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Abstract

Background. Training programs are part of training management that need to be properly and correctly prepared

and implemented.

Study purpose. The aim of the study was to evaluate the effects of an 8-week program of resistance training, carried
out at a specific preparation phase, on the performance of male junior volleyball athletes.

Materials and methods. This study was conducted as experimental research, with a sample of 24 male volleyball
athletes ([mean + SD] age: 17.96 + 1.23 years; body weight: 75.56 + 7.80 kg; height: 180.46 + 7.14 cm; body fat:

17.62 + 3.36%) who were randomly divided into experimental group (EG): n = 12 and control group (CG): n = 12.
The training program lasted for eight weeks and took place at a specific preparation phase.

Results. There was a significant increase in the indicators handgrip dynamometer left (p<0.014), handgrip
dynamometer right (p<0.001), vertical jump (p<0.001), sit-and-reach test (p<0.000), leg dynamometer (p<0.000),
and back dynamometer (p<0.001) in the experimental group after being given strength training treatment for eight

weeks.

Conclusions. When strength training is included in volleyball training, it can increase the performance in power,
strength, and flexibility, especially when carried out at a specific preparation phase. Incorporating targeted stimuli,
such as strength training, into training sessions appears to be a secure method of training for this age group and may
help to contribute to continuous and gradual improvements in neuromuscular adaptation.

Keywords: volleyball, performance, strength training.

Introduction

The biomotor component significantly influences
performance during training and competition. In volleyball,
athletes’ success hinges on their biomotor components,
encompassing strength, explosive power, speed, flexibility,
and agility (Lehnert et al., 2017). Athletes are tasked with
enhancing their performance through the development of
these biomotor components (Salafi et al., 2023). According
to Blumenstein & Orbach (2020), training represents
a systematic process aimed at optimizing athletes’
performance. A literature review suggests that achieving
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Olympic champion or international athlete status in a specific
sport necessitates approximately ten years or 10,000 hours of
effective and structured training (Haugen, Seiler, Sandbakk,
& Tonnessen, 2019). The attainment of remarkable athletic
feats is inseparable from the coach’s guidance, a well-
designed training program, and the harmonious integration
of various factors.

An effective training regimen should have well-defined
objectives, encompassing the enhancement of physical,
technical, and psychological skills (Blumenstein & Orbach,
2020). Schroepf & Lames (2018) emphasize that the aim
of training is to elevate performance, enhance athletes’
competence, and refine planning strategies and self-control
(Peng, Othman, Yuan, & Liang, 2022; Wee & Dillon, 2022).
Consequently, effective training entails clear goals, objectives,
and systematic implementation. To ensure an ideal training
process, exercises should adhere to the principles of
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periodization. Periodization is crucial for optimizing athlete
performance, involving the segmentation of training phases
into focused segments. It has emerged as a vital planning
paradigm for advancing athlete performance, shaping
beliefs and coaching traditions through the application
of comprehensive scientific knowledge and significant
advancements in the fields of nutrition, technical, and
physical training (Kiely, 2018; Otte, Millar, & Klatt, 2019).

Bompa and Buzzichelli (2019:93) delineate that training
periodization comprises two pivotal components: (1)
annual training periodization planning and (2) dominant
biomotor periodization. The annual training periodization
encompasses three phases: (1) the preparatory phase, (2) the
competition phase, and (3) the transition phase. Moreover,
the preparatory phase is further divided into the general
preparation phase and the specific preparation phase. During
the specific preparation phase, training is concentrated on
cultivating specialized physical and dominant biomotor
components (Bompa & Buzzichelli, 2019).

The specific preparation period entails training that
targets specific physical and technical abilities within a
particular sport, with the aim of enhancing performance.
As per Blumenstein & Orbach (2020), the objective of this
phase is to optimize the athlete’s physical development in
alignment with the physiological and physical demands
of the activity. This phase is characterized by substantial
training loads, high training intensity, and the refinement
of targeted techniques (Bompa & Buzzichelli, 2019). In team
sports, the training endeavors to cultivate techniques, tactics,
and physical attributes based on the sports characteristics
in readiness for the pre-competition phase. When it comes
to developing physical abilities, it is acknowledged that
resistance training can contribute to improved muscle
adaptations, encompassing endurance, hypertrophy,
strength, and muscle power. However, the extent of the
impact of resistance training on muscle adaptation varies
significantly based on the training modality employed,
with muscle adaptation being contingent on various factors
such as training intensity, volume (reps, sets), rest periods,
movement rhythm, and more.

The resistance training program is a crucial component
of training management that must be carefully prepared and
executed. A key aspect of developing a resistance training
program involves determining the training dosage and
adjusting the training periodization to enhance the athlete’s
performance and ensure it aligns with the target. At the
time this research was conducted, there was a scarcity of
reference sources in the field of volleyball resistance training.
The existing research on volleyball resistance training
predominantly focused on elite athletes or those with
extensive training, resulting in a lack of literature addressing
resistance training for junior athletes. Additionally, there was
limited information available on the influence of resistance
training across different training phases. Therefore, this
study aimed to investigate whether incorporating strength
training alongside technical and tactical training exercises
during the specific preparation period can impact the
physical performance of junior volleyball athletes. The
research sought to evaluate the effects of an eight-week
strength training program, conducted within a specific
preparation phase, on the performance of junior male
volleyball players.

Materials and methods

Participants

The sample of this study involved 24 male volleyball
athletes, with the following characteristics: mean age
of 17.96+1.23 years, weight of 75.56+7.80 kg, height of
180.46+7.14 cm, and body fat percentage of 17.62+3.36%.
The participants were randomly divided into two groups:
the experimental group (EG) consisting of 12 athletes, and
the control group (CG) also consisting of 12 athletes, with an
equal number of athletes per position in each group. These
junior athletes were in preparation for the Regional Sports
Week and had completed the general preparatory phase of
training.

Experimental design

Thisresearch was designed to answer two questions: (1) Is
there an effect of Strength Training (ST) on the performance
of male volleyball athletes in the specific preparation phase?
(2) How big is the effect (ES) before and after giving the
intervention to each group? To investigate these questions,
the EG was given strength training interventions, technical/
tactical training, and friendly matches. Meanwhile, the
CG received technical/tactical training interventions and
friendly matches.

During an intensive eight-week preparatory period, the
study focused on a mesocycle plan that included strength
training for the EG and tactical and technical training for
volleyball matches. The distribution of training sessions over
the eight weeks is illustrated in Table 1. The technical/tactical
training model encompassed various aspects such as serving,
passing, smashing, blocking, defending, and attacking.
Meanwhile, the strength training model, which comprised
five phases, involved gym-based exercises utilizing body
weight and equipment (free-weights and machines). These
phases included static and dynamic stabilization, anatomical
adaptation, maximum strength, and power. To regulate
exercise intensity, the researchers employed heart rate control
and 1 Repetition Maximum (RM) testing. Throughout the
study, the training program’s intensity ranged from 40% to
80% of 1 RM.

Testing procedure

The testing session was conducted at the same place and
time (+2 hours) for each participant in the same condition,
without injury, and not after a match or high-intensity
training. Body composition was also measured during the
testing. Throughout the exam, participants received a lot
of verbal encouragement to put forth their best effort. The
participants were instructed to stretch for around fifteen
minutes before the exam.

Vertical Jump (V])

The Vertical Jump test is utilized to assess athletes’ jump-
ing performance and indirectly measure lower body strength
in the vertical plane (Banda, Beitzel, Kammerer, Salazar, &
Lockie, 2019). The necessary tools for conducting this test
include a board attached to the wall at a height ranging from
150 to 350 cm, powdered chalk or flour, and a blackboard
eraser. Initially, the fingertips are coated with lime powder or
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Table 1. Training sessions distribution in the intervention period

Days Period Week 1-2 Week 3-4 Week 5-6 Week 7-8

Monday ~ Morning ST (EG)/ TTT (CG) TTT ST+TTT (EG)/ TTT (CG) ST+TTT (EG)/ TTT (CG)
Evening TTT TTT OFF TTT

Tuesday Morning OFF ST (EG)/TTT(CG) OFF OFF
Evening TTT OFF TTT TTT

Wednesday Morning OFF TTT OFF ST (EG)/ TTT (CG)
Evening OFF TTT ST (EG)/TTT(CG) OFF

Thursday Morning ST (EG)/ TTT (CG) OFF OFF OFF
Evening OFF OFF FM FM

Friday Morning TTT ST (EG)/TTT(CG) OFF OFF
Evening OFF OFF OFF OFF

Saturday Morning TTT TTT TTT TTT
Evening OFF M FM FM

Sunday Morning OFF OFF OFF OFF
Evening OFF OFF OFF OFF

N Sessions 6 8 6 7

*Legend: ST: Strength Training; TTT: Tactic/Teknik Training; FM: Friendly Matches; CG: Control Group; EG: Experimental Group.

magnesium carbonate, after which the participant stands up-
right near the wall with feet together and scales the board to
the left or right. Subsequently, the palm of the hand near the
wall is placed on a calibrated board to create a reach mark,
followed by raising the hand straight up. The exercise begins
with participants assuming a bowed knee position, while
the dominant hand or arm is raised vertically, and the other
arm is held alongside the body, with any swinging motion
to aid in leaping momentum strictly prohibited. The players
then leap as high as possible, tapping their fingers against the
board to leave a mark. The assessment involves calculating
the difference between the jumping achievement and stand-
ing achievement. Each participant is given two opportunities
to perform this test, and the coach records the best results.

Leg and Back Dynamometer

The leg dynamometer (LD) is an equipment used to
assess the static strength of leg muscles. In the meanwhile,
the back dynamometer (BD) is designed to assess the static
strength of the back muscles. The method for making deci-
sions on this test is by recording the highest weight of the
three lifting occasions in kg, with an accuracy level of 0.5 kg.

Handgrip dynamometer

The handgrip dynamometer is utilized to assess hand
squeeze strength in both the left and right hands. Participants
begin by standing upright with their feet positioned shoulder-
width apart. Subsequently, one hand grips the dynamometer
in a straight position beside the body, with the palm facing
toward the thigh and the dynamometer handgrip facing
outward. The individual then pulls the dynamometer hand
grip lever with maximum force. It is important to ensure
that the hand holding the dynamometer handgrip remains
straight and does not make contact with any other objects.
This test may be repeated twice, with the highest recorded
value in kilograms being considered each time. Both hands
undergo the same test using the Handgrip Dynamometer
Right (HD R) and Handgrip Dynamometer Left (HD L).

Sit and Reach (Se»R)

The sit and reach test are used to assess flexibility
performance. The athletes sit with their feet about hip-width
apart against the testing box. Knees are stretched, right hand
over left, and they gently reach forward as far as they can by
sliding their hands over the measurement board. Participants
get two opportunities to carry out this test and the best result
from this test will be chosen.

Statistical analysis

The data analysis approach in this study includes:
(1) a description test; (2) a normality test, employing
the Shapiro-Wilk test to assess the normality of the data
distribution; and (3) the homogeneity test was utilized to
determine the uniformity of variations in the population.
This test used Levene’s Test with the F test to examine
the comparability of variances in the pretest and posttest
experimental group data. It was carried out to ascertain
whether the data distribution (variance) of the two
experimental groups was homogeneous and balanced for
comparison. If the Levene test findings indicate a significance
value of p>0.05, the data distribution (variance) of the two
experimental groups is considered homogeneous (4). To
identify any differences in variables between the pretest and
posttest in the experimental group, a t-test was conducted.
A significance value smaller than 0.05 (P < 0.05) indicates
a distinction in the results of the analysis. The pretest and
posttest data underwent statistical discrete analysis using
the t-test and version 27 of SPSS, with the significance level
set at 5% (equivalent to 0.05). The effect scope was assessed
using Cohen’s d-test subsequent to the t-test analysis, both
before and after the implementation of the intervention.
The criteria used to evaluate the magnitude of ES (Hopkins,
Marshall, Batterham, & Hanin, 2009) were: small effect= 0.2;
medium effect= 0.5, and large effect= 0.8.
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Table 2. Comparison of anthropometric data between the pre- and post-groups

Experimental Group (n = 12) Control Group (n = 12)
Variables Pre-Training  Post Training Pre-Training Post Training
Mean+SD Mean+SD P ES. Mean+SD Mean+SD ES.
Body Mass (kg)  76.46+7.08 74.58+7.56 0.003 1.11 74.65+8.67 74.33+8.84 0.078 0.55
Body Fat (%) 17.85+3.45 16.31+3.2 0.000 1.69 17.37+3.39 17.36+3.60 0.952 0.06
Height (cm)  181.67+6.09 - - - 179.25+8.13 - - -
Results Normality results

The normality test used the Shapiro-Wilk test. Table 5
explains that all data were normally distributed because all
results have significant values > 0.05.

The body composition of the two groups at the
commencement and conclusion of the intervention is
presented in Table 2. The experimental group exhibited
statistically significant variations in body mass and body fat.  Table 5. The Normality Test Results
In contrast, the control group exhibits negligible alterations

across all variables. T Pre-test Post-test
Based on measurements of the athlete’s power, strength, P S-W P S-W P
anc} ﬂex1b1hty abilities befo're :and after being given s'trength EG HD (L) 0.923 0313 0.946 0.581
training treatment, a statistical picture was obtained as
shown in Tables 3 and 4. HD (R) 0.874 0.074 0.915 0.246
V] 0.895 0.136 0.936 0.446
Table 3. Statistical Description of Pre-Test Score S&R 0.966 0.865 0.935 0.433
. Pre-test LD 0.888 0.112 0911 0.218
CIoHpS L e D Min Mox BD 0923 0312 0978 0972
EG HD (L)  44.80 8.37 30.70 55.30 CG HD (L) 0.940 0.503 0.931 0.392
HD (R) 46.81 6.44 37.00 54.00 HD (R) 0.927 0.349 0.946 0.584
V] 23.00 2.82 19.60 28.90 V] 0.869 0.064 0.924 0.325
S&R 32.40 3.40 26.40 37.30 S&R 0.886 0.105 0.941 0.507
LD 18458 4620 13500  295.00 LD 0932 0406 0897  0.146
BD 120.41 12.37 100.00 150.00 BD 0.906 0.188 0.874 0.073
CG HD (L) 37.45 6.62 29.00 51.00
HD (R)  40.30 5.99 31.00 48.00 Homogeneity results
V] 20.32 3.19 17.00 26.20 The homogeneity test used the Levene Statistics test.
S&R 29.44 229 25.00 32,00 Table 6 explains thatall fiata w.ere.homogeneously distributed
because all results obtained significant values > 0.05.
LD 130.83 34.59 90.00 200.00
BD 100.75 2216  52.00  132.00 Table 6. The Homogeneity Test Results
Groups  variables  Levene Statistic P
Table 4. Statistical Description of Post-Test Score EG HD (L) 0.637 0433
i Post-test HD (R) 1.616 0.217
Groups Variables -
Mean SD Min Max \%i 0.582 0.454
EG HD (L) 49.49 11.23 25.00 65.30 S&R 0.105 0.749
HD (R) 52.68 5.34 43.90 60.20 LD 0.005 0.944
V] 26.64 2.34 22.30 30.10 BD 0.062 0.805
S&R 35.90 3.30 30.00 40.20 CG HD (L) 0.001 0.982
LD 193.91 46.06 140.00 300.00 HD (R) 0.082 0.777
BD 127.33 12.66 103.00 152.00 V] 2.394 0.136
CcG HD (L) 37.63 6.31 30.00 49.90 S&R 3.740 0.066
HD (R) 42.40 5.73 30.80 49.50 LD 0.098 0.758
V] 23.59 4.27 17.50 29.70 BD 0.010 0.923
S&R 30.93 3.92 23.00 36.20
LD 130.91 3645  199.00 93.00 Hypothesis Testing
BD 103.25 2216 24.06 135.00 After the data passed the prerequisite tests and all data

were normally and homogeneously distributed, hypothesis
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Table 7. The Hypothesis Test Results

EG CG
Variables Indicators t P t P

Mean count value ES Mean count value ES

Strength HD (L) 4.68 2.931 0.014 0.85 0.175 0.166 0.871 0.05
HD (R) 5.86 4.559 0.001 1.32 2.10 2.007 0.070 0.58

LD 9.33 6.143 0.001 1.77 0.083 0.057 0.956 0.02

BD 6.91 4.368 0.001 1.26 2.50 1.764 0.105 0.51

Flexibilities S&R 3.50 4.868 0.000 1.41 1.49 1.780 0.103 0.51
Power V] 3.64 4.541 0.001 1.31 3.27 3.467 0.005 1.00

testing was carried out. The objective of this research was to
assess the impact of an eight-week strength training regimen,
conducted during a specific preparation phase, on the
physical performance of male junior volleyball players. The
outcomes of the Paired Sample T-test, which was employed
to address the research hypothesis, are as follows.

The experimental group experienced a substantial
increase in the strength, flexibility, and power variables, as
evidenced by the positive t-statistic and sig value (both less
than 0.05) in Table 7. Additionally, Table 7 demonstrates that
the strength, flexibility, and power variables in the control
group did not experience a statistically significant increase
(sig < 0.05). Thus, it can be concluded that strength training
for 8 weeks, which was carried out at a specific preparation
phase for the performance of junior male volleyball athletes,
was proven to significantly increase the performance of
junior volleyball athletes with an effect size in the large effect
category.

Discussion

The study’s main findings revealed notable differences
in strength, flexibility, and power between the experimental
group and the control group. Specifically, the experimental
group demonstrated significant increases in HDL (p =
0.014), HDR (p = 0.001), LD (p = 0.001), BD (p = 0.001),
S&R (p < 0.001), and VJ (p = 0.001). In contrast, the control
group only exhibited a significant increase in the power
or VJ variable (p = 0.005), with no significant increases
observed for HDL (p = 0.871), HDR (p = 0.070), LD (p =
0.956), BD (p = 0.105), and S&R (p = 0.103). Both groups
experienced a significant enhancement in the power or
V] variable, yet the experimental group’s improvement
surpassed that of the control group (p = 0.001 and p = 0.005,
respectively). Consequently, the combination of technical/
tactical training, friendly matches, and resistance training
was found to be more effective in enhancing HDL, HDR,
LD, BD, S&R, and V] compared to technical/tactical training
and friendly matches alone. On the other hand, engaging in
only technical/tactical training and friendly matches was
sufficient to enhance VJ, although this approach was not as
effective as combining it with resistance training.

Haft and Triplett (2015) state that resistance training can
enhance strength by promoting neuromuscular adaptation,
which is contingent upon the intensity of heavy load training.
This adaptation leads to improved muscle function and the
ability to generate greater force. Jenkins et al. (2017) support
the neuromuscular adaptation theory, demonstrating that

11

a 6-week resistance training program using an 80% 1RM
load can enhance neural adaptation by increasing neural
drive and muscle activation efficiency, resulting in greater
strength gains compared to training with a 30% 1RM load.
Additionally, the study suggests that gradually increasing
the intensity of the exercise program contributes to similar
adaptations, as evidenced by significant improvements in
muscle strength in both pre-test and post-test assessments.

Various studies have shown that resistance training
leads to a more significant increase in muscle strength when
the training load is in the strength zone, typically exceeding
80% of 1 RM (>8 RM), compared to lower loads (Schoenfeld,
Grgic, Van Every, & Plotkin, 2021). In the present study,
the EG group experienced a significant increase in muscle
strength following a resistance training program with light
to moderate intensity (40-80% of 1 RM). Furthermore,
research by Lopez et al. (2021) supports these findings by
explaining that selecting a moderate load intensity (9-15 RM)
is also effective in increasing muscle strength, particularly
for individuals who may not tolerate heavy loads.

Strength training’s impact on an athlete’s flexibility
is a well-documented topic (Kumar & Zemkovd, 2022).
Flexibility, defined as the muscles’ ability to stretch optimally
across joints, is typically assessed through ROM (Ratamess,
2021). Despite this, the mechanisms through which
resistance training influences flexibility remain a subject
of widespread debate. Nonetheless, the results of this study
reveal a statistically significant improvement in flexibility
indicators within the experimental group compared to
the control group. These findings align with the research
conducted by Afonso et al. (2021) and several other studies
included in their systematic review and meta-analysis,
which have demonstrated that both resistance training and
stretching exercises can enhance ROM. However, the specific
reasons behind why resistance training enhances ROM
remain unclear, possibly due to variations in contraction
types, exercises, modalities, and training regimens. One
compelling rationale for the increase in ROM through
resistance training isits ability toinduce architectural changes
in muscles, as evidenced by an increase in fascicle length
when exercises are performed with full ROM (Gérard et al.,
2020). Furthermore, according to Valamatos et al. (2018),
strength training can contribute to muscle lengthening,
particularly when exercises are executed through the full
range of motion. This allows the muscles to stretch and
thereby enhance flexibility.

The use of free weight and machine-based resistance
training programs in the resistance training program of this
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study may have contributed to its impact on flexibility. It is
postulated that the notable outcomes observed in the large
experimental group are attributed to the incorporation of
free resistance training. Free resistance training enables
exercises with a wider range of motion compared to machine-
based training. This notion is supported by Behm (1995),
who suggests that calisthenic or machine-based resistance
training may not yield the same effect in increasing range
of motion as free resistance training. It is important to
underscore the need for further research on the effects of
resistance training with different training modalities.

According to Caputo et al. (2017) an increase in strength
is linked to a decrease in pain. Consequently, reduced
sensitivity to muscle pain may contribute to the improvement
in range of motion (ROM). Additionally, there is a theory
suggesting that an increase in agonist-antagonist muscle
coactivation can influence the mechanism through which
resistance training enhances ROM by promoting a better
or more balanced force ratio (Wyon, Smith, & Koutedakis,
2013). Given that weak muscle strength is associated with
a reduction in ROM (Frasson et al., 2020), it follows that
resistance training, which primarily aims to enhance muscle
strength, can concurrently increase ROM (Moscao, Vilaga-
Alves, & Afonso, 2020).

It is crucial to recognize that the extent of the effect on
flexibility may be shaped by the particular type of strength
training chosen and how it is carried out. Strength training
involving full range of motion typically proves to be more
effective in enhancing flexibility, as evidenced in this study.
Furthermore, the researchers suggest the inclusion of specific
flexibility exercises in the training program to achieve the
best possible results.

Currently, there is a research trend focusing on
plyometric training and its impact on power performance
in various sports for increasing athlete power (Silva et al.,
2019). Numerous studies indicate that plyometric training is
an effective exercise for optimizing athlete power compared
to other forms of training. In addition to plyometric training,
several studies have shown significant increases in power
through vertical jump (V]) when combining resistance
training loading in one session with contrast strength
training (Cormier, Freitas, Rubio-Arias, & Alcaraz, 2020;
Hammami, Gaamouri, Shephard, & Chelly, 2019; Schneiker,
Fyfe, Teo, & Bishop, 2023). Interestingly, our study revealed
that resistance training combined with volleyball skills
training alone (EG), or skills training alone (CG), were
sufficient to enhance athletes’ power, as evidenced by the V]
results, without involving plyometrics or contrast training
methods. The increase in power in the EG group may be
attributed to the notable improvement in muscle strength
test results. According to Taber et al. (2016), the foundation
for developing power lies in maximum strength. Therefore,
the substantial increase in power in the EG group, compared
to the CG, was likely due to a greater potential to develop
power through increased muscle strength.

Moreover, the researchers believe that the enhancement
of power can occur through a combination of resistance
training and volleyball skill training, as this training provides
athletes with the opportunity to translate their muscle
strength into vertical jumping and other volleyball skills
such as blocking, jump serve, spikes, and other movements
involving jumping. Additionally, the power exhibited by
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the EG group may also have been influenced by decreased
changes in body mass at the end of the intervention in this
study. It is known that lower body mass is associated with
improved vertical jump performance in volleyball players
compared to those with higher body mass, as indicated by
BMI (Nikolaidis, 2013). Supported by the research of Ben
Brahim et al. (2023), BMI is a fairly strong predictor in
determining vertical jump test performance.

In contrast, even though there was no significant change
in body mass between the pre-test and post-test results of
the CG group, the increase in power in this group may have
been a result of improved vertical jumping performance
due to volleyball skills training. The proficient execution
of jumping movements in technical/tactical training within
the CG group could be the primary reason for the observed
increase in VJ performance. Put differently, it is highly
probable that this increase is significantly influenced by the
enhancement of the athlete’s jumping technique or jumping
quality, rather than directly from an increase in power.

In general, strength training can enhance strength,
flexibility, and muscle power when the training program
is specifically tailored to facilitate adaptation in these
areas. Developments in all these components adhere to
the principle of specificity, which dictates that the body
will adapt to training based on the manner in which it is
trained (Reiman & Lorenz, 2011). Furthermore, the training
program employed in this study is a specific preparatory
training program aimed at enhancing physical abilities
tailored to the demands of volleyball and in support of
volleyball movements. While general preparatory training
places greater emphasis on exercises prepared for the
athlete’s physical adaptation to training, specific preparatory
training is dedicated to providing opportunities for athletes
to integrate physical abilities with volleyball movements. It
is important to note that the effects of strength training on
strength can vary depending on various factors, including
training intensity, volume, frequency, execution technique,
and individual genetics. A well-designed strength training
program takes all of these factors into account to achieve
optimal results. Meanwhile, further research into the impact
of resistance training regimens on the adaptation of volleyball
athletes’ physical abilities requires additional investigation.

This study aimed to provide valuable insights for the se-
lection of resistance training during the specific preparatory
phase and as a foundation for further research. Furthermore,
the researchers advocated for greater emphasis on resistance
training programs, particularly during the specific prepa-
ratory phase. Implementing resistance training during this
phase enables athletes to optimize their muscle strength and
flexibility compared to those who only engage in resistance
training during the general preparatory phase. Moreover,
achieving a balance between strength and flexibility is crucial
for an athlete’s performance. Well-rounded strength training
combined with flexibility exercises can aid in injury preven-
tion and enhance overall athletic performance. Furthermore,
the harmonious development of strength and flexibility may
be fundamental to improved power performance.

While this research presents a novel contribution to the
existing body of knowledge, it is not without limitations.
Firstly, the scarcity of relevant studies investigating resistance
training alongside technical and tactical training in volleyball
posed challenges in comparing the findings with those of
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another research. Most existing research primarily focuses
on resistance training combined with plyometric training.
Secondly, the results should ideally have been confined
to a comparable sample of participants. A comprehensive
comprehension of strength training requires a grasp of
anatomy, human physiology, and neuromuscular adaptation.
Additionally, this research lacked a comparison of the
technical abilities and performance of junior male volleyball
athletes, which could be valuable for future investigations
given the potential variations in the implementation of
volleyball strategies and tactics among junior athletes.
Moreover, comparisons between other periods, such as the
specific preparatory and pre-competition periods, were not
conducted. Notably, the athletes in this study had undergone
general preparatory phase resistance training, underscoring
the need for a brief overview of the necessity of specific
preparatory resistance training. For future research, it may
be necessary to conduct a comparison between resistance
training alone, combining resistance training with skill and
tactical exercises in volleyball, and skill and tactical training
alone. Additionally, a comparison with plyometric training
may also be warranted. Such comparisons could potentially
reveal differences in adaptive responses and training effects.
Lastly, the sample sizes for each group were relatively small,
indicating that this study remains in its preliminary phase.
Recruiting a substantial sample within this age cohort
is challenging and nearly unattainable. Therefore, the
researchers recommend that future research give careful
consideration to the limitations identified in this study.

Conclusions

The researchers concluded that strength training, when in-
corporated into volleyball training, especially at specific prep-
aration phases, can increase power, strength, and flexibility.
Incorporating targeted stimuli, such as strength training, into
training sessions can promote continuous progressive neuro-
muscular adaptation and be a safe training modality for this
age group. To optimize the performance of junior volleyball
players, coaches should incorporate specific strength training,
such as integrating strength training with technical and tacti-
cal training during the specific preparation phase. In addition,
these results suggest that coaches should consider specific ad-
aptations when developing training programs for volleyball
players with the goal of enhancing their athletic performance;
this may necessitate a tailored approach to program design.
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Bnnus 8-TM>KHEBOro CMJIOBOro TPEeHYBaHHA

Ha eTani cnewiaZbHOI NiAroTOBKN Ha NOKa3HUKN
pe3ynbTaTUBHOCTI BonenbonictiB Yonosivoi craTi
darkypaxman ApmxyHa'*BPE, TamnanT [Tamynkac'A®,

Hagsau IIpimaconi'®c, Tpi Binapti Paxaro?PF
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ABTOpCBHKIMIT BKIAL: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 9 c., 7 Tabm1., 33 mKeperna.

Icropia nuraHHA. TpeHyBa/IbHI IPOTPaMI € YACTUHOIO 3abe3IeYeHHs HaBYaIbHOTO IPOLIECY, [0 HOTpebye IPaBUIbHOI Ta
KOPEKTHOI IMiZITOTOBKY Ta peasizaliii.

Merta gocmimKeHHa. MeTolo JOCIipKeHH: Oy/Ia OlliHKa BIUIMBY 8-TY>KHEBOI IIPOIrpaMyl CMIOBUX TPEHYBaHb, IPOBEEHOI Ha
MeBHOMY eTalli ITiIT0TOBKM, Ha ITIOKa3HUKY Pe3y/lIbTaTUBHOCTI BOJIENOOMICTIB Y0/I0BiUOI CTaTi JOHAIIBKOTO BiKy.

Marepianmu ta MeTopu. JaHuit aHai3 6yB IIpoOBeIeHMIT y AKOCT] eKCIIePUMEHTAIbHOTO JOCTIKEHHS, y AKOMY B3SUIU YYacTh
24 Boneitbomnictyu yonosivoi craTi ([cepenniit = CB] Bik: 17,96 + 1,23 pokiB; maca tina: 75,56 + 7,80 kr; 3picT: 180,46 + 7,14 cm; BmicT
XKIPY B opraismi: 17,62 + 3,36%), siki 6ynu panpomisosaHi no ekcrepumenTanbHoi rpymu (ET): n = 12, Ta KOHTpO/IBHOI Tpynn
(KT): n = 12. IIporpama TpeHyBaHb TpMBaa BiciM TVKHIB i IPOXOAIA Ha CIIelliaIbHOMY MiIFOTOBYOMY eTalli.

Pesynbraru. B excriepuMeHTanbHil IpyIi Mic/iA BOCBbMU TUXKHIB CUIOBUX TPEHYBaHb CIIOCTEPIraocs CyTTEBE 3POCTAHHSA
MOKa3HMKIB A1HaMoMeTpii niBoi pyku (p<0,014), nuramomeTpii npasoi pyku (p<0,001), BeptuxanbHoro crpubka (p<0,001), Tec-
Ty Ha PHYYHICTb sit-and-reach (croci6 BuMiproBaHH: 3arajIbHOI THYYKOCTI Ti/Ia Ipy 3TMHAHHI Ty/1y6a Briepef, CUIAYM Ha TTif103i
3 BUTATHYTUMU BIlepeq pykamu) (p<0,000), auHamomertpil Hir (p<0,000) i suramomeTpii M’s3iB crimuam (p<0,001).

BucHosku. IIpu BipoBakeHHi CHIOBUX TPeHYBaHb [0 IIPOrPaMi MiATOTOBKM BOJIENOOMICTIB, BOHM MOXXYTb IIOKPAIUTH
MOKAa3HMKM Pe3y/IbTaTMBHOCTI, CUIIM Ta THYYKOCTi, 0COOMNBO, SAKIIO IX IIPOBOAUTI HA IIEBHOMY eTalli MiffrOTOBKU. BKIIOYeHHs
L/IeCIIPSIMOBAHMX CTUMY/IIB, TAKVX SIK CHIOBI HABAaHTAKEHHsI, 10 TPEHYBAJIbHUX 3aHATb € Oe3IeYHNM METOLOM TPeHYBaHH:I
WA JaHol BIKOBOI IpyIy i MOXKe ClIpyATY Oe3lepepBHOMY Ta IIOCTYIIOBOMY IIOJIIIIEHHIO a/jalTalii HepBOBO-M A30BOI CUCTEMIL.
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Abstract

Background. The aim of this study is to determine the relationship of 2D:4D finger length ratio (also known as digit
ratio) with biomotoric features and sports performance in adolescent basketball players. 24 male basketball players
with a mean age of 14.83+0.71 years and a training age 7.08+1.92 years participated in the study.

Materials and methods. The participants’ 2D and 4D finger lengths of both hands, height (cm), body weight

(kg), some biomotoric characteristics and sports performances were determined by measurements. The German
Heidelberger Basketball Test was conducted to evaluate the basketball-based sports performances of the participants.
The SPSS 25.0 package program was performed in the statistical analysis of the obtained data. The Shapiro-Wilk test
was used to determine whether or not the data showed a normal distribution. Parametric tests were preferred for
statistical analysis as the data were found to have a normal distribution.

Results. It was found that there was no statistically significant relationship between the 2D:4D finger length ratio,
some motoric features and basketball-based sports performances of the participants (p>0.05). It was concluded

that the ratio of 2D:4D finger lengths in adolescent basketball players did not have an effect on biomotoric features
and basketball-based sports performance. When the correlation between 2D:4D finger length ratio and sports
performance parameters was examined, no statistically significant relationship was observed (p>0.05).
Conclusions. Although some studies show a significant negative correlation between performance tests and the
2D:4D ratio, it should be noted that the 2D:4D finger ratio is not the only determinant for sports performance.
Keywords: basketball, 2D:4D finger lengths, biomotoric features, sports performance.

Introduction

Tests conducted to identify individuals with a
predisposition for sports or a sports-oriented mindset
include both physical and psychological assessments,
starting from the early years of life. Among these tests,
anthropometric measurements play a significant role in
determining individuals’ physical capacities. The ratio of
the length of the index finger (2D) to the length of the ring
finger (4D), known as the 2D:4D ratio, is a measurement

© Cetinkaya, E., Tanir, T., & Celik, F, 2024.
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frequently used in recent academic studies. The 2D:4D
finger length ratio, indicative of the amount of testosterone
exposure in the womb, does not change during pregnancy
and adulthood (Richards et al., 2022).

The 2D:4D finger length ratio has been used as an
indicator of prenatal exposure to testosterone in the fields
of health, behavior, and sports science. It has been proposed
that prenatal androgens influence the developing brain in
later stages of life by increasing sensitivity to testosterone,
regulating the structure and function of the brain. It has
also been suggested that the 2D:4D finger length ratio
could contribute as a reliable indicator of athletic potential
(Reed & Meggs, 2017; Alonso et al., 2018). However, this
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situation should not be perceived as the sole indicator of
performance. When used in conjunction with other analyses,
it can be considered as a measure of success or motivation.
Additionally, elevated fetal androgen levels have been
associated with the development of cardiovascular systems,
good visual-spatial abilities, physical endurance, speed, and
an inclination towards agile behaviors that may be helpful in
sports (Manning & Fink, 2018).

Prenatal testosterone levels can be a fundamental
precursor to success in certain sports activities. This is
because structural and functional characteristics altered
by testosterone activity, such as muscle fiber hypertrophy,
increased strength, decreased fat mass, and elevated
hematocrit, can contribute to an athlete’s success (Moffit
& Swanik, 2011). The 2D:4D finger length ratio has been
found to impact performance in various individual and team
sports, including basketball (Frick et al., 2017), volleyball
(Panda et al., 2014), and soccer (Nobari et al., 2021). In a
group consisting of judo athletes, Olympic wrestlers, and
kickboxers, the 2D:4D finger length ratio was significantly
lower compared to a control group that did not engage in
sports (Adamczyk et al., 2021).

Basketball, by its characteristic nature, encompasses
both aerobic and anaerobic activities, including walking,
standing, and moderate to low-intensity runs. In basketball,
fundamental skills such as rebounding, blocking, and
shooting often involve elements like jumping, quick turns,
and dribbling (Pliauga etal.,2015). Due to its complex nature,
basketball performance can be influenced by numerous
factors such as age, gender, genetics, kinanthropometric
characteristics, endocrine system, autonomic nervous
system, biological rhythms, psychological state, climate-
environmental conditions, injuries, and illnesses. It is
believed that one of these factors is the 2D:4D finger length
ratio. Therefore, it is considered that this research aims to
determine the relationship between the 2D:4D finger length
ratio and athletic performance in adolescent basketball
players. It is thought that such studies are important for
predicting the level of physical development in adolescents
based on prenatal sex hormones and can contribute to the
selection of qualified athletes.

Materials and methods

Study participants

The sample of this study consisted of 24 male basketball
players with an average age of 14.83+0.71 years and a training
age of 7.08+1.92 in Incirliova district of Aydin province.

Study organization

Height and body weight measurements

The height of the participants was determined by
measuring the distance between the heel tip and the top
of the head vertically on a flat surface with bare feet with a
stadiometer. The body weights of the participants, who were
barefoot, were measured with a scale (Lopez-Peralta et al.,
2022).

Body mass index

Body Mass Index (BMI) ratios of the participants were
calculated using the formula below (Pantanowitz, 2021).

17

Body Mass Index (BMI) = Weight (kg) / Height (cm?)

Determination of age and training age

Personal statements were taken as the basis to determine
the age and training age of the participants.

Flexibility

The flexibility of the participants was determined by
the sit-and-reach test. Participants were asked to recline
the soles of their feet against the sit-down table and keep
their legs stretched. While the participants kept their desired
positions, they stretched out as far as they could by extending
both hands towards the sit-down table. The distance that the
participants, who waited for 2 seconds at the last point they
could reach, was recorded in cm. After two measurements
were performed, the best grades of the participants were
recorded in cm (Nokariya et al., 2023).

Static force

The handgrip strength test was conducted to determine
the static strength of the participants. A dynamometer was
utilised in the application of the test. In the anthropometric
stance, the participants positioned the dynamometer appro-
priately on the thumb palm, and then grasped it to cover the
other four fingers. When the participants were ready, they
squeezed the dynamometer for 5 seconds with maximum
effort. After three trials for each hand were performed, the
best result was recorded in kilograms (Kociuba et al., 2019).

Anaerobic power

The standing long jump test was performed to determine
the anaerobic power of the participants. In this test, the
participants got position on a flat and smooth surface with
the feet together behind the marked line and the toes behind
the jump line. When the participants felt ready, they tried to
jump to the furthest point by throwing their arms forward
and pulling their knees towards them. The distance between
the starting line and the participant’s closest standing to the
line after jumping was measured. The test was performed
twice for each participant. The best grade of the participants
was recorded in centimetres (Laurson et al., 2022).

Abdominal muscle endurance

The participants’ abdominal muscle endurance was
determined by 30-second push-ups. The test was performed
on a flat surface. They positioned their hands and toes on
the floor. During the test, they paid attention to keep the
feet open, arms shoulder-width apart, and the trunk to
be upright. After they kept their back and knees straight,
they decreased their chest towards the ground, then they
pushed the floor with their hands and lifted the chest up
again. The test continued for 30 seconds. They were asked
to reach the maximum number of push-ups they could
achieve in 30 seconds. The number of completed push-ups
in accordance with the test protocol was recorded after the
test (Hashim et al., 2018).

Agility

The t-test was utilised to determine the agility of the
participants. The test area consisted of four contact areas
in the shape of the letter T which was 10 meters long and
10 meters wide. The participants were asked to complete the
track, which required movements in different directions, as
soon as possible. After the test was performed twice, the best
time was recorded in seconds (Raya et al., 2013).

2D and 4D finger length measurement and ratio

The area between the basal line on the proximal part of
the finger and the pulp on the palmar surface of the hand
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was measured in centimetres with a Vernier caliper that
can measure up to 0.05 millimetres. Measurements were
performed twice by the same person for reliability. The
2D:4D finger length ratio was determined by dividing the
second finger length by the fourth finger length (Wu, 2013).

German Heidelberger Basketball Test

The Heidelberger Basketball Test was developed in 1987
by the collaboration of the scientists of the Sports Institute
in Heidelberg and basketball coaches. This test has the
capability of evaluating basic basketball-specific skills. The
rest periods between measurements to evaluate different
technical skills vary between 2 and 3 minutes (Alpullu &
Bozkurt, 2018).

Lay up shot

The participants were asked to perform the right layup
first, then the left layup for 1 minute, starting from the free
throw line, and to bounce the ball to the free throw line after
each layup. The participants were given two chances. The
score obtained from the attempt in which the most successful
shot was performed was recorded (Ozgelik & Alpullu, 2019).

Shooting from the Paint

The areas from which shots were performed were
divided into 4 equal parts with funnels. The participants
started shooting for 1 minute with the command. They were
asked to follow their balls for the missed shots, to rebound
the ball and to shoot again. The shots that passed through
the circle were considered as scores. The participants were
given two chances. The best score obtained from the trials
was recorded (Ozgelik & Alpullu, 2019).

Slalom dribbling

Ten slalom sticks were arranged in intervals of
2m-1m-1m-2m-1m-Im-4m-1m-1m from the starting. The
participants were asked to dribble back and forth between
slalom bars. They were given three chances. The best score
obtained from the trials was recorded (Ozgelik & Alpullu,
2019).

Passing test

Two squares with 30 centimetres side length were designed
on the wall with tapes. The distance between the two squares
was 1.80 cm and the height from the ground was 1.50 cm. The
tape, which was 2 meters away from the wall, was set up on the
floor of the hall. Two funnels were placed at 1-meter intervals
on the tape. The participants were asked to throw the ball to
the target with the command and to dribble to the other funnel
with the outer hand by taking the ball back. They were asked to
carry out as many tasks as possible for 30 seconds. The accu-
rate shots within 30 seconds were considered acceptable. They
were given two chances. The best score obtained from the trials
was recorded (Ozgelik & Alpullu, 2019).

