distance achieved was recorded as the final result.

Statistical Analysis

Descriptive statistics were calculated for all variables
and are presented as means and standard deviations. The
normality of data distribution was assessed using the
Shapiro-Wilk test. Paired-sample t-tests were conducted
to analyze changes in anthropometric and physical
performance variables between pre- and post-intervention
measurements.

Furthermore, to examine the mediating role of
anthropometric improvements (i.e., changes in BMI and
body fat percentage) in the relationship between resistance
training and improvements in sprint speed, muscular
strength, and explosive power, a mediation analysis was
performed using the PROCESS macro for SPSS (Model
4) developed by Hayes (2013). The significance of indirect
effects was evaluated using a bootstrapping procedure
with 5,000 resamples, and 95 % bias-corrected confidence
intervals (CIs) were reported. Indirect effects were considered
significant if the confidence interval did not include zero.
The level of statistical significance for all analyses was set
at p < .05. All statistical analyses were performed using

IBM SPSS Statistics for Windows, Version 27.0 (IBM Corp.,
Armonk, NY, USA).

Results

Table 1 presents the descriptive statistics—including
minimum, maximum, mean, and standard deviation—for
each measured variable at both pre-test and post-test phases.
The results show consistent trends reflecting the effectiveness
of the resistance training intervention.

In terms of sprint performance, the average time for the
20-meter sprint decreased from 5.57 seconds (SD = 0.78) at
pre-test to 4.62 seconds (SD = 0.89) at post-test, indicating
improved speed. Leg strength, as measured by the leg dyna-
mometer, increased from a pre-test mean of 110.08 kg (SD =
3.91) to 122.00 kg (SD = 5.31) at post-test. Similarly, explo-
sive power — assessed via the long broad jump — increased
from 180.27 cm (SD = 13.89) to 192.10 cm (SD=13.65).
Anthropometric measures also showed favorable changes.
Body weight decreased from a mean of 73.07 kg (SD = 3.10)
at pre-test to 71.86 kg (SD = 3.10) at post-test. Body mass
index (BMI) decreased from 25.95 (SD = 0.65) to 25.52
(SD=0.63), and body fat percentage declined from 26.97 %
(SD =0.81) to 25.49 % (SD = 0.86), indicating improvements
in body composition following the intervention. Overall,
these descriptive results reflect consistent improvements
across both anthropometric and performance variables from
pre- to post-intervention, supporting the effectiveness of the
resistance training program. However, to statistically verify
the effects of resistance training on these variables, further
analysis using paired sample t-tests is required.

To fulfill the assumptions of the paired t-test, a normality
test was conducted. The Shapiro-Wilk test was selected due
to the sample size being fewer than 50 participants. The
test was applied to all dependent variables at both pre-test
and post-test stages. The results indicated that all p-values
exceeded the significance threshold of .05, suggesting that
none of the variables violated the assumption of normality.
Detailed results of the normality test are presented in Table 2.

The results show that for the 20-meter sprint, the
Shapiro-Wilk test indicated no significant deviation from

Table 1. Summary of Pre- and Post-Test Descriptive Statistics for All Study Variables

Variable MIN Max Mean SD
Pre-Test 4.40 7.00 5.57 0.78
20 m Sprint
Post-Test 3.13 6.13 4.62 0.89
Pre-Test 102.50 117.50 110.08 391
Performance Ability =~ Leg Dynamometer
Post-Test 115.00 135.00 122.00 5.31
Pre-Test 159.00 210.00 180.26 13.89
Long Broad Jump
Post-Test 170.00 220.00 192.10 13.65
Pre-Test 65.00 78.00 73.07 3.095
Body Weight
Post-Test 64.00 76.80 71.86 3.104
Pre-Test 25.04 27.51 25.95 0.65
Antropometric BMI
Post-Test 24.53 26.92 25.52 0.63
Pre-Test 25.50 28.90 26.97 0.81
Body Fat
Post-Test 23.60 26.90 25.49 0.86
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normality at either the pre-test (W = 0.950, p = .165) or post-
test (W =0.979, p=.810). Similarly, leg strength, as measured
by the leg press machine, was normally distributed (p=.108
at pre-test and p =.072 at post-test). Long broad jump scores