Statistical analysis

The data obtained from the measurements and the
personal statements of the participants were evaluated at the
0.05 significance level in the SPSS 25.0 package program.
The Shapiro-Wilk test was performed to determine whether
the data indicated normal distribution or not. Since it was
perceived that the data showed a normal distribution,
Pearson correlation analysis was conducted to examine
the relationship of the 2D:4D finger length ratios of the
participants with their biomotoric characteristics and
basketball-specific performance values.
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Results

Table 1 showed the descriptive statistics of the adolescent
basketball players who generated the sample of the research.

Table 1. Descriptive statistics on participants

Variables n Mean SD Min Max
Height (cm) 24 1.81 0.06 174 190
Body weight (kg) 24 7685 1371 60 100
Body mass index (kg/cm?) 24 2342 433 16.74 31.61
Age (years) 24 1483 071 14 16
Training age (years) 24 708 192 3 9

When Table 2 was examined, it was observed that there
was no statistically significant relationship between the right
and left hand 2D:4D finger length ratios and biomotoric
characteristics of the participants (p>0.05).

Table 2. The relationship between 2D:4D finger length ratio
and biomotoric features

Right hand Left hand
Variables 2D:4D ratio 2D:4D ratio

r P r P
Flexibility -0.443 0.149 0.168 0.602
Right static force -0.334  0.289  0.161  0.617
Left static force -0.410 0.185 0.016 0.961
Anaerobic power -0.199  0.536  0.158  0.625
Abdominal muscle -0.215  0.501 -0.025  0.938
endurance
Agility 0.003 0994 0112 0728

Table 3. showed that there was no statistically significant
relationship between the right and left hand 2D:4D finger
length ratios and basketball-based sportive performances of
the participants (p>0.05).

Table 3. The relationship between 2D:4D finger length ratio
and sportive performance

Right hand Left hand
Variables 2D:4D ratio 2D:4D ratio

g p £ p
Lay up shot -0.499  0.099 -0.258 0417
Shot -0.016 0962 -0.182  0.571
Dribbling 0.123  0.704  0.174  0.588
Pass -0.453  0.139 -0.233  0.466
Discussion

The study, which was conducted to examine the
relationship of 2D:4D finger length ratio with biomotoric
characteristics and sportive performance in adolescent
basketball players, indicated that there was no significant
relationship between 2D:4D finger length ratio and
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sportive performance. That condition can be explained
by the fact that the participants generating the sample of
the study were in the adolescence period and their bone
development processes were continuing, as they had not
yet completed their adulthood. Because the physical growth
and development, which slows down partially in advanced
childhood, accelerates again in adolescence and reaches its
adult structure at the end of this period. In a similar study,
Acar & Eler (2018) suggested that finger length ratio was
determined in the mother’s womb, and did not have an effect
on sportive performance since it did not change during
adolescence and adulthood.

This study showed that there was no relationship
between the 2D:4D finger length ratio and the static strength
of the right and left hands. In the other study supporting this
study, Eghbali (2016) suggested that there was no significant
relationship between 2D:4D finger length ratio and handgrip
strength among master athletes.

In this study, when the relationship between 2D:4D
finger length ratio and biomotoric features was examined,
no correlation was observed among flexibility, right static
strength, left static strength, anaerobic power, abdominal
muscle endurance and agility. In another study that has
similar characteristics to the findings obtained in this study,
Peeters et al. (2013) observed that there was no significant
relationship between the left hand 2D:4D finger length ratio
andanyphysical fitnesscomponents (balance,limbmovement
speed, flexibility, explosive strength, static strength, trunk
strength, functional strength, running speed / agility and
endurance). In his study on basketball players, Giiler (2018)
indicated that there was no significant relationship between
2D:4D finger length ratio and abdominal muscle endurance
(push-ups), vertical jump (cm), anaerobic power (kg/min/
sec) and aerobic capacity (ml/kg/min). In their study, in
which Mehdizadeh et al. (2013) suggested that that there was
no significant correlation between 2D:4D finger length ratio
and dynamic muscular endurance (pull-ups and chinning
bars), they concluded that muscular endurance cannot be
predicted by anthropometric dimensions.

Contrary to all these studies, some studies reported
that there was a negative relationship between sportive
performance and 2D:4D finger length ratio among male
and female athletes. The ratio of the index finger to the ring
finger was negatively related to the amount of testosterone in
the blood (Acar & Eler, 2018; Eklund, 2020).

In their study, in which Bilgic et al. (2016) examined the
relationship between 2D:4D finger length ratios and sportive
performance among 11-13 year old children from different
sports branches, they determined that there was a positive
correlation between right and left hand 2D and 4D finger
length ratios and anaerobic capacity. In a similar study,
Koéroglu et al. (2016) stated that there is a positive correlation
between finger length and the dominance of testosterone
hormones. They mentioned that athletes with longer 4D
finger length exhibit higher anaerobic power performance.

Conclusion

Within the light of these findings, this study concluded
that the ratio of 2D:4D finger lengths in adolescent basketball
players did not have an effect on biomotoric characteristics
and basketball-based sportive performance. However, when
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the results obtained in scientific studies that were conducted
with the participation of athletes from different age and
branch groups were considered, the study predicted that the
2D:4D finger length ratio of adults might affect biomotoric
characteristics and sportive performance. Furthermore, the
study remarks that the ratio of 2D:4D finger lengths will be
insuflicient to correlate with sportive performance.
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B3aemo3B’'A30K nanbueBoro iHaekcy 2D:4D
3 6iOMOTOPHMMM XapaKTepUCTUKaM1 Ta CNOPTUBHUMMN
nokasHMKamm y 6acket6onictiB nignitTkoBoro BiKy

Epkan Yerinkasa'E, Xanin Tanip'45¢, @ypkan Yemmk*sE

'ATinHCbKMIT YHIBepcuTeT iMeHi AffHaHa MeHziepeca

*YIIakcpKuit yHiBepCuTeT

*Ynyparcokmit yaiBepcutet B bypci

ABTOpCHKNMIT BKIAM: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crartsi: 6 ., 3 Tab1., 28 mKepea.

Beryn. Mera 1jbOTO [OCTIIXKEHH: IOJIATA€ Y BU3HAYEHHI 3B’A3KY CIIIBBiIHOIIEHHA JOBXWHMU BKa3iBHOro i 6e3iMeHHOro
nanbliB (mManpresoro iHgekcy) 2D:4D 3 6i0MOTOPHMMY 0COOIMBOCTSIMY Ta CIIOPTUBHVMY [OKa3HUKAMMU y 6ackeT6OoiCTIB mmifI-
JITKOBOTO BiKY. Y JOCTI/KeHH] B35/ y4acTb 24 6ackeTOOTICTH 40/I0BiUOI cTaTi, cepenHilt Bik AKux craHoBus 14,83+0,71 pokis,
a Bik TpeHyBanb — 7,08+1,92 pokis.

Marepianu Ta MeTOAM. 3a JOIIOMOrO0 BUMIPIOBaHb BU3HAYA/IN TOBXIHY 2-TO i 4-T0 ManbliB 000X pyK, 3picT (cM), Macy
Tina (Kr), gesiki 6i0MOTOPHI XapaKTepUCTUKM Ta TOKAa3HUKYU CIIOPTUBHOI pe3y/IbTaTBHOCTI yYACHUKIB JOCTiKeHHsL. []/Is1 OLiH-
KU CIIOPTUBHOI Pe3y/IbTaTMBHOCTI yJacHUKIB OyB IpoBefeHmit HiMenbkuit 6acker6onbumit Tect lainenbbepra (Heidelberger
Basketball Test). Cratuctuunmnit anaais OTpMMaHUX HaHUX IPOBOAMBCS 3a JOMOMOrow mporpamu SPSS 25.0. [I1s1 BusHAYeHHs
BiIMOBiJHOCT] JaHUX [JO HOPMAJbHOTO PO3MNOJiNy BUKOpUCTOBYBaBCcA KpuTepiit [llamipo-Yinka. [lna cTrarucTuyHoro aHamisy
HepeBara HajlaBayacsl lapaMeTPMYHMUM TeCTaM, OCKIIbKY Oy/I0 BCTAaHOBJIEHO, IO lJaHi MAI0Th HOPMa/IbHUI PO3HO/I/.

Pesynpraru. BcraHOB/IEHO, 110 He OY/I0 CTATMCTMYHO 3HAYYIOTO 3B’513Ky MDX IanbleBuM iHgekcom 2D:4D, pesikumu xa-
PaKTepUCTUKAMM PYXOBUX AKOCTeIl Ta CIIOPTUBHIMIY OKasHMKaMI 3 6ackeTOONTy cepei yYacHUKIB focnipkenns (p>0,05). Byno
3p06HeH0 BJICHOBOK, IIJO MajbLeBnit ingekc 2D:4D y 6ackeTOOIICTIB MiTiTKOBOTO BiKy He BIUIMBA€ Ha 6i0MOT0pHi 0coOMMBOCTI
Ta CIIOPTUBHY Pe3yIbTaTUBHICTD ¥ 6ackerbori. [Tpu gocmifxeHHi Kopenanil MK manbieBuM ingekcom 2D:4D ta mapamerpamu
CIIOPTYMBHOI Pe3y/IbTaTUBHOCTI He CIIOCTEPIraocs CTATUCTUYHO 3HAYYLIOro 3B’13Ky (p>0,05).

Bucnosku. Hespakaroun Ha Te, 1[0 JieSKi JOCTIPKEHH II0Ka3yI0Th 3HAYHY HEraTUBHY KOPEIALII0 MK TeCTaMIU Ha IPOJYK-
TUBHICTB i criBBigHOIIeHHsM 2D:4D, crig 3a3Haun Ty, 1110 HanbleBuii iHgekc 2D:4D He € egnHUM BU3HAYaIbHUM (HaKTOPOM IS
BIM3HAYEHHs CIIOPTUBHOI PE3YIbTaTUBHOCTI.

KirouoBi croBa: 6ackeT6071, fOBKMHA ManbliiB 2D:4D, 610MOTOpHI 0CO6MIMBOCTI, CIIOPTUBHA Pe3y/IbTaTUBHICTD.
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Abstract

Study purpose. Student-athletes have a role that is not easy to balance between the role of being an athlete and the
role of being a student at school. Not a few of them have obstacles in balancing both roles. This study aims to reveal
the characteristics of secondary school student-athletes in Bengkulu City. The main objectives are to describe the
level of achievement motivation, study habits, self-discipline, academic support, and academic performance.
Materials and methods. This study is a quantitative descriptive research with a survey approach involving

402 student-athletes at the junior high school and senior high school levels. The student-athletes represent 16 sports.
The average age of student-athletes is 15.9 years. The instrument used in the study was a questionnaire consisting
of 36 statement items. The mean ideal and standard deviation ideal formulas were used to analyze data regarding
the category level of each indicator, while the independent sample t-test was used to determine differences in data

between student-athletes based on gender and type of sport.

Results. The results of this study reveal that student-athletes in Bengkulu City have achievement motivation, study
habits, self-discipline, academic support, and academic performance in the high category. There is a significant
difference between male and female student-athletes (sig 0.001 < 0.005). There were no significant differences
between student-athletes from individual and team sports (0.442 > 0.005).

Conclusions. Student-athletes at junior high school and senior high school education levels have good
characteristics, there are significant differences between male and female athletes, and there are no significant

differences between individual athletes and team athletes.

Keywords: student-athletes, motivation, habits, discipline, academic.

Introduction

Education at the high school level is a critical period in
students’ development, where they not only pursue academic
excellence butalso engage in various extracurricular activities
for skill and character development (O’Neil et al., 2021). One

© Pujianto, D., Nopiyanto, Y.E., Wibowo, C., Kardji, LS.,
Raibowo, S., Insanistyo, B., Ibrahim, Hasan, B., & Agus
Sutriawan, A., 2024.
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group of students who fulfill dual roles are student-athletes,
who try to maintain a balance between sports performance
and academic achievement (Kristiansen, 2017). Sports
in high school are not just physical activities, but also an
important tool in developing character, leadership, and
interpersonal skills (DUZ & ASLAN, 2020). Through
sports, students can learn about teamwork, responsibility,
and discipline (de Prada Creo et al., 2021). Therefore, it is
important to understand how involvement in sports at the
secondary school level can influence important aspects of
education, such as motivation, study habits, and academic
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achievement (Escosio Suguis & Suraya Belleza, 2022).
Student-athletes at the high school level often face different
challenges compared to those at lower levels of education
due to academic demands and pressure to succeed in various
fields (Chrisman et al., 2013).

Motivation is a key factor in understanding student-
athlete engagement in high school (Xie et al., 2020). Intrinsic
motivation, which comes from internal drives such as the
desire to achieve excellence, and extrinsic motivation, which
comes from external drives such as recognition or rewards,
can play an important role in determining the extent to
which students engage in sports and excel academically
(Howard et al., 2021). Various previous relevant studies have
been conducted by researchers including (Lupo et al., 2015)
which revealed that student-athletes have high motivation
to pursue two careers, namely a career as an athlete and a
career as an athlete. Similar research was also conducted
(Yukhymenko-Lescroart, 2018) which revealed that student-
athletes motivation to take part in sports was influenced by
intrinsic interest, while student-athletes motivation to take
academic classes was influenced by the grades obtained in
class. In their research (Quinaud et al., 2020) it was revealed
that the level of education and training hours have a big
influence on athlete motivation.

It is important to dig deeper into the study habits of stu-
dent-athletes because effective study habits can be the foun-
dation of their academic success (Brecht & Burnett, 2019).
Implementing good study strategies, managing time wisely,
and having a strong focus can help student-athletes achieve
a healthy balance between sports activities and academic
achievement (Jafari et al., 2019). Student-athletes need to de-
velop effective time management skills to divide their time
between studies, sports practice, and personal needs (Cosh &
Tully, 2014). Student-athletes should create a structured daily
or weekly schedule to ensure all responsibilities are met. They
can use the time between practices or matches to read, do as-
signments, or absorb study material, bringing a book or laptop
during travel or rest time (Turick et al., 2021). Apart from hav-
ing achievement motivation and good study habits, student-
athletes are required to have self-discipline (Grace et al., 2019).

Self-discipline plays a key role in maintaining a balance
between commitment to sport and academic achievement
(Medina et al., 2020). The ability to manage time effectively,
maintain focus on academic tasks, and remain consistent in
maintaining physical and mental health are determining fac-
tors in the success of student-athletes at the high school level
(Altun etal., 2021). Self-discipline starts with the ability to set
priorities well. Student-athletes need to understand that both
academic achievements and sporting achievements have im-
portant values, and they must be able to determine the order
of importance according to their needs and responsibili-
ties. Self-discipline involves effective communication with
coaches, teachers, and teammates. Student-athletes must be
able to communicate their needs, explain time constraints,
and ask for help if needed. A disciplined student-athlete
must be able to self-reflect regularly. This involves reviewing
academic and sporting performance. Student-athletes with
self-discipline can face the unique challenges of maintaining
a balance between sports and academic performance.

Good academic achievement often reflects the level of
balance that student-athletes successfully maintain (Yukhy-
menko-Lescroart, 2018). Therefore, looking at their academ-
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ic achievements can provide an idea of the extent to which
they have succeeded in integrating sports into their educa-
tional life. A student-athlete’s academic performance refers
to his or her academic achievements in an educational envi-
ronment, which involves several evaluation indicators but is
not limited to achievement of grades, participation in classes,
and involvement in academic activities (Grimit, 2014). This
academic achievement is a specific and comprehensive pic-
ture of a student-athlete’s ability and dedication to achieving
their educational goals. An academically successful student-
athlete demonstrates consistency in class attendance and ac-
tive participation in discussions. Good attendance reflects
their commitment to education, while active participation
shows a desire to understand and engage in the learning ma-
terial. A student-athletes academic performance is reflected
in the achievement of strong grades. This includes their abili-
ty to achieve the academic standards set by educational insti-
tutions. They must demonstrate the ability to master course
material and apply it in exams and assignments.

Learning barriers can present an extra challenge for
student-athletes at the high school level. Time constraints,
stress, and pressure associated with sports competitions can
complicate their learning efforts (Ferreira Silva et al., 2021)
Understanding the barriers experienced by student-athletes
can help schools and coaches identify ways to provide more
effective support (Banwell & Kerr, 2016). Barriers to the
learning process for student-athletes can be complex and
require a deep understanding of the multiple demands they
face. Student-athletes are often faced with busy schedules,
with time-consuming training, competitions, and travel. This
can result in limited time for studies, making it difficult for
them to balance academic work and sporting commitments.
Intense competition in the world of sports can create addi-
tional pressure for student-athletes. Focusing on high sport-
ing achievements may distract them from academic tasks, af-
fecting concentration and quality of learning. Maintaining a
balance between academic work and sports training is a chal-
lenge in itself. Student-athletes can have difficulty adjusting
to changing schedules and managing their time efficiently.

Several previous studies have studied student-athletes in
Bengkulu City, such as research from (Pujianto et al., 2022)
which studied the mental toughness of student-athletes in
Bengkulu City. Furthermore, (Pujianto et al., 2023) studied
the emotionalintelligence of student-athletes at the university
level. However, specific studies regarding the psychological
and academic conditions of student-athletes have not been
widely discussed. Student-athletes are a valuable asset for the
continued achievement of a nation. Therefore, it is necessary
to carry out a comprehensive analysis of the characteristics of
student-athletes in Bengkulu City by examining achievement
motivation, study habits, self-discipline, academic support,
and academic performance.

Based on the background description, the formulation
of this research is: 1) What are the characteristics of high
school student-athletes in Bengkulu City in terms of their
level of achievement motivation, study habits, self-discipline,
academic support, and academic performance? 2) Are there
differences in the characteristics of male and female student-
athletes? 3) Are there differences in the characteristics of
student-athletes from individual and team sports?

The main goal of this research is to provide a
comprehensive picture of the context, challenges, and
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complexities of the lives of student-athletes at the middle
school and high school levels. By understanding factors
such as motivation, study habits, self-discipline, academic
achievement, and learning support, it is hoped that this
research can make a significant contribution to establishing
better sports education and development for middle school
and high school student-athletes in Bengkulu City.

Materials and methods

Participants

Research participants were student-athletes in Bengkulu
City who were studying at the junior high school and high
school levels. The total number of participants involved was
402 student-athletes.

Table 1. Characteristics of the student-athletes.

Sex Frequency
Male 256
Female 146
Total 402
Level of Education Frequency
Junior High School 107
Senior High School 295
Total 402
Type of sports Frequency
Pencak Silat 65
Wrestling 1
Tae Kwon Do 34
Karate 50
Boxing 2
Volleyball 79
Basketball 44
Futsal 77
Gateball 2
Tennis
Table Tenis 1
Football 29
Badminton 10
Swimming 5
Bodybuilding
Athletic 1
Total 402

Table 2. Research instrument grid

Research Design

This research is a quantitative descriptive study using
a survey approach on middle school and high school
student-athletes. The research instrument used for data
collection was a questionnaire prepared and developed by
the research team. The questionnaire consists of several
indicators including achievement motivation, study habits,
self-discipline, and learning support. The total items from
the questionnaire used were 36 items. The Likert scale is
used for choices, namely: strongly disagree-strongly agree.
The questionnaire was field-tested on 322 student-athletes to
determine the validity and reliability values of the instrument.
From the results of the analysis using SPSS version 22, it is
known that the instrument is concluded to be valid with a
sig value <0.05, and the reliability of the instrument based
on Cronbach’s alpha is 0.83.

Research procedure

This research was carried out in several stages which are
summarized in the research procedure, including explaining
the purpose of the research and getting approval from the
athletes regarding the data needed in the research, research
data was collected through an instrument in the form of a
questionnaire, data collection was taken manually by meet-
ing directly between the researcher and the athlete. After the
data is collected, data tabulation is carried out by taking the
research data filled in completely by the athlete. The next
step is to carry out analysis and present the research results.

Statistical Analysis

To determine the level of achievement motivation,
study habits, self-discipline, and academic support,
researchers developed criteria using the ideal mean and ideal

Table 3. Formula of Categories

Interval Frequency
> (Mi + 1.8 SD) - (Mi + 3 SD) Very High
> (Mi + 0.6 SD) - (Mi + 1.8 SD) High
> (Mi - 0.6SD) - (Mi + 0.6 SD) Moderate
> (Mi - 1.8 SD) - (Mi - 0.6SD) Low
(Mi - 3SD) - (Mi - 1.8 SD) Very Low

Mi = (ST+SR)/2; SD = (ST-SR)/6; Mi = Mean Ideal, ST =
Maximum Score, SR = Minimum Score, SD = Standard
Deviation

Indicators Description Positive items Negative items

Motivation Motivation is a complex psychological construct that plays an 1,2,3,4,6,7,8,9 5,10
important role in encouraging individuals to set and pursue goals,
overcome challenges, and strive for success.

Study habit Student-athlete study habits represent a unique intersection 11,13,14,16,17,18, 12,15
between academic and athletic demands. 19,20

Self-discipline Self-discipline is an important attribute for success in both 21,22,23,24,26,27, 25
academics and athletics and student-athletes, it is even more 28,29, 30
important because of the dual demands they face.

Academic support Academic support for student-athletes is critical to ensuring their 32, 33, 35, 36 31,34

success both in the classroom and on the field.
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standard deviation formula which can be seen in Table 3.
An Independent sample t-test assisted by SPSS variant
22 software was used to analyze data regarding differences
between student-athletes in terms of gender and analyze
data regarding differences between student-athletes in terms
of type of sport.

Results

Describes the characteristics of secondary school
student-athletes in Bengkulu City, shown through the
indicators presented in the tables below.

Table 4. The result of Motivation

Interval Category Frequency Percentage
44-51 Very High 108 26.87
35-43 High 272 67.66
27-34 Moderate 21 5.22
18-26 Low 1 0.25
9-17 Very Low 0 0

Based on Table 4, it is known that the data categorizes
athletes into different achievement motivation intervals.
The highest frequency is in the “35-43” interval which is
categorized as “High” with 272 incidents or representing
67.66% of the total data. The second highest frequency was
in the “44-51” interval with the “Very High” category with
108 incidents or covering 26.87% of the data. The majority
of athletes fall into the “High” and “Very High” achievement
motivation categories, namely 94.53% of the total data. The
“Medium” achievement motivation category has a relatively
lower frequency (5.22%), while the “Low” and “Very Low”
categories have negligible frequencies (0.25% and 0%
respectively). The high frequency in the “High” and “Very
High” categories indicates that the majority of athletes in the
data set have strong achievement motivation. Athletes with
high achievement motivation are often more enthusiastic,
goal-oriented, and persistent in their pursuit of success,
which can positively influence their athletic performance.
The low incidence in the “Low” and “Very Low” categories
indicates that very few athletes in the data set reported lower
levels of achievement motivation.

Table 5. The result of the study habit

Interval Category Frequency Percentage
44-51 Very High 53 13.18
35-43 High 282 70.15
27-34 Moderate 65 16.17
18-26 Low 2 0.5
9-17 Very Low 0 0

The results of the research on the second indicator,
namely study habits, are displayed in Table 5. From Table 5 it
is known that the data is categorized into different intervals
based on several criteria. The highest frequency was found
in the “35-43” interval which was categorized as “high”
with 282 athletes or representing 70.15% of the total data.
The second highest frequency was in the “27-34” interval,
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categorized as “medium’, with 65 incidents, which was
16.17% of the data. The majority of data falls into the “high”
and “medium” categories, namely 86.32% of the total data.
The “very high” category has a lower frequency (13.18%),
while the “low” category has a very small frequency (0.5%).
This means that student-athletes in the city of Bengkulu have
good study habits.

Table 6. The result of self-discipline

Interval Category Frequency Percentage
44-51 Very High 101 25.12
35-43 High 276 68.66
27-34 Moderate 23 5.72
18-26 Low 2 0.50
9-17 Very Low 0 0.00

The results of research on athlete self-discipline are
shown in Table 6. From Table 6, information is obtained
that the data categorizes athletes into different self-discipline
intervals. The highest frequency is in the “35-43” interval
which is categorized as “High” with 276 incidents or
representing 68.66% of the total data. The second highest
frequency is in the “44-51” interval which is categorized as
“Very High” with 101 events which is 25.12% of the data.
The majority of athletes fall into the “High” and “Very High”
self-discipline categories, which is 93.78% of the total data.
The “Medium” self-discipline category has a relatively lower
frequency (5.72%), while the “Low” category has a relatively
small frequency (0.50%). The high frequency in the “High”
and “Very High” categories shows that the majority of
athletes in the data set show strong self-discipline.

Table 7. The result of academic support

Interval Category Frequency Percentage
26-30 Very high 73 18.15
21-25 High 139 34.58
17-20 Moderate 125 31.10
12-16 Low 64 15.92
6-11 Very low 1 0.25

The next indicator is academic support which is
displayed in table 7. This data categorizes student-athletes
into different academic support intervals. The highest
frequency is in the “21-25” interval which is categorized as
“High” with 139 incidents or representing 34.58% of the total
data. The second highest frequency is in the “26-30” interval
which is categorized as “Very High” with 73 events which is
18.15% of the data. The majority of student-athletes fell into
the “High” and “Very High” academic support categories,
accounting for 52.73% of the total data. The “Medium”
academic support category has a significant frequency
(31.10%), while the “Low” and “Very Low” categories also
have a significant frequency (15.92% and 0.25% respectively).
The high frequency in the “High” and “Very High” categories
indicates that the majority of student-athletes in the data set
have access to effective academic support.

Table 8 shows that the intervals 85-100 and 80-84 show
high frequencies (175 and 170 respectively). This suggests
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that student-athletes, overall, perform well academically,
with most athletes achieving scores in the higher range.
Data shows that student-athletes successfully balance their
academic responsibilities with their athletic commitments.
This is especially visible at high frequencies in the top two
scoring intervals.

Table 8. Academic Performa

Interval Letter Frequency
85-100 A 175
80-84 A- 170
75-79 B+ 51
70-74 B 6
65-69 B- 0

Based on Table 9, it is known that the sample consisted
of 256 male student-athletes and 146 female student-
athletes. This indicates a greater representation of men in
the data set. The average score for male student-athletes
was 143.83 and for female student-athletes was 139.99. This
shows that on average male student athletes have slightly
higher performance scores than female student athletes.
A higher standard deviation for men indicates a wider range
of performance scores than for women.

Table 9. Group statistics on male and female athletes

Sex N Mean Std. deviation  Std. Error Mean
Male 256 143.83 11.3777 0.711
Female 146 139.99 10.347 0.856

To determine the level of difference between the
characteristics of male and female student-athletes,
an independent sample t-test analysis was carried out.
The results of the prerequisite test using Monte Carlo
obtained a sig value of .05 > 0.05 so that the data was
normally distributed. Furthermore, analysis using Levene
statistics obtained a sig value of .369 so that the data was
homogeneously distributed. The results of the independent
sample t-test at a significance level of 0.05 show that there
are significant differences between male and female athletes
which are presented in Table 10.

Table 10. Independent sample t-test of male and female
student-athletes

df
400

t
3.367

Sig.(2 tailed)
0.001

Description

Significant

From the research results shown in Table 10, it is known
that this study consisted of 170 student-athletes from
individual sports and 232 athletes from team sports. Based
on the mean scores, it is known that student-athletes from
team sports have slightly higher scores than student-athletes
from individual sports. To prove whether or not there are
differences between the two groups, an independent sample
t-test was carried out which is shown in Table 11. The results
of the independent sample t-test at a significance level of
0.05 show that there are no significant differences between
student-athletes from individual sports and sports. team.
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Table 11. Group statistics from individual sports and team
sports

Sport N Mean  Std. deviation Std. Error Mean
Individual 170  141.94 10.698 0.711
Team 232 142.80 11.488 0.856

To determine the level of difference between the
characteristics of student-athletes from individual and team
sports, an independent sample t-test analysis was carried
out. The results of the prerequisite test using Monte Carlo
obtained a sig value of .05 > 0.05 so that the data was
normally distributed. Furthermore, analysis using Levene
statistics obtained a sig value of .369 so that the data was
homogeneously distributed. The results of the independent
sample t-test at a significance level of 0.05 show that there
are no significant differences between student-athletes from
individual and team sports as presented in Table 12.

Table 12. Independent sample t-test from individual sports
and team sports

t df Sig.(2 tailed)  Description
-0.769 400 0.442 No Significant
Discussion

This research aims to reveal the characteristics of
student-athletes at the middle and high school levels in
Bengkulu City. These characteristics consist of achievement
motivation, study habits, self-discipline, academic support,
and academic performance.

The research results show that student-athletes in Beng-
kulu City have achievement motivation in the high cate-
gory. The high achievement motivation of student-athletes
in Bengkulu City is demonstrated by their persistence in
training, belief in becoming winners and having clear goals
for their involvement in their chosen sport. The findings of
this research are in line with previous studies that success-
ful student-athletes are athletes who have high achievement
motivation (Matmask & Ozrudi, 2019). Sports achievement
motivation in student-athletes is a dynamic and diverse
concept that includes drive, determination, and the desire
to excel in sports (Colin J. Deal & Camiré, 2016). Achieve-
ment motivation is a force that encourages individuals to set
goals, persevere through challenges, and continue to strive
to achieve personal and team success (Sharma et al., 2018).
Student athletes” achievement motivation is often triggered
by a combination of internal and external factors (Stokowski
et al,, 2013). Internally, these individuals have a deep pas-
sion for their sport, finding intrinsic joy in the process of
improvement and competition (Gardner et al., 2017). The
journey of a student-athlete is full of challenges, including
rigorous training schedules, demanding academic commit-
ments, and the inevitable setbacks in sports. However, those
who have high achievement motivation show resilience and
a tenacious spirit (Akbar et al., 2023). They view setbacks as
opportunities to grow, learn from failures, and use them as
stepping stones to future success. Sports achievement moti-
vation in student-athletes also contributes to team cohesion
and collective success. A shared commitment to excellence
fosters a sense of camaraderie and mutual support, creating
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a positive and competitive team culture. This motivation not
only improves the performance of individual athletes but also
pushes the entire team to higher levels (Javed et al., 2020).
In the second indicator regarding study habits, junior
and senior high school student-athletes in Bengkulu City
show the high category. This is demonstrated through the
athlete’s ability to complete school assignments on time, ac-
tively participate in the learning process in class, and give
the best effort in taking exams in academic classes. The study
habits of student-athletes reflect a balancing act between the
demands of academic life and a commitment to excellence
in sports (Linnér et al., 2021). One key aspect of a student-
athlete’s study habits is careful time management (Coffey &
Davis, 2019). Student-athletes must be able to manage a tight
schedule of practices, competitions, and travel. The ability
to prioritize tasks and maintain a disciplined approach to
time management are characteristics of successful student-
athletes (Hardin & Pate, 2013). The study habits of student-
athletes also underscore their commitment to academic ex-
cellence (Huml et al., 2014). Despite the physical and mental
demands of their sport, many student-athletes prioritize
their education, considering it the foundation of their future
outside of athletics. This commitment often translates into
disciplined study sessions, seeking additional support when
needed, and actively engaging in coursework to ensure a
well-rounded academic experience. Additionally, the sense
of discipline and perseverance developed through sports
often carries over into the study habits of student-athletes.
The resilience they show on the field translates into a deter-
mined academic approach. When faced with challenging
coursework or tight deadlines, these individuals harness the
same mental strength that drives them in sports, overcoming
academic challenges with a focused and persistent mindset.
In the third indicator, namely self-discipline, student-
athletes in Bengkulu City show that they have high self-
discipline. This is demonstrated by student-athletes by
arriving on time for practice and studying academically
in class, being responsible as athletes and students. Self-
discipline is a hallmark of student-athletes, manifesting
in their ability to regulate behavior, prioritize tasks, and
persevere in the pursuit of academic and athletic excellence
(Claringbould et al., 2015). These qualities are important
for dealing with the demanding schedules and high
expectations that come with balancing rigorous training
programs and academic responsibilities (Zulkifli & Rahmat,
2022). Student-athletes carefully plan their daily routines,
allocating time for classes, training sessions, study periods,
and rest (Macquet & Skalej, 2015). Through this careful
planning, they establish a framework that allows them to
manage their time and energy effectively, ensuring that
neither their athletic activities nor their academic obligations
are neglected (Nordito S Quimbo, 2023). The high demands
faced by student-athletes often require sacrifice, and self-
discipline plays an important role in making and sticking to
these choices (Sanders et al., 2021). Whether it’s choosing
to stay focused during study sessions, maintaining a healthy
diet, getting enough sleep, or not engaging in distractions,
student-athletes demonstrate a high level of self-control
in their daily lives. This discipline extends to areas beyond
the immediate demands of their sport, contributing to
their overall well-being and long-term success. Student-
athletes demonstrate a sense of delayed gratification,
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realizing that the hard work and sacrifices they make now
will contribute to future success (Strowd et al., 2022). This
forward-thinking mindset allows them to resist short-term
temptations or distractions, and remain committed to their
long-term goals (Nichols et al., 2019). The journey in both
academics and sports is marked by challenges, setbacks, and
moments of difficulty (Sorkkila et al., 2019). Through self-
discipline, student-athletes develop the mental fortitude to
persevere in the face of obstacles. They view challenges not
as insurmountable obstacles, but as opportunities to grow
and develop and demonstrate resilience in their efforts to
continue achieving excellence (Sullivan et al., 2023).
Another indicator that is part of this research is aca-
demic support. In this research, student-athletes received
good academic support. This is shown by the support from
teachers at school and parents at home. The results of this
research are in line with various previous studies that reveal
that successful learning athletes are those who receive aca-
demic support (Hazzaa et al., 2018). Academic support for
student-athletes plays a critical role in ensuring their success
both in the classroom and on the field (Lassiter & Camp-
bell, 2023). One important aspect of academic support for
student-athletes is the provision of dedicated academic advi-
sors (Grandy et al., 2016). These advisors specialize in under-
standing the intricacies of athletic schedules, competitions,
and training programs (Vaughn & Smith, 2018). They work
closely with student-athletes to create personalized academic
plans, assist them in selecting classes that align with their
training commitments, and ensure they meet eligibility re-
quirements to participate in sports. Tutoring services are of-
ten the cornerstone of academic support for student-athletes
(Karakaya et al., 2015). Tutors work with student-athletes to
clarify concepts, review coursework, and strengthen their
understanding, fostering a supportive academic environment
that complements their athletic activities (Kirby & Amason,
2021). Time management workshops are often offered to
help student-athletes effectively balance their academic and
athletic responsibilities (Colin Jeffery Deal & Camiré, 2016).
This workshop provides strategies for managing schedules,
setting priorities, and maximizing productivity. By instill-
ing effective time management skills, academic support
programs empower student-athletes to meet deadlines, at-
tend classes, and engage in focused study sessions without
sacrificing their athletic commitments. Flexible academic
accommodations are often implemented to address the un-
predictable nature of sports schedules (Condello et al., 2019).
These accommodations ensure that academic progress is not
hampered by the unique challenges of a dual-role lifestyle.
This research also revealed differences in the
characteristics of male and female athletes in terms of
motivation, study habits, discipline, academic support,
and academic performance. The results of the analysis
show that the average score of male athletes is greater
than that of female athletes. From the results of statistical
analysis with a significance level of 0.05, it is known that
there are significant differences. These differences can be
discussed from each indicator. The results of this research
are relevant to previous research which revealed that
there are differences in the motivation of male and female
athletes (Moradi et al., 2020). Male athletes have higher
motivation (Ong, 2019). These differences can be shaped
by a variety of factors, including societal expectations,
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cultural norms, and individual experiences (Navarro &
Malvaso, 2015). Societal expectations place a higher value
on male athletic traits causing male student-athletes to
be motivated by the desire to gain recognition, respect,
and social status. Meanwhile, female student-athletes are
motivated to challenge stereotypes, break down barriers,
and promote gender equality. Male student athletes tend to
have extrinsic motivations such as a desire for scholarships,
awards, or professional opportunities. Meanwhile, female
student-athletes are intrinsically motivated, finding joy and
satisfaction in the process of improvement, personal growth,
and love for the sport itself. Judging from study habits, male
student-athletes tend to postpone work more often, adapt
easily to various environmental conditions, and use assertive
and competitive study techniques. Meanwhile, female
athletes are more organized in carrying out academic and
sports tasks and need a comfortable environment to adapt,
and use cooperative learning and discussion techniques.
Judging from the discipline, it is known that male student-
athletes set goals for long-term goals, are susceptible to
time management, and show resilience through the ability
to rise from adversity. Meanwhile, female athletes set goals
by combining personal and team goals, are organized in
time management and show resilience through emotional
intelligence. Judging from academic support and academic
performance, male student-athletes tend to experience
obstacles in balancing academic demands and sports
demands. A collaborative academic environment or team-
related academic challenges may be very effective for some
male student-athletes. Meanwhile, female athletes tend to
be more adept at balancing academic demands and sporting
demands, tending to seek help from friends, coaches, or
mentors when facing academic challenges.

This research also revealed the differences in the
characteristics of athletes from individual sports and team
sports in terms of motivation, study habits, discipline,
academic support, and academic performance. The results
of the analysis show that there is no significant difference
in the average scores of athletes from individual sports and
team sports. From the results of statistical analysis with
a significance level of 0.05, it is known that there are no
significant differences. Both individual student-athletes and
teams often share a passion for their sport (Jakobsen, 2018).
Love of the game can be a powerful motivator to put in the
effort and time necessary to become the best. Individual
and team student-athletes often have a strong work ethic.
They understand the correlation between hard work and
success, and commitment to putting in the necessary effort is
the common thread of motivation. Both individual student-
athletes and teams need strong time management sKkills.
Balancing training sessions, competitions and academic
commitments requires effective planning to ensure
they allocate sufficient time to both areas of their lives.
Consistency in study routines is critical to academic success
for individual athletes and teams. Both types of athletes must
be adept at utilizing available resources, such as libraries,
online materials, and academic support services.

Conclusions

Based on the research results conducted in Bengkulu
City, it can be concluded that student-athletes in the region
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generally exhibit high levels of achievement motivation,
study habits, self-discipline, academic support, and academic
performance. This suggests a positive and conducive
environment for the academic development of student-
athletes. Furthermore, a significant difference was observed
between male and female student-athletes, indicating that
gender plays a role in influencing certain aspects of their
academic experiences. The differences could be attributed
to various factors such as societal expectations, individual
preferences, or cultural influences. However, no significant
differences were found between student-athletes engaged in
individual sports and those participating in team sports. This
implies that the type of sport, whether individual or team-
based, does not have a statistically significant impact on the
measured academic factors among the student-athletes in
Bengkulu City. In summary, the findings suggest a need for
tailored support and interventions that consider gender-
specific factors for optimizing the academic experiences
of student-athletes. Additionally, the lack of significant
differences between individual and team sports indicates
that both types of sports may contribute equally to the
positive academic outcomes observed in the student-athlete
population in Bengkulu City.
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Merta gocmigKeHHA. YUHAM-CIIOPTCMEHaM HeJlerko 6anaHcyBaTu MK QyHKLiAMM CIIOPTCMeHa Ta Y4HA B Ko, Unmaro 3
HIIX MAIOTb [IepeIIKoanu y 6aaHCyBaHHI 060X (yHKIiT. MeTO0 JaHOTO HOCII/KEHHS € BUSHAYeHH XapaKTePUCTUKM OKa3HIKIB
YYHiB-CHOPTCMEHIB cepefHix mKin y micti benrkyny. OcHOBHMMM 3aauamMy JOC/TIIKEHHS € OIUC PiBHA MOTUBALlil JOCATHEHHS,
HaBYa/IbHUX 3BUYOK, CAMOAVICUIVIUTIHM, aKaleMiqHOI IiITPMMKM Ta aKaZeMidyHOI YCIIIIHOCTI.

Marepianu Ta Metopu. e KibKicHe OnycoBe LOCTI/KEHHA 3 BUKOPUCTAHHAM METOAY aHKeTyBaHH:, B AKOMY B3s/IU y4acTb
402 y4Hi-CIIOpTCMEHN Ha PiBHI CepefHbOI Ta CTapIIO] MIKO/MN. Y YHi-CIOPTCMEHM NPeACTaBAITb 16 Buais ciopTy. CepenHiit Bik
Y4HIB-CIIOPTCMEHIB CTaHOBUTD 15,9 poKiB. IHCTpYMeHTOM, 1[0 BUKOPUCTOBYBABCS B HOCIIIKeHHI, OYB ONMUTYBalIbHUK, CKIafle-
HUIT 3 36 IyHKTIB TBep/>KeHb. [/ aHa/mi3y JaHMUX IOA0 PiBHs KaTeropili KOXKHOTO MOKa3HMKa BMKOPUCTOBYBAIMCS HopMyn
OIITMMA/IbHOTO CEPeHbOrO Ta CTAHAAPTHOTO BiAXW/IEHHH, A I BUSHAUYEHHA BiIMIHHOCTE JaHUX MK YYHAMM-CIIOPTCMEHAMM
3aJIe)KHO Biji CTaTi Ta BUALY CIIOPTY 3aCTOCOBYBABCsA t-KPUTEPiit A/ He3a/IeKHMX BUOIPOK.

PesynpraTn. PesynbraTy JOCTiIHKEHHS TOKa3yI0Th, O YYHi-CIIOPTCMEHN MicTa beHrKyry MaloTh BUCOKNMIT piB€Hb MOTUBAILil
TOCATHEHHS, HABMYOK HaBYaHHsA, CAMOAVCUMIUTIHY, aKaJeMi9HOI MiITPYMMKY Ta aKaIeMivyHOl YCIIIMHOCTI. IcHye 3HauHa pisHMIA
Y MIOKa3HMKAX cepef yYHiB-CIIOPTCMEHIB 90/I0BiY0i Ta »KiHOYOi CTaTi (sig 0,001 < 0,005). 3HauyLIMX BiIMiHHOCTel! y TIOKa3HIKaX
cepef y4HIiB-CIIOPTCMEHIB 3 iHUBiAyaTbHUX Ta KOMaHHNX BUAIB CIOPTY He crocTepiranocs (0,442 > 0,005).

BucHoBKM. Y4Hi-CIOPTCMEHM MOJIOAIINX Ta CTaPIINMX K/IACiB CEpeJHbOI NIKO/MV HaBYaHHA MAIOTh IO3UTUBHY XapaKTepPUCTU-
Ky ITOKa3HMKiB, € 3HaYyIli BiIMiHHOCTI MiXK CHOpPTCMEHaMJ 40/I0Bi40i Ta >KiHOYOI CTaTi, a TAKOXK BifICYTHi 3Ha4YyIli BiMiHHOCTI
MDK CIIOPTCMEHaMI iHAMBilyaIbHUX Ta KOMaH/IHMX BUJIIB CIIOPTY.
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Abstract

Study purpose. This study aims to investigate motor skills and motivation to learn physical education through

traditional games.

Materials and methods. The study was conducted using an experimental method and involved 60 students from
primary schools in Purwodadi District, Grobogan Regency, Indonesia. Data were collected by measuring motor

skills and learning motivation through affective, cognitive and psychomotor tests that were examined for validity and
reliability. In addition, students’ character was also measured through observational tests of students’ basic movement
skills. The measurement of basic movement skills was carried out before and after the intervention, which lasted for

8 sessions over one month. Data analysis was carried out using the Anova technique, reinforced by regression of

research results using SPSS 22 software.

Results. The results showed that the traditional game approach had a significant effect on increasing students’
motivation to learn physical education. The traditional games approach also contributed positively to students’
learning outcomes. Through hands-on experience in these traditional games, students can develop motor skills,
coordination, speed, strength, as well as cognitive aspects such as strategy, spatial intelligence and situation analysis.
Conclusions. By participating in traditional games, students can understand and respect cultural heritage and
broaden their horizons about cultural diversity. Suggestions for future investigations include extending the research
and development activities by including a larger sample, which may provide greater statistical power to support

research findings in the area of traditional games.

Keywords: motor skills, motivation, physical education, traditional games, improved.

Introduction

Physical education is one of the essential aspects of
education systems worldwide (Kern & Armstrong, 2022).
In international physical education policy, many countries
prioritize the development of curricula that cover physical
education from elementary school to college level (Hosker
et al,, 2019). In addition, adequate sports facilities, qualified
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sports coaches, and programs that teach essential values
are also part of the policy. Good physical education can
benefit students by improving physical and mental health,
developing social abilities and team skills, and improving
academic achievement (Jackson et al., 2022). Therefore,
countries worldwide must prioritize physical education
in their education systems to create healthier and more
physically and socially active societies (Chekroud et
al., 2018). Motor skills and physical education learning
motivation align with the mentioned International Physical
Education Policy (Aliriad et al., 2023). Motor skills are a
persons ability to perform physical movements in a precise
and coordinated manner (Aliriad, 2023). Developing motor
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skills through practice and playing sports is essential to help
students acquire expertise in performing physical activities
correctly and effectively.

Physical education study motivation refers to a student’s
interest and passion for learning and participating in sports
and fitness activities. International Physical Education
Policy includes developing programs that motivate students
to participate in sports and fitness activities, such as teaching
important values, ensuring safety and health in every move,
and providing opportunities to participate in international
sports competitions (Limbu et al., 2017).

Motor skills and motivation to learn physical education
are essential in improving the overall quality of physical
education (Chen, 2017). By developing motor skills and
motivation to learn physical education, students can obtain
more significant benefits, such as improving health and
fitness, social and team abilities, and academic achievement.
Therefore, it is essential for education systems around the
world to pay attention to the development of motor skills
and motivation for learning physical education in their
physical education policies (Adi et al., 2023).

Another study conducted on early childhood in Canada
found that physical education programs explicitly designed
to improve motor skills could significantly improve students’
motor skills (Kjer, 2019; Rawat & Bangari, 2019). The
Program consists of various physical activities performed
under the supervision of trained educators and with sufficient
repetition and variety to strengthen the student’s motor skills
(Balaban, 2018). The results of this study show that physical
education programs that focus on developing motor skills
can significantly improve students’ motor skills and provide
other benefits, such as increasing self-confidence and self-
confidence in early (Chou et al., 2022; Valentini et al., 2016).

Traditional games have many vital values, such as
cooperation, discipline, patience, healthy competition, and
respect for colleagues and opponents (Leddington Wright
etal., 2015; Sulistyaningtyas & Fauziah, 2019). One example
of a conventional game containing these values is “gobak
sodor” or “gobak jalan” In this game, the players work
together to knock the opponent off the line, which is the
limit of the game. In the process, they must have discipline,
patience in waiting for their turn, and cooperation to bring
down opponents together. There is healthy competition that
spurs the spirit to be the best but still respects colleagues
and opponents to play by not cheating or harming. By
playing traditional games such as “gobak sodor”, children
can develop these critical values early on and apply them in
everyday life (Kashyap, 2017).

In a “sack race” or “tug of war” game, the players must
work together and support each other to achieve a common
goal, such as capturing a flag or pulling a rope (Van Capelle
et al., 2017). In addition, they must also be responsible for
their respective duties and roles in the team. Activities like
this can strengthen the cultural values of cooperation and
responsibility in children and enhance the sense of solidarity
and togetherness in the group (Ahmed et al., 2021; Pang
& Fong, 2009). It can also help build children’s character
and independence to become resilient and responsible
individuals (Schembri et al., 2019).

Physical education teaches personal and Social
Responsibility and aims to develop responsibility (Brock &
Hastie, 2017). The Sports Union to Promote Education and
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Recreation (SUPER) program is designed to build life skills
through sports play activities. Strachan, Mac Donald, and
Cote (2016) argue that connect and respect sports (SCORE)
are physical activities and education designed to develop
students’ attitudes and behaviours.

This study aimed to obtain data and information on
the effectiveness of traditional games in improving motor
skills and student learning motivation in physical education.
In addition, this study also aims to re-promote conventional
games as an effective means of enriching physical education
activities in schools. Thus, this study is expected to provide
significant benefits for teachers and students in improving
the quality of physical education in schools. Therefore, the
study’s results can help overcome gaps and provide verified
solutions to enhance motor skills and motivation to study
physical education.

Materials and methods

Study participants

The study involved 60 male students from a local elemen-
tary school in Kecamatan Purwodadi, Kabupaten Grobogan,
Indonesia. The participants were not randomly assigned,
and there was no control group in this experimental research
design with a one-group pretest and posttest design. The av-
erage height of the participants was 139.98 cm (SD = 5.52),
and their average weight was 35.33 kg (SD = 6.78). The aver-
age age of study participants was 11.6 years and a standard
deviation of 0.89.

Study organization

This study utilises an experimental method with a design
consisting of one Pretest and Posttest group, withouta control
group and random subject placement. Data collection
involves assessment instruments for psychomotor, affective,
and cognitive aspects in physical education learning.
Validation of the instrument using Principal Component
Analysis (PCA) showed a strong correlation (0.891) between
traditional and motivational game variables. Reliability
analysis with Cronbach’s Alpha yielded a value of 0.730,
indicating good consistency. The study involved 60 male
elementary school students in Purwodadi Sub-District,
Grobogan Regency, Indonesia, with an average height and
weight reflecting the age range of 10-12 years. The study
intervention comprised eight sessions over one month,
during which traditional games such as Gobak Sodor, sack
race, and tug of war were employed.

Statistical analysis.

Statistical analysis is a mathematical method used to
investigate and present relevant information from a study
or experiment. It involves several approaches, including
hypothesis testing, regression and correlation, analysis of
variance (ANOVA), chi-squared analysis, and descriptive
statistics. Hypothesis testing is used to determine the validity
of a statement based on existing data samples. Regression
and correlation are statistical methods used to analyse the
relationships between variables and make predictions based
on patterns of these relationships. ANOVA is a statistical



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 1

test used to measure the significant difference between the
means of more than two groups, while chi-squared analysis
is useful for assessing the relationship between categorical
variables. Descriptive statistics, such as mean, median,
mode, and standard deviation, are used to summarise and
present data more simply. Selecting the appropriate statistical
method depends on the data type, research objectives, and
the questions to be answered. Statistical analysis is a crucial
tool for comprehending data patterns, identifying trends,
and drawing dependable conclusions from available data
samples.

Measurement

The success of research is primarily determined by the
research instruments used. Because the data obtained to
answer a study was obtained through research instruments.
Research instruments can be defined as tools or facilities

Table 1. Student Motivation Questionnaire

used to collect data so that it is more accurate and systematic.
To measure the effect of the traditional game approach on
improving motivation and learning outcomes of Health
Care Providers, some of the instruments used are: 1) study
motivation questionnaire: to measure students’ motivation
levels before and after using the traditional game approach
(Amrullah et al., 2023). 2) Physical education learning
outcomes test: to measure the level of student learning
outcomes before and after using a traditional game approach.
The instrument will be used to collect data and measure
the effect of traditional game approaches on improving
motivation and learning outcomes.

Results

The researchers have designed an assessment sheet
validated using the Principal Component Analysis (PCA)
method. The results showed that traditional games and

Question

How often do you feel drawn to the lessons of Physical education?

How often do you feel attracted to participate in traditional games during Orchestra lessons?

Do you feel more interested in learning Physical education using a traditional game approach?

How often do you feel more motivated to learn Orchestra lessons when using a traditional playing approach?

Do you find using a traditional game approach easier to understand orchestral Physical education material?

How often do you feel more comfortable and excited when learning Physical education with a traditional game

approach?

Do you feel more interested in learning Physical education after using the traditional game approach?

How often do you feel more motivated to practice Orchestra after using a traditional approach to the game?

Do you feel your learning outcomes have improved after using the traditional game approach?

How important do you consider the traditional game approach in improving motivation and learning outcomes?

Table 2. Assessment sheet for Cognitive, Affective and psychomotor aspects

Cognitive:

Ability to understand the concept of Physical Education broadly and deeply

Ability to apply concepts in real situations

Problem-solving and problem-solving skills in situations related to Physical Education

Ability to process information and make connections between physical Education concepts

Affective:

Level of interest and enthusiasm when studying Physical Education

Ability to concentrate and focus while studying

Level of confidence and satisfaction when applying Physical Education concepts

Level of care and responsibility for Physical Education materials

An attitude of respect and respect for the human rights that everyone has

Ability to listen, share ideas, and take action that is good for the team as a whole

A positive attitude toward one’s ability to perform tasks and achieve goals

Psychomotor

Ability to apply concepts and techniques in practical Physical Education situations

Demonstrated ability to demonstrate skills and proficiency in physical Education practice situations

Ability to adapt and collaborate in situations of Physical Education Practice

Ability to demonstrate creativity and innovation in physical Education practice situations
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motivation variables have a high correlation coefficient of
0.891, so the two variables can be used in factor analysis.
Reliability analysis was performed using Cronbach’s Alpha.
The results showed that the instruments used to measure
the two variables have a good level of consistency, with a
reliability value of 0.730. Thus, the results of validity and
reliability of this study can be considered valid and reliable.
The number of samples in this study consisted of 60 students.
This study has descriptive data on three variables: traditional
games, motivation, and learning outcomes. The number of
samples used was as many as 60 respondents. Traditional
game variables have a range of values between 30.00 to 49.00,
with an average score of 42.7000 and a standard deviation of
5.04656. Meanwhile, the motivation variable has a range of
values between 24.00 to 50.00, with an average motivation
score of 44.5333 and a standard deviation of 5.31537. In the
variable learning outcomes, discounts range between 37.50
to 46.00, with an average score of 42.9167 learning outcomes
and a standard deviation of 2.12764. All data obtained from
60 respondents were classified as valid (listwise) without
missing or incomplete data. Thus, this descriptive data
provides an overview of the variation of scores in traditional
games, motivation, and learning outcomes in the study
sample. The data can be seen in Table 3. Descriptive Statistics.

Table 3. Descriptive Statistics

Variable N Mean Dejitiion Min Max
Traditional games 60  42.7000 5.04656 30.00  49.00
Motivation 60  44.5333 5.31537 24.00  50.00
Learning outcomes 60  42.9167 2.12764 37.50  46.00

Valid N (listwise) 60

Effect of traditional game approach on student
motivation. In this Anova analysis, one model is reviewed,
namely the model with predictor variables “traditional
games” and target variables “motivation”. The analysis showed
that the model gives a sum of squares (sum of squares) of
481,512 with a degree of freedom (df) of 1. The Mean square
of the model is 481,512. The value of F (F-ratio) was obtained
by 23,559, with significance (Sig.) as big .000a (less than
0.05). The results of the ANOVA test showed a significant
influence between the predictor variable “traditional games”
and the target variable “motivation”. The predictor variable
can explain several variations in the target variable. In this
model, constants are also included as predictors.

Table 4. Anova test of traditional games on student

incorporating the “traditional game” variable cansignificantly
influence the “motivation” variable. In this regression model,
there are two variables, namely “traditional games” and
“motivation”. The coefficients obtained from this regression
analysis are constant (Constant): the coeflicient value of
20,361 with a standard error of 5,014. The value of the t-ratio
obtained is 4.061 with a significance of .000. Traditional
games: the value of the coefficient is 0.566 with a standard
error of 0.117. The value of the t-ratio obtained is 4.854
with a significance of .000. The standard coefficient for this
variable is 0.537. In the context of the dependent variable
“motivation’, the results of the analysis show that there is
a significant influence between the variables “traditional
games” and “motivation”. The value of the positive coefficient
on the variable “traditional game” indicates that the higher
the score of “traditional game”, it will tend to increase the
score of “motivation”. The significance obtained suggests
that this relationship did not happen by chance. Thus, the
“traditional game” variable significantly contributes to
predicting “motivation” in this model.

Table 5. Effect of traditional games on student motivation

Unstandardized Standardized

Coeflicients Coeflicients
Model t Sig.
Std.
B Beta
Error
(Constant) 20.361 5.014 4.061 0.000
1 .
Traditional - Jo6 0117 0.537 4.854 0.000

games

Dependent Variable: Motivation

In Table 6, an ANOVA test was conducted to see the
effect of traditional game approaches on student learning
outcomes. The results showed that the regression model
provides a sum of squares (sum of squares) of 41,928 with
degrees of freedom (df) of 1. The Mean square of the model
is 41,928. The value of F (F-ratio) obtained is 10,801, with
significance (Sig.) as big .002* (less than 0.05). This shows a
significant influence between traditional game approaches
and student learning outcomes. The total sum of squares is
267,083, with 59 degrees of freedom. In Table 7, coefficients
are obtained from regression analysis to see the effect of
traditional games on student learning outcomes.

Table 6. Anova test of traditional game approach to
learning outcomes

Sum of Mean

motivation Model Squares d Square F Sig.
Model SSum of df SMean F Sig. 1 Regression  41.928 1 41.928 10.801 0.002
Lo quare Residual ~ 225.155 58 3.882
Regression 481.512 1 481.512 23.559 0.000? Total 267.083 59
I Residual 1185421 58 20.438 a. Predictors: (Constant), Traditional games
Total 1666.933 59

a. Predictors: (Constant), Traditional games

b. Dependent Variable: Motivation

The total sum of squares is 1666,933, with 59 degrees
of freedom. Thus, based on this Anova analysis, a model

b. Dependent Variable: Learning outcomes

The nonstandard constant (constant) coefficient is
35,784, with a standard error of 2,185. The value of the
t-ratio obtained is 16.375 with a significance of .000. For the
variable “Traditional Games” (traditional games), the value



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 1

Table 7. Effects of traditional games on student learning
outcomes

Table 9. Interaction of traditional games on student
learning outcomes

Unstandardized Standardized Dependent Variable: Learning outcomes
Coefficients Coefficients t Sig. Source Type III Sum Mean i
B Std. Error Beta of Squares Square &
35.784 2.185 16.375 0.000 Corrected Model 139.495* 15 9.300 3.207 0.001
0.167 0.051 0.396 3.286 0.002 Intercept 55961.750 1 55961.750 1.930E4 0.000
a. Dependent Variable: Learning outcomes VAR00001 139.495 15 9.300 3.207 0.001
o . Error 127.588 44 2.900
of the coefficient is 0.167 with a standard error of 0.051. The
value of the t-ratio obtained is 3.286, with a significance ~ 10tal 110777.500 60
of .002. The standard coeflicient (beta) for this variable is  Corrected Total 267.083 59

0.396. In the context of the dependent variable “learning
outcomes’, the analysis results show a significant influence
between traditional game approaches and student learning
outcomes. The positive coeflicient on the “traditional game”
variable indicates that the higher the traditional game
approach, will improve student learning outcomes. The
significance obtained suggests that this relationship did not
happen by chance. Thus, based on Table 6 and Table 7, the
traditional game approach significantly influences student
learning outcomes.

Table 8, 9 analyses the interaction between traditional
games and student motivation to the dependent variable
“motivation”. The results of the study showed that there is a
significant influence on these interactions. Type III Sum of
Squares for the exchange is 823,313 with a degree of freedom
(df) of 15. The Mean Square is 54,888. The F-ratio obtained is
2.863, with significance (Sig.) as oversized 0.003. This shows
that the interaction between traditional games and student
motivation significantly affects motivational variables.
The total sum of squares is 120660,000, with 60 degrees of
freedom. Table 8 analyses the interaction between traditional
games and student learning outcomes against the dependent
variable “learning outcomes”.

Table 8. Interaction of traditional games on student
motivation

Dependent Variable: Motivation

Source Type III Sum Mean Sig.
of Squares Square
Corrected Model 823.313a 15 54.888 2.863 0.003
Intercept 59223.024 1 59223.024 3.089E3 0.000
VARO00001 823.313 15 54.888 2.863 0.003
Error 843.620 44 19.173
Total 120660.000 60
Corrected Total 1666.933 59

R Squared = 0.494 (Adjusted R Squared = 0.321)

The results of the analysis showed that there is a
significant influence on these interactions. Type III Sum
of Squares for the exchange is 139,495 with a degree of
freedom (df) of 15. The Mean Square obtained is 9,300.
The value of the F-ratio received is 3.207, with significance
(Sig.) as oversized .001. This shows that the interaction
between traditional games and student learning outcomes
significantly influences learning outcome variables. The total
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a. R Squared = 0.522 (Adjusted R Squared = 0.359)

sum of squares is 110,777,500, with 60 degrees of freedom.
In both tables, the R-squared value indicates how much
variability in the dependent variable can be described by
the model used. The R-squared obtained is .494 for student
motivation and .522 for student learning outcomes. Adjusted
R-squared provides a revised estimate for the complexity
of the model, and a value is obtained of .321 for student
motivation and .359 for student learning outcomes. Based
on the results of the analysis in Table 6 and Table 7, there
is a significant interaction between traditional games with
student motivation and student motivation and student
learning outcomes.

Discussion

This study aims to investigate the influence of traditional
games on student motivation and learning outcomes (Wang
etal,, 2021). The analysis showed exciting findings regarding
the variables™ validity, reliability, and impact. The validity
and reliability of assessment instruments become essential
in research. The number of samples in this study is as many
as 60 students. Descriptive Data showed score variation in
traditional games, motivation, and learning outcomes in the
study sample. The average score for conventional games is
42.7000 with a standard deviation of 5.04656, the average
score for a reason is 44.5333 with a standard deviation
of 5.31537, and the average score for learning outcomes
is 42.9167 with a standard deviation of 2.12764. All data
obtained from 60 respondents were classified as valid with
complete data. The effect of traditional games on student
motivation and learning outcomes was tested using ANOVA
and regression analysis. The results of the ANOVA analysis
showed a significant influence between traditional games
and student motivation, as well as between conventional
games and student learning outcomes. Regression analysis
showed a significant effect between classic games and student
motivation and traditional games and student learning
outcomes. Regression coefficients showed that the higher
the score of conventional games, it will tend to improve
motivation scores and student learning outcomes.

Furthermore, the interaction between traditional
games and student motivation to student motivation and
between conventional games and student learning outcomes
is analyzed (Peebles et al., 2023). The analysis showed
a significant interaction between traditional games and
student motivation to student motivation and learning
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outcomes (Peng et al., 2023). This indicates that the level of
student motivation can influence the influence of traditional
games on student motivation and learning outcomes (Hayati
etal., 2017). The analysis showed a significant effect between
traditional and classic games on student motivation and
learning outcomes. This shows the importance of using
traditional games in improving student motivation and
learning outcomes (Pappous & Hayday, 2016).

The increased involvement and activity of students in
the learning process can explain the influence of traditional
games on student motivation (Pan et al., 2019). Classic
games can provide a fun learning experience, engage social
interaction, and increase students’ intrinsic motivation
(Martinez-Santos et al., 2020). The higher the standard game
score, the higher the student’s learning motivation (Hartanto
et al,, 2021). Several factors can explain the influence of
traditional games on student learning outcomes. First, classic
games can improve students’ understanding of concepts and
skills practically and interactively (Bakhtiar, 2014). Games
allow students to apply the knowledge and skills learned
in real and exciting situations (Y. Zhang, 2021). This can
improve students’ understanding and retention

of information. Second, traditional games can increase
student learning motivation (Fadillah et al., 2021). With a
fun and engaging learning experience, students are more
motivated to participate in the learning process actively.
High motivation can affect students’ concentration and
effort and contribute to better learning outcomes (Pezoa-
Fuentes et al., 2023; F. Zhang et al., 2021). The analysis results
also showed the interaction between traditional games and
student motivation to student motivation, classic games and
student learning outcomes to student learning outcomes
(Luo et al., 2020). This indicates that the students’ motivation
level can influence conventional games’ influence on student
motivation and learning outcomes. Educators must pay
attention to student motivation and ensure that traditional
games are well integrated into teaching to maximize their
benefits.

In conclusion, this study shows that traditional games
significantly influence students’ motivation and learning
outcomes (Wallhead et al., 2014). These findings provide a
solid basis for considering using conventional games as a
practical approach to improving students’ motivation and
learning outcomes. Educators can utilize traditional games
in learning to create a fun, interactive, and meaningful
learning environment for students (Hong et al., 2022;
Merino-Campos & del Castillo Fernndez, 2016). In addition,
this study also shows the importance of paying attention to
student motivation in designing effective learning strategies.
In the context of essential motion learning, this study shows
that using traditional games significantly affects student
motivation and learning outcomes (Merino-Campos & del
Castillo Fernndez, 2016). This can be related to learning
basic movements because basic movements often involve
motor and physical interaction between students.

Traditional games can be a practical approach to essential
motion learning, providing a fun and interactive learning
experience (Kurniawan et al.,, 2020). Students can actively
move through the game, develop basic motor skills, and
improve their body coordination (Kesumawati et al., 2021).
This positive learning experience can motivate students
to participate in essential movement learning and try new
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activities.In addition, traditional games can also enrich
students’ learning experience through social interaction and
teamwork (O’Connor et al., 2022). In conventional games,
students can learn about rules, strategies, and tactics that
involve cooperation with teammates (Sembiring et al., 2020).
It can develop students’ social skills, such as communicating,
cooperating, and building trust in basic motion (Jones et
al., 2020). Furthermore, using traditional games in essential
motion learning can also facilitate contextual learning.
Through conventional games, students can experience
movement in real situations relevant to their daily lives. This
can help students associate learned moves with their use in
everyday life, thereby strengthening their understanding of
primary motion and improving the transfer of learning.

In this study, the influence of traditional games on
student motivation and learning outcomes was also
supported by statistical analysis that showed a significant
correlation between standard game variables and student
motivation, as well as traditional game variables and student
learning outcomes (Kokstejn et al., 2019). These results
indicate that essential motion learning utilizing classic
games can increase students’ motivation and positively
contribute to learning outcomes. In virtual motion learning,
educators can use traditional games as an exciting and
effective strategy for teaching basic motion to students. By
integrating conventional games into meaningful motion
learning, students can be more engaged and motivated and
have a significant learning experience.

This study can be synchronized with several relevant
game theories, such as intrinsic motivation theory, the
theory of learning through play (play-based learning), and
the theory of Constructivism (Pambudi & Widiyanto, 2019).
Intrinsic motivation theory: this study shows that using
traditional games in essential motion learning can increase
student motivation. This is to the idea of intrinsic motivation,
which states that humans naturally want to seek satisfaction
and pleasure in their activities (Finlay et al., 2022).

Traditional games provide students with a fun,
challenging, and meaningful experience in essential motion
learning (Wildani & Gazali, 2020). They feel engaged and
motivated to actively participate in crucial motion learning
because they enjoy the games and challenges provided.
Theory of Learning Through Play (Play-Based Learning):
This study supports learning through play, emphasizing
the importance of games in learning. In traditional games,
students learn through hands-on experience, social
interaction, and exploration of their surroundings. They
develop basic motor skills, social skills and understanding of
concepts indirectly through play. In the context of essential
motion learning, traditional games have become an effective
tool to teach students basic motion in a fun and natural
way. Constructivism theory: this study also supports the
principles of Constructivism theory, which emphasizes that
learning occurs through individuals’ active construction of
knowledge. In essential motion learning using traditional
games, students build their understanding of movement
through experience and interaction with their environment.
They create mental representations about movement,
test hypotheses, and refine their skills through in-game
interactions. Through this process, students construct their
knowledge of basic movements and develop their motor
skills.
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This study supports using traditional games in essential
motion learning by linking them to intrinsic motivation
theory, learning through play theory, and constructivism
theory. In this context, classic games become practical tools
to increase student motivation, facilitate learning through
play experiences, and allow students to construct knowledge
about basic movements actively.

Conclusions

The use of traditional games in essential motion learning
has a positive impact. Classic games encourage students’
intrinsic motivation, increasing engagement and active
participation in education. In addition, traditional games
also facilitate learning through play, where students learn
naturally through interaction with their surroundings. The
concepts of intrinsic motivation theory, learning through
play, and Constructivism can be integrated to explain the
importance of traditional games in essential motion learning.
Thus, classic games are a relevant new theory in meaningful
motion learning, as they provide a fun, challenging and
effective approach for students to develop motor skills and
understanding of concepts.
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Xinmi Anipiag'A®<PE, C Ani *A5¢, xymxyp I'ynaBan Manymman® 5C,
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Pedepar. Crarts: 10 c., 12 Tabn., 56 mxepert.

Merta gocrnimkenHs. Lle 1ocmipKeHHs CIIpsAMOBaHe Ha BIBYEHHs PYXOBMX HABMYOK Ta MOTUBALiI 10 3aHATD (i3UIHOIO KY/Ib-
TYPOIO 32 JOTIOMOTOX0 TPafNLIiIIHUX irop.

Marepianu Ta MeToau. JocnipkeHHA 6y/I0 MpOBeeHO 3 BUKOPUCTAHHAM eKCIepUMEHTaTbHOTO MeTORY 3a yyacTio 60 y4HiB
HOYATKOBMX LIKi/ paiiony Ilypsomapi, perenrcto Ipo6oran, Inonesis. Jani O6ymu 3i0paHi MUIAXOM OLIiHKM PYXOBMX HaBIMYOK
Ta HaBYa/IbHOI MOTHUBALIil 3a TOMOMOroI0 aeKTMBHIX, KOTHITMBHIUX Ta IICXOMOTOPHYX TECTIB, Ki Oy ZOCI/pKeH] Ha TpegMeT
BaJIiHOCTI Ta JOCTOBipHOCTI. KpiM TOTO, 32 OIOMOro0 CIOCTEpPEXEHD 338 OCHOBHMMM PyXOBIMMM HAaBUYKAMM YYHIB OLiHIOBa/IN
TaKOXX IXHiif xapakTep. OLliHIOBaHHs OCHOBHUX PYXOBIX HABMYOK IIPOBOAMIOCA [0 i Iic/A iHTepBeHIiil, AKa TpuBaa 8 ceciii mpo-
TSITOM OHOTO MicCsI. AHaIi3 JaHNUX MIPOBOAMBCS 13 3aCTOCYBAHHAM METOAY AuciepciitHoro aHanisy (ANOVA), nonoBHeHOro
perpeciiiHiM aHasi30M pe3y/IbTaTiB JOCTIIKEeHH:A 3a TOIIOMOTOI0 IIPOrpaMHOro 3abesnedennsa SPSS 22.

PesynbraTn. PesynbraTy focmiiKeHHA MOKa3aau, IO TPASULIHNI irpOBMII MifXiJ Ma€ 3HAYHUI BIUIMB Ha IIi/IBUINEHHSA
MOTMBAIl y4YHIB 10 3aHATD (iSUYHOI KyIbTypoto. TpaguuiitHuil irpoBuil MiXiJ TAKOX CIPUAB MO3UTUBHOMY BIUIMBY Ha pe-
3y/7IbTaTV HABYAHHA Y4HIB. 3aBJAKU IPAKTUYHOMY JIOCBifly B IUX TPAaJAMULINiHNUX irpax, y4Hi MOXXYTb PO3BMBATU PYXOBi HABUYKIM,
KOOPJUHAILI0, NIBUKICTD, CUITY, @ TAKOXX KOTHITUBHI aCIIEKTH, TaKi AK CTpaTeris, IPOCTOPOBE MUC/IEHH Ta aHAJTi3 CUTYaLlil.

BucHOBKM. 3aBJAKM 3a/IyYEHHIO /10 TPAAMUIIIHMUX irop y4Hi MaloTh MOK/IMBICTD Kpallle 3pO3YMiTH Ta IIOBaXKaTu KY/IbTYPHY
CIIAJILIMHY, @ TAKOXX PO3IIMPUTH CBill KPyrosip 100 Ky/IbTYPHOTO PO3MAiTTA. PekoMeHpaLil I pOBe/IeHHA MOJA/IbIINX JJ0-
CTTifIKeHb BK/IIOYAIOTh PO3IINPEHHS HaYKOBO-IOCIIAHUIIBKOI POOOTH 3a paXyHOK BK/IIOUeHHsI O1/IbI0I BIOIpKY, 110 MOXKe 3a6e3-
He4nTH OBy CTATUCTUYHY MOTY>KHICTD A MiTPUMKY pe3y/IbTaTiB JOCTIIKeHH y cdepi Tpaguuiitamx irop.
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Abstract

Study purpose. The strenuous Surya Namaskar exercise programme has gained considerable popularity among
contemporary yoga practitioners. Its special combination of yogic breathing techniques, asanas (postures) and
dharana (focused mind concentration) helps to improve flexibility. The aim of this study was to investigate the
effectiveness of an original six-week course of Surya Namaskar on back flexibility and lumbar flexion in male college

students.

Materials and methods. Thirty male college students aged between eighteen and twenty years were randomly
assigned to treatment group (Surya Namaskar practice) (n=15) and control group (n=15). The treatment group
performed Surya Namaskar practice for six weeks, while the control group did not participate in any treatment other
than their regular activities for six weeks. Back flexibility and lumbar flexion of the subjects were assessed at the

baseline and after six weeks.

Results. Back flexibility and lumbar flexion increased in the treatment group after six weeks of Surya Namaskar

practice.

Conclusions. The current Surya Namaskar procedure contributes to the kinanthropometric well-being of male
college students in terms of back flexibility and lumbar flexion. Surya Namaskar should be included in school and
college curriculum because of its numerous physical and physiological benefits.

Keywords: yoga, Surya Namaskar, back flexibility and lumbar flexion.

Introduction

Physical education programs have been a part of
ancient cultures, including those in the Indian subcontinent,
since antiquity. These programs have covered topics such
as health, motor skills, military effectiveness, sports and
leisure games, medical therapy, physical rehabilitation, and
spiritual development (Deshpande, 2013). It is estimated
that yoga originated between 4,000 and 8,000 years ago in
the northwest Indian region of the Indus Valley civilization.
Yoga is a traditional practise that aims to improve a person’s

© Balaji, E., Murugavel, K., Rajkumar, M., Logeswaran, S.,
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physical, mental, emotional, and spiritual well-being (Ross
& Thomas, 2010). The meaning of the word yoga is union,
joining, or linking as a single entity. Yoga is the art and
science of uniting body, mind, and soul by resolving the
inherent opposition in all things (Oliver, 2005). Eventually,
publications in the fields of physiology and medicine began
to use yoga’s techniques and methods (Khalsa et al., 2016).

As the words Surya and Namaskara respectively mean
“Sun” and “Salutation” or “to greet,” Surya Namaskara is a
customary yoga pose meant to honour the Sun. It is therefore
also referred to as Surya Namaskar or Sun Salutation. The
renowned “Patanjali” and his or her followers developed this
specific breathing and posture regimen thousands of years
ago (Vaibhav et al., 2016).

A set of asanas known as Surya Namaskar have precise
breathing patterns. Every single cell in the body is revitalised
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by it, and it also provides mental clarity, physical strength,
and flexibility (Saraswati, 1983). A series of 12 asanas
(postures) make up Surya Namaskar. The entire body is
profoundly stretched by these alternating backward and
forward bending postures, which flex and stretch the spinal
column through its maximum range (Nandar, & Raj, 2014).

A sedentary lifestyle, physical inactivity, or fat
accumulation around the joints that limits full range of
motion are some of the causes of reduced flexibility. Keeping
the body flexible may help to lessen the stiffness and tension
that can lead to long-term, frequently fatal medical problems.
Surya Namaskar’s profound effects on the body allow it to
alter kinanthropometric and physiological aspects of the
body on its own. Therefore, the purpose of this study was to
determine how college-aged men’s lumbar flexion and back
flexibility were affected by suryanamaskar practice.

Hypothesis. We will presume that by following the surya
namaskar routine, we will achieve better back flexibility and
lumbar flexion. The hypothesis argued in this paper is that
college men students can significantly increase the back
flexibility and lumbar flexion by practicing suryanamaskar
over a consecutive six weeks period. As a result, the goal
of this study was to look into the changes in parameters
that occurred during a six-week surya namaskar regimen in
thirty college men.

Materials and methods

Search engines used to locate published articles included
MEDLINE, EMBASE, Scopus, Science Direct Databases
Directory of Open Access Journals (DOAJ), PubMed,
and Google Scholar. The terms “Yoga”, “Surya Namaskar”,
“flexibility”, “lumbar flexion”, and the conjunctions “OR/
AND” were used as essential terms. Searches could only
be conducted in English. The studies detailing how body
flexibility is affected by suryanamasakar are considered for
literature review.

Study Participants

Thirty college men from Coimbatore District
participated in this study. The selected subjects were divided
into two groups. Table 1 below describes the characteristics
of the participants. The advantages of the research as well as
any possible risks were explained to participants prior to the
experiment. They were examined by a qualified physician
and all of them were fit for participating in this study.

Table 1. Participants Characteristics (Mean + SD)

S SI;I,I; (1G5 1) Con:ltr:l1 ;GZ)
Age (years) 21.20 £ 0.6 21.20£0.7
Height (cm) 174.30 £+4.4 174.20 £ 4.3
Weight (kg) 78.20 £5.9 78.20 £5.7
BMI (kg/m?) 25.73 +1.32 25.76 + 1.49

Study organization

An experimental approach with a two-group pretest-
posttest design was employed in this investigation. The

Subjects
(n=30)

| Distribution into groups |

l Initial Evaluation I

Treatment
(Surya Namaskar Practice)

Final Evaluation Final Ewaluation
(0=15)

l

(n=13)

Statistical Evaluation (n=30)

Fig. 1. Flow Diagram

treatment group (n=15) over the course of six weeks, fifteen
college men will practice suryanamaskar, and group II was
considered as control group (n=15). Participant’s informed
consents were obtained before the start of the study.
Participants were free to withdraw their consent if they felt
any discomfort during training programs. All participants
were eligible for inclusion in this study because they had
no history of musculoskeletal, neurological or orthopaedic
disorders that might have affected their ability to perform
physical fitness tests, and suryanamasakar practice. There
were no dropouts in this study. The procedures followed were
in accordance with the ethical standards in compliance with
the 1964 Helsinki Declaration and its later amendments.

The Standard protocols were used to test the parameters.
The participants warmed up with a five minutes low-
intensity aerobic run and a ten minutes active and passive
stretching of upper and lower extremity muscles before the
experiments.

Anthropometric measurements:

A portable digital scale with a 0.1 kg precision was used
to weigh participants who were minimal and did not wear
shoes. Using a tape measure and a standard procedure, height
was measured. The body mass index (BMI) was computed as
follows: weight (kg) divided by height (m?) squared.

Sit and Reach Test

To evaluate the lower back and hamstring flexibility,
participants performed the sit and reach test (Wells
and Dillon, 1952). High values of ICC indicate that both
versions, the chair sit and reach (0.92-0.96) (Jones et al.,
1998) and the back saver sit and reach (0.99) (Patterson et
al., 1996), are reliable. An apparatus which had 25 cm mark
equivalent to the point where the feet touch the box was
used. Participants were asked to warm-up by performing
slow stretching exercises. They were asked to “sit barefoot
with the legs fully extended with the soles of the feet placed
flat against the horizontal cross board of the apparatus,
with the inner edge of the sole placed 2 cm from the scale,
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Table 2. Surya Namaskar training protocol*

Protocol

Description

Duration

“Hiranmayena patrena satyasyapihitam mukham

Starting Prayer

tat tvam pusannapavrunu satyadharmaya drstaye”

45 secs

Oh sun, your golden sphere protects the entrance to the reality like a lid on a vessel.

Warm up & Conditioning Joints stretching and rotation

5-10 mins

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:
Step 8:
Step 9:

Suryanamaskar Bhujangasan (Pose of a cobra)

Parvatasan (Pose of a mountain)
Sasankasana (Pose of the moon)

Hasta uttanasan (Pose with raised arms)

Padhahastasan (Forward bend when standing)
Ekapadaprasaranasana (Pose of a horse)
Dwipadaprasaranasana (Parallel pose with a steep angle)
Sasankasana (Pose of the moon)
Sashtanga Namaskar (Salute with eight limbs)

10-12 mins

Step 10: Ekapadaprasaranasana (Pose of a horse)
Step 11: Padhastasan (Forward bend when standing)
Step 12: Hasta uttanasan (Pose with raised arms)

Warm down Technique for deep relaxation

Closing Prayer Ohm Shanti Shanti Shanti

10 secs.

*12 poses — Each pose is held for 5 seconds without a break. Begin with 5 cycles and increase by one every two weeks.

keeping the knees fully extended, arms evenly stretched,
and palms down”. Participants were then asked to bend and
reach forward (without jerking) while pushing the sliding
marker along the scale with the fingertips as far forward as
possible. They held maximum flexion position for approx.
two seconds. The test was performed twice. The trial was not
recorded if the knees flexed. The record taken was the max.
distance reached to the nearest 0.5 cm.

Updated Schober test

The updated Schober test was used to determine
lumbar flexion. The level of S2 was marked at the midpoint
between the two PSISs (dimples of the pelvis), and points
five centimeters below and ten centimeters above that level
were marked. The subject is asked to flex forward after
measuring the distance between the three lines, and the
distance is measured again. The variation between the two
scales indicates how much flexion in the lumbar spine is
occurring (White & Norkin, 2011).

Training Protocol

The training was delivered over the course of forty five to
sixty minutes in each session. The surya namasakar exercises
consisted of a five minutes preparation and a five minutes
relaxation procedure. The participants were given the
protocol for a total of six weeks, five days per week (Table 2).

Intervention Procedure

Following the pre-test, one hour instruction session
was provided to the intervention group to teach them
the fundamental postures of the suryanamaskar. It was
instructed to the subjects to breathe naturally. To follow
the natural breath, focus on each inhalation and exhalation
for the assigned amount of time. For the duration of one
breath, or exhalation, depending on the exercise, subjects
were instructed to hold each posture during the routine. The
subjects were provided written instructions for each posture
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along with an online video of a certified yoga instructor
performing suryanamaskar, to aid in their understanding of
the routine.

Statistical Analysis

In this study, there were two components to the data
analysis process: the Shapiro-Wilk prerequisite test and the
Paired Sample T-Test hypothesis test. A paired sample t-test
hypothesis test is used in this investigation. The purpose
of this test is to compare the outcomes of the pretest and
post-test. IBM SPSS Statistics 16.0 was utilised for statistical
analysis in this investigation (SPSS, Inc., Chicago, IL, USA).

Results

A total of 30 days of practice were used in this six-week
study, which included one pretest, 28 treatments, and one
post-test. Up to fifteen male college students are involved.
The following are the findings from the computation of
lumbar flexion and back flexibility.

Table 3. Normality test*

Shapiro-Wilk

Groups Variable Tests — -
Statistic ~ df Sig.
. Pre 0.91 15 0.11
Back flexibility
ost 0.91 15 0.11
EG
Pre 0.89 15 0.08
Lumbar Flexion
ost 0.88 15 0.05
. Pre 0.89 15 0.05
Back flexibility
ost 0.89 15 0.06
CG
Pre 0.88 15 0.06
Lumbar Flexion
Post 0.89 15 0.07

*

The data are displayed as means + SD and sig. value; if the sig.
> 0.05, the data are considered normally distributed.
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The results of the pretest and posttest for the treatment
group as well as the control group were obtained using
the Shapiro-Wilk test instrument, based on the results of
table 3 above. Each and every value is > 0.05. The paired
sample t-test in parametric statistics was then used to test
the hypothesis because all of the research results’ data were
normally distributed.

Table 4. Paired Sample t Test

Variables Group Test Mean*SD t  Sig. 2 tailed
Pre 30.40 +0.83
CON 1.47 0.164
Post  30.27 £ 0.88
BF
Pre 30.47 +1.13
EXP 17.75* 0.000
Post 33.47 +1.12
Pre 6.27 £0.88
CON 0.22 0.827
Post  6.33 +0.96
LF
Pre 6.80 + 1.42
EXP 3.86* 0.002
Post  8.20 £ 0.86

Statistically significant difference, mean scores at point
comparisons from baseline: sig (2-tailed) value of < 0.05; data
are presented as means + SD.