Table 2. Results of the Shapiro-Wilk Normality Test for All
Measured Variables

Variable X w df P
Pre-Test 0.950 30 0.165
20m Sprint
Post-Test  0.979 30 0.810
Performance Leg Pre-Test 0943 30 0.108
Ability Dynamometer  Post-Test  0.936 30 0.072
Long Broad Pre-Test 0.961 30 0.330
Jump Post-Test  0.959 30 0.284
Pre-Test 0.956 30 0.242
BMI
Post-Test 0.970 30 0.531
Antropometric
Pre-Test 0.987 30 0.972
Body Fat
Post-Test 0.977 30 0.744

also conformed to a normal distribution (p =.330 for pre-test
and p =.284 for post-test). For the anthropometric measures,
BMI values showed no significant deviation from normality
(p = .242 for pre-test and p = .531 for post-test), and body
fat percentage demonstrated strong normality at both time
points (p =.972 for pre-test and p =.744 for post-test). These
results support the use of parametric statistical procedures,
such as paired sample t-tests, in subsequent analyses.

To evaluate the effectiveness of the resistance training
intervention on anthropometric and performance outcomes,
a series of paired sample t-tests were conducted to compare
pre-test and post-test values across six key variables: body
weight (BB), body mass index (BMI), body fat percentage
(BF), 20-meter sprint time, leg press strength (LP), and
long broad jump distance (LBJ). All difference scores were
calculated as the mean difference between pre-test and post-
test values (i.e., pre-test minus post-test), where positive
values reflectareduction (e.g., in body weight, BMI, and body
fat percentage), and negative values indicate improvement in
variables where higher post-test scores are desirable (e.g.,
strength and power). An exception applies to sprint time,
where a positive value still represents improvement, as it

Tabel 3. Results of Paired t-Tests on Pre- and Post-Intervention Outcomes

Pre-test Mean Post-test Mean Mean

95% CI of

Variable Pair (SD) (SD) Difference d P Difference Soisaes
BW (kg) 73.07 (3.10)  71.86 (3.10) 1.21 25.32 29 <0.001 [1.11,1.31] 4.62
BMI 25.95(0.65)  25.52 (0.63) 0.43 24.27 29 <0.001 [0.39, 0.47] 4.56
BF (%) 26.97 (0.82)  25.49 (0.86) 1.48 14.72 29 <0.001 [1.27,1.68] 2.69
Sprint (sec) 557 (0.78)  4.62(0.82) 0.95 10.81 29 <0.001 [0.77, 1.13] 1.97
Leg Press (kg) 110.08 (3.91)  122.00 (5.31) -11.92 -18.25 29 <0.001 [-13.25,-10.58] -3.33
LBJ (cm) 180.27 (13.89) 192.10 (13.65)  -11.83 -19.57 29 <0.001 [-13.07, -10.60] 357

Table 4. Mediating Role of Body Fat in the Relationship Between BMI and Physical Performance Outcomes

Outcome Mediation Path B (Raw) B (Std.) SE P 95% CI (LLCI, ULCI)

ABMI - BF (a path) 5.3776 0.9513 0.3292 <0.001 [4.7033, 6.0520]
ABody Fat > ASprint (b path) 0.6537 0.7474 0.0490 <0.001 [0.5532, 0.7541]

Speed ABMI - ASprint (Direct effect ¢’) 1.2754 0.2580 0.2767 <0.001 [0.7076, 1.8433]
Indirect Effect (a x b) 3.5152 0.7110 0.4491* - [2.7043, 4.4704] 1
Total Effect of ABMI on ASprint 4.7907 0.9690 0.2309 <0.001 [4.3176, 5.2637]
ABMI > ABF (a path) 5.38 0.951 0.33 <0.001 [4.70, 6.05]
ABF » AStrength (b path) 3.79 0.582 3.94 0.344 [-4.28, 11.87]

Strength  ABMI > AStrength (Direct effect) -13.94 -0.379 22.25 0.536 [-59.59, 31.71]
Indirect effect (a x b) 20.39 0.554 20.20% - [-19.31, 60.94]
Total Effect of ABMI on AStrength 6.4528 0.1753 6.8472 0.354 [-7.5734, 20.4791]
ABMI > ABF (a path) 5.38 0.951 0.33 <0.001 [4.70, 6.05]
ABF > APower (b path) -0.06 ~0.011 0.84 0.940 [-1.80, 1.60]