Table 4 indicates that in the treatment group, the
obtained ‘t’ values on variables were 17.75 (Back Flexibility)
and 3.86 (Lumbar Flexion). These values were found to be
statistically significant at the 0.05 level of confidence for
degrees of freedoml and 14. They were higher than the
minimum table value of 2.14. The obtained ‘' ratios between
pre- and post-test in the control group were 1.47 (Back
Flexibility) and 0.22 (Lumbar Flexion) which were less than
the necessary table value of 2.14 and were found to be not
statistically significant.

(40

35

30

25

20

——EG

15 ~-CG

10

—

5

0

PRETEST POSTTEST ‘ PRETEST POSTTEST ‘

BF ‘ LF

- J

Fig. 2. Bar diagram displays the pre- and post-test results for the
treatment and control groups for lumbar flexion (LF) and back
flexibility (BF)

Discussion

This study assesses the impact of suryanamaskar
practice on lumbar flexion and back flexibility in college
men. According to our findings, Suryanamasakar practice
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for six weeks improved back flexibility and lumbar flexion
in college men students. Other research studies have
found that suryanamaskar practice improves important
kinanthropometric parameters.

Time is often considered a constraint when it comes to
exercising, so for those who struggle with time management,
doing Surya Namaskara, or “salute to the sun’, every day, may
be the ideal solution (Saraswati, 2004). Flexibility variations
can lead to a variety of biomechanical changes in joints
and altered postures. Accordingly, flexibility is necessary to
perform daily tasks with ease.

These findings are in line with those of previous studies,
which demonstrated a significant increase in back and
lumbar flexibility. An investigation comparing the effects
of Surya Namaskar and dynamic stretching on hamstring
flexibility in physiotherapy students found that Surya
Namaskar is superior to dynamic stretching in terms of
enhancing hamstring flexibility (Mangaonkar et al 2018).
Comparable results were established by Sisodia (2017),
discovered that the pace 2 group, pace 4 group, and control
group had average versatility of 24.95 +2.60 cm, 26.70
+2.03 cm, and 21.20 £3.15 cm, in that order. This indicates
that practicing suryanamaskar, which increases hip joint
flexibility, lower back flexibility, and posterior thigh muscle
flexibility, can result in either hyperextension or flexion of
the hip joint.

Suryanamaskar is said to improve general health
and fitness and offer benefits in asana and pranayama
(Borker, & Pednekar, 2003). It was shown that hamstring
flexibility and muscular endurance were greatly enhanced
by Suryanamaskar (Singh et al., 2010). It has also been
shown that suryanamaskar improves muscle endurance,
upper body strength, and hamstring flexibility (Fondran,
2008). The superficial back line contracts in tandem with
the superficial front line during suryanamaskar. Whereas
dynamic stretching solely targets the targeted muscle and
joint, back contraction strengthens all of the muscles in
the back and even the smallest ones in the spinal column.
Suryanamaskar stimulates the circulation of blood in the
vertebral region, which in turn stimulates the nerves there.
Apart from the hamstrings, suryanamaskar enhances and
preserves the flexibility of the spine. Based on the findings of
this research, suryanamaskar practice has beneficial effects
on the kinanthropometric parameters of college men.

Limitations

The small sample size and narrow age range of the
study are among its limitations, which limit how broadly the
study’s conclusions can be applied. Moreover, gender-related
differences in the results and related factors could not be
examined because the sample did not contain any college
women.

Future Recommendations

With a larger sample size, long-term effects of
suryanamaskar can be studied. Furthermore, more research
is required to determine the effectiveness of Surya Namaskar
as a strategy for enhancing physical health and quality of
life aspects in a range of medical conditions. An analysis
that is longitudinal can also be carried out. It is feasible to
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look into how suryanamaskar affects injury frequency and
athletic performance. Because of Surya Namaskar, other
motor fitness variables can also be investigated.

Conclusions

Surya Namaskar is an easy process that anyone with a
little adaptability can perform and has no negative effects.
Today’s college men have very little time for their personal
well-being in between their coursework. Thus, maintaining
their general health can be facilitated by performing a few
Surya Namaskar cycles daily.

It was evident from the study’s limitations and the
findings that college-aged men who practiced suryanamaskar
five days a week for six weeks saw improvements in their
lumbar flexion and back flexibility. These kinds of yoga
practices are beneficial for people who want to improve
their kinanthropometric, physical, and physiological
performance.
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Bnnus WwecTUTMXHEBOro Kypcy NpakTUKM cyp’'a-HamacKkapa
Ha PO3BUTOK FHYYKOCTi CMMHN Ta 3rMHaHHA NONEePeKoBOro
BigAainy xpebTa y cTyAeHTIB Konea»Ky 4oN0BivOI cTaTi

Edipamx bamamxki'A*“, Kanaui Mypyraper***°?, Mapianman Pamkkymap?A©P,

Cy6pamani J/Ioreceapam®?, Beryuami Bimkaamankap'*?, Yinnarxam6i [Jeapamx'4®

'K.B.M. Konemx
*YuiBepcuret imeni Cybpaman’st Bxapari

ABTOpCBHKNMIT BKIAM: A — FU3aiTH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crartst: 6 c., 4 Tab., 2 puc., 17 mxeper.

Mera gocnimKeHH:. [HTeHCUBHA IpOorpaMa KOMIUIEKCY BIIPaB Cyp s-HaMacKapa Haby/Ia 3HaYHOI HOIY/IIPHOCTI cepef cydac-
HIIX TIIPaKTUKIB itoru. Oco6nuBe OETHAHHA METOAMK JIOTiBCHKOTO AVMXaHHAA, acaH (1103) i AxapaHu (coKycoBaHOI KOHI[eHTpallii
CBIZTOMOCTI) CIIpUsI€ TOKPAIeHHIO IOKa3HNUKIB THYYKOCTI. MeTO0 IIbOro BoCmifKeHHs 0y10 BUBINTY e(heKTUBHICTh OPUTiHAIIb-
HOTO IIeCTUTIDKHEBOTO KypCy Cyp’sA-HaMackapa Ha PO3BUTOK HYYKOCTI CIIMHM Ta 3TMHAHH:A HOIEPEKOBOTO Bifjimy xpebra y
CTYIEHTiB KOJEIKY YO/I0BiUOi CcTaTi.

Marepianu ta MeTogu. TpUALATD CTYAEHTIB KOJEKY YOMIOBIYOl cTaTi BiKOM Bijff BICIMHANLIATY IO ABAaALATU POKIB Oymn
PaH/I0Mi30BaHi 1O OCHOBHOI IpyIu (IIpakTHKa Cyp s-HamacKapa) (n=15) i konTponpHoi rpynu (n=15). OcHOBHa rpyIia BMKOHY-
BaJIa KOMIUIEKC BIIPaB Cyp s-HaMacKapa IIPOTArOM LIIeCTH TYDKHIB, TOfIi AK KOHTPO/IbHA TPyIa He Opajia y4acTi B XKOZHOMY Kypci
TpeHyBaHb, OKPiM CBOIX 3BMYaIHMX BUJIiB aKTMBHOCTI IIPOTATOM LIECTY TVDKHIB. [HYUYKiCTh CIIMHM Ta 3TMHAHHA IIOIIEPEKOBOTO
Bifiny xpe6Ta y HOC/IiPKyBaHUX 0Ci6 OL[iHIOBa/IM HA IOYATKOBOMY €Talli Ta Yepes IIiCTh TVKHIB.

PesynpraTy. 3pocTaHHA ITOKa3HUKIB 'HYYKOCTI CIIMHY Ta STMHAHHA MOIIEPEKOBOTO Bifiiiy Xpe6Ta crocTepiranocsa B OCHO-
BHIIT TPy JOCTIPKEHHS ITiC/Is IPOBEAEHHs IeCTU TYDKHIB MPAKTUKI Cyp si-HaMacKapa.

BucnoBku. CyuacHa Ipolefiypa KOMIUIEKCY BIIpaB Cyp s-HaMacKapa CIIpUsA€ MOKpPAIeHHI0 CTaHy KiHaHTPOIIOMETPUYHUX
IOKA3HNKIB y CTY[IeHTiB KOJIEPKY YO/IOBIYOI CTaTi 3 TOUKM 30py I'HYYKOCTI CIIVHY Ta 3TMHAHH IIOIEPEKOBOTro Bifminy xpe6Ta.
3aBIAKM YMCTeHHUM (isndHuM i ¢isionoriuHuM mepeparam, cyp’si-HaMackapa Mae OyTy BK/IIOYEeHA JJO HaBYaJIbHOI IIPOTrpaMm
IIIKiT Ta KOJIEMKiB.

KirouoBi cmoBa: iiora, cyp’si-HaMacKapa, THy4YKiCTb CIIMHM Ta 3STMHAHH:A [IOIEPEeKOBOro Bifjiiny xpe6ra.
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Abstract

Background. Motor fitness is one of the keys to athletes’ success and is the initial factor mixed with game-specific
technique and tactics that has an impact on game performance. All athletes should incorporate these elements into

their sport and game actions.

Study purpose. The aim of this study was to evaluate differences in motor fitness metrics among university-level

male athletes participating in various sports.

Materials and methods. Sixty (60) male athletes, ranging in age from 18 to 25 years, were selected from six different
sports: Athletics, Basketball, Cricket, Football, Handball, and Volleyball. Each group consisted of 10 athletes who
had competed at the inter-university level. The research focused on six key fitness metrics: agility, speed, power, arm
strength, abdominal muscle strength, and cardiovascular endurance. Appropriate testing methods and instruments
were used to measure these parameters. Statistical analysis, including one-way ANOVA and post hoc LSD tests, was
performed to identify significant differences between the groups. A significance level of 0.05 was set for the study.
Results. The results showed statistically significant differences among the groups in agility (Fs s, = 4.776, p<0.001),
speed (Fs54 = 5.602, p<0.000), and cardiovascular endurance (Fs4) = 3.578, p<0.007). However, no significant
differences were observed for power (F(s5,) = 2.079, p>0.082), arm strength (F(s 5, = 1.368, p>0.251), and abdominal
muscle strength (Fs 5, = 1.947, p>0.102). According to the post hoc (LSD) test findings, each group’s agility, speed,
and cardiovascular endurance parameters were compared to each other to check the significance level.
Conclusions. In summary, the study has revealed that agility, speed, and cardiovascular endurance were significantly
different among athletes in various sports, whereas power, arm strength, and abdominal muscle strength were not.
The findings suggest that athletes and coaches should prioritize sport-specific fitness components to improve game

performance.

Keywords: athletes, motor fitness, team sports, performance.

Introduction

Motor fitness has multiple benefits for physical,
mental, and psychosocial health and is a crucial aspect of
assessing an individual’s physical capability, particularly
in athletes, which includes various components of agility,

© Reza, M.N., Rahman, M.H., Islam, M.S., Mola, D.W.,, &
Andrabi, S.M.H., 2024.
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balance, coordination, strength, reaction time, and speed
(Kohl & Cook, 2013; Kumar & Kumar, 2011). Motor fitness
evaluations playan important role in assessing adult health, as
they are closely linked to cardiovascular issues, susceptibility
to falls, cognitive decline, mobility challenges, difficulties
in daily tasks, and overall mortality risk (Castro-Pifero et
al., 2023). It has been recognized that maintaining motor
fitness is essential to counteract the age-associated decline
in physical capabilities, ensuring a good quality of life for the
elderly (Rikli & Jones, 1999). For athletes, in particular, the
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level and type of physical fitness required can vary greatly
depending on the specific demands of their sport. Different
sports have distinct physical demands, and as such, optimal
fitness criteria can differ significantly from one sport to
another. Team sports, such as handball, football, volleyball,
and basketball, contribute to increasing various fitness
aspects like speed and strength (Pandey & Sardar, 2015). In
basketball, agility and jump metrics assess players’ physical
skills (Hoffman et al., 1996). Similarly, soccer uses the Yo-Yo
intermittent recovery test to assess aerobic capacity during
intense exercise (Krustrup et al., 2003). Research indicates
that genetics, training, and motor fitness are interconnected
in athletes (Bouchard & Malina, 1983). A player’s physical
fitness level is influenced by the characteristics of the game
and external traits. These traits, influenced by genetics,
nutrition, and training level, significantly affect an athlete’s
performance (Begum, 2019). Strength training is particularly
effective in increasing physical performance (Stelen et al.,
2005; Ziv & Lidor, 2010), and muscle strength requires
regular flexibility training (Rahman & Islam, 2020).

Sports not only benefit the players but also affect society
and nation-building, as physical fitness is important for in-
dividual health, development, and the security of a country
(Kumar, 2021; Kumar & Kumar, 2011). As sports have be-
come more commercial, athletes are placing greater emphasis
on their physical condition and performance (Babu, 2013).
Different sports require specific sets of physical abilities. For
all ball game players, having maximal isometric strength, in-
cluding explosive strength and power, is essential to achiev-
ing ball-game skills (Rahman & Sharma, 2023). For example,
while basketball, soccer, and tennis athletes prioritize motor
fitness components, particularly speed, agility, endurance,
and changing directions quickly on the field as the game de-
mands (Sheppard & Young, 2006; Kumar & Singh, 2018; Is-
lam, 2018). Volleyball demands strength and coordination for
serving and spiking (Suharjana et al., 2020), while basketball
necessitates a blend of speed, endurance, and agility (Met-
gud et al., 2019; Tiwari et al., 2012). Even in cricket, various
components of physical fitness, such as muscle strength and
agility, are crucial (Ghosalkar et al., 2020). In ball games, es-
pecially soccer and handball, players must have quick reflexes,
as it is unusual to switch offensive and defensive positions
(Bansod, 2018; Islam & Kundu, 2020). Endurance is a key
component common to almost all sports, especially football
and basketball, that require sustained physical activity (Singh
& Thapa, 2015). Different sports prioritize different aspects of
conditioning programme, but it remains a fundamental factor
for improved athletic performance (Lee et al., 2020). Sports
that require rapid directional changes, such as American foot-
ball and basketball, place a high emphasis on agility (Zemkova
& Hamar, 2014). Moreover, optimum motor fitness in youth
can foster lifelong physical activity habits, reducing the risks
associated with sedentary lifestyles (Lubans et al., 2010). Indi-

Table 1. Characteristics of the subjects

viduals with high motor fitness levels also show better cogni-
tive functioning, power of mental imagination, and overall
quality of life (Best, 2010; Rahman & Islam, 2021). In essence,
motor fitness is fundamental for athletes, highlighting its mul-
tifaceted nature, including strength, speed, agility, endurance,
and coordination (Clark et al., 2010).

Athletic performance is greatly influenced by game
specific fitness, which are key elements to success in any
sport. All athletes need essential motor fitness components
for their respective activities. Although fitness varies from
sport to sport, basic motor fitness is the same for every player.
However, university-level players have access to similar
practices, so their basic fitness is roughly the same. The aim
of this study was to evaluate the motor fitness components of
different team athletes participating in university-level sports.

Materials and methods

Participants

Sixty (N=60) male athletes from Jashore University of Sci-
ence and Technology, located in Jashore district, Bangladesh,
were randomly selected for the study. Each group consisted
of ten (n=10) players aged 18 to 25, representing six different
sports: athletics, basketball, cricket, football, handball and vol-
leyball. All were competitors in Inter-University games.

Variables and Criterion Measures

Six (6) essential fitness indicators were the focus of
the study: cardiovascular endurance, abdominal muscle
strength, arm strength, speed, agility and power. These
parameters were measured with proper equipment and
testing techniques.

Test Procedure

The shuttle run test is used extensively and appears to
be a useful field test for evaluating high intense capacity of

Table 2. Variables and criterion measures

Variables Test items Dbt
measure
Agility 4x10m SR Second (s)
Speed 50 m sprint Second (s)
Power SBJ Meter (m)
Arm strength PU Number (n)
Abdominal muscle strength 60s. SU Number (n)
Cardiovascular endurance ~ Cooper/12 minutes Meter (m)

run

SR= Shuttle Run, SBJ= Standing Broad Jump, PU= Pull-up, SU=
Sit-up

Variables Athletics Basketball Cricket Football Handball Volleyball
Age (years) 20.40+1.43 21.70+1.34 21.30£1.16 21.20£1.62 21.00£1.15 21.40+1.26
Height (cm) 68.80£2.10 76.30£5.44 70.70+2.31 72.90+3.48 66.60+4.45 74.90+3.28
Weight (kg) 174.00+4.94 181.30+5.52 175.00+3.16 177.20+2.39 172.10+4.48 180.20+2.53
BMI (kg/m?) 22.80£1.69 23.18+0.87 23.11%0.96 23.21£0.72 22.58+1.02 23.02+0.79
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the sports person. The course consists of two lines 10 meters
apart and two cones placed on opposite sides of the starting
line. Each subject ran a marked area 4x10 m long at a set
increasing speed (Verschuren & Takken, 2010). Participants
were tested for speed using a 50-meter sprint, where they
were asked to run as fast as possible in a straight line. The
test was conducted twice, timed to the nearest 0.1 seconds,
with the best time noted (Shang et al., 2010). The standing
broad jump (SBJ) is a reliable test used to assess lower limb
strength and power. Participants stand with their heels on
a line, then jump horizontally as far as they can without
specific instructions on leg or arm movements. After landing
with both feet together, the jump’s distance is measured from
the start line to the heel nearest the start (Thomas et al.,
2020). For the PUT, participants began by holding their arms
fully extended and their shoulders completely flexed for a
duration of 2 seconds. To count as a valid rep, the upper part
of the jawbone had to go above the level of the bar. After that,

Table 3. Descriptive statistics on fitness components

participants needed to return to the starting position to finish
the rep. Techniques like swinging, kipping, or continuous
bouncing from the lowest point were not permitted (Coyne
et al.,, 2015). The SUT assesses the stamina of the abdominal
muscles, requiring the participant to complete the maximum
number of sit-ups in a minute. The participant starts by lying
flat on their back with their knees bent at a 90-degree angle.
Their hands should be positioned behind their heads, with
their elbows extended directly out in front. A proper sit-up
is counted when the elbows meet the knees and then return
to a position where the shoulders are in contact with the
floor (Blomqyvist et al., 2013). The Cooper 12-minute run test
serves as a quantitative assessment of an individual’s aerobic
capacity and cardiovascular fitness. By setting markers at
specific points around a track, the distance covered in a
12-minute period can be measured. Participants are required
to walk or run during this period, and the cumulative
distance they traverse is noted down (Cooper, 1968).

Parameters Groups N Mean Std. Deviation  Std. Error Minimum Value Maximum Value
Athletics 10 9.46 0.29 0.09 9.10 9.90
Basketball 10 9.70 0.58 0.18 8.60 10.70
. Cricket 10 10.20 0.32 0.10 9.50 10.51
Agility
Football 10 9.57 0.48 0.15 9.05 10.50
Handball 10 9.95 0.46 0.14 9.30 10.80
Volleyball 10 10.09 0.38 0.12 9.35 10.65
Athletics 10 6.48 0.51 0.16 5.43 7.08
Basketball 10 6.95 0.30 0.10 6.59 7.62
Cricket 10 7.30 0.29 0.09 6.88 7.91
Speed
Football 10 6.73 0.25 0.08 6.46 7.27
Handball 10 6.90 0.50 0.16 6.14 7.75
Volleyball 10 7.16 0.44 0.14 6.52 8.00
Athletics 10 2.39 0.22 0.07 2.00 2.80
Basketball 10 2.46 0.12 0.04 2.25 2.65
Cricket 10 2.31 0.17 0.05 1.91 2.52
Power
Football 10 2.51 0.14 0.04 2.25 2.70
Handball 10 2.39 0.13 0.04 2.20 2.60
Volleyball 10 2.47 0.15 0.05 2.24 2.73
Athletics 10 11.50 5.56 1.76 2.00 20.00
Basketball 10 9.40 2.76 0.87 3.00 13.00
Cricket 10 8.40 1.65 0.52 7.00 12.00
Arm Strength
Football 10 10.60 2.84 0.90 7.00 14.00
Handball 10 9.60 1.71 0.54 8.00 13.00
Volleyball 10 8.60 3.10 0.98 3.00 14.00
Athletics 10 42.10 8.44 2.67 28.00 53.00
Basketball 10 43.60 9.31 2.94 30.00 60.00
Cricket 10 37.60 8.09 2.56 26.00 51.00
Abdominal Strength ricke
Football 10 41.40 6.72 2.12 34.00 52.00
Handball 10 44.50 7.92 2.50 36.00 60.00
Volleyball 10 35.30 7.97 2.52 22.00 46.00
Athletics 10 2721.00 274.37 86.76 2140.00 3220.00
Basketball 10 2605.50 240.26 75.98 2190.00 3000.00
. Cricket 10 2294.00 355.75 112.50 1820.00 2850.00
Cardiovascular Endurance
Football 10 2715.50 99.01 31.31 2600.00 2920.00
Handball 10 2504.20 236.69 74.85 2025.00 2790.00
Volleyball 10 2474.00 347.79 109.98 1900.00 3200.00
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Table 4. Fitness testing of various disciplines was carried out using the ANOVA

Parameters Groups Sum of Squares df Mean Square F-Value  Sig. Level

Between Groups 4.40 5 0.88

Agility 4.776* 001
Within Groups 9.95 54 0.18
Between Groups 4.39 5 0.88

Speed 5.602* .000
Within Groups 8.46 54 0.16
Between Groups 0.27 5 0.05

Power 2.079 .082
Within Groups 1.39 54 0.03
Between Groups 70.48 5 14.10

Arm Strength 1.368 251
Within Groups 556.50 54 10.31
Between Groups 640.55 5 128.11

Abdominal Strength 1.947 .102
Within Groups 3552.70 54 65.79
Between Groups 1330875.33 5 266175.07

Cardiovascular Endurance 3.578* .007
Within Groups 4017112.60 54 74390.97

*. Significant at 0.05 level

Statistical analysis

The data was analyzed using IBM’ SPSS software
(version 21 for Windows) to compare different motor
fitness metrics. For each group, we calculated the mean,
standard deviation, standard error of the mean, as well as
the minimum and maximum values. We employed a one-
way ANOVA followed by a post hoc LSD test to examine
significant differences in the data. A significance level of 0.05
was used for the analyses. To check for data normality, the
Shapiro-Wilk test was conducted, confirming that the data
followed a normal distribution.

Results

Table 4 shows that there was a significant difference
for the parameter namely agility, Fs,) =4.776, p<0.001;
speed, Fs54=5.602, p<0.000; and cardiovascular endurance,
F(s59=3.578, p<0.007. There was a non-significant difference
between the groups for the variable namely power,
F(550=2.079, p>0.082; arm strength, F5,=1.368, p>0.251;
and abdominal strength, F;5,=1.947, p>0.102.

The LSD Post-hoc Test (Table 5) was computed, and
in the agility domain, significant differences were found

between athletics and cricket (p<0.000), athletics and
handball (p<0.014), athletics and volleyball (p<0.002),
basketball and cricket (p<0.011), basketball and volleyball
(p<0.044), cricket and football (p<0.002), and football and
volleyball (p<0.009). In speed, significant differences were
found between athletics and basketball (p<0.010), athletics
and handball (p<0.020), athletics and volleyball (p<0.000),
basketball and cricket (p<0.050), cricket and football
(p<0.002), cricket and handball (p<0.028), and football
and volleyball (p<0.017). In cardiovascular endurance,
significant differences were found between athletics and
cricket (p<0.001), athletics and volleyball (p<0.048),
basketball and cricket (p<0.014), and cricket and football
(p<0.001).

Discussion

In the present study, Table 4 indicates significant
differences in agility, speed, and cardiovascular endurance
between groups, but no significant differences in power, arm
strength, and abdominal strength. Existing studies present a
mixed view of differences in fitness ability across sports. For
example, handball and basketball players have been found to
be similar in terms of speed and agility (Phatangare, 2019).
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Table 5. LSD Post-hoc Test

Parameters Groups Groups Mean Difference Std. Error Sig. Level
Basketball 0.23 0.19 0.228
Cricket 0.73700% 0.19 0.000
Athletics Football 0.11 0.19 0.576
Handball 0.48700% 0.19 0.014
Volleyball 0.63000% 0.19 0.002
Cricket 0.50300% 0.19 0.011
Basketball Football 0.13 0.19 0.514
Agility Handball 0.25 0.19 0.193
Volleyball 0.39600* 0.19 0.044
Football 0.62900% 0.19 0.002
Cricket Handball 0.25 0.19 0.198
Volleyball 0.11 0.19 0.580
Handball 0.38 0.19 0.053
Football
Volleyball 0.52200% 0.19 0.009
Handball Volleyball 0.14 0.19 0.460
Basketball 0.47000* 0.18 0.010
Cricket 0.82500% 0.18 0.000
Athletics Football 0.25 0.18 0.164
Handball 0.42600% 0.18 0.020
Volleyball 0.68500% 0.18 0.000
Cricket 0.35500% 0.18 0.050
Basketball Football 0.22 0.18 0.219
Speed Handball 0.04 0.18 0.805
Volleyball 0.21 0.18 0.230
Football 0.57500% 0.18 0.002
Cricket Handball 0.39900% 0.18 0.028
Volleyball 0.14 0.18 0.433
Handball 0.18 0.18 0.325
Football
Volleyball 0.43500% 0.18 0.017
Handball Volleyball 0.26 0.18 0.149
Basketball 115.50 121.98 0.348
Cricket 427.00000* 121.98 0.001
Athletics Football 5.50 121.98 0.964
Handball 216.80 121.98 0.081
Volleyball 247.00000% 121.98 0.048
Cricket 311.50000* 121.98 0.014
Football 110.00 121.98 0.371
Basketball
Cardiovascular Endurance Handball 101.30 121.98 0.410
Volleyball 131.50 121.98 0.286
Football 421.50000* 121.98 0.001
Cricket Handball 210.20 121.98 0.091
Volleyball 180.00 121.98 0.146
Handball 211.30 121.98 0.089
Football
Volleyball 241.50 121.98 0.053
Handball Volleyball 30.20 121.98 0.805

*. The mean difference is significant at the 0.05 level

Similarly, Shukla et al. (2020) found that collegiate soccer
and cricket players did not differ significantly in muscular
endurance, speed, or agility, although they did differ
significantly in overall physical fitness and variable muscle
strength. In a study by Keshav and Harmandeep (2014) pull-
ups, sit-ups, a 50-meter dash, and 600-meter run showed no
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significant differences between the two unspecified groups,
although the shuttle run did. Handball and volleyball players
differed in speed but not in agility (Akilan & Shah, 2014),
thereby contradicting the findings of those who noted
significant agility differences between these two groups
of athletes (Sharma & Hussain, 2019). In sports as diverse
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as track and field, basketball, handball, soccer, badminton
and kabaddi, athletes outperform their counterparts in
cardiovascular endurance. However, all groups showed
similar results in arm strength (Reza et al., 2022).

When it comes to speed and agility, Kumar and Singh
(2018) reported individual differences between football,
handball and volleyball players, but noted that football and
cricket players did not differ in these metrics (Mandal et al.,
2017). Research found no differences in leg strength between
soccer players and middle-distance runners, although there
were differences in speed and arm strength (Umesh, &
Kumar, 2017). The study observed no significant differences
in strength and endurance between basketball and football
players (Singh & Thapa, 2015). There is no significant
difference in cardio-respiratory fitness between football,
basketball and handball players (Singh & Singh, 2017). A
study found that football and handball players in Haryana
differed significantly in arm and abdominal strength (Devi
& Kumar, 2022). Finally, Kumar and Kumar (2011) noted
significant differences in cardiovascular endurance, agility
and muscular endurance between basketball and volleyball
players. The results found that cricket and volleyball players
differed significantly in aerobic endurance, agility, speed and
strength but not in arm or abdominal strength (Chaudhary,
2020).

Conclusions

Athletes in various sports show differences in agility,
speed, and cardiovascular endurance but no differences in
power, arm strength, and abdominal muscle strength. To
improve performance and gain a competitive advantage,
athletes and coaches should focus on sport-specific fitness
training. Further research could explore this effect at higher
competition levels. The majority of Bangladeshi university
athletes, according to the authors, follow the same practices,
despite the fact that each game requires a different set of
motor fitness measures. The findings demonstrated that
for improved gaming performance, each player should give
priority to the motor fitness parameters specific to their
respective game.
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Icropia nuTanH:A. PyxoBa Ii/frOTOB/ICHICTD € OHIEI0 3 KIIIOYOBMX CK/IAJJOBMX YCIIITHOCT] CIIOPTCMEHIB i € TOYaTKOBUM (hakK-
TOPOM, KM y TIO€IHAHHI 3 TEXHIKOIO i TAKTMKOIO KOHKPETHOI I'PYM BIUIMBAE HAa PE3Y/IbTaTUBHICTD rpu. Bci cnoprcMeny moBuHHI
BK/IIOYATH JAHi €IEMEHTH 10 CBOEI CIIOPTUBHO-ITPOBOI HiANBHOCTI.

Mera gocmimKeHHA. MeTolo IIbOro TOCi/KeHHA 6Y/I0 OLiHNTY BifMiHHOCTI B IIOKa3HMKaX PyX0BOI MiATOTOBIEHOCTI ceper
CIIOPTCMEHIB-YO/IOBIKiB YHIBEPCUTETCHKOTO PiBHA, AKi 3alIMalOThCs PISHUMU BULAMMU CIIOPTY.

Marepiamu ta Metogu. JIyis1 gocmimpkeHus 6yno Binibpano urictrecsat (60) cropTcMeHiB 4omoBivol cTaTi, BikoM Bij 18 o

25 pokiB, AKi mpencTaB/AMM WICTb pisHMX Bupis ciopty: Jlerka Arneruka, backer6on, Kpuker, ®yr6orn, Fangdon Ta Boneit6o.
KoxxHa rpyma cknafanacs 3 10 cnopTcMeHiB, sKi 3Maramicsa Ha MbKyHiBepcuTeTcbKoMy piBHi. Y Qokyci gocmimkenssa 6ymm micTh
K/II0YOBMX ITOKa3HMKIB (isNuHOI HiArOTOBIEHOCTI: CIPUTHICTD, IBUAKICTD, IIPOAYKTUBHICTD, CU/IA PYK, CM/Ia M'5I3iB 4epeBHOTO
IIpeca Ta BUTPUBATIICTD CeplieBO-CYAMHHOI CHCTeMN. 3a3HaueHi ITapaMeTpy BYMipIOBalIuCA 3a IOIIOMOTOI0 BifIOBiIHMX METOJiB
TeCTYBaHHs Ta IHCTPYMeHTIB. [I/1s1 BCTAaHOB/IEHHs 3HAYYIIMX BIIMIHHOCTel MDK rpynamu 6y/10 IPOBeeHO CTATUCTUIHIIL aHaII3,
BK/TIOYAI04y OFHO(AKTOpHMIT Auctiepciitumit aHamis ANOVA ra post-hoc anarnis 3 Bukopucranuam LSD-tecty (HariMeHIa 3Ha-
gymia pisHnis). Y JoCtipkeHHi 6yB BCTaHOB/IEHMI! piBeHb 3HauyocTi 0,05.

PesynbpraTi. 3a pesynbraTaMy JOCTIKeHHA 3aiKCOBAaHO CTATMCTMYHO 3HAUYYILL BiIMIHHOCTI cepef IpyIl y IOKa3HMKaX
cputHocTi (F(5,54) = 4,776, p<0,001), mBupkocti (F(5,54) = 5,602, p<0,000) Ta BUTPUBATIOCTI CepIieBO-CyANHHOI CHCTEMM
(F(5,54) = 3,578, p<0,007). OpHak He CIIOCTepiranocs 3HAYYLUINX BifMIHHOCTeI1 /151 TOKasHMKiB npogykrusHocTi (F(5,54) = 2,079,
p>0,082), cumn pyk (F(5,54) = 1,368, p>0,251) i cunu m's3is gepesHoro mpeca (F(5,54) = 1,947, p>0,102). BignosigHo 1o pesyib-
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tariB post-hoc ananisy 3 Buxopucranuam LSD-recty, Ayt nepeBipku piBHA 3Ha4yLIOCTi Y10 IPOBEIEHO HOPIBHANbHMIL aHaIi3
IapaMeTpiB CIIPUTHOCTI, IBUAKOCTI Ta BUTPUBAJIOCTI CEPLI€BO-CYAMHHOI CYICTeMM B KOXKHIlI IPyTIi.

BucHoBku. TakuM 4MHOM, JOCTiIKeHHA BUABIIIO, IO IIOKa3HVKY CIIPUTHOCTI, IIBY/IKOCT] Ta BUTPUBAIOCTI CepLieBO-CYAH-
HOI CCTEMU CYTT€EBO BiJIpi3HAIOTHCA MiXK CIOPTCMEHAMM B Pi3HUX BUJJaX CIIOPTY, TOAli AK IIOKA3HUKY MPOJAYKTUBHOCTI, CU/IM PYK
Ta CHUIU M'5I3iB YepeBHOTO Ipeca He MalTh BifMiHHOCTe. OTpyMaHi ZaHi CBifYaTh IIPO Te, 110 CIIOPTCMEHN Ta TPeHepy IIOBMHHI
HaJaBaTU IpIOPUTET KOMIOHEHTaM (i3MYHOI MifrOTOBIEHOCT], [0 € CreuniYHNMU [/IT KOHKPETHOTO BUJY CIIOPTY 3 METOI0
MOKPALeHHs PE3yIbTaTVBHOCTI IPu.

Knroyosi cmoBa: cnopTcMeHy, pyxoBa IiiTOTOB/IEHICTb, KOMAH/HI BUY CIIOPTY, PE3Y/IbTaTUBHICTb.
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Abstract

Study purpose. This study investigated the effects of whole-body vibration (WBV) combined with blood flow
restriction (BFR) and hypoxic exposure (HYP) on body composition and physical performance in overweight

university students.

Materials and methods. Twenty-nine male university students with overweight were divided into 3 groups:

1) whole-body vibration (WBV), 2) whole-body vibration plus blood flow restriction (WBV+BFR, 60% of occlusion
pressure) and 3) whole-body vibration plus hypoxic exposure (WBV+HYP, FiO, = 15.8%). Training included 10 sets
of intermittent WBV exercise (30-35 Hz in frequency and high amplitude) 20 min/day and 3 days/week. Body
composition along with physical performance was measured before (2-3 days prior) and after (2-3 days post) an

8-week training period.

Results. The results of this study were as followed, after training, the maximum strength (1RM) in the leg press and
leg curl were significantly increased in the WBV+HYP group (28.31%, p = 0.016 and 13.56%, p = 0.017) compared
with the WBV group (17.68% and 2.88) respectively. Similarly, the WBV+HYP group showed a substantial increase
in muscle endurance in the leg extension and leg curl (28.57%, p = 0.013 and 34.38% p = 0.049) when compared to

the WBV group (5.33% and 13.20%) respectively.

Conclusions. Whole-body vibration combined with blood flow restriction and hypoxic exposure were effective
in improving body composition and physical fitness. Performing the procedure can also be adjusted according to
convenience and suitability for each individual. It is a guideline for preventing, treating, and promoting health among

overweight adolescents.

Keywords: whole-body vibration, blood flow restriction, systemic hypoxia, body composition, physical performance,

overweight.

Introduction

Whole-body vibration machine is an exercise machine
designed to increase muscle activation in the form of
vibration with frequency and amplitude. The duration of
vibration can be set for each training session. At present,

© Jaisuk, J., Namboonlue, S., Sriwiset, P., Tongterm, T.,
Buttichak, A., Muangritdech, N., & Namboonlue, C., 2024.
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whole-body vibration machine is popular and used more
in medical, health and fitness fields. The main goal of its
use is to improve physical performance (Park et al., 2015),
especially muscular strength and power (Bosco et al.,
1999) with a variety of training, such as static and dynamic
training and a combination of static and dynamic training.
The exercises for this machine can be designed in a variety
of ways to suit the user and the training goals. However,
different configurations of whole-body vibration parameters
will produce different results (Luo et al., 2005).
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Exercise training combined with blood flow restriction
applies a tourniquet on the upper extremities of the body,
i.e., the upper arms and legs. Low-load resistance training
with blood flow restriction (Pearson & Hussain, 2015) at
20-30% 1RM can stimulate muscle development comparable
to that of the traditional high-load resistance training at 70-
80% IRM (Kim et al., 2017; Manimmanakorn et al., 2013;
Vechin et al., 2015). Previous studies investigated the acute
effects of whole-body vibration combined with blood flow
restriction. It was found that there was an increase in the
EMG values from the rectus femoris and vastus lateralis (Cai
et al., 2018; Centner et al., 2019). A study of long-term ex-
posure to WBV exercise by Cai et al. (2021) investigated the
effects of whole-body vibration combined with blood flow
restriction on muscle performance with a training period of
8 weeks. The study revealed that thigh muscle mass signifi-
cantly increased by 3%. Moreover, 1RM leg press and mus-
cle endurance significantly increased when compared with
WBV only (Cai et al., 2021). In addition, a study by Cent-
ner et al. (2020) performed WBV+BFR training in healthy
women. After 10 weeks of training, there was an increase
in the muscle cross-sectional area compared to WBV only.
While, muscular strength and jump performance were not
significantly different between groups (Centner et al., 2020).
Therefore, continuous training of WBV+BFR seems to be a
training method that can improve muscle mass, strength and
endurance among those who have not been trained before or
those who have limited exercise at high intensity. However, it
needs to be confirmed in future research studies.

Nowadays, altitude/hypoxic training is used to develop
the physical performance of athletes. A simulated altitude
is used along with various training programs to promote
positive adaptation of the body, which can help prevent and
treat various diseases (Millet et al., 2016; Verges et al., 2015).
Camacho-Cardenosa et al. (2020) conducted a study on the
effects of whole-body vibration under hypoxic exposure
(FiO,=16.1%) on muscle mass and functional mobility in
older adults. The results showed that after 18 weeks of train-
ing, there was no difference in any parameters in the two
groups. This may be due to the basic characteristics of the
population, the training program and the degree of hypoxia
that may be insufficient to contribute to the development of
muscle mass and functional mobility (Camacho-Cardenosa
etal,, 2020). Although, previous studies on WBV + HYP were
rarely conducted. Thus, further research should be conducted
to determine whether breathing under hypoxia is an effective
form of training in therapeutics or if it could be a potentially
harmful way. However, it depends on the degree of hypoxia,
frequency, duration of training and training programs.

Therefore, the researchers were interested in studying
and comparing the effects of whole-body vibration combined
with blood flow restriction and hypoxic training on body
composition and physical performance of overweight male
students.

Materials and methods

Study participants

Twenty-nine male overweight students from Ubon Rat-
chathani Rajabhat University (mean age 20.17 + 0.96 years)
volunteered for this study. The inclusion criteria were as
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follows: participants measured and reported as overweight
(BMI = 23.0-24.9 kg/m?), likely to be untrained and no WBV
exercise program within the past 3 months, reported no ex-
posure to an altitude of more than 1,000 meters (3,300 feet)
within the last 3 months, no history of severe acute moun-
tain sickness and no contraindicative for WBV exercise. Par-
ticipants provided written informed consent from all the
participants after being informed about the study’s details,
purpose and procedures. The study was approved by Sisaket
Rajabhat University Human Ethics Committee (HE661014).

Study organization

The participants were randomly divided into three
experimental groups based on the level of oxygen
concentration and occlusion pressure: whole-body vibration
exercise while breathing room air (normobaric WBV
exercise; WBV, n = 10), whole-body vibration plus blood
flow restriction (WBV+BFR exercise at 60% of occlusion
pressure, WBV+BFR; n = 9) and whole-body vibration
exercise plus hypoxic exposure (hypoxic WBV exercise
while breathing 15.8% oxygen concentration; WBV+HYP,
n = 10). All the participants were measured at baseline and
after eight weeks of training (Between 2 to 3 days before and
after the last training session) (Fig. 1).

Training program

All groups performed the vibration exercise in a
standing position, doing the static squat position at 100°
knee flexion on a whole-body vibration (Power plate Pro5
Silver, USA). The whole-body vibration frequency was set
at 30 Hz and high amplitude. All participants performed
a total of 10 sets, 1 minute each and 1 minute rest between
sets. After the 5th set, the participants can rest for 2 minutes
between sets. During the rest, they can move freely. In the
whole-body vibration plus blood flow restriction group,
cuffs (Vald Performance: AirBands, Australia) were wrapped
around the thighs (mid-thigh circumference) at 60% of cuft
pressure (60% of each individuals arterial occlusion). In the
whole-body vibration exercise plus hypoxic exposure group,
breathing training was performed using the hypoxicator
device (Hypoxicator: altitude training systems-hypoxic
unit, Australia) and the oxygen concentration was set at
15.8% (FiO, = 15.8%) an altitude ~2200 meter above sea
level. After 4 weeks of training, the progressive overload was
observed by raising the frequency to 35 Hz for 20 min/day,
3 days/week for a continuous period of 8 weeks. The oxygen
saturation (SpO,) was measured throughout the training
period using a finger pulse oximeter (Pulse oximeter by
beurer model: po30). The heart rate was measured using a
heart rate monitor (Polar H10, Finland) and recorded over
the course of the training.

Exercise testing

The data were collected from all three groups before and
after 8 weeks of training with the following tests. 1) Body
composition test: body weight, BMI, percentage of body fat,
fat mass, fat-free mass, skeletal muscle mass (right and left
leg) and visceral adipose tissue were measured. The subjects
were asked to stand on the machine (body composition;
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Fig. 1. Outline of training and testing schedule.
Abbreviations: reps, repetition; MHR, maximum heart rate

seca mBCA, Germany) with their shoes off. 2) Flexibility
test: Hamstring and lower back muscles were tested with
a standing trunk flexion meter (Flexion-D Takei physical
fitness test; T.K.K. 5403, Japan), and the trunk muscles
were tested by a trunk extension meter (Extension-D Takei
physical fitness test; TK.K. 5404, Japan). 3) Leg strength
test: The leg muscular strength was tested by using a back
strength dynamometer (Back-A Takei physical fitness test;
T.K.K. 5002, Japan). The subjects stood on the machine and
bent their knees while grasping the handle of the machine,
adjusted the angle of the knee joint to the ready position,
applied force from the leg until the chain was fixed and
applied the full force until it reached the maximum value.
4) Muscle strength test: Maximum strength (1-Repetition
maximum: 1RM) was tested on a stationary machine in knee
extension (Nautilus IMPACT S1312, USA), knee flexion
(Nautilus IMPACT $1301, USA) and leg press (Nautilus
ONE S6LP, USA). The subjects were asked to do 3 exercises
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using an indirect method and predicted the 1RM value from
the equation: 1RM = weight lift / 1.0278 - (0.0278 x reps)
(Brzycki, 1988). 5) Muscle endurance test: The number of
reps was tested on a stationary machine in knee extension
(Nautilus IMPACT S1312, USA) and knee flexion (Nautilus
IMPACT S1301, USA). The subjects performed 2 exercises
at 40% 1RM and repeated them several times until the force
decreased to 60% of the default value. The number of times
they can do was recorded. 6) Maximum oxygen uptake test:
Cardiorespiratory endurance was tested in an indirect way
by cycling according to the Astrand method - rhyming under
the supervision of the researcher throughout the assessment
(Monark 828E, Sweden). 7) Muscle power: It was tested
by using a vertical jump tester (Vertec vertical jump tester,
United States). The subjects stood in the starting position and
flexed their knees to jump as high as possible (the maximum
effort countermovement jump test), using the hands to touch
the height indicator bar. The test was performed twice, and
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the maximum jump height was recorded. The value of the
maximum jump height was subtracted from the value of the
height while touching the height indicator bar.

Statistical analysis

Statistical analyses were performed using SPSS 26
(IBM Corp. IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp). Data are presented as mean +
standard deviation (SD). Data normality was evaluated
by using the Shapiro-Wilk test. The analysis of covariance
(ANCOVA) with a post-hoc Bonferroni adjustment was used
to evaluate differences in body composition and physical
performance between groups. A paired t-test (comparison
between values obtained before and after intervention) was
completed. Alpha intervals for all testing were set at p<0.05.

Results

The participants characteristics and baseline measured in
the 3 training groups are presented in Table 1. No significant
differences existed among the groups (WBV, WBV+BFR and
WBV+HYP) for any variable.

Eight weeks of whole-body vibration exercise plus
hypoxic exposure (FiO, = 15.8%) increased skeletal muscle
mass and skeletal muscle mass of right leg by 2.90% and
2.82% respectively (Table 2). Despite this increase in the
WBV+HYP group, changes in skeletal muscle mass as a
result of training (baseline to post-intervention) were not
significantly different between groups.

Table 3 shows the mean values of physical performance
before and after 8 weeks of training. It was found that the
WBV+BFR and WBV+HYP group showed substantially
improvement in back extension (9.07% and 10.35%
respectively, p < 0.05), compared to their baseline (Fig. 2).

In particular, after 8 weeks of training, the maximum
strength (1RM) in the leg press and leg curl were significantly
increased in the WBV+HYP group (28.31%, p = 0.016 and
13.56%, p = 0.017) compared with the WBV group (17.68%
and 2.88%) respectively (Fig. 3). Similarly, WBV+HYP
group showed a substantial increase in muscle endurance in
the leg extension and leg curl (28.57%, p = 0.013 and 34.38%
p = 0.049) when compared to the WBV group (5.33% and
13.20%) respectively (Fig. 4). Despite this increase in the
whole-body vibration plus hypoxic exposure group, changes
in maximum oxygen uptake (29.34 + 8.53 ml/kg/min and

Table 1. Participants characteristics in the 3 training groups

Characteristics WBYV (n=10) WBV+BFR (n=9) WBV+HYP (n=10)
Age (y) 19.70+1.42 20.44+1.01 19.60+1.07
Weight (kg) 83.99+25.49 82.98+13.37 83.56+15.39
Height (cm) 176.70£6.80 171.22+7.28 175.40+£4.90
BMI (kg/m?) 27.53+8.76 28.48+3.39 27.08+4.81
Resting heart rate (b/m) 85.86+9.26 84.17+4.67 81.86+10.64
SpO, (%) 98.43+0.53 98.38+0.52 98.56+0.53
SBP (mmHg) 129.75£7.85 127.131£6.81 129.78+8.04
DBP (mmHg) 80.11+13.55 74.11+6.64 72.33+5.61

Description: WBV; whole-body vibration, WBV+BFR; whole-body vibration plus blood flow restriction, WBV+HYP; whole-
body vibration exercise plus hypoxic exposure; BMI; body mass index; SpO, = resting arterial oxygen saturation; SBP =
systolic blood pressure; DBP = diastolic blood pressure. Values are mean + SD

Table 2. Mean changes in body composition in all 3 training groups after 8-week training

WBYV (n =10) WBV+BFR (n =9) WBV+HYP (n =10)
Body composition Pre-test Post-test chaO/:n e Pre-test Post-test ch:/:lge Pre-test Post-test chz/:lge

Weight (kg) 83.99+25.49 83.48+24.43 -0.60 82.98+13.37 83.40+13.62 0.50 83.56+15.39 83.91+14.46 0.42
BMI (kg/m?) 27.53+8.76 27.36+8.32  -0.62 28.48+3.39 28.60+3.29 0.41 27.08+4.81 27.16+x4.40 0.27
Fat-Free mass (kg) 64.77+£8.05 65.40+9.24 098 61.6948.35 62.38+8.27 1.11 61.20+2.57 61.85+2.70 1.06
Fat mass (%) 22.78+10.21 22.75+9.14  -0.11 26.90+3.84 26.63+3.39 -1.01  25.55%£8.32 25.25+9.29 -1.17
Skeletal muscle mass (kg)  31.84+5.29 32.26+5.62 1.29 31.76+4.71 32.06+4.66 0.94  30.18+2.57 31.05+2.62  2.90*
Skeletal muscle mass of right 7.17+1.51  7.30+1.60 1.71  6.22+0.71 6.32+0.60 1.67 6.38+0.35 6.56+0.35  2.82*
leg (kg)

Skeletal muscle mass of left ~ 6.92+1.43  7.02+1.62 1.33  6.18+0.68 6.28+0.60 1.68 6.62+0.67 6.74+0.63  1.88
leg (kg)

Visceral adipose tissue (L) 3.51+3.94 3.27£3.01 -6.91  3.60+1.04 3.39+1.17 -5.99 3.03+£1.50 2.79+1.19 -8.02

Description: *Significant p<0.05 (pre vs post)
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Table 3. Mean changes in physical performance in all 3 training groups after 8-week training.

WBYV (n = 10) WBV+BER (n =9) WBV+HYP (n = 10)
Variables % %
Pre-test Post-test Pre-test Post-test Pre-test Post-test
change change change

Flexibility
Sit and reach test (cm) 18.73+6.29 20.20+5.85 7.83  14.22+7.28 15.52+7.03 9.14 13.13+4.46 14.45+4.25 10.03
Back extension test (cm) 34.12+591 36.75+7.52 7.72  33.0946.36  36.09+6.27 9.07* 31.40%+4.52 34.65+2.89 10.35*
Muscular strength
Leg strength (kg/body 1.56£0.42 171042 9.15 1353025  1.55:0.39 15.02* 1.51£0.45 1.86+0.58 22.84*
weight)
Maximum strength (1RM)
Leg press (kg) 107.05£14.42 125.97+17.09 17.68* 98.83+23.66 110.51+26.46 11.82* 113.13+19.64 145.15£16.77 28.31*t

Leg extension (kg) 164.57+17.60 174.43+23.37 5.99*

170.00+38.27 190.29+34.98 11.93*

160.50+24.51 186.50+38.17 16.20*

Leg curl (kg) 99.75+14.13 102.63+13.62 2.88  106.71£12.98 112.29+13.67 5.22* 106.20+23.76 120.60+£20.44 13.56*t
Muscular endurance (Number of Reps at 40% 1RM)
Leg extension (reps) 28.13+5.77 29.63t4.57 533  29.67+8.71 33.83%£8.23 14.04* 26.60+7.09 34.20+7.33  28.57*t
Leg curl (reps) 28.14+5.79 31.86+£5.55 13.20* 31.17+7.22 36.33£8.29 16.58* 32.00+7.07 43.00+9.80 34.38*t
Cardiorespiratory endurance
VO,max (ml/kg/min) 29.19+6.19 31.52+5.31 8.00 31.98+4.45 35.43+6.98 10.79* 29.34+8.53 34.59+9.10 17.88*
Muscular power
Vertical jump (cm) 32.63+8.47 33.00+8.33 1.15 33.83%8.42 35.33+7.81 4.43 31.20+8.17 34.20+6.83 9.62*
Description: *Significant p<0.05 (pre vs post), 'Significant p<0.05 (WBV vs WBV+HYP)
A B
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Fig. 2. Changes in flexibility (A; Sit and reach test and B; Back extension test) before and after 8-week of the training period. Values are
present as mean + SD. *Significant p<0.05 (pre vs post)

34.59 + 9.10 ml/kg/min) and vertical jump (31.20 + 8.17
cm and 34.20 + 6.83 cm, baseline and post-intervention
mean * SD respectively) as a result of training (baseline to
post-intervention) were not significantly different between
groups (Fig. 4).

Discussion

This research investigated and compared the effects of
whole-body vibration combined with blood flow restriction
and hypoxic exposure. Previous studies found that training
with a whole-body vibration machine can help improve
muscle performance (Berner et al., 2020). Training with

blood flow restriction can also help improve muscular
strength (Cai et al., 2021). Training with hypoxic exposure,
a new form of training, may also change the physiological
mechanisms of training (Park et al., 2020). Therefore, this
study was conducted to test the responses to the training
among overweight adolescents.

In terms of body composition, any good changes
or relatively obvious changes were not found. Only the
WBV+HYP group had a significant increase in muscle mass
and leg muscles (right side). Moreover, the fat mass and fat
of the three groups did not change. However, a study by Park
et al. (2020) showed that whole-body vibration training was
effective in reducing body fat (Park et al., 2020). A research
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Fig. 3. Changes in muscular strength (A; Leg strength, B; 1-RM Leg press, C; 1-RM Leg extension and D; 1-RM Leg curl) before and
after 8-week of the training period. Values are present as mean + SD. *Significant p<0.05 (pre vs post), tSignificant p<0.05 (WBV vs
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Fig. 4. Changes in muscular endurance, cardiorespiratory endurance and muscular power (A; Muscular endurance leg extension, B;
Muscular endurance leg curl, C; Maximum oxygen uptake and Dj; Vertical jump) before and after 8-week of the training period. Values
are present as mean + SD. *Significant p<0.05 (pre vs post), tSignificant p<0.05 (WBV vs WBV+HYP)
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study by Vissers et al. (2010) also found that after training
with a whole-body vibration machine for 6 months, body fat
can be reduced (Vissers et al., 2010). Therefore, the following
research hypothesis was developed: The duration of the
experiment may affect the changes, which may take 10 weeks
or more and the factors such as the subjects’ diet and energy
balance may also affect the changes. A study by Bellia et al.
(2013) found significant changes in fat mass when whole
body vibration training was combined with diet control. It
may also be an important factor in increasing muscle mass
although there was no significant change in overall muscle
mass (Bellia et al., 2013). This is different from a study
by Cai et al. (2021) which found that the BFR group had
changes in leg muscle mass (Cai et al., 2021). However, the
WBV+HYP group had significant changes in leg and right
leg muscle mass. This is the factor that requires further study
for hypoxic exposure or systemic hypoxia training.

Flexibility was significantly changed in the WBV+BFR
and WBV+HYP groups in back extension, indicating that
combined whole-body vibration training was effective in
improving flexibility. In a study by Dordevi¢ et al. (2022), an
experiment was conducted among gymnasts and significant
changes in flexibility was found (Pordevi¢ et al., 2022). That
is, the static squat position at 100° knee flexion can stimulate
the muscles in thighs and core. The subjects must maintain
a straight posture which may cause changes in strength and
flexibility in the lumbar muscles.

Opverall, changes in muscular strength in all three groups
tended to improve. This is consistent with previous studies
that blood flow restriction training was found to improve
muscular strength (Cai et al., 2021; Cohen et al., 2022) or
even whole-body vibration training alone can also increase
muscular strength (Berner et al., 2020; Hegazy et al., 2021;
Lai et al., 2021). This was especially true in the WBV+HYP
group, where changes were similar to those in the BFR group.
This may be caused by physiological changes during hypoxic
training. Previous studies also found changes in muscular
strength (Inness et al., 2016). As for muscular endurance,
quite obvious changes were found in the WBV+BEFR and
WBV+HYP groups in accordance with the principles of
stimulation and development during training (Plotkin et al.,
2022). Most tests focused on muscle repetitions that measure
endurance, and whole-body vibration training was shown to
help improve this aspect of fitness (Cai et al., 2021; Kholvadia
& Baard, 2012; Osawa et al., 2011). In addition, whole-body
vibration combined with blood flow restriction or hypoxic
exposure may help confirm that blood flow and oxygen
restriction affect muscle response (Jessee et al., 2018; Kacin
& Strazar, 2011; Manimmanakorn et al., 2013) although
the training is in the muscle contraction posture. It is also
expected that if it is practiced with postures that include
movement, it may result in increased muscle endurance.

Muscular power was only changed in the WBV+HYP
group. It is consistent with a study by Inness et al. (2016)
where changes in maximum muscular power were found
in heavy resistance training in hypoxia (Inness et al., 2016).
However, there are few studies on the muscular power of
whole-body vibration training. In this research, whole-body
vibration training may not be the most effective way to
develop muscular power. Further study is required.

In the WBV+BFR and WBV+HYP groups, significant
changes in VO,max occurred after 8 weeks of training.
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Previous studies showed that hypoxic exposure can help
improve VO,max (Deldicque, 2022; Westmacott et al,,
2022), and it can be clearly seen when FiO, is lower than
13.8%. In terms of physiological factors, vascular endothelial
growth factor (VEGF) is stimulated by hypoxia (Downs et
al., 2014; Shimizu et al., 2016), and it may be the factor that
can increase the ability to manage and control oxygen levels
during exercise.

In this research, the following research gaps and
limitations can be found. The basic factors of the subjects,
including age, gender and experience with exercise training
may affect the level of change. In addition, a longer period
of time (12 weeks to 6 months) is required. Moreover,
frequency of training and the intensity of hypoxia may
result in more pronounced changes. Suitability and safety
between the training programs and the subjects should be
considered. Also, other factors that can be controlled or
monitored, such as diet, stress, and rest may help identify
the cause of changes.

Conclusions

Whole-body vibration combined with blood flow
restriction and hypoxic exposure were effective in improving
body composition and physical fitness. In particular, the
group that combined training with hypoxic exposure showed
good changes in maximum muscular strength in leg press
and leg curl, and muscular endurance in leg extension and
leg curl when compared to the group trained with the whole-
body vibration machine alone. This is useful in choosing the
form of training that can help develop various aspects of
physical fitness for beginners or people who are unable to
choose the type of exercise. The combination of whole-body
vibration training with blood flow restriction and hypoxic
exposure can effectively improve physical fitness. It can also
be adjusted according to convenience and suitability for
each individual. It is a guideline for preventing, treating, and
promoting health among overweight adolescents.
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Bnauns 6iomexaHiyHOI cTUMynALii B NOEAHAHHI

3 0OMEeXXeHHAM KPOBOTOKY Ta CMUCTE@MHOIO FiNOKCi€l
Ha KoMno3uuito Tina Ta GpisnYHy NPOAYKTUBHICTb
CTYAEHTIB YHiBepCUTeTY 3 HaAMipHOIO Baroo

xitrima [Ixaitcyk'B°PE, Capoua Ham6Gynnye'A*“PE, TTamakopu IlpiBiceT'®C,
Tauyanon Tourrepm®¢, Apynsa Byrrivax®®*c, Harra MyaHnrpiggeua*®,

Yaiiasar Ham6ynmye!ABCPE

'Y6onparuarxaHChbKuii yHiBepcuTeT Papkabxar
*Cicakercpkumit yHiBepcuteT Pajpkabdxar
*Y6oHpaT4aTXaHCHKUII YHIBepCUTET
*KXOHKaeHCbKMIT yHiBepCHUTET

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH JOCTIIKeHHsT; B — 36ip manux; C - crarananis; D - migroroska pykomucy; E - 36ip xorTis

Pedepar. Crarrs: 10 c., 3 Tab1., 4 puc., 33 mxepera.

Mera focmimKeHH:A. Y IIbOMY TOCTi)KeHHI BUBYaBCsA BIUIUB b6ioMexaHiyHoi cTumyAnii (BMC) y moefHaHHI 3 00MeXXeHHAM
kpoBoToky (OK) ra rimokcnanum srmmsoM (I'B) Ha koMmnosuiiiro Tina ta (biquHy NPOAYKTUBHICTD CTY/IEHTIB YHiBEpCUTETY
3 HaZIMipHOIO Barox.

Marepianu ta MmeTogu. [[BajusTh 1eB’sATH CTYZIEHTiB 4OJIOBi4Oi CTaTi 3 HaAMipHOIO Barow 6ym/1 posmnopineni Ha 3 rpynu:
1) 6iomexaniyna crumysranis (BMC), 2) 6iomexaniuHa cTuMy/ALis mioc ooMexxeHHs KpoBoToky (BMC+OK, 60% oxtosiitHoro
THUCKY) 1 3) 6ioMexaHidHa CTUMYILALIs IWoc runokenyamit Bvms (BMC+IB, FiO, = 15,8%). TpenyBanus Bkmodano 10 ceaHcis
BUKOHAHH: iHTepBa/ibHMX (pisnyHux Brpas Ha ocHOBI BMC (wacrora 30-35 It i Bucoka ammutityaa) mo 20 xB/meHb i 3 mHi Ha
TIDKZeHb. [ToKa3HMKY KOMITO3MIIii Ti/Ta pasoM 3 (isMYHOI MPOAYKTUBHICTIO BUMiproBamucsa fo (2-3 mHi) i micns (2-3 gHi) 8-Tyk-
HEBOTO IIepiofly TPEHyBaHb.

PesynpraTi. Pe3ynbraTy IpoBefeHOTO SOCTiKeHH OY/IM HACTYITHUMI: IiC/IA TPEHYBaHH:A MOKasHMKM MaKCHMa/IbHOI CHIIN
(IRM) y »xmMi HOramm Ta 3TMHaHHI HIr 3HAYHO 3pOC/M Y HOCIPKyBaHil rpymi, mo mpoxopuia npouesypu BMC +I'B (28,31%,
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p =0,016 Ta 13,56%, p = 0,017) mopiBHsHO 3 rpymoso, fe 6yra mposegera BMC (17,68% Ta 2,88), BifmoBigHo. AHaIOri4HO, y y4ac-
HUKIB JOCTIIKYBaHOI Ipymy, o mpoxoana npouenypu BMC+I'B criocTepiranocs sHauHe 36i/1bIIeHHA NOKa3HNUKIB M A30BOI BU-
TPUBAIOCTI y PO3TVMHAHHI Ta 3rMHaHHI Hir (28,57%, p = 0,013 Ta 34,38%, p = 0,049) MOPiBH:AHO 3 IPYIIOI0, B sIKOI Oy/Ia 3aCTOCOBaHa
BMC (5,33% T1a 13,20%), BigmoBigHoO.

BucnoBku. biomexaHiyHa CTUMYNALIA B MOENHAHH] 3 0OMEXEHHAM KPOBOTOKY Ta TiITOKCMYHVM BIUIMBOM ITOKa3a/M CBOIO
eeKTUBHICTD y MOKpallleHHI KOMIIO3UIIii Tia Ta $isuyHOl miAroTOBIeHOCTI. [IpoBeeH s MpOoLeAy Py TAKOXX MOYKHA PEry/IoBaTH
BiZITIOBiZIHO O BMMOT Ta iHAMBiyanbHUX ocobmBoCTel KOXXHOI 0co6u. [JaHa METO/VIKA € KEPIBHUM IIPUHIMIIOM Jyisi Tpodimak-
TUKY, TiKyBaHH: Ta MiTPUMKN 3JOPOBOTO cnoc06y JKUTTA Cepef MiJUTITKIB 3 Ha[MipPHOIO Baroxw.

KirouoBi croBa: 6ioMexaHiuyHa CTUMYIIALsA, OOMeXeHHsI KPOBOTOKY, CHCTeMHa TiIlOKCisl, KOMIIO3NIlis Tina, ¢isuuna mpo-
JTYKTUBHICTb, HaJJMipHa Bara
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Abstract

Study purpose. In this work, we point out the interaction of complex postural stability (CPS) and skating agility tests
among pupils in the hockey club HK Nové Zamky. We determined postural stability using the SEBT and agility with
skating tests. We expected a significant interaction between performance in skating agility tests and CPS for both
standing legs, which was most closely identified with the eight-item SEBT test.

Materials and methods. The level of CPS was characterized by descriptive statistics. Laterality between right and

>

left standing leg was assessed by t-test and Cohen’s “d”. The relationships between CPS and skating agility tests

« »

were determined by Pearson’s correlation coefficient “r”. Predictors were selected by stepwise regression. Statistical
significance of differences and relationships was assessed at the 5% significance level.

Results. The results showed no differences in the laterality of the CPS between the right and left standing leg.
Correlation analysis demonstrated the interactions of the left and right standing leg with all skating agility tests.
Stepwise regression was used to select the tests that were most identified with the performance on the eight-item
SEBT test in terms of their skating expression. The Illinois test has the most significant informational power for CPS.
Conclusions. The presence of positive interactions between skating agility and CPS in hockey players point to the
importance of a balanced and stable stance of both legs in all directions. The perfect balance and stability of hockey
players eliminates the fluctuations caused by skating movement in all directions and facilitates their execution
without major changes in dynamic performance. The chance of shortening the activation time of the muscle chains
involved in the technique of performing the test also increases significantly, or in the very structure of technique - the

economics of ice hockey players’ skating.

Keywords: hockey, postural stability, skating agility, interactions.

Introduction

A high ability to maintain postural stability means
keeping the vertical projection of our center of gravity at
the basic support level; it is essential in sports (Andreeva et
al., 2021).

Hockey is included in sports games that require the
comprehensive readiness of the players of the entire team.
Players are able to produce high skating speed during the
game, but with sudden changes of direction (Alpini et al.
2008; Antara et al. 2023). One of the inseparable parts of
preparedness is precisely postural stability.

© Brodani, J., Guzman, M., Vala, R., & Huszar, V., 2024.
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In the literature, postural stability is characterized by
maintaining balance and control over your body during
movement, thanks to which we are able to adequately react
to the situation during the game, such as: contact with an
opponent (Bournival et al. 2023).

The precise definition of the term “agility” was brought to
us by Sheppard et al. (2014), who describe it in the literature
as the athlete’s ability to change the speed and direction of
movement quickly and accurately during the reaction to a
specific stimulus from the external environment.

Young et al. (2015) include situations in sports games as
specific stimuli. These stimuli may vary in terms of intensity
and spatiotemporal conditions.

However, Plisk (2008) states that when performing
any agility test, it is due to the non-constant speed while
covering the distance.
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In the studies, we are able to find models containing
specific determinants according to the authors. Jeffreys
(2011) lists perceptual limitations (ability to focus,
attention), cognitive limitations (situation recognition,
concentration, problem-solving ability), physical limitations
(strength, muscle fiber typology) and motor limitations as
determinants. For comparison, Sheppard et al. (2014) state
that agility is determined by perception and decision-making
(knowledge of the given situation), change of direction and
speed, technique (acceleration/deceleration of movement,
body posture), sprint speed, muscle properties of the lower
limbs (leg strength, reaction speed, muscle imbalance right/
left leg) and anthropometry.

Tests focused on speed, maximum strength or endurance
are known in the literature. Compared to testing motor skills
such as “agility”, they remain in the background even in
current literature (Hojka et al., 2016; Bakhsis, 2023).

In the sports performance of hockey players, postural
stability and agility is a directly limiting factor because
correct postural stability significantly affects the technique
of hockey players and their ability to perform correct
movements. Players with a high level of postural stability
are better able to maintain the correct position of the body
during skating, shooting or blocking a shot.

Materials and methods

Study participants

The research was carried out on a group of hockey players
in the category of younger pupils from Slovakia (n = 20).

Study organization

Dynamic postural stability was determined using the
eight-position Star Excursion Balance Test (SEBT) and
movement performance in skating agility tests 6x9 m, 30 m,
36 m forward, 36 m backward, Illinois test, Circle forward,
Circle backward and Square.

The SEBT test was performed in the directions
Posterior, Posteromedial, Medial, Anteriomedial, Anterior,
Anteriolateral, Lateral, Posterolateral for the right and left
standing leg (Figure 1).

Left stance leg Posterior

M =83,97,5D=5,36
Posteromedial
{ = 86,08, SD = 5,09

Posterolateral
M =77,70,SD = 7,56 [
/
[ \
Lateral L }
M = 67,40, SD = 7,99 M

Medial
=78,08,SD = 7,52

Anteriomedial
M = 70,65, SD = 9,96

Anteriolateral
M = 35,63, SD = 9,42
Anterior
M = 41,07, SD = 10,47

The output measurements for the right and left training
leg are assessed from the point of view of the average value
from 3 attempts (cm), the maximum measured value (cm),
and the relative value (Relative - normalized distance in
each direction (%) = Average distance in each direction /
length lower limb*100). Complex postural stability (KPS) in
both legs = average of average values from 3 SEBT attempts
(composite scores) (Garret et al. 2012; Calatayud et al. 2017).

Statistical analysis

The DPS level and hockey players’ sports performance
was characterized by descriptive statistics (M, SD, Max,
Min). Statistical and material significance of differences was
assessed by t-test and Cohen’s “d”. The relationships between
KPS and skating agility tests were determined by Pearson’s
correlation coefficient “r”. Skating agility tests were selected
by stepwise regression, which showed the highest closeness
with KPS. For the models, we present the stepwise regression
parameters (R Square, ANOVA parameters E, p value, partial
share Beta*r). Statistical significance of differences and rela-
tionships was assessed at the 5% and 1% significance levels.

Results

By comparing the complex postural stability in the right
(RSL) and left standing leg (LSL), we found no differences
in laterality (tables 1 and 2) in average values t;q = 0.959,
p =0.350, d = 0.166, maximum values t;o) = 1.365, p = 0.188,
d = 0.356 and not even for relative values tgq = 0.959,
p =0.350, d = 0.166.

Correlation analysis showed interactions of KPS in
the left and right standing leg with all skating agility tests
(p<0.05). The 36 m backward skating test did not uniquely
show significant relationships (p = n.s.) with KPS on the
right standing leg (Tables 3 and 4). We do not report the
calculated correlations of the relative parameters of the KPS
due to the same values as the average ones.

A high correlation tightness (r = 0.70-0.90) with KPS
was demonstrated by the Illinois skating test (LSL & RSL
p<0.01), 36 m forward (LSL & RSL p<0.01) and 6x9m (LSL
p< 0.01). Low tightness (r = 0.30-0.50) was observed in
the 36 m backward skating test (LSL p<0.05; RSL p<0.10).

. Right stance leg
Posterior

M =80,97,SD = 5,74
Posteromedial
M =83,32,SD = 6,04

Posterolateral
M =76,72, 5D = 11,03
[

[
/[

Lateral A )
M = 68,12, SD = 13,79

Medial
=79,12, SD = 10,46

Anteriomedial
M =67,28,SD =12,26

Anteriolateral
M =41,57,SD = 11,15
Anterior
M =42,32,5D = 12,81

Fig. 1. Level of postural stability of hockey players on the right and left standing leg tested with the eight-way SEBT test
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Table 1. Level of complex dynamic postural stability (DPS)
and performance in skating agility tests

Variables M SD Max Min

© Average (cm) 67.57 7.07 79.62  52.00

E g i)o Maximum (cm) 69.61 7.26 81.62 53.37
” Relatively (cm) 77.67 813  91.52 59.77
o Average (cm) 67.43 9.52  86.25 44.62
E’J § EJD Maximum (cm)  69.63 9.54 89.37  46.75
Relatively (cm) 77.50 1094 99.13  51.29

6Xx9 m (s) 18.89 2.53 27.01 27.01

30 m (s) 484 0.65 6.30 4.10

E‘ 36 m forward (s) 6.78 0.79 8.21 5.38
36 mback (s) 925 122 1340  7.59

-%O Ilinois test (s) 20.0 245 24.12 16.48

% Circle forward (s) 29.6  4.15 40.43  25.31
Circle back (s) 309  4.62 4421 26.04

Square (s) 19.20 3.72  29.01 15.25

Table 2. Differences of complex DPS between left and right
standing leg

Diferencies Left and Right leg

Variables
d t P d
Average (cm) 0.148 0.164 0.871 0.018
Maximum (cm) 0.025 0.028 0.978 0.003
Relatively (cm) 0.170  0.164 0.871 0.018

Labels: M - average, SD - standard deviation, Max - maximum,
Min - minimum, d - difference of means, t - value, p - value,
Cohen’s “d”

Table 3. Correlations between KPS in the right and left
standing leg with skating agility tests (Pearson’s correlation

coefficient “r” and p value) - average values
Average value
Variables Left stance leg Right stance leg
r p r P
6x9 m -0.769 0.000 -0.653 0.002
30 m -0.563 0.009 -0.645 0.002
& 36 m forward -0.762  0.000 -0.809  0.000
?EP 36 m back -0.475 0.033 -0.405 0.075
%o Ilinois test -0.873  0.000 -0.858 0.000
@ Circleforward  -0.564 0.009 -0.507  0.022
Circle back -0.574 0.007 -0.507 0.021
Square -0.628 0.003 -0.578 0.007

The remaining skating tests 30 m, Circle forward & back
and Square showed moderate correlations (r = 0.50-0.70,
p<0.01).

By stepwise regression, two tests were selected, most
identified with the performance of the eight-way SEBT test
due to their skating expression (Table 5). The Illinois test (left

Table 4. Correlations between KPS in the right and left
standing leg with skating agility tests (Pearson’s correlation
coeflicient “r” and p value) — maximum values

68

Max value
Variables Left stance leg Right stance leg
r p r p
6x9 m -0.785  0.000  -0.669 0.001
30 m -0.565  0.009  -0.489 0.027
g‘ 36 m forward -0.758  0.000  -0.812 0.000
.§° 36 m back -0.482  0.030 -0.423 0.062
éo Ilinois test -0.883  0.000  -0.860 0.000
% Circle forward  -0.563  0.009  -0.527 0.016
Circle back -0.573  0.008  -0.530 0.015
Square -0.639  0.002  -0.511 0.020

leg 58.09% — 76.24% and right leg 73.63% — 73.92%) has the
greatest information power for KPS before the 6x9m skating
test (left leg 25.10%). The remaining skating tests were not
selected despite the high tightness. All regression models
showed statistical significance (p<0.01) and a high degree of
tightness, respectively. dependence (R* = 73.62%-83.19%).

Discussion

Alpini et al. (2008), Bakhsis (2023) points out that
ice hockey players can produce high skating speed during
the game and the situations are characterized by sudden
accelerations, decelerations and changes of direction.

Recorded positive interactions between agility tests on
ice and PS in hockey players are supported by the research
of Behm et al. (2005) because hockey skating performance is
significantly correlated with balance and sprint tests, which
points us to the important role that postural stability plays in
skating speed in players.

In the databases, we find studies that investigatied the
differences between hockey players’ left and right legs or
compared the performances in dynamic-static balance of ice
hockey players and ordinary individuals (Hansen et al., 2016;
Arboix-Alié & Aguilera-Castells, 2021; Kara et al., 2022).

Hansen et al. (2016) investigated the differences between
the left and right foot in a group of hockey players (n=28).
A lateral jump on a force platform was used as a test to
compare both legs. The task of the probands was to stabilize
the movement. The authors concluded they did not notice
statistically significant differences between the left and right
legs when performing the test.

The authors Arboix-Alié & Aguilera-Castells (2021)
similarly investigated the differences between left and
right legs in hockey players (n= 25). The Triple Hop Test
was performed with both legs. The results showed that the
recorded left and right leg differences are not statistically
significant.

The results of both authors mentioned above (Hansen
et al. 2016; Arboix-Alié & Aguilera-Castells, 2021) fully
support our achieved results.

Comparative testing of dynamic-static balance between
ice hockey players (n=37) and ordinary individuals (n=37)
was carried out in a study by Kara et al. (2022). The
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Table 5. Step regression parameters of selected skating agility tests to KPS for the right and left standing leg

Average value Max value Relatively value
Variables
Left Right Left Right Left Right
Beta*r 0.251
6x9 m
r -0.785
Beta*r 0.7493 0.7363 0.5809 0.7392 0.7624 0.7362
Tlinois test
r -0.858 -0.858 -0.884 -0.860 -0.873 -0.858
R® 0.7624 0.7363 0.8319 0.7392 0.7624 0.7362
ANOVA F 57.77 50.27 42.05 51.02 57.76 50.24
p 0.00 0.00 0.00 0.000 0.00 0.00

« »

Labels: R? - Square, Pearson coefficient “r’,
experimental group was made up of professional hockey
players and the control group was made up of men with no
sports activity in the past. The authors report results without
significant differences between the experimental and
control groups in dynamic-static balance tests. We assumed
significant differences between the groups, as hockey players
regularly implement a training process with a focus on
dynamic-static balance.

Chauhan et al. (2023) point to the finding that a
training process with a focus on stability, which is regularly
implemented, leads to better postural stability and dexterity
of the players during the game. However, the recorded
performance in individual tests of postural stability is often
influenced by factors such as: heartbeat or respiratory muscle
activity (Zemkova, 2004).

Postural stability is related not only to the optimal
performance of the athlete, but also to the sustainability of
the player in the sport in the long term. Players with balanced
and adequately strengthened muscle fibers are not as prone
to back injuries, joints or other problems related to incorrect
posture (Sahin, 2020).

For coaches, we see regular testing of their players in
static and dynamic positions in the future, where they can
evaluate the performance level of hockey players and then
compare the results with other clubs.

Conclusion

The topic of complex postural stability is gradually
becoming one of the basic building blocks of properly
implemented sports performance. Players with a high level
of complex postural stability can better control their body
during the game, properly manage tense situations that come
with the match and may be less prone to possible injuries.

The positive interactions we recorded between skating
agility tests and KPS prove to us how important it is for
hockey players to have a stable and balanced stance on both
legs in all directions of movement. A high level of stability
in hockey players can largely eliminate fluctuations that
occur during skating and, on the contrary, facilitate their
performance.

The identification of the agility test of Illinois with the
eight-way test of complex postural stability shows us their
mutual predictive possibilities, which could be the subject
of interest and implementation of further research in the
future.
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ANOVA parameters F, p value, partial proportion Beta*r

For this reason, training focusing on postural stability
should not be neglected, but on the contrary, should become
a regularly implemented and inseparable part of every
hockey player. Hockey clubs should include the chosen

program in their training units.
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B3a€MO3B’A30K TeCTiB Ha CMPUTHICTb Npu nepecyBaHHi
Ha KOB3aHaX Ta NOKa3HMKN NOCTYpanbHOI CTINKOCTi Y XOKelCTiB

SApocnas bpopsaui'A*PE, Marym I'ycman'A8PE, Poman Bana?A®“PE, Bikrop I'ycap'AB<PE

"Yuisepcurer Koctantuna ®inocoda B Hitpi
*OCTpaBCbKUT TEXHIYHUI YHIBEPCUTET

ABTOpCBHKNMIT BKIAM: A — FU3aitH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarst: 6 c., 5 Tab., 1 puc., 19 mxepern.

Mera gocmifpkeHHs. Y 11iit po6OTi MU BKa3yeMO Ha B3a€MO3B 30K KOMIUIEKCHOI mocTypanbHoi criitkocti (KIIC) Ta TectiB
Ha CIIPUTHICTD IIPM IIepeCyBaHHI Ha KOB3aHaX y BUXOBaHILIB xokeliHoro kiayby XK “Nové Zamky”. My Bu3Haua/mm OCTypaabHy
cTilikicTh 3a gornomoro Tecty SEBT (6amaHcyBambHMIT TECT «PyX TPAEKTOPI€I0 3ipKi») i TecTiB Ha CIIPUTHICTD IIPY KaTaHHI Ha
KOB3aHaX. My 04iKyBa/Ii Ha 3HAYHMIT B3AEMO3B 130K MK IIOKa3HVMKAMU TECTiB Ha CIIPUTHICTD IIPY [IepecyBaHHI Ha KOB3aHaxX Ta
KIIC myst 060X HIr B ITOIOXKEHHI CTOST4Y, 110 6y/10 HalbLIbII TicHO OB s13aHO 3 TecToM SEBT, 1110 CKTafaeThest 3 BOCHMU IO3UIIIIL.

Marepianu ta merogu. Pisens KIIC xapakTepusyBaniu 3a JOIOMOIOI0 METOJiB OIMMCOBOI CTATUCTUKY. JIaTepanbHICTh MK
IIPABOIO Ta JIIBOIO HOTOI0 B ITOJIOKEHHI CTOSIYN, OL{iHIOBA/INA 3a JOIIOMOrO0 t-Kpurepito Ta Metopukor d Koexa. Bsaemo3ss’si30k
Mk KIIC Ta TecTaMy Ha CIIPUTHICTD IIpK IIepeCyBaHHI Ha KOB3aHaX BM3HA4Ya/IM 3a JOIIOMOrolo KoedilieHTa kopenAnii ITlipcoHa
(mosnavarTs “r’). IIpegnkropu 6ymu obpaHi 3a JOIOMOrow MOKpOKoBoOl perpecii. CTaTMCTUYHY 3HAYYIIICTh BifMiHHOCTEN i
B3a€MO3B A3KiB OIliHIOBa/MM Ha 5% pPiBHI 3HAYYIIOCTI.

PesynbraTu. Pesynpratu He nmokasanmm BigminHOCTel y nmarepanbHocTi KIIC Mk mpaBoio Ta /1iBOI0 HOTOI0 B IIO/IOXKEHHI
crosun. KopenAwiitauit aHania mpofieMOHCTPyBaB B3a€EMO3B 30K JIiBOI Ta IIPaBoi HOT'Y B IIOIOXKEHHI CTOSYN 3 yCiMa TeCTaMy Ha
CIIPUTHICTD IIpH IlepecyBaHHi Ha KoB3aHax. IJokpokoBa perpecist Oya BUKOpucTaHa Jjist Biffoopy TecTiB, siki Haiibi/bIe igeHTn-
¢ixyoTbcs 3 mokasHukamu Tecty SEBT, 110 ckajaeTbcs 3 BOCbMM IIO3MILIIA, 3 TOUKHU 30pY iX BUPaXKEHOCTI IIpM IIepecyBaHHi Ha
KOB3aHaX. UUTiHOMChKMIT TecT Ma€ Habinbi 3HauHy iHpopmaTuHicTp fs KIIC.

BucHoBku. HasBHICTb O3UTUBHMX B3a€EMO3B A3KIB MK CIIpUTHICTIO epecyBaHH: Ha koB3aHax Ta KIIC y xokeicTiB BKasye
Ha BOXX/IMBICTH 30a/TaHCOBAHOIO Ta CTAOLIPHOTO MOIOXKEHHs 060X Hir ¥ BCix HampsiMkax. OnTumanpHmit 6ananc i crabinpHicTh
XOKEICTIiB yCyBa€ KONMMBAHHA, BUK/IMKAaHI PyXaMu IIiJ 4ac epeCcyBaHH:A Ha KOB3aHAaX y BCIX HAIIPAMKAX, i IIOJIETIIY€ IX BUKOHAHHSA
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Abstract

Background. The interest in women’s premier league cricket has caused the need for advanced analytics to

understand the multifaceted dynamics of the sport.

Study Purpose. This study aimed to contribute to sports analytics by assessing the efficacy of Support Vector
Regression (SVR) kernel models in predicting the most valuable player. Such research methods as ANOVA, Bessel
function, and Inverse MultiQuadratic kernel application have been deliberately chosen for their diverse mathematical
approaches, aligning with the nuanced intricacies of women’s premier league cricket.

Materials and methods. Player performance was analyzed by using the following study methods: ANOVA,

Bessel function and Inverse MultiQuadratic kernel application. The data, sourced from espncricinfo.com and the
International Cricket Council, includes essential metrics for five teams. Rigorous preprocessing techniques, such as
imputation and outlier removal, enhance data reliability, ensuring robust predictive models.

Results. The application of the Inverse MultiQuadratic kernel exhibits exceptional predictive performance,
surpassing ANOVA and Bessel function models. The kernel’s radial basis function proves effective in capturing the
intricate dynamics of women's premier league cricket. The findings underscore the suitability of kernel method for
predicting standout performers in the Women’s Premier League 2024 season.

Conclusions. The study revealed the dynamic interplay between sports analytics and machine learning in women’s
premier league cricket. The application of the Inverse MultiQuadratic kernel stands out as the most effective model,
providing key insights into player predictions. This emphasizes the continual integration of advanced analytical
techniques to enhance our understanding of the evolving landscape of women’s premier league cricket. As the sport
gains prominence on the global stage, such analytical endeavors become imperative for strategic decision-making and

sustained growth.

Keywords: women’s cricket, support vector regression, machine learning, comparative analysis, performance

prediction.