Power ABMI - APower (Direct effect) -32.87 -0.964 4.77 <0.001 [-42.65, -23.08]
Indirect Effect (a x b) -0.35 -0.010 4.72% - [-9.42, 8.87]
Total Effect (ABMI > APower) -3321 ~0.975 1.44 <0.001 [-36.17, ~30.26]

Note. B = unstandardized coefficient, p = standardized coeflicient, SE = standard error, CI = confidence interval.
“Bootstrapped SE; T Bootstrapped 95% confidence interval with 5000 samples. A indicates post-test minus pre-test values; higher ASprint,
AStrength, and APower reflect performance improvement. BMI = Body Mass Index; BF = Body Fat Percentage”
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indicates a reduction in the time required to complete the
20-meter sprint, denoting enhanced performance. The
detailed results of the paired sample t-tests are presented in
Table 3 below.

Results showed a significant reduction in body weight,
t(29) = 25.32, p < .001, with an average loss of 1.21 kg (95%
CI [1.11, 1.31]). Body mass index (BMI) also significantly
declined, t(29) = 24.27, p < .001, by an average of 0.43
units (95% CI [0.39, 0.47]). Likewise, body fat percentage
decreased significantly, t(29) = 14.72, p < .001, with a mean
reduction of 1.48% (95% CI [1.27, 1.68]). Sprint performance
improved, as evidenced by a significant decrease in 20-meter
sprint time, t(29) = 10.81, p <.001, with an average reduction
of 0.95 seconds (95% CI [0.77, 1.13]). For performance
variables where increased values indicate improvement,
significant gains were observed. Leg press strength increased
by an average of 11.92 kg, t(29) = -18.25, p < .001 (95%
CI [-13.25, -10.58]). Similarly, long broad jump distance
improved significantly, t(29) = -19.57, p < .001, with an
average increase of 11.83 cm (95% CI [-13.07, -10.60]).
These findings indicate that the resistance training program
was effective in producing statistically and practically
significant improvements in body composition, muscular
strength, and power, as well as in sprint performance.

Since all participants received the same treatment
(resistance training), the independent variable does not
vary. In this context, anthropometric changes — specifically
body mass index (BMI) and body fat percentage (BF) —
are regarded as reflections of the intervention effect and
are therefore treated as proxies to model their downstream
impact on physical performance outcomes. A series of
mediation analyses were conducted using PROCESS Model
4 (Hayes, 2022) to examine whether changes in body fat
percentage (ABF) mediated the effect of changes in body
mass index (ABMI) on improvements in sprint performance
(ASprint), muscular strength (AStrength), and explosive
power (APower). All change scores were computed as
post-test minus pre-test values. The detailed results of the
PROCESS Model 4 analyses are presented in Table 4 below.

The results showed that ABMI significantly predicted
ABF (B = 5.38, SE = 0.33, p < .001), and ABF significantly
predicted ASprint performance (B = 0.65, SE = 0.05, p <
.001), indicating a positive relationship between reductions
in body composition and improvements in sprinting ability.
Thedirecteffect of ABMIon ASprintalso remained significant
(B=1.28,SE=0.28,p =.0001), suggesting partial mediation.
The indirect effect via ABF was significant (B = 3.52, Boot
SE = 0.45, 95% CI [2.70, 4.47]), indicating that reductions
in BMI enhanced sprint performance both directly and
indirectly through decreases in body fat percentage.

For muscular strength, although ABMI significantly pre-
dicted ABF (B = 5.38, SE = 0.33, p <.001), the path from ABF
to AStrength was not significant (B = 3.79, SE = 3.94, p=.344).
The direct effect of ABMI on strength was also non-signifi-
cant (B=-13.94, SE = 22.25, p = .536), as was the total effect
(B=6.45, SE = 6.85, p = .354). Similarly, the indirect effect
through ABF was non-significant (B = 20.39, Boot SE = 20.20,
95% CI [-19.31, 60.94]), indicating no evidence for either a
direct or mediated effect of ABMI on lower-body strength in
this sample.

In the model assessing power, ABMI again significantly
predicted ABF (B =5.38, SE = 0.33, p <.001). However, ABF

did not significantly predict APower (B = -0.06, SE = 0.84,
p = .940), and the indirect effect was non-significant (B =
-0.35, Boot SE =4.72,95% CI [-9.42, 8.87]). Despite this, the
direct effect of ABMI on APower remained highly significant
(B = -32.87, SE = 4.77, p < .001), and the total effect was
also significant (B = -33.21, SE = 1.44, p < .001), indicating
a strong direct association between reductions in BMI and
improvements in explosive power, independent of body fat
percentage.