Introduction

The realm of women’s premier league cricket has been
experiencing unprecedented growth, attracting heightened
attention from enthusiasts and stakeholders alike. In response
to this surge, the significance of employing advanced
predictive modeling techniques cannot be overstated

© Lakshmi, PY,, Sanjaykumar, S., Dharuman, M., &
Elangovan, A., 2024.
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(Kapadia et al., 2022). This research endeavors to explore
the application of Support Vector Regression (SVR) with
distinct kernel models, namely ANOVA, Bessel function, and
Inverse MultiQuadratic, to predict the player’s performance
of women’s premier league cricket in the upcoming 2024
season (Sumathi et al., 2023; Aburas et al., 2018). Cricket,
as a sport, is influenced by a multitude of factors, ranging
from individual player form to team dynamics and external
conditions. Leveraging sophisticated analytics and machine
learning methodologies holds the potential to unravel the
intricate relationships within these factors, surpassing
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traditional statistical approaches (Subburaj et al., 2023;
Passi and Pandey, 2018a). This study seeks to contribute
to the evolving field of sports analytics by examining the
effectiveness of different SVR kernel models in forecasting
the player’s performance of women’s cricket league (Passi
and Pandey, 2018b; Bunker and Thabtah, 2019).

Support Vector Regression and Kernel Models. SVR is
grounded in finding an optimal hyperplane that maximizes
the margin between data points, accommodating a
controlled margin of error to handle intricate, non-linear
relationships within a dataset (Vetukuri et al., 2019). The
core of SVRs efficacy lies in its utilization of kernel functions
to map input data into higher-dimensional spaces. These
kernels are pivotal in transforming input features, a choice
that significantly impacts SVR’s performance and is crucial
for predictive modeling (Dogan and Birant, 2021; Abebe et
al., 2020).

The ANOVA kernel, derived from Analysis of Variance,
offers a distinctive approach to SVR by emphasizing the
capture of variance in datasets. This kernel excels when
intricate variations within the data play a pivotal role. By
prioritizing the discernment of nuanced variances, the
ANOVA kernel enhances SVR’s ability to identify subtle
patterns within the intricate dynamics of women’s premier
league cricket performances (Gu et al., 2023). Introducing
an oscillatory behavior, the Bessel function kernel excels at
capturing periodic patterns and cyclic variations in datasets.
In the context of cricket performance predictions, where
team dynamics may exhibit periodic fluctuations, the Bessel
function kernel becomes a valuable mathematical tool.
Its ability to resonate with cyclical patterns contributes to
a holistic understanding of factors influencing women’s
cricket player’s performances (Gu et al., 2023; Saikia, 2020).
The Inverse MultiQuadratic kernel introduces a radial basis
function, offering a unique perspective on the relationship
between input features. By incorporating the inverse of
the Euclidean distance between data points, this kernel
underscores the significance of proximity in predictive
modeling. In the domain of women’s premier league
cricket, where team dynamics and interactions significantly
impact performance, the kernel’s focus on proximity adds
a layer of sensitivity to the SVR model (Gu et al., 2023;
Wickramasinghe, 2014).

This research’s intentional focus on women’s premier
league cricketunderscorestheimportance ofgender-inclusive
sports research (Subburaj et al., 2023). As women’s cricket
continues to ascend on the global stage, understanding and
predicting team dynamics become imperative for various
stakeholders (Passi and Pandey, 2018b). These include team
management making strategic decisions, sponsors assessing
investment opportunities, and fans engaging in the sport.
Through our comparative analysis, we aim to provide a
nuanced understanding of the strengths and weaknesses
of distinct SVR kernel models concerning predicting the
most valuable player in women’s premier league cricket 2024
(Bunker and Thabtah, 2019; Wickramasinghe, 2014). The
selected kernels for this study, ANOVA, Bessel function, and
Inverse MultiQuadratic, represent diverse mathematical
approaches. ANOVA, emphasizing variance analysis, aims to
capture nuanced variations in player’s performances. Bessel
function, known for its oscillatory behavior, brings a unique
perspective to the analysis (Hudnurkar & Rayavarapu, 2022).
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The Inverse MultiQuadratic kernel introduces a radial basis
function that may enhance predictive capabilities. The
objective in comparing these kernels is to identify the model
that best aligns with the complex dynamics inherent in
women’s premier league cricket (Van Eetvelde et al., 2021;
Anam et al., 2021).

The purpose of the research. The Support Vector
Regression (SVR) with ANOVA, Bessel function, and Inverse
MultiQuadratic kernels to predict player performance in the
Women’s Premier League Cricket 2024 season.

Materials and Methods

Study Participants

The dataset is meticulously curated from two reliable
sources: espncricinfo.com and the official website of the
International Cricket Council (ICC). The dataset metrics for
five teams and a total of 90 players participating in the WPL,
including the number of matches played, batting averages,
bowling averages, catches taken, and the T20 status of the
18 players in each squad, as shown in Figure 1 (International
Cricket Council; ESPNcricinfo; Women’s Premier League).

Matches Batting_Avg Bowling_Avg Catches Performance_Prediction

44 16.529382 29.409980  7.535972 43.356918

78 7.888586 23.961124 17.246971 75.019049

30 7.841652 20.171912  5.598902 56.491503

90 8.529467 24112106 13.446212 69.412674

7.768144 25286781 29.203114 55.396902

25 43.827092 1.262447 11.341412 55.140026

Fig. 1. Sample Dataset

Study organization

This investigation aims to predict the most valuable
player of the upcoming Women’s Premier League (WPL)
2024 season, focusing on essential performance metrics using
three different SVR kernel models such as ANOVA, Bessel
function, and Inverse MultiQuadratic. Data preprocessing
to address missing values is fundamental to the reliability
of predictive models. Robust imputation methods, such as
mean or median imputation, are employed to fill in missing
values. Additionally, data integrity checks are performed to
identify and rectify any anomalies in the dataset. Identifying
and removing outliers is critical for refining the dataset.
Outliers can distort model training, and their removal
enhances the robustness and generalization capabilities of
the SVR models (Subburaj et al., 2023).

The data splitting adheres to a well-established prin-
ciple, allocating 80% of the acquired dataset for training the
Support Vector Regression (SVR) models, while reserving
the remaining 20% for rigorous testing and evaluation. This
meticulous division ensures a robust and comprehensive
training phase, allowing the SVR models to glean intricate
patterns and relationships from the majority of the data.
Subsequently, the earmarked 20% functions as an inde-
pendent dataset, remaining untouched during the training
process, thereby facilitating an unbiased assessment of the
models” predictive capabilities (Kapadia et al., 2022; Men,
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Fig. 2. In the presence of outliers, the dataset is graphically displayed as a boxplot (A), and outliers were eliminated as shown in (B)
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Fig. 3. Methodological process overview

2022). The training process involved the application of three
distinct kernels - ANOVA Kernel, Bessel Function Kernel
and Inverse MultiQuadratic Kernel. Parameters were fine-
tuned through methods like grid search, ensuring optimal
model performance. Testing involved making predictions on
the independent dataset, and the models effectiveness was
evaluated using metrics such as Mean Squared Error and
R-squared (Sanjaykumar et al., 2023). The ultimate aim is to
contribute to the creation of reliable and precise predictive
models capable of accurately forecasting the performance
of women’s premier league cricket players in the anticipated
2024 season.

Statistical analysis

Mean Squared Error (MSE) calculates the average
squared difference between predicted (Apredict) and actual
(Aactual) values, while Root Mean Squared Error (RMSE)
is its square root. Mean Absolute Error (MAE) measures
the average absolute difference. R-Squared (R?) evaluates
predictive accuracy by comparing actual and predicted
values to the mean.

Mean Squared Error (MSE) = i * (Apreaict — Aactuar)”

Root Mean Squared Error (RMSE) = VMSE

Mean Absolute Error (MAE) =2+ X(Apredict — Aactuar)

R-Squared (Rz) —1— Z(Auctuul_Apredict)2]

Y(Aactual _Amean)2
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In the given equation, Aactual signifies observed
performance values, Apredict represents predicted
performance, Amean stands for the mean of actual
performance values, and x denotes the number of data points
(Sanjaykumar et al., 2023; Rajendiran and Rethnaraj, 2023).

Results

The research study unfold the outcomes on predicting
the most valuable player in the upcoming Women’s Premier
League (WPL) 2024 season. The research focus lies on
leveraging Support Vector Regression (SVR) with distinctive
kernel models - ANOVA, Bessel function, and Inverse
MultiQuadratic. This segment serves as an exclusive platform
to present our analyses and engage in a comprehensive
discussion, dissecting the performance of each SVR kernel
model in forecasting women’s premier league cricket.

Comparative analysis

The Comparative Analysis section unfolds a detailed
assessment of the diverse Support Vector Regression
(SVR) kernel types ANOVA, Bessel function, and Inverse
MultiQuadratic based on essential metrics such as Mean
Squared Error (MSE), Root Mean Squared Error (RMSE),
Mean Absolute Error (MAE) and R-Squared (R?) Table 1.
These metrics serve as pivotal indicators in gauging the
precision and efficacy of each kernel in predicting the most
valuable player for the Women’s Premier League 2024 season.
The ensuing discourse meticulously explores the distinctive
characteristics of each kernel, presenting unique insights
into their individual strengths and areas where refinement
may enhance predictive capabilities.

The Support Vector Regression (SVR) kernel types
ANOVA, Bessel function, and Inverse MultiQuadratic
reveals the distinct performance metrics crucial for assessing
their predictive capabilities in the context of the Women’s
Premier League 2024 season. In analyzing the Mean
Squared Error (MSE), the average squared disparity between
predicted and actual values, it emerges as the most proficient
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Table 1. Performance metrics of support vector regression with different kernelsTop of Form

Support Vector Mean Squared Error  Root Mean Squared Error Mean Absolute Error R Squared
Regression - Kernel Type (MSE) (RMSE) (MAE) (R?»)
ANOVA 20.1357 4.4872 8.0684 0.79386
Bessel function 18.2389 4.2707 7.1290 0.81563
Inverse MultiQuadratic 13.6294 3.6918 2.5639 0.86392

864

Inverse
MultiQuadratic

SVR Kernels

Prediction Accuracy in %

ANOVA Bessel function

Fig. 4. Accuracy analysis of support vector regression
with different kernels

with the lowest MSE of 13.6294. Root Mean Squared
Error (RMSE), emphasizing prediction accuracy, echoes
this trend, where it attains the smallest RMSE of 3.6918.
Mean Absolute Error (MAE), indicating average absolute
differences, further underscores Inverse MultiQuadratic’s
superiority with the smallest MAE of 2.5639. R-squared (R?)
gauging explanatory power, consistently position with the
highest values, signifying its adeptness in capturing variance
and making precise predictions (Table 1). In essence, these
findings accentuate the exceptional predictive performance
of the kernel in this comparative analysis (Figure 4).

Performance Prediction Based on
Inverse MultiQuadratic kernel.

The application of the Inverse MultiQuadratic kernel
in Support Vector Regression (SVR) emerges as a standout
feature in our research, showcasing an impressive predictive
accuracy of 86.4%. This surpasses the performance of
other kernels, specifically ANOVA and Bessel function,
in anticipating the most valuable player for the Women’s
Premier League 2024 season. This kernel, characterized by
its radial basis function, proves to possess an exceptional
capability to discern intricate patterns within the dataset,
leading to heightened precision in performance predictions.

804
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°

Fig. 5. Visualizing the performance prediction graph of the
Inverse MultiQuadratic kernel model, the predicted values
(donated in red) and actual value (represented in blue color) with
slight deviation
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Most Valuable Player prediction based
on Inverse MultiQuadratic kernel.

The predictions based on the Inverse MultiQuadratic
kernel for the most valuable player in the upcoming Women'’s
Premier League (WPL) season 2024 reveal intriguing insights
into the potential standout performers. Hayley Matthews
emerges as a front-runner with a substantial prediction
percentage of 84.1%, indicating a high likelihood of her
securing the coveted title. Following closely are players like
Natalie Sciver-Brunt (83.9%), Marizanne Kapp (80.4%), and
Meg Lanning (81.8%), showcasing strong predictions for
their significant impact on the league. Notably, the kernel
anticipates consistent performances from key players such
as Ellyse Perry (78.9%), Deepti Sharma (79.7%), and Smriti
Mandhana (74.2%) (Figure 6).
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Fig. 6. Prediction of Most Valuable Players for WBL 2024 season
based on Inverse MultiQuadratic kernel

Discussion

We looked at how well Support Vector Regression
(SVR) kernel models ANOVA, Bessel function, and
Inverse MultiQuadratic worked at predicting who would
be the most valuable player in the 2024 Women’s Premier
League (WPL) season. Notably, the kernel exhibits superior
predictive accuracy, boasting the lowest mean squared error
(MSE), root mean squared error (RMSE), and mean absolute
error (MAE), alongside the highest R-squared (R2) (Table 1)
(Kaur et al., 2021; Xu et al., 2023).

The implementation of the Inverse MultiQuadratic
kernel, which stands out for its radial basis function, displays
an impressive predictive accuracy of 86.4% (Figure 4).
This outperforms alternatives like ANOVA and the Bessel
function, emphasising its proficiency in identifying intricate
patterns within the dataset. The visual representation of
the performance prediction graph reinforces the reliability
of the model, aligning predicted values closely with
actual outcomes. Predictions for the most valuable player,
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based on this kernel, offer compelling insights. With an
84.1% prediction percentage, Hayley Matthews pulls
ahead of Natalie Sciver-Brunt, Marizanne Kapp, and Meg
Lanning as the leading contender. Additionally, consistent
performances are anticipated from key players such as Ellyse
Perry, Deepti Sharma, and Smriti Mandhana, providing
valuable information for various stakeholders. The Inverse
MultiQuadratic kernel proves to be a standout choice for
predicting the most valuable player in the WPL 2024 season.
Its efficacy in capturing the dynamics of women’s premier
league cricket positions it as a valuable tool for stakeholders,
aiding in strategic decision-making and enhancing overall
understanding of player performances in this evolving
sporting landscape (Mandoli et al., 2021; Passi and Pandey,
2018c).

While this research study provides valuable insights,
there are opportunities for future exploration and refinement
of predictive modeling in women’s premier league cricket
(Awan et al,, 2021). The inclusion of additional features,
such as player fitness, team strategies, and external factors
like weather conditions, could enhance predictive models.
Exploring ensemble methods and hybrid models may
further amplify predictive accuracy. Ongoing advancements
in data analytics and machine learning techniques call for
continuous adaptation and refinement of models. Future
research could extend to other cricket leagues or sports,
expanding the applicability of predictive analytics in
women’s sports (Kruglov and Khudolii, 2022: Bullock et al.,
2022). In essence, this research lays the groundwork for a
dynamic interplay between sports analytics and machine
learning in women’s premier league cricket. As the sporting
landscape evolves, predictive modeling becomes an
indispensable tool, offering strategic insights and fostering a
deeper understanding of the intricate dynamics influencing
player performances (Aburas et al., 2018). Through ongoing
research and refinement, the field of sports analytics is poised
for continuous growth and contribution to the expanding
domain of women’s cricket (Simsek et al., 2021).

Conclusions

The Inverse MultiQuadratic kernel emerges as the top
performer, displaying superior results across key metrics,
including Mean Squared Error (MSE), Root Mean Squared
Error (RMSE), Mean Absolute Error (MAE), and R-Squared
(R2). Its unique radial basis function and emphasis on
proximity contribute to its adeptness in capturing nuanced
patterns within the dataset. The predictions based on this
kernel for the most valuable player in the upcoming Women’s
Premier League (WPL) season 2024 reveal intriguing
insights into the potential standout performers. Hayley
Matthews emerges as a front-runner with a substantial
prediction percentage of 84.1%, indicating a high likelihood
of her securing the coveted title.
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MeTOIM HOCTIIKeHH, SIK Jucrepcirnmit ananis (ANOVA), dynkuis Beccens ta 3acTocyBaHHs 3BOPOTHIX MY/IbTUKBAPaTHIHIX
Aanep, Oymu cBioMo obpaHi Yepes iXHi pi3HOMaHITHI MaTeMaTUYHI ITi/IXO/Y, IO BiNIOBi/Jal0Th TOHKOILAM IPU B KPUKET Y >KiHOUil
mpem’ ep-JIisi.

Marepianu Ta MeTopu. Pe3ynbTaTUBHICTD IpaBIiB 6y/I0 MpOaHaIi30BaHO 32 JOIIOMOTO0 HACTYIIHUX METOMIIB AOCTIKEHHS:
mucnepciitauit ananis (ANOVA), (byHKui'i beccensa Ta 3actocyBaHHA 3BOPOTHIX MY/IbTUKBagpaTHIHKX sAxep. HaHi, orpumani 3
caitty espncricinfo.com Ta Mi>XKHapO#HOI pafiy KPUKETY, BKIIOYAI0Th OCHOBHI IMOKA3HVKY J/Is II'ATH KOMaHf. PeTenbHi MeTOmM
IHOIIepeHbOTO ONPALIIOBAHHS, TAKi AK IMITyTallisl Ta BUK/TIOYEHHS Bi/[X1/IeHb, MiIBUIIYIOTh JOCTOBIPHICTb JAHUX, 3a0e3edyoun
OTPUMAaHH:A HaflilIHMX IIPOTHO3HMUX MOJIEIEN.

PesynpraTi. 3acTOCyBaHHSA 3BOPOTHOTO MY/IBTUKBA/[PATUYHOTO Apa IeMOHCTPYE BUHATKOBY IPOTHOCTUYHY e(eKTUBHICTb,
nepeBepIIy4n Mogeni gucnepcitoro ananisy (ANOVA) ta ¢pyuxuii beccerns. PagianpHo-6asucHa GyHKLis sapa epeKTUBHO Bi-
nobpaxkae CKIaiHy AMHAMIKY >KiHOYOi ITpeM’ep-J1iru 3 kpukery. OTpuMaHi pe3yabTaTy MiJKPeCTIOI0Th ZOLiNTbHICTD 3aCTOCYBaHHSA
ANPOBOTO METOAY 3 METOIO IPOTHO3YBAHH:I HAlIO/IbII pe3y/IbTaTUBHIX IPaBIiB y ce3oni XKinouoi mpem’ep-iru 2024 poky.

BucHoBku. B pesynbrari [ocTipKeHH 6y/10 BCTAHOBIEHO IMHAMIYHY B3a€EMOJIi0 MK CIIOPTMBHOIO aHAJIITUKOIO TA MAIINH-
HMM HaBYaHHAM Y XIHO4ill IIpeM'ep-/i3i 3 KpuKeTy. 3aCTOCYBaHHs 3BOPOTHOIO MY/IBbTUKBAJPaTHYHOIO sApa I1OKA3a/I0 Hail-
6inbIy eeKTUBHICTD, HAfJal0u KII0YOBY iH(OpMaIiio 00 IPOTHO3yBaHH:A pe3yIbTaTiB rpaBliB. Lle mifkpectioe MoCTilHy
iHTerpanilo CyJacHMX aHa/JTiTUYHMX METOMIB J/IA MOKPALeHHA HALIOrO PO3YMIiHHA JUMHAMIKVM PO3BUTKY JKiHOYOI rpem'ep-7iru 3
KkpuKkety. OCKiNIbKY Lieil BUJ CIOPTy HabyBae Bce Oi/IbIIol HONy/IAPHOCT] Ha CBITOBI apeHi, Taki aHa/IITUYHI JOCTiIKEeHHS CTal0Th
HeOOXifHUMM 15t IPUIHATTSA CTPATeriYHMX pillleHb Ta CTa/IOr0 PO3BUTKY.

Knroyosi cmoBa: )xiHOUMIT KPUKET, OIIOPHO-BEKTOPHA PErPECis, MAlIMHHE HABYaHH S, HOPiBHA/IbHUIA aHA/Ii3, IPOTHO3YBaHHS
pe3y/nbTraTiB.
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Abstract

Study purpose. This study aimed to investigate the effects of Knee Tuck Jump or Jump to Box plyometric training
and to determine their effectiveness in increasing leg muscle strength and flexibility in female students participating

in volleyball extracurriculars.

Materials and methods. This study used a quasi-experimental design. Twenty-four female students were
randomly selected as samples and then divided into two categories: 12 students receiving Knee Tuck Jump training
(age: 17.08+0.51) and 12 students receiving Jump to Box training (age: 17.00+0.60). All participants performed
the initial and final tests using the Vertical Jump and sit-and-reach tests. To analyze the data, the t-test was used

to determine the differences in variables between the pretest and posttest in the experimental group.

Results. In the Knee Tuck Jump group, a significant improvement in VJ (p = 0.000) and sit-&-reach tests (p = 0.000)
was observed. In addition, Knee Tuck Jump was considered to be more effective in increasing the students’ flexibility,
because the t value of sit-&-reach test (14.075) was higher than that of V] (13.811).

Similarly, the Jump to Box group also showed a significant improvement in VJ (p = 0.000) and sit-&-reach (p = 0.000)

tests. However, Jump to Box was deemed to be more effective in increasing the students’ leg muscle strength, as the
t value of VJ (26.086) was higher than that of sit-&-reach test (9.594).

Conclusions. Based on the research findings, it can be concluded that plyometric exercises, specifically KT] and

JB, have a significant and positive impact on the lower limb muscle strength and flexibility in female students
participating in volleyball extracurricular activities. Despite both demonstrating significant positive effects,

KTJ training is more effective in improving flexibility compared to JB, while JB is more effective in enhancing lower

limb muscle strength compared to KTJ.

Keywords: plyometric training, flexibility, volleyball, female student.

Introduction

Volleyball demands a unique skill to land the ball in
the opponent’s area, and to achieve maximum performance,
the players must be in top physical condition (Bompa &
Carrera, 2015; M. Silva et al., 2014). Athlete performance,
particularly in sporting events, is greatly improved by
physical condition. Athletes will benefit from being in good
physical shape as they learn sports techniques. The primary

©  Alim, A, Rismayanthi, C., Salam, N.A., & Miftachurochmabh,
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objective of enhancing sports performance is the capacity of
personally trained athletes (Gozzoli et al., 2023). Forearm
pass, overhand pass, serve, smash and block are some
examples of basic individual skills in the game of volleyball
(Zahélka et al., 2017). These individual basic skills all utilize
various motor skills and abilities such as jumping, swinging
or various ways of movement as well as strength, agility,
flexibility and reaction speed (Lehnert et al., 2017).
According to the components of physical condition,
volleyball players need endurance, speed, strength, power,
flexibility, and agility (Charitonidis et al., 2019). Each player
in an international men’s volleyball match makes more than
250 jumps during the course of the five sets, according to
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match analysis (Martinez, 2017). According to Vlantes
& Readdy (2017), the team and the volleyball players
themselves will benefit from having a good jump, making it
advantageous to have a strong physical power component in
volleyball games.

Furthermore, power training is frequently used in
volleyball, which is regarded as a very explosive and fast-
paced activity (A. E. Silva et al., 2019). One of the most crucial
skills to master to become a competent or experienced player
in volleyball is jumping. The ability to jump high is necessary
for success when performing a smash. Physical components
like leg muscle power and flexibility are required to increase
smashing skills. Leg muscle power affects jumps during
smashing and blocking (Hammami et al., 2022). At the
same time, flexibility is also needed to support athletes in
performing smashes. According to Huetal. (2022), the degree
of a joint’s flexibility determines how well it can carry out
specific movements. Additionally, Zhao & Liu (2022) stated
an athlete’s speed, strength, and explosive power can all be
improved to various degrees by training flexibility. Flexibility
is therefore required when blocking and striking the ball. In
a volleyball match, a good smash will result in points by
dropping the ball in the opponent’s area. The players must
also be in decent physical shape to achieve strong smash
results. According to A. E. Silva et al. (2019), it is necessary
to make efforts to increase physical quality through various
training methods in order to obtain maximum processing
in volleyball games, particularly boosting leg muscle power
and flexibility in every volleyball game.

The plyometric approach is one exercise strategy for
boosting power (Slimani et al., 2016). Plyometrics is one
of the training techniques that trainers are frequently
requesting to increase the physical component of power,
especially in sports that require the use of the legs or arms.
However, its effect on flexibility has not been investigated.
Additionally, plyometric exercise involves training by umping
or bouncing using the limbs (Davies et al., 2015). The knee
tuck jump exercise, which is performed in a sequence of
quick, explosive jumps, is one example. The gastrocnemius,
gluteals, quadriceps, hamstrings, and hip and thigh flexors
are among the muscles that develop in this exercise (Clark
et al., 2018). Another example is the jump-to-box exercise,
which is the exercise of jumping onto a block box and then
jumping back down to the back using the starting position
and both legs together (Saparia et al., 2020).

Based on the explanation above, this research aimed
to reveal the effect of plyometric training on strength and
flexibility. Specifically, it compared the effect of plyometric
knee tuck jump and jump to box exercises on increasing
the students’ strength and flexibility. Because the students
participated in extracurricular volleyball activities, they
could be categorized as unprofessional volleyball players
(beginners).

Materials and methods

Participants

Twenty-four students from one senior high school
who joined volleyball extracurriculars agreed to participate
in this research. After a preliminary assessment using the
vertical jump and sit-and-reach, the participants were then
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randomly split into two groups, one received plyometric
training in the knee tuck jump (KTJ) and one received
jump to box (JB). Table 1 displays the characteristics of the
students. All students had no experience in weight training.
They were initially given an explanation of the benefits and
risks that could occur if they took part in the training in
this research. Then, they provided written consent to the
experimental procedures.

Table 1. Participant’s physical characteristics

Knee Tuck Jump (n =12) Jump To Box (n =12)

Variables
Mean + SD Mean + SD
Age 17.08+0.51 17.00+0.60
Height (m) 1.56%0.01 1.57£0.02
Weight (kg) 44.25+6.20 48.33+6.12
BMI 18.11+2.43 19.71+£2.45
Experimental design

This study was designed to answer two questions: (1) Is
there an effect of plyometric knee tuck jump and jump-to-box
exercises on strength and flexibility? (2) Is plyometric knee
tuck jump training more effective for increasing strength
and flexibility? To investigate these questions, twenty-four
students were randomly assigned to one of the two training
groups: KTJ (n = 12) and JB (n = 12). This research used a
quasi-experimental design. The two experimental groups
trained twice a week for 6 weeks using only plyometric knee
tuck jump (KTJ) and jump to box (JB) exercises with their
own body weight and using equipment in the form of a 40cm
high box. The following are the characteristics of the training
program in this research

Table 2. Characteristics of the training program*

Indexes KTJ(SxRxI) JB(SxRxI)(cm)
TS1 2% 6x30” 2 X 6 x 30”7 x 40cm

Week 1
TS2 3x6x30” 3% 6 x 30” x 40cm
TS3 2 x 8 x 307 2 x 8x30” x40 cm

Week 2
TS4 3 x8x30” 3 x 8% 30” x 40cm
TS5 2x10x 1 2x 10 x 1’ x 40cm

Week 3
TS6 3x10x 1 3x10x 1" x40cm
TS7 4x8x2 4 x 8 x2 x40cm

Week 4
TS8 4x10x2 4x 10 x 2’ x 40cm
TS9 4x12x2 4x 12 x 2 x40cm

Week 5
TS10 4x15%x3 4 x 15 x 3’ x 40cm
TS11 5x15x 4 5x 15 x 4 x 40cm

Week 6
TS12 5x15x 3 5x 15 x 3’ x 40cm

*note: TS: Training session; KTJ: Knee tuck jump; JB: Jump to Box
(cm); S x R x I: Set x Repetitions x Interval (minute)

Testing procedure

The testing session was conducted for each participant
in the same condition, without injury, and not following
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amatch or a period of intense training at the same location and
time (about an hour). During testing, body composition was
also assessed. The participants were verbally strongly encour-
aged to exert their maximum effort. They were also recom-
mended to stretch for roughly 10 minutes prior to the test.

Vertical Jump (VJ)

V] is used to evaluate lower body strength in the vertical
plane in an indirect manner (Banda et al., 2019). The tools
used were a board attached to the wall at a height of 150 to
350 cm, powdered chalk (talcum powder or flour), and a
blackboard eraser. To carry it out, first the fingertips were
smeared with lime powder or magnesium carbonate, then
the participant stood upright near the wall, feet together,
scale board to the left or right. Next, the hand near the wall
was lifted straight up, the palm of the hand was placed on
a scaled board, thereby leaving a reach mark. Participants
started with a bent knee posture and the dominant hand or
arm was raised in a vertical position and the other arm was
hanging at the side of the body and was not permitted to
swing the arm to help with jumping momentum. Then the
participants jumped as high as possible while tapping the
board with their fingertips to leave a mark. The assessment
is the difference in jumping achievement minus standing
achievement. The participants got two opportunities to do
this test. The best results were recorded.

Sit and Reach

Flexibility was assessed using sit and reach test. The
subjects sat with their feet approximately hip-wide against
the testing box. They kept their knees extended and placed
the right hand over the left, and slowly reached forward as
far as they could by sliding their hands along the measuring
board. The participants got two chances to do the test and
the best results were recorded.

Statistical analysis

In analyzing the data, the following tests were used:

(1) Normality test to find out whether the data were
normally distributed. The test used was the Shapiro-Wilk
test;

(2) Homogeneity test to find out whether the variations
in the population were the same or not. The homogeneity
of variance test was carried out to test the similarity of the
variances of the pretest and posttest experimental group
data. To test the homogeneity, the Levene’s Test with the
F test was used. The homogeneity test was carried out to
determine whether the data distribution (variance) of the
two experimental groups was not heterogeneous, in the
sense that they had balanced traits or characteristics so
that they were suitable for comparison (van Breukelen &
Candel, 2021). The data distribution (variance) of the two
experimental groups was declared homogeneous if the
Levene test results showed a significance value of p>0.05;

(3) The t-test was carried out to determine whether there
were differences in variables between the pretest and posttest
in the experimental group. A difference could be stated if
the significance value was less than 0.05 (p < 0.05). The data
obtained from the initial test (pretest) and final test (posttest)
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were analyzed descriptively statistically using the t-test using
the SPSS version 27 with a significance level of 5% or 0.05.

Results

Pre-Test Results

A statistical picture is shown in Table 3 based on
assessments of students’ strength and flexibility before knee
tuck jump or jump to box training. Based on the table, it can
be seen that in the knee tuck jump group the students had
an average strength value of 27,916 and flexibility with an
average value of 23,495. Meanwhile, in jump to box group,
the average strength value was 26.9167 and the average
flexibility value was 19.050.

Table 3. Statistical Description of Pre-Test Score

Knee Tuck Jump group  Jump to Box group
Indexes pre-test score (n = 12) pre-test score (n = 12)
Strength  Flexibility ~Strength Flexibility
Mean 27.9167 23.4950 26.9167 19.0500
Median 28.0000 22.8600 27.0000 19.0500
Std. Deviation 1.88092 3.77132 2.23437 2.54000
Variance 3.538 14.223 4.992 6.452
Range 6.00 12.70 7.00 7.62
Minimum 25.00 17.78 23.00 15.24
Maximum 31.00 30.48 30.00 22.86

Post-Test Results

Table 4 shows descriptive data from the results of
measuring strength and flexibility after treatment was given,
namely knee tuck jump and jump to box exercises.

Table 4. Statistical Description of Post-Test Score

Knee Tuck Jump group  Jump to Box group
Indexes post-test score (n = 12) post-test score (n = 12)
Strength  Flexibility ~Strength Flexibility
Mean 37.5833 32.1792 40.3333 26.2083
Median 38.0000 32.9000 40.5000 25.2500
Std. Deviation 1.44338 2.83929 1.82574 3.79867
Variance 2.083 8.062 3.333 14.430
Range 5.00 11.00 6.00 12.00
Minimum 35.00 26.00 37.00 22.00
Maximum 40.00 37.00 43.00 34.00

After the treatment it can be seen that in knee tuck
jump group the students had an average strength value of
37.5833 and average flexibility value of 32.1792. Meanwhile,
in jump to box group, the students’ average strength value
was 40.3333 and their average flexibility value was 26.2083.
Therefore, it may be considered that the jump to box exercise
is more helpful for increasing strength, while the knee tuck
jump exercise is more effective for increasing flexibility.
However, these descriptive data need to be strengthened
in order for them to provide a substantial and meaningful
answer to the hypothesis.
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Normality Test Results

The Shapiro-Wilk test was used to test the normality.
Table 5 explains that all data were normally distributed
because all results got significant values below 0.05.

Table 5. Normality Test Results

Pre-test Post-test
Group Variables
s-w P s-w P
KTJ V-Jump 0.944 0.552 0.960 0.780
Sit & Reach 0.933 0.411 0.936 0.453
B V-Jump 0.962 0.811 0.955 0.713
Sit & Reach 0.906 0.187 0.866 0.058

Homogeneity Test Results

The Levene Statistic test was performed to test the
homogeneity. Tabel 6 shows that all data were homogeneously
distributed because all results obtained significant values
below 0.05

Table 6. Homogeneity Test Results

Groups Variables Levene Statistic P
V-Jump 478 497
KTJ
Sit & Reach 1.128 .300
B V-Jump 337 .567
Sit & Reach 1.064 313
Hypothesis Testing

Hypothesis testing was then conducted after the data
passed the prerequisite test, indicating that the data were
homogeneous and normally distributed. The purpose of
this study was to determine whether plyometric knee tuck
jump and jump to box exercises had an impact on strength
and flexibility and to determine which activity was more
successful at doing so. The following are the results of
the Paired Sample T-test to answer the hypothesis in this
research.

According to Table 7, knee tuck jump group had a
significant improvement in vertical jump because the
p-value was less than 0.05 and the t statistic was positive.
Additionally, there was a significant improvement in sit and
reach because the p-value was below 0.05 and t statistic was
positive. Therefore, it can be concluded that Knee tuck jump

Table 7. Results of Hypothesis Testing

is more effective to increase the students’ flexibility because
the t statistic of Sit and reach (14.075) was higher than that
of Vertical jump (13.811).

Similarly, in jump to box group, a significant
improvement was observed in vertical jump as the p-value
was less than 0.05 and t statistic was positive. Similar
improvement was also seen in sit and reach because, once
again, the p-value was below 0.05 and t statistic was positive.
However, jump to box exercise is considered more effective
to improve the students’ leg muscle strength because the
t statistic of Vertical jump (26.086) was higher than that of
sit and reach (9.594).

Discussion

The effects of Jump to Box plyometric training
on leg muscle strength and flexibility

Plyometric exercises are designed to enhance
neuromuscular coordination by conditioning the neural
system and increasing movement automaticity when
engaged in activity. As a result, activity automation is known
to be created, strengthening motor patterns, which boosts
neural efficiency and enhances neuromuscular performance
(Davies et al., 2015). Plyometrics is known as a stretch-
shortening cycle, or mitotic stretch reflex, where a muscle is
loaded into an eccentric contraction (lengthening), followed
immediately by a concentric contraction (shortening) with
the result that the muscle that was stretched before the
contraction will contract more forcefully. Plyometrics also
include vigorous and explosive training exercises to activate
the fast response and elastic properties of the major muscles
in the body. Thus, implementing a specific strength and
conditioning program in volleyball can significantly help
prevent injuries and improve performance.

Since volleyball players place a high value on being
able to jump vertically, it is thought that using plyometric
training techniques to increase this capacity may enhance
volleyball player performance (Cankaya etal., 2018). A study
by Mroczek et al. (2018) has found that plyometric training
contributes to optimizing landing mechanisms, improving
extrinsic muscle control and increasing knee flexion and
hamstring activity.

The variety of exercises is another crucial element that
might impact the efficacy or scope of the advantages of
plyometric intervention. In this research, the jump to box
exercise was utilized to train the students’ strength and
flexibility. According to the findings of this study, using such
exercise significantly influences the students’ leg muscle
strength and flexibility. This finding is strengthened by the

KTJ Group JB Groups
Variables Test A p A p

Verage  ount  value Verage  ount value
Pretest 37.58 40.33

Strength V-Jump 13.811  0.000 26.086  0.000
Posttest 2791 26.91
Pretest 32.17 26.20

Flexibility Sit & Reach 14.075  0.000 9.594 0.000
Posttest 23.49 19.05
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study by Gjinovci et al. (2017) which found plyometric
training (which included jump to box exercise) more effective
than skill-based conditioning in increasing the conditioning
capacity of female senior volleyball players with the results
of the plyometric group significantly reducing body mass
(Effect Size [ES] difference; average 1% change before and
after measurement), and improved their performance in
S20M (moderate ES; 8%), MBT (very large ES; 25% ), CM]J
(large ES; 27%), and SB] (moderate ES; 8% ).

In addition, a significant effect of jump to box training
was observed on the students’ flexibility with a significant
value of 0.000. This is in line with the study by Ramirez-
delaCruz et al. (2022) which found that plyometric training
increased the thickness, pennation angle and length of the
muscle fascicles evaluated. Additionally, plyometrics is an
effective tool for increasing tendon stiffness and improving
jumping performance and lower body strength. According
to Arntz et al. (2022), plyometric jump training can cause
skeletal muscle hypertrophy, regardless of age and gender.
There is evidence of a relatively greater effect in non-athletes
compared to athletes.

Although jump to box exercise was observed to
significantly impact the students’ vertical jump and flexibility,
this exercise is deemed to be more effective to increase
the students’ leg muscle strength because the t statistic of
Vertical jump (26.086) is higher than that of Sit and reach
(9.594). Since vertical jumps are not the only thing that
volleyball players do, future research on volleyball players
must include a variety of vertical jump tests to compare the
various effects of plyometric training on player performance,
particularly in volleyball players. Additionally, it is necessary
to assess how various programs affect players who are more
experienced and skilled.

The effects of plyometric Knee Tuck Jump training
on leg muscle strength and flexibility

The range of motion that may be performed without
injuring a joint or group of joints is determined by
flexibility, which is a feature fundamental to bodily tissue
(Pate et al., 2012). The sit and reach test is used to measure
spinal flexibility and hamstring muscle length (Cornbleet
& Woolsey, 1996). According to studies by Idrizovic et al.
(2018) and Turgut et al. (2016), plyometric training improves
flexibility in women under 16. However, on the other hand,
flexibility ability as measured by sit and reach in middle
school students is considered to reduce vertical jump ability.
Refuting previous research findings, Ozgul (2018) revealed
that static, dynamic and PNF flexibility training improved
the vertical jump performance of basketball and volleyball
players. Research by Yildiz et al. (2020) revealed that, static
stretching increased flexibility but decreased the athletes’
jumping performance.

A study by Skaggs et al. (2015) which compared the
individual and combined effects of plyometric training
programs and dynamic stretching on muscle strength,
endurance, and flexibility in female collegiate volleyball
players, showed that plyometric training improved some
of these neural functions and dynamics, so it could be
concluded that stretching increased muscle temperature,
stimulated nervous system and increases muscle elasticity,
thereby increasing flexibility by 10.29%.
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This research has found that plyometric training using
the Knee Tuck Jump method which is carried out systemati-
cally with the correct frequency and intensity can increase
the students’ leg muscle strength. A significant improve-
ment was seen in the students’ vertical jump as the p-value
was below 0.05 and the t statistic was positive. Furthermore,
similar improvement was observed in the students’ sit and
reach test because the p-value was below 0.05 and the t sta-
tistic was positive. Therefore, it can be concluded that Knee
tuck jump exercise is considered more effective to improve
the students’ flexibility since the t statistic of Sit and reach
(14.075) is higher than that of Vertical jump (13.811). This
can happen because the knee tuck jump training mechanism
emphasizes the maximum height achieved by pushing the
leg up and forward quickly, especially by training the flexors
and extensors of the thigh and hip in relation to muscles
such as the iliacus, sartorius, gracilis, biceps, femur, semi-
tendon, gluteus muscle, semi-membrane, gluteus major and
minor. This repetitive jumping movement will contract the
leg muscles and increase the size and number of muscle cells
and leg muscle fibers which will indirectly have an effect on
increasing flexibility. Flexibility depends on several factors
such as joint structure, body muscles, flexibility of capsule
and collagen tissue, strength and evenness of joints of bony
structures, intramuscular and intermuscular coordination,
age, psychology, environmental conditions, level of training,
fatigue and warming up. Furthermore, to support this study’s
findings, a study by Tsolakis & Bogdanis, (2012) found that
there was an increase in hip flexion ROM (~12.6%), but
there was a significant decrease in CM] performance of 5.5%
due to long duration static stretching treatment. This static
stretching or lowering effect still occurs for a moment when
doing a tuck jump. Furthermore, CMJ’s performance re-
turned to its initial performance (initial measurement) only
after performing tuck jumps for 8 minutes.

Future studies should look at the range of motion during
plyometric training in order to identify the factors most
likely to increase participants’ flexibility. Additionally, it is
necessary to assess how various programs affect professional
and skilled players.

Conclusions

Based on the study’ findings, it can be concluded that
Knee Tuck Jump and Jump to Box plyometric exercises
have a positive and significant influence on the beginner
female volleyball players” leg muscle strength and flexibility.
Although both have a significant positive effect, Knee Tuck
Jump training is more effective at increasing flexibility, while
Jump to Box is more effective at increasingleg muscle strength.
Further research needs to be carried out to further strengthen
this research’s findings by investigating the effects of both
exercises on experienced and more professional players.
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Bnave nniomeTpnyHOro TpeHyBaHHA CTPUOKIB

i3 nigTAryBaHHAM KONiH [0 rpyAen Ta CTpuOKiB Ha KOPOOKY
(Mnio60KCc) Ha NOKA3HUKMN CUAN M’ A3IB Hir Ta THYYKOCTI

y CTYA€HTOK B npoueci N03aayaAnTOPHNX 3aHATb 3 Bonenbony

Ao6pyn Anim'*°E, Yepika PicmagnTi'*®PE, Hyp Anbdirpa Camam'®,
IOneBia Migpravypoxmax'PPE

TI>KOK IKApTChKUIL iep>KaBHUI YHIBEpCUTET

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

Pedepar. Crarrs: 8 c., 7 Tab1., 33 mKepera.