These findings suggest that body fat percentage
mediates the relationship between BMI reduction and sprint
performance, but not between BMI and either muscular
strength or explosive power. Although changes in BMI were
associated with improvements in power, body fat percentage
did not serve as a significant mediator, suggesting that
other physiological or biomechanical mechanisms may be
involved.

Discussion

This study aimed to examine the effects of an eight
week resistance training programme on speed, strength,
and power in youth futsal athletes and to evaluate
whether anthropometric changes — specifically body
mass index (BMI) and body fat percentage (BF%) —
mediated those effects. The programme produced marked
improvements in 20 m sprint speed (t;=10.81, p <.001,
95 % CI [-1.13, -0.77]), lower body strength (t4=-18.25,
p <.001, 95% CI [+10.58, +13.25]), and explosive
power (tupe=-19.57, p <.001, 95 % CI [+10.60, +13.07]).
Concurrently, body weight decreased by 1.21 kg (t,9=25.32,
p <.001, 95% CI [-1.31, -1.11]), BMI by 0.43 units
(t9=24.27, p <.001, 959% CI [-0.47, -0.39]), and
BF% by 1.48 percentage points (t(29)=14.72, p <.001,
95 % CI [-1.68, -1.27]). Mediation analyses further revealed
that these anthropometric improvements explained a
substantial portion of the gains in sprint performance but
not those in strength or power. These findings confirm
the dual pathway by which resistance training enhances
athletic performance—through direct neuromuscular
adaptations and, for speed, through favourable shifts in
body composition—while also highlighting that additional
mechanisms are likely responsible for strength and power
related outcomes.

The findings indicate that every decrement in body mass
index (BMI) is accompanied by a proportional reduction in
body fat percentage (BF%) and that these concurrent changes
are associated with shorter 20 m sprint times. This pattern
matches evidence from adolescent footballers, in whom
BF% shows the strongest negative correlations with 5-35 m
sprint performance (r = 0.25-0.52; Franga et al., 2024).
Mechanically, adipose tissue acts as non propulsive mass:
unloading 5-10 % of body weight with body weight-support
devices shortens ground contact time and braking impulse
per step, thereby enhancing initial acceleration (Kratky &
Miiller, 2013). A lighter body also reduces phosphocreatine
cost per metre travelled, enabling athletes to sustain high
power output over short distances (di Prampero, Botter, &
Osgnach, 2015).

Speed, however, is not determined solely by adiposity.
The resistance training programme that lowered BMI
elicited rapid neuromuscular adaptations—greater motor
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unit recruitment, higher discharge rates, and improved
synchronisation (Sterczala et al., 2020) — which are typically
detectable within 6-8 weeks in adolescents (Del Vecchio et
al., 2019; Herda et al., 2024). These neural changes elevate
the rate of force development (Maffiuletti et al., 2016) and,
together with post training increases in tendon stiffness
(Waugh, Korft, Fath, & Blazevich, 2014), allow maximal
propulsive force to be generated earlier during each ground
contact (Tumkur Anil Kumar, Oliver, Lloyd, Pedley, & Radnor,
2021). In essence, a lighter body minimises mechanical
drag, whereas neuromuscularly “primed” muscle-tendon
units augment explosive capacity; the interaction of these
pathways explains why BMI reductions enhance sprint
performance both directly and through adiposity loss in
overweight adolescent futsal players.

The observation that changes in BMI and body fat
percentage did not correlate with improvements in leg
press strength is consistent with the known time course of
strength adaptation. During the first 6-8 weeks of training,
increases in maximal leg press load are driven almost entirely
by neuromuscular mechanisms: the central nervous system
recruits more motor units, fires them at higher frequencies,
and better synchronises agonist-antagonist activity.
Time course reviews confirm that more than 80 % of the
strength gained within 2-8 weeks derives from motor unit
recruitment, synchronisation, and neural drive, irrespective
of adiposity status (Bontemps et al., 2022). Likewise, body fat
has been shown to be unrelated to — and a poor predictor
of — muscle strength (Choi, Kim, Hur, & Lee, 2016).