Mera gocmimKkeHHA. MeTO0 1[bOr0 JOCTIIKeHHA Oy/I0 BUBYMUTY BIUIMB IUTIOMETPUYHOTO TPEHYBaHHA CTPMUOKIB i3 migTs-
TYBaHHIM KOJIH IO Tpyfeit abo cTpuOKiB Ha KOPOOKY (ITI060KC) Ta BU3HAYUTH iX e(peKTUBHICTD y 3pOCTAHHI IOKa3HUKIB CHIn
M’sA31B HIT Ta THYYKOCTI Y CTYIEHTOK, SIKi 6epyThb y4acTb y 103aayAUTOPHNUX 3aHATTSAX 3 BOIEIIOOTY.

Marepianu Ta MeTopu. Y IIbOMY JOC/Ii/[KEHH] BUKOPUCTAHO KBa3ieKCIIepMMEHTaIbHMIT MeTO. JIBafiliATh YOTUPK CTYJEHT-
ku 6ynu BifjibpaHi MeTogoM paHAoMisaliii, a OTiM po3MOAiNeH Ha B Kareropil: 12 CTyIeHTOK, SIKi BUKOHYBa/IM TPEHYBaHHSA
3i cTpuOKIB i3 MiATATYBaHHAM KOJIH 10 rpyfeit (Bik: 17,08+0,51) Ta 12 CTy#eHTOK, sIKi BUKOHYBa/IM TPEHYBaHHs 3i CTpUOKIB Ha
KopoOKy (Bik: 17,00+0,60). Bci yyacHUIi BUKOHYBa/lIM MOYAaTKOBI Ta HMiICyMKOBi BUIPOOYBaHHs, BUKOHYIOUM BePTUKA/IbHMI
CTpMOOK Ta TeCT Ha THYUKIcTb sit-and-reach (croci6 BuMipioBaHHs 3araJibHOI THYYKOCTI Ti/la IIpu 3TMHAHHI Tyny0a BIieper, CUps-
41 Ha HiJ/1031 3 BUTATHY TMMMU BIiepef pyKamu). [Iyis aHaji3y naHux 6y/I0 3acTOCOBAaHO t-KpuTepiil [y BU3HAYeHH: BifMiHHOCTeI!
y IIOKa3HMKaX Bapiallii 3SMiHHMX MK IIPETECTOM i IOCTTECTOM B €KCII€PYMEHTAIbHIN IPyTIi.

PesynbraTu. Y rpymi, 110 BUKOHYBa/Ia BIpaBM 3i CTpMOKIB i3 MiATATYBaHHAM KOJIH [0 IPYieil, CHOCTepirasocs 3HauHe I10-
KpallleHHA TOKA3HUKIB Pe3y/IbTaTUBHOCTI Y TeCTi 3 BUKOHAHH:A BePTUKAIbHOTO cTpubKa (p=0,000) Ta TecTi Ha rHY4KicTb sit-and-
reach (p=0,000). Kpim Toro, cTprnbox i3 mifTAryBaHHsIM KOJIIH O IPy/eil BUSABUBCA Oibll e(eKTUBHNM B PaMKaxX 3POCTaHHS
MOKAa3HMKIB THYYKOCTi CTY/IeHTOK, OCKI/IbKY t-CTaTUCTVKA (3HAUEHH:) TeCTy Ha THYUKICTb sit-and-reach (14,075) 6yna Bumoro,
HDK Iy BUKOHAHHI BepTHUKaIbHOro cTpnoka (13,811).

AHaJIOTiYHNM YMHOM, TPYIIa, AKa BUKOHYBa/Ia BIPaBU 31 CTPUOKIB Ha KOPOOKY (I1i060KC) TaKOX IMOKa3aja 3HauYHe IOJIiI-
IIeHHsI Pe3y/IbTaTUBHOCTI y TecTi 3 BepTuKaabHOro crpubka (p=0,000) Ta Tecti Ha THYUKiCTb sit-and-reach (p=0,000). Opnax,
CTpUOOK Ha KOPOOKY BUABMUBCA OibIl e)eKTMBHUM Y 3pOCTAHHI IIOKa3HMKIB CH/IM M'A3iB HIiT CTY[EHTOK, OCKI/IbKN t-3Ha4eHHS
BepPTUKAIBHOTO CcTproKa (26,086) 6y10 BUILMM, HDX IIpY BUKOHAHHI TeCTy Ha PHYUKICTb sit-and-reach (9,594).

BucHoBku. Ha 0cHOBI pe3y/nbrariB HOCIIKEHHSI MOXKHA 3pOOUTI BUCHOBOK, 1110 IUTIOMETPUYHI BIIPaBy, 30KpeMa CTPUOKY
i3 MiATATYBaHHAM KOJIH IO IPyHeil Ta CTpUOKM Ha KOPOOKY, MAIOTh 3HAYHUIT MO3UTUBHMIL BIUIMB Ha [OKA3HUKY CUIM M 5I3iB
HIDKHIX KiHIIIBOK Ta THYYKOCTI ¥ CTYIEHTOK, IKi 6epyTb y4acTb y II03aayIMTOPHUX 3aHATTAX 3 Bonmeiibony. He3pakaroun Ha Te,
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Abstract

Study purpose. The aim of this study was to determine the impact of the physical education program over a semester
on physical fitness, sport-specific skills (football and basketball) and the quality of life in elementary school students

(7" and 8" grade).

Materials and methods. 128 students (64 boys and 64 girls) from three elementary schools, aged 13-14, participated
in the study. A battery of five diagnostic tests was used to assess physical fitness: Modified Agility “T” test, Illinois
Agility Run Test, 10x5 Shuttle Run Test, Standing Balance Test and 2-Minute Step in Place Test. Training polygons
with elements of sports were used to assess football and basketball skills. Determining the level of quality of life was
carried out with a pediatric quality of life questionnaire (Pediatric Quality of Life Inventory TM — PedsQL).

Results. The study found statistically significant improvements in the results of most physical fitness tests in all team
sports on training polygons, as well as in the level of quality of life for both boys and girls in both grades.
Conclusion. It can be concluded that the physical education program was well organized and implemented and thus
had a positive effect on improving the psycho-physical status of students.

Keywords: physical fitness, quality of life, children, football, basketball.

Introduction

The physical education program is characterized by
the use of a large number of aerobic and anaerobic physical
activities (Deng, Zhang & Chen, 2021), which influence the
improvement of children’s physical status, their training
and practicing various motor skills (basic and sports-
specific) and contribute to the development of psycho-social
characteristics of children (Milenkovi¢, 2021). Attending a
physical education program contributes to the development
of physical fitness, acquiring knowledge and motor skills
(Faigenbaum et al., 2015). Simultaneously, the frequent
negative phenomenon in the form of physical inactivity
among children can be suppressed with an effective physical
education program (Habyarimana, Tugirumukiza & Zhou,
2022; Wintle, 2022). In this way, potential health problems
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such as obesity and hypertension can be prevented (Hills,
Andersen & Byrne, 2011; Aguilar-Cordero et al., 2020).
All this further affects the overall level of quality of life in
children (Bermejo-Cantarero et al., 2021).

The development of physical fitness has been done
through organized and systematic physical exercise. In
physical education classes, the improvement of physical
fitness is not too great because of the small scope and intensity
of work, however, with proper and optimal work, it is possible
to influence adaptive changes in the level of physical fitness
of students (Milenkovi¢, Karaleji¢, Savi¢ & Milenkovic,
2013). In addition to the development of physical fitness, the
physical education program also contributes to the training
and practice of sport-specific skills which physical fitness
is significantly related to (Milenkovi¢, Brankovi¢, Petkovi¢,
Kosti¢ & Stankovi¢, 2008; Kokstejn, Musalek, Wolanski,
Murawska-Cialowicz & Stastny, 2019; Milenkovi¢, 2022). As
part of the work on the development of sport-specific skills
in the physical education program, technical elements from
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team sports, soccer and basketball are also used, which are
related to manipulating the ball and accuracy of hitting the
target.

Soccer practice, in addition to learning and practicing
simple technical elements, also stimulates the motor and
cognitive development of children, especially the ability to
sustain attention. During the soccer game, the participant
analyzes the changing situations through perception and
realizes them using his cognitive abilities, thereby executing
his decision using his technical and kinetic abilities
(Alesi et al., 2015). The specificity of soccer is reflected in
polystructural complex acyclic and cyclic movements with
or without the ball, which are manifested through one or
more motor dimensions. The efficiency of movement is
based on a rational technique that enables the full motoric
potential of the player/student (Milenkovi¢, Pelemi$§ &
Brankovi¢, 2011). Basketball consists of complexes of simple
and complex movements with a combination of cyclic and
acyclic movements with frequent periods of high-intensity
play and frequent changes in the direction of movement
(Stankovi¢, Lazi¢, Milenkovi¢, Nurki¢ & Kocié, 2022).
Playing basketball successfully, which is classified as a
complex anaerobic sport, requires endurance, precision,
speed, agility, explosive strength, as well as cognitive abilities
(Kocié, 2008; Ademovié, 2015; Cao et al., 2022). These team
sports have a very significant place in the physical education
program, both in compulsory and optional activities due to
their popularity among students (Kim et al., 2022).

The connection between the level of physical activity and
quality of life in children and adolescents is the subject of
many studies (Janssen & LeBlanc, 2010; Tremblay et al., 2011;
Wu etal., 2017; Wunsch et al,, 2021). A higher level of physi-
cal activity improves quality of life both physically and men-
tally (Marker, Steele & Noser, 2018). Success in completing
the tasks provided by the physical education program and
optimal physical development contributes to students’ self-
confidence in other areas of learning and work (Bailey, 2018).

Based on theoretical assumptions, the aim of this research
was to determine the impact of the physical education
program over a semester on physical fitness, sports-specific
skills and the quality of life of elementary school students. It
is assumed that there is a positive influence of the physical
education program on the mentioned elements of psycho-
physical development of children. When talking about
the importance of this research, it should be noted that it
is important to identify the level of impact of the physical
education program on students, that is, how effective it is in
improving physical fitness, motor skills and knowledge and
preserving health in modern living and working conditions.

Materials and methods

Participants

A sample of 128 children, aged 13-14, was drawn from
three elementary schools. They participated in two testings
that were conducted at the beginning and at the end of the
first semester of the school year 2022-23. Regular attendance
of physical education classes was a criterion for inclusion in
the research. The sample was further divided into students of
the seventh (32 male and 32 female) and of the eighth grade
(32 male and 32 female).
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The school authorities, the children’s parents, as well
as the children themselves gave the consent for testing the
students. The research was approved by the Ethics Committee
of the Faculty of Sports, Union University — Nikola Tesla in
Belgrade (code: 172/22).

Measuring instruments

Physical Fitness

A battery of five diagnostic tests (Wood, 2008) was used
to test physical fitness. The previous research has established
that these tests are reliable and valid for assessing physical
fitness: Modified agility “T” test - MAT (Sassi, et al., 2009);
Illinois agility run test (Hachana et al., 2014); 10x5 shuttle
test (Boddington, Lambert, St Clair Gibson & Noakes, 2001);
Standing balance test (Geldhof et al., 2006); 2-minute step in
place test (Haas, Sweeney, Pierre, Plusch & Whiteson, 2017).

Sport Polygons

To assess the sport-specific skills, polygons which
contain the basic technical elements of soccer and basketball
were used, those ones which have already been studied in the
older grades of elementary school (grades 7% and 8™).

Description of the soccer polygon (Fig. 1). From the start-
ing position (point A), the student starts a curvilinear move-
ment between the cones (slalom) during which he dribbles
the soccer ball in a length of 10 meters (slalom starts from the
left side of the first cone). After exiting the slalom, the student
passes the ball towards the wall, which is 5 meters away. Af-
ter the ball bounces off the wall, the student receives the ball
and returns the same way by curvilinear movement between
the cones by entering the slalom from the left side of the first
cone. After exiting the slalom from point B, he shoots the ball
towards a small soccer goal measuring 1x0.5 meters, located at
adistance of 5 meters. A shot on goal marks the end of the poly-
gon and measuring the time. For missing a goal, two seconds
are added to the total time. For a task done incorrectly (wrong
movement, knocking down a cone, going around the cone
from the wrong side, etc.) one second is added to the total time.

Description of the basketball polygon (Fig. 2). From the
starting position (point A), the student takes the first ball
from the hoop and uses both hands to shoot at a horizontal
target (basket for balls) 5 meters away using the technique
of passing from the chest. Afterwards, he takes the next
ball from the hoop with which he performs a curvilinear
movement (driving the ball - dribble) between the cones
over a length of 10 meters by entering the slalom from the
right side of the first cone. The ball is guided alternately with
both hands in all phases of the polygon. After exiting the
slalom, the student passes the ball towards the wall 3 meters
away. The ball is passed with both hands from the chest and
on the floor. After the ball bounces oft the wall, the student
catches the ball and returns the same way by curvilinear
movement between the cones by entering the slalom from
the left side of the first cone. After exiting the slalom, the
student guides the ball in a straight line in a length of
5 meters to point B, from which a jump shot is made at the
basket. After the shot, the student takes the ball and takes it
back to the hoop where he drops it, which marks the end of
the polygon and measuring the time. Two seconds are added
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to the total time for each missed goal (basket, hoop). For a
task done incorrectly (wrong movement, knocking down a

cone, going around the cone from the wrong side, etc.) one
second is added to the total time.

Quality of life questionnaire

Determining the level of health-related quality of life
was carried out with a pediatric quality of life questionnaire
(Pediatric Quality of Life InventoryTM - PedsQL) (Varni,
Seid, Rode, 1999). The questionnaire is intended to assess the
health-related quality of life of children and adolescents aged
5-18. This questionnaire is composed of 23 statements with
a five-point Likert-type scale offered for giving the degree of
agreement for a given statement. The offered degrees of agree-
ment range from: 1 - I do not agree at all, to 5 - I completely
agree. Conceptually, the PedsQL measures general well-being
and functioning in daily life independent of the child’s health
status. It has been culturally adapted and validated for the
Serbian language (Stevanovi¢, Laki¢, Damnjanovi¢, 2011).
The questionnaire consists of four subscales: Physical func-
tioning (5 items), Emotional functioning (8 items), Social
functioning (5 items), School functioning (5 items). The sum
of the scores of all scales represents the overall quality of life.
The reliabilities (Krombach’s alpha coefficient) of the scales of
this instrument are high (physical functioning a=0.64, emo-
tional functioning a=0.68, social functioning a=0.75, school
functioning a=0.57, psycho-social functioning a=0.73).

Physical education program

Physical education programs for the seventh and eighth
grade of elementary school according to the Rulebook of
the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Sluzbeni glasnik
Republike Srbije — Prosvetni glasnik (Official Gazette of the
Republic of Serbia - Educational Gazzette), 2019a, 2019b)
foresee the same teaching contents that are planned based
on the assessment of their complexity for students, as well
as facilities for the implementation of the program. So, first
for all, there is a possibility of replacing certain teaching
contents with some other teaching topics (e.g. sports
or activities previously not included) depending on the
existence of appropriate facilities. Secondly, their number of
classes can be distributed to other teaching contents already
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Table 1. Course contents that were performed in the first
semester

no. of
Content name

classes
Athletics 7
Artistic gymnastics 7
Soccer 10
Basketball 10
Rhythmics and dance 4
Optional activities — the program offers a number of
different activities from which students can choose the
ones the school has the facilities for (e.g. fitness training,
badminton, table tennis, orienteering, martial arts, self- 5
defense, sports that have already been involved in the
compulsory program, training, practicing and improving
the elements provided by the expanded parts of the
teaching contents, etc.).
Polygons 3
Swimming and water polo (in the schools where there
are not the facilities for performing these activities, that 5
number of classes is distributed to other contents)
Testing and Measuring 3

existed in the program. Individual teaching contents within
the program, in the form of basic and extended parts, are
realized three times a week for 45 minutes.

Testing Procedure

The testings was done outdoors, on the open school
grounds and in the gymnasium during physical education
classes. Regardless of the experience with the testing
procedure that the students had acquired during physical
education classes in previous grades, in order to ensure the
accuracy of the implementation, the students tried out all
the tests two days earlier in trial testing to be prepared for
the complete procedure during the main testing. Before each
testing procedure (initial and final) a 15-minute warm-up
was performed. In order to avoid negative effects on testing
caused by fatigue there was a 1-2 minute rest period after
completing each individual test and before moving on to the
next one. At the beginning of the class before testing physical
fitness and sport-specific skills, the pediatric questionnaire
on quality of life was filled out.

Statistical analysis

Apart from the descriptive parameters (Mean+St.Dev), the
T test for dependent samples was used to determine the differ-
ence between the initial and final testing. The statistical package
SPSS v.20.0 (IBM SPSS Statistics) was used for data processing.
Statistical significance was established at the p < 0.050 level.

Results

This chapter presents the research results and their
interpretation. Tables 1 and 2 show the basic statistical data
(Mean+SD) as well as the differences between the two tests,
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Table 2. Pre- and post-test results in Mean+SD for 7" grade students

Boys (32) Girls (32)

Pre-test Post-test P Pre-test Post-test P
MAT 8.29+1.25 7.93+1.16 <0.001* 9.32+0.96 8.85+0.92 <0.001*
ILL 20.55+2.34 19.38+1.83 <0.001* 23.13+2.29 21.93+£1.92 <0.001*
10x5 14.93+1.26 14.39+1.04 <0.001* 16.46+1.5 15.84+1.23 <0.001*
SBT 20.11£10.19 20.98+8.44 0.113 18.16+7.44 20.2245.25 0.002*
2-min 129.69+8.14 131.16£6.30 0.001* 121.41+4.88 122.75+3.84 <0.001*
Soccer 24.99+4.92 24.23+4.72 <0.001* 29.4142.6 27.90+£1.92 <0.001*
Basketball 23.81+3.33 22.93+3.13 <0.001* 26.22+1.97 24.51+1.78 <0.001*
PQL 78.19+11.32 84.01+8.08 <0.001* 77.85+6.20 85.39+4.73 <0.001*

*  Significance level - p < 0.050; MAT - modified agility T test; ILL - illinois agility run test; 10x5 — 10x5 shuttle test; SBT - standing

balance test; 2-min - 2-minute step in place test; PQL - pediatric quality of life.

Table 3. Pre- and post-test results in Mean+SD for 8th grade students

Boys (32) Girls (32)

Pre-test Post-test P Pre-test Post-test P
MAT 7.7£0.98 7.24+0.81 <0.001* 7.81+0.99 7.35+0.92 <0.001*
ILL 19.46+2.46 18.38+1.84 <0.001* 22.41+2.23 21.07£1.96 <0.001*
10x5 15.56+2.74 14.61£1.66 <0.001* 15.58+1.32 14.93+1.11 <0.001*
SBT 17.16£7.9 19.00+4.97 0.017* 18.59+6.67 19.92+5.51 0.075
2-min 126.84+7.23 128.62£5.58 <0.001* 124.06+4.58 125.09+3.7 <0.001*
Soccer 21.25+4.4 20.18+3.25 <0.001* 23.86+3.07 22.77+2.94 <0.001*
Basketball 24.85+2.9 22.88+2.04 <0.001* 23.28+2.16 22.28+2.19 <0.001*
PQL 76.8+6.71 85.29+4.64 <0.001* 81.92+9.66 86.31+6.65 <0.001*

before the beginning and after the end of physical education
classes in the first semester. All results are shown separately
for boys and for girls.

The results of two tests of male and female students
of the seventh grade presented in Table 2, point out that
there are statistically significant differences in all three
areas examined in this research. In boys, only one test of
physical fitness (balance test SBT) did not show a statistically
significant improvement in results. A statistically significant
improvement in results was recorded in other physical fitness
tests, as well as in team sports polygons and questionnaires
for determining the level of quality of life.

Similar results can be seen in the eighth grade students
(Table 3). Statistically significant improvements were
recorded in all parameters in boys, while in girls only in the
SBT there was no statistically significant difference.

Discussion

Assuming that there is a positive impact of the physical
education program on the psycho-physical development
of children, the aim of this research was to determine the
impact of that program over a semester on physical fitness,
sports-specific skills and the quality of life of elementary
school students. The results showed a statistically significant
improvement in scores on most physical fitness tests.
Statistically significant progress was recorded in the fields of
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both team sports, as well as in thelevel of quality of life for both
boys and girls in both grades. This outcome is also suggested
by earlier views of experts that the physical education
program has the potential to significantly contribute to the
physical, life, social and cognitive development of children.
This program particularly affects the development of
children’s basic movement skills and physical competencies
that are necessary for the development of sports activities,
and can also support the development of social skills and
social behavior, self-esteem and attitudes at school, and in
certain circumstances, academic and cognitive development
(Bailey, 2006).

The findings obtained in this study indicate that the
physical education program in the field of developing
physical fitness and soccer and basketball skills, with its
contents, had a positive effect on the largest number of
parameters of physical fitness, except for balance (SBT) of
the seventh-grade boys (p = 0.113) and eighth-grade girls
(p=0.075), as well as the skills of both team sports. Kriemler
etal. (2010) also found that school physical education, which
was composed of several teaching contents, improved the
level of physical activity (0.44, 0.05 to 0.82; p = 0.03) and
aerobic capacity (0.17, 0.01 to 0.32; p = 0.04). A similar nine-
month study was conducted by Meyer et al. (2014) who, after
completing a complex physical education program, observed
beneficial effects in aerobic capacity (0.373 z-score units
[95%-CI: 0.157 to 0.59, p = 0.001]). A physical education
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program also develops students’ cardio-respiratory fitness,
but it is also suggested to be combined with other approaches
to further increase the impact it can have on increasing
physical fitness and physical activity in general (Young,
Phillips, Yu & Haythornthwaite, 2006). School programs for
the improvement of physical education can improve physical
fitness as reflected by maximal oxygen uptake (VO,max)
(MD 1.19 mL/kg/min, 95% CI 0.57 to 1.82) (Neil-Sztramko,
Caldwell & Dobbins, 2021), and also can statistically
significantly improve muscle strength (p < 0.001), general
strength (p < 0.001), cardiorespiratory fitness (p < 0.001),
flexibility (p = 0.005) and overall health-related fitness score
(p=10.001) (Lee, So, Youn & Kim, 2021). School upbringing
and education through soccer exercises improves the level of
physical activity and psychological well-being, both in girls
and in boys who from moderately to highly rate the level of
enjoyment in this kind of sports activity (Larsen et al., 2021).
A school soccer program improves various parameters of
physical fitness (Larsen et al., 2023). Learning basketball
skills in the physical education program can be done using a
technical and tactical approach based on the level of physical
fitness of the students. Both approaches in the physical
education program can improve the results of learning
basketball skills, so that a tactical approach is reccommended
for students with good physical fitness, while a technical
learning approach is preferred for students with low physical
fitness (Nur & Malik, 2021). The basketball program at
school also helps in improving the motor efficiency of obese
children (Elsayed, 2014). Team sports, including basketball
and soccer in the physical education program, improve
certain parameters of physical fitness such as balance (p <
0.050) and jumping abilities (p < 0.050) (Larsen et al., 2018).
The results of this research indicate that the physical
education program has a positive effect on improving the
quality of life of children. Both boys and girls of both grades
(seventh grade boys p < 0.001; seventh grade girls p < 0.001;
eighth grade boys p < 0.001; eighth grade girls p < 0.001)
recorded a statistically significant change in the level of qual-
ity of life. These statements are also confirmed by other re-
searches (Wu et al.,, 2017; Wunsch et al., 2021). The school-
based physical education program (“Active School”) shows
positive effects on children’s psychological well-being, social
support and the school environment (Kvalg & Natlandsmyr,
2021). Physical education programs can reduce anxiety, in-
crease resilience, improve well-being and increase positive
mental health in children and adolescents. Therefore, tak-
ing into account the positive effects of physical education
on health in general, it is suggested to increase the fund of
physical education classes (Andermo et al., 2020). Also, it
should be noted that there is a cause and effect relationship
between attitudes towards physical activity and the level of
participation in the activity itself. In this regard, it is con-
sidered that children with more positive attitudes towards
physical activity participate more often in physical activity
outside of school and show greater amounts of physical ac-
tivity than those with less positive attitudes. Fostering chil-
dren’s positive attitudes towards physical activity is suitable
for the promotion of children’s current and later participa-
tion in physical activity (Zeng, Hipscher & Leung, 2011).
However, there are also studies conducted in schools
in which minor effects of physical education on the overall
quality of life were obtained. Hartmann, Zahner, Pithse, Pud-
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er and Kriemler (2010) found that the school physical educa-
tion program did not affect the physical quality of life of the
first-grade students and the physical and psychosocial quality
of life of the fifth-grade students but that intervention had a
positive impact on the psychosocial quality of life of the first-
grade students. However, the overall impact of the school-
based physical education program on the quality of life of
elementary school children is low. Some researchers did not
record any statistically significant changes in the quality of
life of students after the implementation of the school-based
physical education program (Kriemler et al., 2010).

This study is also subject to some limitations and
shortcomings. Firstly, a larger sample of children covering
a wider population from different geographic areas would
likely yield much more accurate data. Secondly, a larger
number of tests would complete the picture of students’
physical fitness. Thirdly, there are licensed questionnaires
for the assessment of the quality of life that are also filled out
by parents, so they provide additional information about the
condition and level of the quality of life of their children.
Fourth, the fact that the program was not conducted by the
same teacher in different schools can also be a drawback.
On the other hand, if the sample were larger, it would not
be physically possible for the same teacher to carry out the
programs in all schools. Fifth, the time for monitoring the
physical education program and determining its impact can
be longer, e.g. the whole school year.

Conclusion

The school-based physical education program is an
important factor for the development and improvement of
the psycho-physical status of students. The very fact that this
school program can be the only organized implementation
of physical exercise for children who do not actively play any
sport, that is, are not members of sports clubs, indicates the
importance of this program and its professional organization.
In today’s sedentary lifestyle that affects both children and
adolescents, every successful attempt to physically activate
and engage in some form of physical exercise according to
a professionally organized and guided program contributes
to a better psycho-physical and health status. The habit of
exercising that is formed in childhood and adolescence
remains in the later years of life. Therefore, it is necessary to
frequently evaluate this process in an attempt to improve it
as much as possible.

The aim of this research was to determine the impact
of the physical education program over a semester on
motor performance, sport-specific skills and the quality of
life of elementary school students, and it was shown that
the program had a positive effect on most of the examined
parameters, so the initial assumption was not rejected. The
results show that the physical education program is, first of
all, well designed and varied, and then also well organized
and implemented. With the professional work of teachers
and the engagement of students, it is possible to influence
the increase in physical activity and the improvement of the
psycho-physical status of students. However, given all the
shortcomings, the results of this study should be interpreted
with caution regardless of the acceptable risk of bias. In any
case, longer-term research into such impacts is needed.
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Abstract

Study purpose. This study aimed to compare the effects of hypoxic exercise combined with crocodile blood
supplementation on hematological and maximum oxygen consumption parameters in soccer players.

Materials and methods. This study included 39 male soccer players aged 21.69 + 1.98 years who were randomized
to three groups. All groups performed the same training program, which comprised treadmill exercise at 70%-75%
of maximum heart rate for 7 weeks with sessions of 30 min/day and 3 days per week. The first group was the control
placebo group (CG, n = 13), the second group received one capsule per day (60 mg) of a freeze-dried crocodile blood
supplement (SUP, n = 13), and the third group received the freeze-dried crocodile blood supplement and performed
the training program under hypoxic conditions (H-SUP, n = 13, FiO, = 16.3%). A hematological evaluation was
conducted and maximal oxygen uptake (VO,max) was measured using the Bruce protocol treadmill test.

Results. The H-SUP group demonstrated significantly higher erythropoietin (EPO) levels (14.40 + 2.41 mIU/mL)
compared to the SUP group (11.50 + 2.08 mIU/mL) and CG (12.01 mIU/mL) after the intervention. From pre- to
post-intervention, VO,max significantly increased in the H-SUP (Pre: 45.63 + 4.75, Post: 49.33 + 5.81) and SUP
groups (Pre: 44.59 + 4.75, Post: 47.30 * 5.68) but not in the CG.

Conclusions. This study reveals that a combination of freeze-dried crocodile blood supplementation and hypoxic
exercise causes hematological alterations, particularly the activation of EPO secretion, and increases VO,max in

soccer players.

Keywords: crocodile blood supplement, hematological, aerobic capacity, hypoxic training, amateur male soccer

player.

Introduction

Hypoxia and physical exercise are two distinct and
powerful metabolic stressors that cause molecular alterations
and changes in oxygen supply and utilization throughout
the body. Physical training in hypoxic conditions is thus
commonly employed to improve athlete aerobic performance
by combining the benefits of both stimuli to elicit peripheral
adaptations (Ponsot et al., 2006). Systematically reducing PO,

© Thuwakum, W,, Manimmanakorn, A., Chaeychomsri, W.,
Siruntawineti, J., & Sukjit, S., 2024.

" Croper

&3

/ TMOB

: @ TOB 0BC

[
=

=]

during the training process may trigger various biochemical
and structural changes in skeletal muscle that favor oxidative
processes (Czuba et al., 2011). According to one concept,
hypoxic exposure during training (intermittent hypoxic
training; IHT) may stimulate serum erythropoietin (EPO)
synthesis, which increases erythrocyte count and enhances
oxygen supply to the working muscles (Powell & Garcia,
2000). Unfortunately, the findings of several previous studies
have not supported this hypothesis (Katayama et al., 2004;
Roels et al., 2005). However, Hamlin et al. (2010) reported an
increase in hemoglobin (Hb) concentration and hematocrit
(Hct) value after IHT in their most recent study. These
hematological adaptations that occur in response to hypoxia
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are primarily responsible for the beneficial effects of altitude
training on sea-level performance. In addition to potentially
improving endurance performance, IHE and IHT may
benefit anaerobic exercise performance (Bonetti et al., 2006;
Hendriksen & Meeuwsen, 2003), possibly via increases in
muscle buffering capacity (Gore et al., 2001) and glycolytic
enzyme activity (Katayama et al., 2004). Variables that have
been identified as affecting these physiological responses
include erythropoietic response, ventilatory limitations,
genetic factors, and hypoxic dose.

Iron is a major substrate required in the synthesis of heme
as well as mitochondrial iron-dependent proteins (Gupta,
2014). The effects of iron deficiency on human endurance per-
formance are well known. After iron-depleted female athletes
with mild anemia, a decrease in post VO,max (Schoene et al.,
1983). It is thus typically recommended that athletes ingest
a daily oral iron supplement to facilitate altitude adaptations
and maintain iron balance. The exact role of iron in the hema-
tological and non-hematological response to hypoxia has not
been investigated in detail thus far. Some studies have shown
that iron supplementation during altitude training improves
Hb mass (Govus et al., 2015; Ryan et al., 2014) while others
have found that Hb mass does not increase with supplemen-
tation during altitude training (Friedmann et al., 1999). This
inconsistency in the existing evidence makes it difficult to
reach a consensus on the appropriate iron status and supple-
mentation regimen to employ during altitude training.

While cutoft values have been defined for Hb and serum
ferritin levels beyond which iron supplementation is recom-
mended in athletes undergoing training at sea level (Nielsen
& Nachtigall, 1998), there are currently no clear guidelines on
iron supplementation practices during altitude training. Given
the conflicting findings regarding the need for supplementa-
tion at altitude and the absence of proper recommendations,
the role of iron during high-altitude training requires further
investigation (T. D. P. Nandadeva et al., 2019).

The Thailand Food and Drug Administration has ap-
proved crocodile blood products as a dietary supplement
for human consumption at a maximum allowance level of
1 g per day (Chaeychomsri et al., 2013). One study found
that an 18-day supplementation regimen of crocodile blood
(1 g day-1) aids in the maintenance of functional perfor-
mance and prevention of muscle swelling after exercise
(Paratthakonkun et al., 2021). Blood from crocodilians has
notably lower concentrations of copper, iron, and zinc com-
pared with human and pig blood. Despite the substantial
difference in iron content between fresh crocodilian and
pig blood, the iron content of freeze-dried crocodile blood
(164 mg/100 g) has been reported to be similar to that of
freeze-dried pig (149.01 + 3.81 mg/100 g) and chicken
(181.66 + 1.01 mg/100 g) blood (Chook et al., 2021). No
studies have evaluated changes in hematological response and
aerobic capacity with freeze-dried crocodile blood supplemen-
tation combined with hypoxic training. Hence, the aim of the
study was to compare the effects of hypoxic exercise combined
with crocodile blood supplementation on hematological and
maximum oxygen consumption parameters in soccer players.

Materials and methods

Study participants

Thirty-nine male soccer players (mean age + standard
deviation [SD], 21.7 = 1.9 years) were recruited to
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participate in this study. The players were recruited from the
local university soccer team and represented typical club-
level players. All players were free from injury, had lived
at sea level for the previous 6 months, had no history of
severe acute mountain sickness or contraindicative health
conditions, and were not undergoing any medication
regimens (e.g., anabolic steroids, creatine, sympathoadrenal
drugs) during the study. All players were in their preseason
training phase and typically completed 5-6 training sessions
per week, which included soccer-specific and conditioning
sessions. All players underwent training at the same time at
low altitude (67 m above sea level in the Uttaradit province).
Ethical approval was obtained from the Research Ethics
Committee of Uttaradit Rajabhat University (reference COA
No. 020/2020). Informed written consent was obtained from
each participant prior to the beginning of the study.

Freeze-dried crocodile blood preparation

Crocodile blood supplementation (CB) was produced
from Siamese crocodile (Crocodylus siamensis) by C S G
Products (THAILAND) Co. Ltd.,under Good Manufacturing
Practice (GMP) and Hazard Analysis Critical Control Point
(HACCP) certification scheme for processing and safety
management which has subsequently approved by the Food
and Drug Administration (FDA) of Thailand, Ministry of
Public Health, as a dietary supplement (Chaeychomsri et
al., 2013). Both male and female healthy crocodiles were
selected for the CB production procedures, which included
collecting blood samples in an antiseptic environment,
pasteurizing, and lyophilizing the samples before freeze-
drying the CB and putting them in capsule form.

Study organization

This study was a randomized controlled trial comparing
changes in hematological parameters and VO,max after
7 weeks of training. The participants were randomly divided
into three experimental groups: a control placebo group (CG,
n = 13), a group who consumed one capsule per day (60 mg)
of supplemental freeze-dried crocodile blood (SUP, n = 13),
and another group who consumed one capsule per day of
supplemental freeze-dried crocodile blood (H-SUP, n = 13).
Thetraining program employed during the study wasthe same
for all groups and consisted of treadmill exercise at 70%-75%
of maximum heart rate. The total experimental period was
30 min/day, 3 days/week, every Monday, Wednesday, and
Friday. The CG and SUP groups exercised while breathing
room air and the H-SUP group exercised while breathing
air with a 16.3% oxygen concentration (hypoxic condition),
as shown in Figure 1. The hypoxic condition was generated
using a hypoxicator machine (ATS-HP-Hyperoxic; Altitude
Technology Solutions Co., Ltd. [ATS], Australia).

Measures

Hematological parameters

A 10 mL blood samples were drawn by medical
technologist from the players’ median cubital vein while
they were seated and resting for 5 minutes on the day
before commencing (PRE) and 4 days after ending (POST)
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the intervention period. The participants were instructed
to refrain from engaging in strenuous physical activity for
24hours prior to testing. The blood samples were immediately
stored on ice, transported to the Fort Pichaidaphak Hospital,
and analyzed for red blood cell (RBC) count, Hct, and Hb
and EPO concentrations. All blood samples were taken
during the morning hours.

Fig 1. Outline of training and testing schedule

Measurement of VO,max

VO,max testing was performed using the Bruce protocol,
which consists of graded exercise on a treadmill, with speed
and elevation increasing every 3 minutes until the player can
no longer continue the test. Once all equipment was set up,
the test began with the treadmill set at a speed of 1.7 miles
per hour and incline of 10%. Every 3 minutes, the speed
and incline increased by 10%. After each stage, the players
were asked if they were able to continue, and a thumbs-up
signal indicated that they could continue while a thumbs-
down signal indicated that the test should be stopped. When
participants felt that they could only continue for another

10-15 seconds, they waved their hand and gave a thumbs-
down signal to terminate the test.

Heart rate and SpO, monitoring

In all groups, heart rate and oxygen saturation were
monitored daily before and during treadmill exercise using
a Polar heart rate monitor (model: V800) and pulse oximeter
(Beurer model: PO30, USA), respectively.

Statistical analysis

The values were expressed as means + SD. All data
were tested for normal distribution using the Kolmogorov-
Smirnov statistic. Differences between baseline measures
were assessed by performing a one-way analysis of variance
(ANOVA). As the sample sizes were unequal, the Bonferroni
post hoc test was employed for pairwise comparisons when
one-way ANOVA results showed a significant difference
between groups. A p-value of less than 0.05 was considered
statistically significant.

Results

The baseline characteristics of the CG, SUP, and H-SUP
groups are presented in Table 1. There were no significant
differences in mean age, weight, height, body mass index,
VO,max, or blood parameters between the three groups,
indicating that the athletes in all groups had similar baseline
anthropometric, aerobic performance, and blood parameter
measures.

The hematological evaluation performed before and
after the 7-week intervention period consisted of RBC
count, Hct, and Hb and EPO concentrations, as presented
in Table 2. Subgroup analysis, delineating participants based
on experimental group, revealed no statistically significant
differences in RBC, Hb, or Hctin all groups from PRE to POST.
A statistically significant difference was observed only in EPO
concentrations (p < 0.05), which significantly increased in the
SUP and H-SUP groups from PRE to POST. In the between-
group comparison of POST hematological parameters, a
significant difference was only found in EPO concentration
between the H-SUP group (14.4 + 2.4 mIU/mL) and the CG
(12.0 + 2.2 mIU/mL), as illustrated in Figure 2.

Table 1. Comparison of baseline parameters between the three groups

Parameters e sup H-SUP One-way ANOVA
(n=13) (n=13) (n=13) F p-value
Age (y) 22.00 £ 1.29 21.69 +1.25 21.38 +3.01 0.300 0.743
Weight (kg) 68.00 + 5.22 69.00 + 3.65 68.46 + 3.01 0.142 0.868
Height (cm) 172.69 £ 4.83 173.07 £4.73 173.92 £6.13 0.185 0.832
BMI (kg/m?) 22.77 £0.94 23.04 £ 1.02 22.60 £0.97 0.644 0.531
VO,max (mL/kg/min) 45.10 £ 5.05 44.59 +4.75 45.63 +4.75 0.151 0.861
RBC (106/pL) 5.54 +£0.52 5.38+£0.43 5.24+£0.32 1.520 0.232
Hemoglobin (g/dL) 14.69 +1.01 14.87 +0.78 15.37 + 0.66 2.351 0.110
Hematocrit (%) 44.92 +1.68 45.00 + 1.35 45.68 + 1.26 1.083 0.349
EPO (mIU/mL) 11.23 £3.57 10.37 + 2.06 11.46 + 1.78 0.636 0.535

The data presented are means * standard deviation. CG, control group; SUP, supplement group; H-SUP, supplement with hypoxic
training group; BMI, body mass index; VO,max, maximal oxygen consumption; RBC, red blood cell; EPO, erythropoietin
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Table 2. Comparison of pre-intervention and post-intervention hematological parameters within the three groups

RBC Hb Het EPO
(106/uL) (g/dL) (%) (mIU/mL)
Pretest 5.54+0.52 14.69 £ 1.01 4492 +1.68 11.23 £3.57
cG Posttest 5.62 £0.72 14.60 £ 1.22 45.23 £ 1.50 12.01 £2.25
95% CI -0.31t0 0.16 -0.79 t0 0.97 -1.85to 1.22 -1.92t0 0.35
p-value 0.501 0.824 0.663 0.159
Pretest 5.38 +0.43 14.87 £ 0.78 45.00 + 1.35 10.37 + 2.06
Up Posttest 5.41 +0.56 14.92 +0.94 4525 +1.05 11.50 + 2.08*
95% CI -0.46 to 0.40 -0.45to0 0.36 -0.74 t0 0.24 -2.12to0 -0.12
p-value 0.886 0.711 0.300 0.031
Pretest 5.24+0.32 15.37 £ 0.66 45.68 + 1.26 11.46 £1.78
H-SUP Posttest 5.40 £ 0.33 15.40 £ 0.77 4594 +1.38 14.40 + 2.41*
95% CI -0.41t00.11 -0.12 t0 0.25 -01.32 t0 0.80 -4.15to -1.70
p-value 0.234 0.858 0.603 0.001

The data presented are means + standard deviation. *p < 0.05 for pretest to posttest comparisons. CG, control group; SUP,
supplement group; H-SUP, supplement with hypoxic training group; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; EPO,

erythropoietin

In the CG, mean PRE VO,max was 45.1 + 5.1 mL/kg/
min and POST VO,max was 44.8 + 4.3 mL/kg/min; in the
SUP group, PRE VO,max was 45.6 + 4.7 mL/kg/min and

**P=10.007
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Fig 2. Changes in erythropoietin (EPO) concentration before
(PRE) and after (POST) the 7-week intervention. The data
presented are means + standard deviation. *p < 0.05 (PRE vs
POST), **p < 0.05 (POST between-group comparison)
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POST VO,max was 49.3 + 5.8 mL/kg/min; and in the H-SUP
group, PRE VO,max was 44.6 + 4.8 mL/kg/min and POST
VO,max was 47.3 + 5.7 mL/kg/min (Figure 3a). Compared
to baseline, the percent change in VO,max in the CG, SUP,
and H-SUP groups was -0.5% *+ 3.4%, 6.1% + 5.8%, and
8.0% * 5.1%, respectively. There was a significant increase in
VO,max in the SUP and H-SUP groups. Univariate ANOVA
accompanied by post hoc pairwise comparisons revealed
that the SUP and H-SUP groups had significantly larger
percent changes in VO,max compared to the CG following
the 7-week intervention (Figure 3b).