In the present study, the decline in BMI chiefly reflected a
loss of adipose tissue rather than an enlargement of the thigh
or gluteal cross sectional area that actually produces force in
the leg press. Schranz et al (2013) similarly reported large
strength gains after resistance training without substantial
changes in body composition. Overall, such interventions
tend to produce only small changes in body composition
yet moderate to large improvements in strength among
overweight and obese children and adolescents (Schranz,
Tomkinson, & Olds, 2013). Myers et al (2017) reached the
same conclusion in overweight adolescents. The absence
of a body fat-mediated pathway for strength gains may
also reflect the programme’s emphasis on moderate loads
executed rapidly and repeatedly, a stimulus that provides
insufficient mechanical tension to induce hypertrophy or
appreciable fibre accretion. In overweight youths, therefore,
fat loss reduces inertial ballast and benefits explosive tasks
such as sprinting, but it does not enhance the contractile
capacity that determines leg press performance.

Interestingly, the present data show that a reduction in
body mass index (BMI) is directly associated with greater
explosive power, although the concomitant decline in body
fat percentage (BF%) does not mediate this effect. Excess
body weight generally impairs explosive performance:
Nikolaidis et al. (2015) reported that overweight adolescent
basketball players — characterised by higher BMI and BF%
— exhibited poorer sprint and jump outcomes (vertical
and broad jump) than their normal weight counterparts,
indicating that surplus mass, particularly fat, adds non
propulsive load and worsens the force to mass ratio. In
contrast, other observational studies suggest that BF% is
usually the stronger negative predictor of jump performance,
whereas BMI is often non significant (Esco et al., 2018). For

example, among adolescent soccer players, BMI showed no
meaningful correlation with vertical jump height, whereas
BF% was strongly and negatively related to jump performance
(Stojanovi¢ et al., 2020). Similar results have been reported
in combat sport athletes, where BF% correlated negatively
with jump height while body mass and BMI did not (Abidin
& Adam, 2013). Nevertheless, the influence of BMI and
BF% on power warrants further investigation, as power is
understood to be driven primarily by strength and speed
(Yulvia Miftachurochmah, Tomoliyus, Sukamti, Pamungkas,
& Pavlovi¢, 2023).

Multiple studies emphasise that neuromuscular
adaptations — particularly increases in the rate of force
development (RFD) — and mechanical factors are critical
to improvements in explosive power. Strength or plyometric
training elevates RFD and inter muscle coordination,
enabling higher jump performance without necessarily
altering body composition. Lamas et al. (2012) showed that
eight weeks of either heavy strength or high velocity power
training increased squat jump height by 4-8 cm, driven by
a significantly faster concentric phase and a 24-42 % rise in
peak rate of force development, underscoring that rapid force
production is a stronger determinant of jump performance
than body mass alone. Given the complex interplay among
body composition (BMI and BF%), strength, and speed in
determining power, the current data are insufficient to claim
that BMI reduction alone predicts explosive performance.
The observed gains in power are most likely influenced
by concurrent improvements in strength and sprint speed
— variables not analysed separately in this study. Follow
up research that measures strength, speed, and detailed
body composition changes is required to map the relative
contributions of each factor to explosive ability.

In summary, resistance training elicits two partially
independent physiological cascades that together explain the
pattern observed in the present study. Although the current
investigation cannot directly delineate the physiological
mechanisms underlying the measured outcomes, plausible
explanations can be inferred from the extant literature.
The first cascade in resistance training adaptation is
neuromuscular-mechanical. Within weeks, heavy load
work lowers motor unit recruitment thresholds, elevates
firing frequency, and enhances inter unit synchronisation
while reducing antagonist co activation (Del Vecchio et al.,
2019; Hiakkinen, Alen, Kallinen, Newton, & Kraemer, 2000;
Hughes, Ellefsen, & Baar, 2018). Concurrent increases in
musculotendinous stiffness shorten the electromechanical
delay and improve the stretch-shortening cycle (Waugh et
al., 2014). These neural adaptations raise maximal force,
accelerate the rate of force development, and reduce ground
contact time, thereby driving the notable gains in lower body
strength, explosive power, and 20 m sprint speed recorded in
the present cohort — even before appreciable hypertrophy
occurs (Blazevich, Wilson, Alcaraz, & Rubio-Arias, 2020;
Del Vecchio et al., 2019; Hughes et al., 2018). With continued
training, modest increases in fascicle cross sectional area
further augment the “engine” for force production and
reinforce the direct association between the observed body
composition improvements and power gains (Monti et al.,
2020; Zemkova et al., 2017).

The second cascade is metabolic-endocrine and operates
largely in parallel with, rather than through, the neuromuscu-
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lar pathway. Resistance training has been shown to aid weight
loss across diverse populations, depending on the methods
employed (Lopez et al., 2022; Pamungkas, Rismayanthi, Nas-
rulloh, & Arjuna, 2024). Appropriately prescribed resistance
training elevates excess post exercise oxygen consumption
(Greer, O’Brien, Hornbuckle, & Panton, 2021; Kirk et al,,
2009), increases sympathetic catecholamines and growth
hormone (Athanasiou, Bogdanis, & Mastorakos, 2023; Ma-
nini et al., 2012), and adds energetically costly lean tissue,
together raising 24-hour energy expenditure and promoting
net fat oxidation (Aristizabal et al., 2015). These shifts explain
the significant reductions in BMI and body fat percentage ob-
served in the present study. Because lighter limbs incur lower
inertial and braking forces, the decline in body fat partially
mediated the sprint improvement yet had minimal influence
on strength and power, for which force production capacity
— rather than body mass — remained the primary limiter. In
summary, resistance training enhances speed, strength, and
power through rapid neuromuscular and subsequent mor-
phological adaptations while simultaneously lowering BMI
and body fat via metabolic mechanisms; the divergent contri-
butions of these cascades are mirrored in the variable specific
mediation pattern identified by the PROCESS analysis.

Practically, these results show that a structured resistance
training programme performed three times per week under
qualified supervision is an effective strategy for improving
speed, strength, explosive power, and body composition in
youth futsal athletes. Managing key anthropometric vari-
ables — particularly BMI and body fat percentage — can en-
hance movement efficiency and on court explosiveness while
reducing injury risk associated with unfavourable body com-
position. Theoretically, this study extends current knowledge
by demonstrating that anthropometric improvements par-
tially mediate the training—performance relationship, under-
scoring the need to integrate body composition monitoring
into athletic development models for adolescents.

This study employed a one group pre test-post test
design without a control group, thereby limiting causal
inference. The small sample (n = 30), consisting exclusively
of male athletes from five club in one geographic region,
restricts generalisability to other athletic populations,
particularly female or recreational players. The eight week
intervention may have been insufficient to capture slower
morphological adaptations such as muscle hypertrophy and
tendon remodelling. Body composition assessment was
limited to BMI and body fat percentage—indices that do not
distinguish lean from fat mass — and was performed with
bioelectrical impedance analysis, which has an estimated
error of + 3.5 %. Test reliability for the performance measures
(leg press, broad jump, 20 m sprint) may have been affected
by learning effects despite the inclusion of a familiarisation
session. Nutritional intake and physical activity outside the
training sessions were not rigorously monitored.

Future research should employ a randomised controlled
design with larger sample sizes, longer intervention periods,
and more precise body composition techniques such as dual
energy X ray absorptiometry or segmental bioelectrical
impedance analysis. Investigating a range of resistance
training modalities (e.g., plyometric or high velocity
protocols) and stratifying analyses by biological maturation
status would further clarify the adaptive responses of youth
athletes to training stimuli.

Conclusions

This study demonstrated that a structured resistance
training program significantly improved sprint speed,
muscular strength, and explosive power in U20 futsal athletes,
accompanied by reductions in body mass index (BMI)
and body fat percentage. Anthropometric improvements,
particularly the reduction in body fat, were shown to mediate
the relationship between BMI and sprint performance.
However, no such mediating effect was observed in relation
to strength or power. While BMI reductions were associated
with improvements in power, this relationship appeared to
be independent of changes in body fat, suggesting that other
physiological mechanisms may be involved. Similarly, the
link between BMI and strength gains was not statistically
supported either directly or through body fat, indicating
a weaker or more complex relationship in that domain.
These findings highlight the complex but meaningful role
of body composition — particularly body fat percentage —
in mediating the effects of resistance training on specific
performance outcomes such as sprint speed. Despite
these promising results, the study has several limitations,
including the absence of a control group, a relatively small
sample size, and reliance on basic anthropometric measures,
namely body fat percentage. Therefore, future research
is recommended to adopt an experimental design with a
control group, a larger sample size, and more advanced
techniques for assessing body composition to enhance the
generalizability and validity of the findings.
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Yy BIUINBi CUIOBNX TPEeHYBaHb Ha WBUAKICTb, cUny
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IcTopisa muranna. Ilepion mifmiTKOBOro BiKy XapaKTepU3YETbCs 3/1aTHICTIO OpraHi3My [0 MiJBUIIEHNX TPEHYBa/JIbHUX Ha-
BaHTa)XeHb, IIPOTE HpI/I6J'H/[3HO 18 % momogux oci6 MarTh HaJIMIIKOBY Bary abo CTpaXk/IalOTh Ha OXXMPiHHA. BifsHaueHo, mo B
st GyT3anbHyx Kiaybax Jxok akapTu 37-51 % rpasuis BikoM 10 17 pokis Mators IMT = 25 Kr-M%, 110 IOTEHLiIHO HETaTUBHO
BIIMBA€E Ha Pe3yNbTaTUBHICTb.

Merta pocnigxeHnHsa. MeTa I1bOro fOC/i/KeHH A I0JIATa/la Y BUBYEHHI MMTaHH:A, Y CIPUAE BIPOBa/I>)K€HHA BOCbMUTIKHEBOL
IIpOrpaMyl CMJIOBYX TPEHYBaHb IiJBUILEHHIO IOKa3HMKIB IIBUAKOCTI COPUHTY Ha 20 MeTpiB, CM/IM HYDKHDOI YaCTVHM Tijla Ta BU-
OyxoBoi cunn y dyraamicTis BikoM 10 17 pokiB, a TAKOX 49U € 3MiHa BMICTy >KMPOBOI Macl B OpPraHi3Mi YMHHUKOM, 1[0 BIUIMBAE
Ha 3a3HauyeHi eQeKTIL.

Marepianu Ta metomgu. TpuauATs 18-19-pivHnx rpaBLiB 40/10BivO0i CTaTi BUKOHYBa/IN IepioAMYHi CYIOBI TpeHYBaHHS, AKi
IPOBOAVIIMCA TPUYi HA TYDKZIeHDb. Y Tepefi- Ta MOCTIHTPeBeHIilHil ¢dasi focmipKkeHHA BUMIpIOBaNUCA TOKa3HUKU Macy Tina,
IMT, Bifgcorok >xmpoBoi macu tina (BJKMT), yac cripuHTy, MakcuManbHe HaBAaHTXXEHHs IIiJf YaC BUKOHAHHS )XVMMY HOTaMU
IIpY OZHOMY IIOBTOPEHHI Ta BifICTaHb CTPMOKA B JOBXKMHY 3 MiCIs. 3 METOIO OLIIHKM 3MiH y IPYIIi 3aCTOCOBAHO MapHi t-KpuTepii.
Meniatusui mogieni (PROCESS; 5000 6yTcTperniB) pocmimkysanu, uu € 3MiHn nokasuukis BJKXMT onocepenkoBanuM Gpakropom
BiMBYy 3MiH IMT Ha pe3ynbTaTUBHICTb.

Pesynprarn. CriocTepiranocs CyTTeBe SHIDKeHHA MOKa3HNUKiB Macy Tina (-1.21 kr), IMT (-0.43 kxr-M?), a TAKOX BiICOTKOBOTO
BMICTY XMpy B opraHismi (-1.48 %), Tozi AK MOKasHMKY Yacy cnpuHTY (—0.95 ¢), cym Hir i yac BUKOHaHHA XUMY (+11.9 kr) Ta
Bifcranp cTpubka (+11.8 cm) mokpamycs (yci nokasuukn p < 0.001). 3minn nokasuukis IMT nepepg6avanu apianii BXKMT
(B=5.38,p <0.001). Pisep BXKXMT wacTkoBO omocepekoByBas 38 130K Mix IMT ta cnpunTom (Hempsmumit edpext = 3.52, 95 % 1
[2.70, 4.47]), omHak i3 36epe>keHHsIM 3HaYHOI IIPsIMOI TpaekTopii. Mepianis He Masa icTOTHOTO 3HaY€HHSI J/IsI IOKa3HUKIB CUJIV Ta
HOTY>KHOCTI; 3HyDKeHHs IMT He BUABIIIO >KOJJHOTO 3B’513KY 31 3MiHOIO CHJ/IM, TIPOJ,EMOHCTPYBABIIY IPY LIbOMY CH/IbHUIL IPSAMMI
3B’130K i3 IiIBUIIIEHHAM MOTYXXHOCTI He3a/IeXKHO Bifl BiIcOTKa )KMPOBOI MacH Tina.

BucHoBKu. Pe3ynbraTyt 1{bOTO JOCI/PKEHHS [TOKA3YIOTh, 110 CMIOBI TPEHYBAHHS CYTTEBO IOKPAIYIOTh HEPBOBO-M SI30BY
Ipare3faTHICTh Ta KOMIIO3UIIiO Tiya y IoHux ¢yraamictis. Huxunit pierns IMT cripuse migBuUIeHHIO MIBUAKOCTI CIPUHTY AK
6e3mocepeHbO, TAK i Yepes mapaebHe SHYDKEHHsI BiICOTKA )KMPOBOI Macy TiIa, TOAIL sIK ajarrTaliis IOKAa3HVKIB CUJIV Ta OTYX-
HOCTI Biff6yBa€ThCA 3a JOIIOMOIOI0 MeXaHi3MiB, BIIMiHHUX Bifj okupiHHA. ToMy TpeHyBasIbHI IIpOrpaMu MOBMHHI HOESHYBATH
HEepPBOBO-M s30Be HaBaHTa)KEHH: 31 CTpaTerisiMu 3J0pOBOTO KOHTPOJIIO BAarM 3 METOI ONTHUMIi3allii pe3yIbTaTUBHOCTI I0HUX
¢yr3anicris.

Kiro4oBi cmoBa: aHTpOIOMeTpisi, CUIOBI TPeHYBaHHS, LWIBUKICTD, CUIA, IIOTY)XXHICTb, GyT3aIL

Information about the authors:
Asmara, Mirza: mirzaasmara.2023@student.uny.ac.id; https://orcid.org/0000-0003-4713-2329; Department of Sport Science,
Faculty of Health and Sport Science, Universitas Negeri Yogyakarta, Colombo St, 1, Sleman, Yogyakarta, 55281, Indonesia.
Prasetyo, Yudik: yudik@uny.ac.id; https://orcid.org/0000-0003-0734-0836; Department of Sport Science, Faculty of Health and
Sport Science, Universitas Negeri Yogyakarta, Colombo St, 1, Sleman, Yogyakarta, 55281, Indonesia.
Suhartini, Bernadeta: bernadeta_suhartini@uny.ac.id; https://orcid.org/0000-0002-3661-9820; Department of Sport Science,
Faculty of Health and Sport Science, Universitas Negeri Yogyakarta, Colombo St, 1, Sleman, Yogyakarta, 55281, Indonesia.
Pamungkas, Gallant: gallantpamungkas.2024@student.uny.ac.id; https://orcid.org/0009-0002-6330-9649; Department of Sport
Science, Faculty of Health and Sport Science, Universitas Negeri Yogyakarta, Colombo St, 1, Sleman, Yogyakarta, 55281, Indonesia.

Shodiq, Burhan: burhaan.shodig@ro.itera.ac.id; https://orcid.org/0009-0004-3784-4108; Department of Sports Engineering,
Faculty of Industrial Technology, Institut Teknologi Sumatera, Terusan Ryacudu St, Lampung Selatan, Lampung, 35365, Indonesia.

Cite this article as: Asmara, M., Prasetyo, Y., Suhartini, B., Pamungkas, G., & Shodig, B. (2025). The Mediating Role of
Anthropometric Improvements in The Effects of Resistance Training on Speed, Strength, and Power in U20 Futsal Athletes.
Physical Education Theory and Methodology, 25(4), 825-834. https://doi.org/10.17309/tmfv.2025.4.10

Received: 05.05.2025. Accepted: 02.06.2025. Published: 30.07.2025

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0)

834


mailto:mirzaasmara.2023@student.uny.ac.id
mailto:yudik@uny.ac.id
https://orcid.org/0000-0003-0734-0836
https://orcid.org/0009-0002-6330-9649
mailto:burhaan.shodiq@ro.itera.ac.id
https://orcid.org/0009-0004-3784-4108