Discussion

Thiswas the first study to investigate the effects of a freeze-
dried crocodile blood supplement combined with hypoxic
training conditions on soccer players. The primary findings
of the study were taken after 7 weeks of aerobic exercise
training. Endurance performance as measured by VO,max
and EPO concentration improved in the groups receiving
supplementation and supplementation in combination
with hypoxic training compared to the control group, and
it appears that supplementation with hypoxic training

b

—3 CG
=== SUP
mm H-SUP

=

Fig 3. a) Changes in maximal oxygen consumption (VO,max) before (PRE) and after (POST) the 7-week
intervention. b) Comparison of percent change in VO,max between groups after the 7-week intervention.
Values are presented as means + standard deviation. *p < 0.05
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conditions may be slightly better than supplementation with
normoxic training conditions.

An absolute increase in VO,max of 6%-8% was observed
in both groups receiving crocodile blood supplementation.
In contrast, players in the non-supplement and normoxic
training group did not demonstrate a significant change in
VO,max. These results suggest that the increase in VO,maxin
the supplement groups was due to the freeze-dried crocodile
blood supplement, which has micronutrients, particularly
iron, that are essential for numerous functions related to
physical activity and exercise. The International Olympic
Committee recommends that female athletes have iron
deficiency screenings to optimize performance (Ljungqvist
et al., 2009). In addition, several studies have found that
taking 100 mg of iron per day combined with 8 weeks of
aerobic exercise increases VO,max when compared to a
control condition. VO,max values in one such study were
41.7 £ 1.0 mL/kg/min in the iron supplement group and
39.4 £+ 2.0 mL/kg/min in the control group. A significant
decrease in lactate was additionally observed in the iron-
supplemented group after an endurance test compared
with the control group (LaManca & Haymes, 1993).
Researchers have reported decreased time to exhaustion
during submaximal and maximal work in nonanemic, iron-
deficient groups. Increases in submaximal endurance were
associated with improvements in iron-dependent oxidative
enzyme capacity within muscles, and the enzyme increases
in turn were correlated with improved iron stores. Both
time to exhaustion during endurance activities and enzyme
activity continued to improve with iron repletion after
hemoglobin concentration and VO,max were returned to
normal in iron-depleted rats (Davies et al., 1984; Davies et
al., 1982). Moreover, Schumacher and colleagues compared
the blood markers of iron status among various male athlete
groups and found a marker in endurance runners, in contrast
to endurance cyclists, that suggested that runners may
experience more hemolysis due to foot impact (Schumacher
et al., 2002). However, supplementation demonstrated no
significant effect on post-test lactate (Klingshirn et al., 1992).
The discrepancy in findings between the two studies may be
attributed to differences in participants’ initial iron status.
In addition, the study showed a single-time oral treatment
of crocodile blood supplement that upregulated the anti-
oxidative enzymes catalase and superoxide dismutase (Chook
et al,, 2021) may lead to an adaptive response resulting in
increased resistance to oxidative stress, which is related to the
relationship between VO2 and TNF-a inflammation in the
exercising muscles (Rosado-Perez & Mendoza-Nunez, 2018).
Another possible explanation for the lack of supplementation
effect on lactate in the time trial is the large training effect
observed in the study, which may have obscured any
supplementation effect. Although hemoglobin is known as
a chemical buffering system which may cause improvement
in lactic acid levels in the bloodstream or metabolic acidosis
resulting from exercise. However, hemoglobin from
crocodile may have different characteristic compare to
human hemoglobin, which less information to confirm the
effective dose and the duration of the supplement.

The increase in EPO found in the SUP and H-SUP
groups in this study is in accordance with previous findings
confirming the stimulatory effect of iron supplementation on
erythropoiesis (T. D. P. Nandadeva et al., 2019). Interestingly,
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inthe present study the players who received supplementation
while training in hypoxic conditions demonstrated a higher
EPO concentration than both the CG and SUP groups. The
mechanism underlying this result may relate to renal oxygen
supply, as the kidney is a highly sensitive oxygen sensor
that plays a key function in modulating RBC formation
in hypoxic conditions. The identification of EPO, which is
required for normal erythropoiesis, and the purification
of hypoxia-inducible factor, the transcription factor that
regulates EPO synthesis and mediates the cellular adaptation
to hypoxia, have both contributed to a better understanding
of the molecular basis of oxygen-regulated erythropoiesis
(Haase, 2010). Along these lines, Eckardt et al. found a
significant increase in EPO after 5 hours of intermittent
hypoxia exposure per day at an altitude of 3000-4000 meters
(Friedmann et al,, 1999). A study conducted on triathletes
found contradictory results as in the present study increases
in erythrocytes and EPO after intermittent hypoxic training
(Ramos-Campo et al., 2015). Moreover, data have shown
that 8 weeks of low-altitude (825 meters above sea level)
training, supplemented with regular bouts of intermittent
hypoxic training at higher altitudes, produced beneficial
performance improvements and increases in EPO levels in
soccer players (Wonnabussapawich et al., 2017).

Conclusions

The most important finding of this work is the increased
VO,max and EPO levels found in soccer players receiving
7 weeks of freeze-dried crocodile blood supplementation
with both normoxic and hypoxic (16.3% FiO,) training
conditions compared to those receiving no supplementation
and training in normoxic conditions. These results suggest
that a freeze-dried crocodile blood supplement with hypoxic
exercise conditions is an effective strategy to improve aerobic
capacity and hematological parameters in soccer players.
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Bnane rinoKCMYHOro TpeHyBaHHA Y KOMOiHauii 3 fogaBaHHAM
AO paulioHy KpoKOANNAYOI KPOBi Ha aepOo6HY NPOAYKTUBHICTb
Ta remaTtonoriyHi NOKasHNKMN y CNOPTCMEHIB

Boppasyt TxyBakym'A5PE, AniBan ManiMmmanakopH®®”, Bin Yeituomcpi®*>,
MxinmaBan CipyHraBineri*®?, CacitopH Cykmxir'®“®

'Yrrapagircbkuii yHiBepcuTeT Pamkabxar
’KXOHKaeHCbKUII YHiBepCUTET
*YuiBepcurer Kacercapr

ABTOpPCHKIMIT BKIAJ: A — au3aitH gocnipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarra: 7 c., 2 Tab1., 3 puc., 29 mKeper.

Mera gocmifKeHHA. MeToo [[bOTo JOCIKeHHA O0y/I0 BUBYUTHU BIUIMB JOJABAHH:A [0 PalliOHY KPOKOAW/IAYOL KPOBi B I1O-
€[JHaHHI 3 TIOKCUYHIM TPEHYBaHHAM Ha PiBeHb CIIOXXVMBAHH: KMCHIO Ta T€MATOJIOT YHi ITIOKa3HUKY Y QY TOOMICTIB.

Marepianu Ta MeTofu. Y [OCTiKeHH] B3 yyacTb 39 dyTOomicTiB-40m0BiKiB BikoM 21,69 + 1,98 poky, Aki 6yau paHmoMmi-
30BaHi Ha TpU IPyIIN. Yci IPyIM BUKOHYBA/IN ileHTUYHY TPeHYBaIbHY IIPOrpaMy, AKa BK/II0YajIa TPeHYBaHH:A Ha OiroBiit JOpKII 3
piBHeM 70%-75% MaKcMManbHOI YaCTOTH CEPLIEBUX CKOPOUEHDb IIPOTATOM 7 TYKHIB i3 3aHATTAMYU TpuBanicTio 30 XB/fieHb Ta 3 IHi
Ha TIDKeHb. [lepira rpymna 6y1a KOHTPOJIBHOIO TPYIION, sika BxKuBasa mwiae6o (KI, n = 13), gpyra rpyma oTpuMyBaa OGHY KaIcy-
y Ha fieHb (60 Mr) cy6rmiMoBanoi fo6aBku 3 kpokoau/sdoi kposi (JOB, n = 13), a Tpets rpyna orpuMmyBana cy6miMoBaHy 106aBKy
3 KPOKOJW/IAYOI KPOBi Ta BUKOHYBa/la TPeHyBa/IbHy Iporpamy B ymoBax rinmokcii (I-J1OB, n = 13, FiO, = 16,3%). Byno nposenieHo
reMaTo/IOriYHY OL{HKY Ta BU3HAYEHO IMOKA3HMK MAKCUMAJIbHOTO CIOXMBaHH:A KucHIO (VO2max) 3a JOIOMOTOI0 TPeAMil-TecTy
(Tect Ha 6iroBiit fopixui) 3a mporokonoMm Bproca.

Pesynprarn. [locmimxysana rpyna (I-1OB), mo orpumyBana cy6niMoBaHy B00aBKY 3 KPOKOAM/IAYOI KPOBi Ta BMKOHYBa-
Jla TpeHyBaJIbHy IIPOTpaMy B YMOBax TillOKcil, IOKa3aaa sHauHO Buili piBHi epurponoernny (EIIO) (14,40 + 2,41 MmMO/mm)
nopiBHAHO 3 rpynomo ([IOD), Aka oTpuMyBana ofgHy KaIrcynay Ha fieHb (60 Mr) cy6niMOBaH0'1' BOOABKM 3 KPOKOAM/ISYOI KPOBI
(11,50 £ 2,08 MMO/m) Ta KI' (12,01 MMO/m) miciist npoBesieHHst iHTepBetiii. Bi moYaTKy 10 MOMEHTY 3aBepIlIeHHs iHTepBeHIil
criocrepirasocst cyTrese 30ibuIeHHs mokasHuKa VO,max y rpymax I-[IOB (mo: 45,63 + 4,75, micst: 49,33 + 5,81) ta JJOB (mo:
44,59 + 4,75, micn: 47,30 + 5,68), ane e B KI.

BucHoBku. Lle mocmifpkeHHs TOBOAUTD, 110 MOEHAHHSA IPUITIOMY CyOI1iMOBaHUX [06ABOK 3 KPOKOAWIAYOI KPOBi Ta mpo-
BeJleHHA TiMOKCMYHMX TPEeHYBaHb BUK/IMKAE TeMATONIOTiUHI 3MiHN, 30KpeMa akTuBalio cekperii EITIO, Ta 36i1bluye MOKa3HMUK
VO,max y ¢pyrb0micTis.

Kiro4oBi coBa: f06aBKa 3 KpOKOAMWIAYOI KPOBi, FeMaTOMOTiUHMI, aepoOHa [IPOAYKTUBHICTD, TilIOKCUYHE TPEHYBaHH,
¢byr6omicT-amarop.
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Abstract

Background. The study deals with cardiovascular concerns in hypertensive elderly males, evaluating the effectiveness
of a walking football program for targeted health improvement in this population.

Study purpose. This study aims to clarify and characterize changes in cardiovascular health due to a 12-week walking
football training program in male seniors (60-70 years) with hypertension.

Materials and methods.This study engaged 60 hypertensive males aged 60 to 70 years from diverse regions of

Kashmir, India. Purposive sampling was used to select individuals who hadn't participated in physical activities for a
period of six months. In addition, participants were divided into two groups: experimental and control. The study’s
design and objectives were explained to participants one week before testing. Baseline data was collected a week prior
to the 12-week program. The experimental group attended thrice-weekly, 1-hour walking football sessions consisted
of 10-minute warm-up, 45-minute game, and 5 minute cool-down. Assessments were conducted at the end of the 4*,
8t", and 12 weeks. To analyze the data, a 2 (group: experimental, and control) x 4 (time: baseline, 4™ week, 8" week,
and 12" week) mixed ANOVA was conducted.

Results. During the study, the control group showed a slight decrease in systolic blood pressure (SBP) by week 8,
which returned to baseline levels by week 12. Conversely, the experimental group demonstrated a consistent decline
in systolic (SBP) and diastolic blood pressure (DBP), as well as resting heart rate (RHR), with a significant decrease
observed by week 12. Additionally, basal metabolic rate (BMR) steadily increased in the experimental group over the
12 weeks. On the other hand, there were no significant changes in DBP, RHR, or BMR throughout the duration of the
training program in the control group.

Conclusions. Walking football has been shown to be beneficial for hypertension, highlighting its public health potential.

The study confirms its positive integration into physical activities aimed at ensuring the community well-being.
Keywords: basal metabolic rate, diastolic blood pressure, hypertension, resting heart rate, senior citizens, systolic

blood pressure, walking football.

Introduction

Regular physical activity stands out as a simple yet
powerful strategy for individuals and communities to
mitigate the risk of cardiovascular disease (Lear & Yusuf,
2017). In the Indian population, cardiovascular disease is
remarkably common and is frequently associated with age
(Devi et al., 2013). The third most important risk factor
in South Asia that increases the burden of cardiovascular
disease is hypertension (Lim et al., 2012). The healthcare
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infrastructure and cardiovascular health of India face
considerable strain due to the prevalence of hypertension
(Reddy et al., 2005).

In India, 57% of deaths from stroke and 24% from
coronary heart disease are directly connected to hypertension
(Gupta, 2004). Rural areas harbor hypertension in about
25% of the population, while urban areas see a prevalence of
33% (Anchala et al., 2014). Looking globally, data from 2005
revealed that hypertension was diagnosed in 20.6% of Indian
men and 20.9% of Indian women. Projections indicate that
by 2025, these figures will escalate to 22.9% for men and
23.6% for women (Kearney et al., 2005).
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Asindividuals progress in age, their blood pressure tends
to increase. This rise is attributed to the escalating arterial
stiffness, causing a continuous elevation in systolic blood
pressure over adulthood, while diastolic blood pressure
reaches its zenith in the sixth decade before gradually
diminishing. Consequently, as people grow older, their pulse
pressure tends to widen (Kannel et al., 1981). Incorporating
exercise into one’s lifestyle emerges as a pivotal strategy
for averting, addressing, and controlling hypertension.
Engaging in exercise regimens primarily emphasizing
endurance activities enables adults to sidestep hypertension
development and maintain lower blood pressure levels.

Individuals diagnosed with hypertension experience the
most significant reduction in blood pressure through endur-
ance exercise, whether it’s during a single exercise session
(acute) or over a period of exercise training (chronic). Typi-
cally, blood pressure decreases by approximately 5-7 mm Hg
after either type of exercise. Notably, after engaging in en-
durance exercise, blood pressure can remain lowered for up
to 22 hours, a phenomenon termed post-exercise hypoten-
sion. The most substantial decreases are observed in indi-
viduals with initially elevated baseline blood pressure levels
(Pescatello, 2004).

Consistent physical turns out to be a beneficial tactic
for successfully controlling blood pressure levels. Among
sports, football stands out as the most widely embraced
globally. Its immense popularity could catalyze motivating
individuals with hypertension to engage in exercise routines.
This holds particular relevance for older adults and those
with heightened health risks who have been less active in
the past. A tailored training program emphasizing health
and wellness benefits, while minimizing risks, might reignite
interest in sports participation among many individuals.
Football encompasses all essential components of a robust
concept (Schrader et al., 2021).

Walking football, a rendition of the sport emerged in
England in 1932 and has recently reemerged in the country,
targeting individuals aged 65 and older. Its primary aim is
to provide older adults with increased avenues for social
engagement and physical activity. This adapted version
of football, characterized by the rule of keeping one foot
grounded at all times, has swiftly garnered international
acclaim, particularly in regions such as Australia, North
America, Europe, and Asia.

To minimize therisk ofinjuries, player-to-player physical
contact is strictly forbidden, and there are restrictions on
lifting the ball above head height. This skilled occupation
is open to individuals of all genders, including those with
limited mobility or medical conditions that restrict physical
activity. The intensity of the game varies widely based on
factors such as session duration and player age, with senior
citizens and longer matches generally maintaining higher
levels of intensity (Zainudin et al., 2022).Recent media
coverage has increasingly highlighted the concept of walking
football, emphasizing its positive impact on physical fitness
and consequently, on overall health and wellbeing. Indeed,
research has shown that engaging in regular exercise and
physical activities like walking football can reduce mortality
rates and mitigate various health-related conditions
(Paffenbarger et al., 1986; Nocon et al., 2008).

While the physiological benefits of Association’s
football are well-documented, there remains a gap in

research concerning walking football. Notably, walking
football, which prohibits running, involves lower absolute
physiological intensity and energy expenditure compared to
traditional football.

Researching walking football training programs for
senior citizens provides a valuable avenue for low-impact
exercise, particularly in a demographic vulnerable to
hypertension. With its 12-week duration, this program
facilitates insightful observations, rendering it a focused
intervention for evaluating its cardiovascular benefits among
older individuals. The study’s primary goal was to analyze
the impact of a 12-week walking football program on the
cardiovascular health of hypertensive elderly men.

Materials and Methods

Study participants

Utilizing purposive sampling, a cohort of sixty (N=60)
male participants, ranging in age from 60 to 70, were
selectively recruited from diverse regions of Kashmir, India
for the study. These individuals were then evenly divided
into two groups: experimental (n=30) and control (n=30).
Inclusion criteria encompassed males with hypertension
aged 60 to 70 who had refrained from engaging in any
form of fitness or health-related physical activities over
the preceding six months. The primary aim of the research
was to evaluate the outcomes of a 12-week walking football
program conducted from June to August 2022.

Study organization

To ensure clarity and understanding, participants were
provided with thorough explanations of the study’s designand
objectives one week prior to the commencement of testing.
Initial samples were collected one week before the program’s
initiation. The measurements of blood pressure, resting
heart rate, and basal metabolic rate were conducted using
specialized devices: an Omron automatic blood pressure
monitor (HEM 7120) and the Omron body composition
analyzer (HBF-375) respectively, at Lifeline Healthcare
clinic in Srinagar, India. Participants attended the clinic in
the morning, and testing was carried out during the resting
phase. The reliability of the data was ensured through the
confirmation of instrument reliability and the competence
of testers. The study’s instruments, being manufactured by
reputable companies, were considered reliable.

Over the course of 12 weeks, participants in the
experimental group attended a 1-hour training session thrice
a week. Each session commenced with a brief 10-minute
warm-up, followed by a 45-minute walking football game,
concluding with a 5-minute cooling-down phase. Six teams
were formed, each with five members. The sessions consisted
of 5-a-side games, each lasting 20 minutes, with a 5-minute
break in between. At the end of the fourth, eighth, and twelfth
weeks of the walking football program, the participants were
tested.

The walking football sessions were planned after
consulting with all of the participants to find out what days
and times would be most convenient. To monitor adherence,
attendance records were maintained for each participant
throughout the 12-week intervention. Additionally,
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participant feedback and engagement were regularly
assessed to address any concerns or modifications needed to
enhance compliance.

To analyze the data, a 2 (group: experimental, and
control) X 4 (Time: baseline, 4th week, 8th week, and 12th
week) mixed ANOVA was conducted.

Statistical Analysis

The study employed a Mixed ANOVA alongside
descriptivestatistics,including Meanand Standard Deviation,
to assess the impact of a twelve-week walking football
program on cardiovascular health among hypertensive
male senior citizens. A significance level of 0.05 was chosen.
Statistical analyses, both descriptive and inferential, were
conducted using the software program SPSS.

Results

This research was conducted for twelve weeks, with a
1 hour session thrice a week. The results are obtained as
follows.

Table 1 displays descriptive statistics of SBP, DBP, RHR,
and BMR before and after a twelve-week training period for
both experimental and control groups of hypertensive senior
males in Kashmir.

Before training, the mean scores for SBP in the
experimental group were (147.27+6.18) and in the control
group were (148.43+7.93). Similarly, the mean scores for
DBP in the experimental group were (99.53+7.21) and
in the control group were (98.23+6.50), for RHR in the
experimental group were (79.57+9.12) and in the control
group were (80.00£6.25), and for BMR in the experimental
group were (1525+£102) and in the control group were
(1530£81).

By the fourth weekthe mean scores for SBP in the
experimental group were (144.30+6.09) and in the control
group were (148.23+8.35). Similarly, the mean scores for
DBP in the experimental group were (96.13£5.73) and
in the control group were (96.83+5.87), for RHR in the
experimental group were (77.87+9.43) and in the control
group were (80.20+5.05), and for BMR in the experimental
group were (1532+106) and in the control group were
(1529+82).

At the eighth week, the mean scores for SBP in the
experimental group were (141.57+6.61) and in the control
group were (145.13+7.72). Similarly, the mean scores for
DBP in the experimental group were (95.03+5.57) and
in the control group were (97.13+7.42), for RHR in the
experimental group were (77.37+9.08) and in the control
group were (80.60%5.49), and for BMR in the experimental
group were (1539+106) and in the control group were
(1526+83).

Finally, by the twelfth week, the mean scores for SBP
in the experimental group were (140.30+6.91) and in the
control group were (146.97+8.60). Similarly, the mean scores
for DBP in the experimental group were (94.83+6.18) and
in the control group were (97.90+5.44), for RHR in the
experimental group were (76.07+9.24) and in the control
group were (80.67+5.32), and for BMR in the experimental
group were (1548+109) and in the control group were
(1527+82).

Table 2 displayed that the design of this study merited
a mixed ANOVA, with time in weeks as the within subject

Table 2. Two-way repeated measures tests of within-
subjects during different weeks of walking football training
between experimental and control group

Variables ss:li:r(i df 51:1/[3:11 F P n’p
SBP
Time 841 3 280.3 21.72  0.00 0.27
Time*Group 228 3 76.1 590 0.00 0.09
DBP
Time 303 3 100.94 1091 0.00 0.16
Time*Group 162 3 53.9 583 0.00 0.09
RHR
Time 89 3 29.6 441 0.01 0.07
Time*Group 106 3 354 5.27 0.00 0.08
BMR
Time 3136 2.03 1546 13.0  0.00 0.18
Time*Group 5973  2.03 1991 24.7  0.00 0.30

Table 1. Descriptive analysis on SBP, DPB, RHR and BMR during different weeks of walking football training between

experimental and control group

Variables Group Baseline Week 4 Week 8 Week 12t

SBP Experimental 147.27+6.18 144.30+6.09 141.57+6.61 140.30+6.91

Control 148.43+7.93 148.23+8.35 145.13+7.72 146.97+8.60

DBP Experimental 99.53+7.21 96.13+£5.73 95.03+5.57 94.83+6.18

Control 98.23£6.50 96.83+£5.87 97.13+£7.42 97.90+5.44

RHR Experimental 79.57+£9.12 77.87+9.43 77.37+9.08 76.07+9.24

Control 80.00+6.25 80.20+5.05 80.60+5.49 80.67+5.32

BMR Experimental 1525.00+102 1532.00+£106 1539.00+£106 1548.00£109
Control 1530.00+81 1529.00+82 1526.00+83 1527.00+82

Data is presented as mean+ standard deviation
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factor, and the intervention as the between subject factor,
with a balanced sample size of 30 in each group. We ran a 2
(group: experimental, and control) x 4 (Time: baseline, 4™
week, 8" week, and 12" week) Mixed ANOVA. The within
subject effects analysis in SBP revealed that the time in
weeks had a significant main effect, F; 5, = 21.72, p=0.00,
partial eta squared = 0.27. This effect however is qualified
by a significant interaction between time x treatment
group F;, = 5.90, p=0.00, partial eta squared = 0.09. The
within subject effects analysis in DBP revealed that the
time in weeks had a significant main effect, F(5,5= 10.91,
p=0.00, partial eta squared = 0.16. This effect is qualified
by a significant interaction between time x treatment
group F,= 5.83, p=0.00, partial eta squared = 0.09. The
within subject effects in RHR analysis revealed that the
time in weeks had a significant main effect, F;,5= 4.41,
p=0.01, partial eta squared = 0.07. This effect is qualified
by a significant interaction between time X treatment group
Fa6= 5.27, p=0.00, partial eta squared = 0.08. The within
subject effects analysis in BMR revealed that the time in
weeks had a significant main effect, F,;.5= 13.0, p=0.05,

Table 3. Two-way repeated measures test of between-
subjects during different weeks of walking football training
between experimental and control group

Variables sst;i:rzz df ::;::Fe F p n’p

SBP

Group 882 1 882 4.96 0.03 0.08
DBP

Group 78 1 78 0.60 0.44 0.01
RHR

Group 375 1 375 1.77 0.09 0.03
BMR

Group 3674 1 3674 0.10 0.75 0.00

partial eta squared = 0.18. However, the interaction between
time and treatment is significant F g3 4= 24.7, p=0.00, partial
eta squared = 0.30.

Analysis revealed a modest main effect of groups on
systolic blood pressure (SBP) (F s = 4.96, p=0.03, par-
tial eta squared = 0.08). While In the control group, there
is a slight decrease in systolic blood pressure by week
8™ (145.13+7.72 mmHg) compared to the baseline test
(148.43+8.35 mmHg). However, it subsequently increases
to (146.97+8.60 mmHg) by week 12", exhibiting no sig-
nificant difference from baseline measurements. On the
other hand, the experimental group demonstrates a con-
sistent decline from baseline (147.27+6.18 mmHg) to
(144.30+6.09 mmHg) at week 4", (141.57+6.61 mmHg) at
week 8™, and (140.30+6.91 mmHg) at week 12, with a signif-
icant mean difference between groups from baseline at week
12 (Mean difference + SE: 6.67 + 2.02, tus = 3.31, p = 0.04).
Diastolic blood pressure (DBP) showed no main effect of
groups (F( s = 0.60, p=0.44, partial eta squared = 0.01), yet
the treatment group shows a continuous decline from base-
line (99.53+7.21 mmHg) to (96.13+5.73 mmHg) at week 4",
(95.03+5.57 mmHg) at week 8%, and (94.83+6.18 mmHg) at
week 12, Resting heart rate (RHR) displayed no main effect
of groups (F(, 55= 1.77, p=0.19, partial eta squared = 0.03), but
the treatment group demonstrated a significant decline from
pre-test (79.57 + 9.12 bm™) to week 12 (76.07 + 9.24 bm™).
Basal Metabolic Rate (BMR) similarly showed no main effect
of groups (F(1,58) = 0.10, p=0.75, partial eta squared = 0.00),
yet the treatment group showed a steady increase in basal
metabolic rate from baseline (1525+102 kJ) to (1539+106 kJ)
at week 8" and (1548+109 kJ) at week 12, Moreover, a no-
table increase is observed in the experimental group at the 8
and 12" weeks compared to the 4™ week, with a further in-
crease from the 8" to the 12* week. Conversely, in the control
group, diastolic blood pressure, resting heart rate, and basal
metabolic rate show no significant changes throughout the
12 weeks of the training program Table (3 and 4).

Although between-group comparisons showed no
overall difference except SBP, within-subjects analysis

Table 4. Pairwise comparisons of SBP, DBP, RHR and BMR using Bonferroni post hoc test during different weeks of training

Variables Time Group Time Group Mean diff. SE df t P
Baseline Exp. Baseline Control 1.17 1.83 58 0.64 1.00
Baseline Exp. Week 4™ Exp. 2.97 0.90 58 3.31 0.04
Baseline Exp. Week 8% Exp. 5.70 0.95 58 5.99 0.00
SBP Baseline Exp. Week 12 Exp. 6.97 0.94 58 7.44 0.00
Baseline Control Week 8% Control 3.30 0.95 58 3.57 0.03
Baseline Control Week 12 Control 1.47 0.94 58 1.57 1.00
Week 4t Exp. Week 12 Exp. 4.00 1.03 58 3.89 0.01
Week 12 Exp. Week 12 Control 6.67 2.02 58 3.31 0.04
Baseline Exp. Week 4" Exp. 3.40 0.74 58 4.58 0.00
DBP Baseline Exp. Week 8 Exp. 4.50 0.74 58 6.08 0.00
Baseline Exp. Week 12 Exp. 4.70 0.87 58 5.42 0.00
RHR Baseline Exp. Week 12 Exp. 3.50 0.71 58 4.96 0.00
Baseline Exp. Week 8 Exp. 14.30 2.78 58 5.15 0.00
Baseline Exp. Week 12 Exp. 23.30 3.00 58 7.75 0.00
BMR Week 4" Exp. Week 8™ Exp. 6.70 1.48 58 4.54 0.00
Week 4 Exp. Week 12 Exp. 15.70 2.22 58 7.01 0.00
Week 8" Exp. Week 12 Exp. 9.00 1.63 58 5.52 0.00
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Fig. 1. Mean plots of variables in experimental (Tx) and control (Ctrl) groups

revealed the influence of both time and group allocation
on outcomes, supported by significant interaction terms.
These findings underscore the efficacy of the intervention in
inducing favorable physiological changes over the 12-week
period.

Discussion

The main objective of this research was to investigate
the impact of a 12-week walking football program on
the cardiovascular health of senior males diagnosed with
hypertension. The results indicated positive changes in
systolicand diastolicblood pressure between the participants.
Numerous studies have noted a reduction in resting blood
pressure among individuals having hypertension following
physical activity (Biddle & Batterham, 2015; Cornelissen
& Smart, 2013). Previous research has also suggested that
engagement in walking football enhances overall fitness
(Arnold et al., 2015), and regular walking exercises have
been associated with reduced blood pressure levels (Hayashi
et al., 1999; Ningsih, 2020). Health education interventions

often include walking exercise as an independent nursing
measure for controlling blood pressure in hypertensive
patients. Additionally, studies have consistently shown
reductions in risk factors for cardiovascular disease like
resting blood pressure, aerobic fitness, and body composition
through regular walking (Murtagh et al., 2015). Alparslan
et al,, (2010) carried out a study demonstrating significant
decrease in systolic and diastolic blood pressure between
the participants engaged in a 12-week walking program
designed to manage hypertension.

There is suggestive evidence that walking may reduce
heart rate and diastolic blood pressure, as indicated by a
study carried out by Lee et al., (2021). Additionally, a study
by Stewart et al., (2005) found that a six-month aerobic and
resistance training program reduced diastolic blood pressure
in elderly people with mild hypertension. Furthermore,
there exists some data suggesting a moderate likelihood that
walking can decrease systolic blood pressure across different
age groups.

The research outcomes revealed a significant influence
on the resting heart rate and basal metabolic rate of the
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experimental group. Walking football positively impacted
heart rate (Yiice & Saygin, 2023). Furthermore, Kammoun
et al. (2022) observed a modest decrease in heart rate and
a considerable improvement in heart rate variability (HRV)
among middle-aged men participating in a 4-week walking
football program. Additionally, Kizilay (2016) found that an
8-week run-walk training regimen led to a noteworthy and
significant increase in basal metabolic rate (BMR) among
sedentary women. Therefore, it is imperative to devise a
comprehensive strategy that includes educational initiatives
alongside walking football programs to achieve optimal
outcomes.

Conclusions

In summary, the 12-week Walking Football program has
demonstrated its effectiveness in improving cardiovascular
health. Findings from the study indicate notable increase
in basal metabolic rate and reductions in resting heart rate,
diastolic blood pressure, and systolic blood pressure among
participants, underscoring the significance of walking
football as a health-enhancing activity. With promising
results particularly tailored for male senior citizens, there is
a compelling case for clubs, communities, and governmental
bodies to integrate similar programs into regular schedules
to promote overall well-being. This research marks a pivotal
starting point, advocating for continued investigation and
implementation in this domain.
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KpoKyloum A0 NOKpalleHHA CTaHy 340pOB’A: BIJINB
3aHATDb 3 niworo ¢yT60ny NpoTArom 12 TVKHIB

Ha 340pOB’A cepLeBO-CYyANHHOI CMCTeMI Y YONOBIKiB
NOXMIOro BiKY 3 rinepToHi4YHOI XBOpPO6010

Mip Axcan Anp Xak '**P%, Canppsa Tisapi'**“**, Canpen TiBapi'A*P*
!Neniitcbknit yHiBepcUTET

ABTOpPCBHKMIT BKTA;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komtis

Pedepar. Crarts: 8 c., 4 Tab., 1 puc., 25 mKeperr.

IcTopis muTanHA. Y [OCTiKeHH] pO3IIANalTbCA MpobieMu 3 60Ky ceplieBO-CyAMHHOI CUCTEMH Y Y0JI0BiKiB HOXM/IOTO BiKy
3 riIIepTOHIYHOI0 XBOPOO 010, IIPOBOAMTHCS OLliHKA e)eKTUBHOCTI 3aCTOCYBAaHHS IPOrpaMI 3 IIIOTo GyTOOTY 3 METOO Liiecrps-
MOB@HOTO IOKPallleHH: CTaHy 3[0POB’A B JaHiil KaTeropii Hace/leHH:.

Merta pocnipxenns. Ile gocnipkeHHA crpAMOBaHe Ha BU3HAYEHH: Ta HAJAHHA XapaKTepPUCTUKY 3MiH y CTaHi 370poB’s
CepILIeBO-CYAMHHOI CHCTeMY BHACIIIOK 12-TIDKHEBOI IporpamMim TpeHyBaHb 3 Iiioro ¢pyT6osy y 4010BikiB moxmmoro Biky (60-70
POKiB) 3 apTepia/IbHOIO rilepTeHsi€ero.

Marepianu Ta MeToau. Y ZOCTifKEeHH] B35 y4acTb 60 9OTOBIKIB 3 TilepTOHIYHO0 XBOpo6oIo BikoM Bift 60 0 70 pokiB 3
pisuux perionis Kammipy, [upgisa. Ina Binbopy oci6, sxi He 6panu y4acti y pisuuHNX HaBaHTAXKEHHAX IIPOTATOM IIECTH MiCAILIB,
BUKOPMCTOBYBa/IM MeTOH Li/1boBoi B1bipku. Kpim Toro, yuacHuku 6ynu po3pineHi Ha iBi IpyIu: eKCIIepMMEHTaNIbHY Ta KOHTp-
O/IbHY. 3 TYDK/IEHD 10 TeCTYBaHH: YYaCHMKAM IIOSICHIIN IUIaH Ta Lifi ZoCIiKeHHA. 361p BUXIZHUX JaHNUX IPOBOAUBCS 3a TIK-
IeHb J10 MOYaTKy 12-TypKHeBOI mporpamu. ExcriepuMeHTanbHa Ipyma BifiBifyBata 3aHATTA 3 mimoro ¢gyréony Tpudi Ha TVOKAEHD
Ta TPUBAMICTIO 1 roguHYy, 10 CKaagannca 3 10-XBUIMHHOL POSMUHKI, 45-XBU/IMHHOL I'PY Ta 5-XBU/IMHHOI [IEPEPBY Ha BiTHOB/IEH-
Hs1 QisnaHux KoHauuii. OLiHKa TIOKa3HMKIB CTaHy 3J0pOB s IIPOBOAWIACS HANIPUKIHIL 4-T0, 8-T0 Ta 12-T0 TYOKHIB. |15 aHami3y
IaHUX Oy/1o poBefieHo 2 (rpyma: eKCIepUMeHTaTbHa Ta KOHTPo/IbHA) X 4 (4ac: MOYaTKOBMUII PiBeHb, 4-11 TYDK/IeHb, 8-if TIDKAEHD
Ta 12-if TVOK/IeHb) 3MilaHuit guctepciitumii aHanis (ANOVA).

Pesynbraru. [1if yac gocmifKeHHA B KOHTPOJIbHII IPYIli CHOCTEPIraocs He3HAYHE SHIDKEHHSA CUCTO/IIYHOTO apTepiaIbHOTO
tucky (CAT) Ha 8-My TVDKHI, AKe Ha 12-My TVDKHI ZOCATIO MTOKAa3HUKIB BUXiZHOTO piBHA. | HABMaKY, B €KCIIePUMEHTAIbHIl Ipyi
Bifi3Havan0cs mocigoBHe sHIDKeHHs cucronivHoro (CAT) i giactoniunoro aprepianpHoro Ticky (JJAT), a TakoX 4acTOTH ceplie-
Bux ckopouenb (UYCC) y cTaHi CIIoKo0, IIpK IIbOMY CYTTEBE 3HIDKEHH: CIIOCTepiranocs Ha 12-my TvokHi. Takox B ekcriepuMeH-
TajIbHil rpymi mpotsarom 12 TvoxHiB Oyi1o 3adikcoBaHO cTabiibHe 3pOCTaHHSA MBUAKOCTI OCHOBHOTO 06MiHy peyosnH (IIOOP).
3 iHmoro 60Ky, B KOHTPOIbHIIT Ipymi He 6y/10 BUABIEHO CyTTEBMX 3MiH y mokasHukax CAT, YCC y crani crokoro a6o IITOOP
BIIPOJIOBK YCbOTO TIE€PiOAY TPEHYBA/IbHOI IPOrPaMIL.
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BucHosku. [loseneno, mwo mimuit ¢pyréon € edpexrnBHuM BupoM (isnyHOi aKTMBHOCTI IIpy apTepia/bHill rinepreHsii, 1o
HiZKpeCIoe i10ro NOTeHIias /1A 3MiljHEHH: CYCIIIIbHOTO 370pOB 4. JOCTi)KeHHA HiATBep)Ky€ IIO3UTUBHY iHTerpallilo 3aHATD 3
mimoro ¢yT6omy 10 GisnuHOI aKTUBHOCT, CIIPsIMOBaHOI Ha 3abe3IeueHHs HOpMali3allii TOKa3HMKIB CTaHy 3[[0POB s CYCIIIbCTBA.

KirouoBi croBa: 1BUAKICTh OCHOBHOTO 0OMiHY peYOBIH, JiaCTONIYHMIT apTepia/IbHNUIT TUCK, apTepianbHa rineprensis, YCC
Y CTaHi CIIOKOIO, 0co0M MOXMIIOTO BiKY, CUCTO/IIYHMII apTepiabHMII TUCK, iV (’pyT6on.
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Abstract

Background. Adequate nutrition knowledge is crucial for developing proper eating habits, especially among athletes,
as it has a significant impact on sports performance. This underscores the consensus in sports nutrition education

among professionals working with athletes.

Study purpose. The study aimed to assess the nutritional knowledge, attitudes, and dietary practices of under-17

football club players in Ethiopia.

Materials and methods. A descriptive survey research method was used, and standardized questionnaires were
randomly distributed to 26 footballers to assess participants’ knowledge, attitudes, and dietary practices regarding
nutrition. Data were analyzed using the t-test, Pearson coefficient, and one-way ANOVA (p < 0.05). Reliability
analysis showed a Cronbach’s alpha value of 0.83 for the scales measuring attitudes towards eating habits and

nutrition knowledge (0.79 and 0.78, respectively).

Results. No statistically significant differences (p > 0.5) were observed in the data related to eating habits, age, or
nutritional understanding. Significant variations in educational backgrounds were noted (p < 0.05). Although gender
and source were not recognized as correlates of nutritional knowledge, but age and education were.

Conclusions. In summary, the study revealed no significant differences (p > 0.05) in nutrition knowledge scores for
age, education, and source of information. However, a significant difference (p < 0.05) was found between male and
female athletes. Gender correlated with dietary habits, while age, education, and source of information did not. The
key factor is to encourage ongoing future vision within sports organizations, nutritionists, and educational institutions
to continuously refine and enhance nutrition knowledge, attitudes, and practice programs for U-17 players. It is also
important to ensure sustainable relevance and effectiveness in the evolving landscape of sports and nutrition.
Keywords: attitude, dietary practice, football players, nutritional knowledge

Introduction

In contemporary athletics, the pursuit of “bigger, faster,
stronger” has led to a heightened focus on optimizing
performance, driving increased research in sports nutrition.
Sports nutrition involves applying understanding the
relationship between daily food intake and nutrition,
aiming to provide energy required for exercise, support
the repair and rebuilding processes, and enhance over
wellness and athletic performance (Fink & Mikesky, 2015).
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Athletes, especially those in high-intensity training and
demanding competition schedules, face musculoskeletal
injury risks and performance challenges, necessitating
proper dietary practices and reliable sources of nutrition-
related information (Torres-McGehee et al., 2012). Ensuring
optimal fueling is a fundamental requirement for athletes to
achieve peak performance (Kerksick et al., 2008; Maughan
& Burke, 2011). In addition to being essential for improving
on-field performance, nutrition also contributes to muscle
growth, injury prevention, accelerated recovery, and support
for rehabilitation (Mahan & Escott-Stump, 1998). Athletes’
daily dietary choices and fluid intake significantly affect
their overall health, body composition, substrate availability
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during exercise, recovery, and recovery time (American
Dietetic Association, 2009).

Achieving peak athletic performance is intricately tied
to the strategic intake of essential nutrients (Hornstrom
et al.,, 2011; Valliant et al., 2012). Conversely, a deficiency
in nutrient supply has been identified as a potential factor
leading to a discernible decrease in overall performance.
Incorporating sufficient nutrition knowledge into a training
program is crucial for achieving adequate nutrition.
This knowledge is essential for optimizing the intake of
both macronutrients and micronutrients, as well as for
adjusting the makeup of the body composition of athletes
(Rosenbloom et al., 2002). However, it is noteworthy that
despite possessing this knowledge, many athletes struggle to
translate it into appropriate dietary alternatives (Sakamaki et
al.,, 2005; Debnath et al., 2019).

Only a minority of athletes consistently make
satisfactory dietary choices when faced with a list of meals
(Sakamaki et al., 2005). The majority lacks a comprehensive
understanding of nutritional healthy practices and lack
experience in making informed nutritional daily decisions
(Hornstrom et al., 2011). Closing the knowledge gap in
nutrition and practical dietary choices remains a challenge
for many athletes.

Despite extensive research on nutrition knowledge,
dietary habits, and information sources among athletes, there
remains a notable gap in understanding these aspects among
footballers and coaches, particularly at the professional
level. Previous studies often centered on collegiate athletes,
revealing deficiencies in nutritional knowledge that hinder
adherence to recommended guidelines by authoritative
sports medicine and dietetic associations. In 2000, the
American Dietitians of Canada (ADC), American College of
Sports Medicine (ACSM), and American Dental Association
(ADA) released a joint statement outlining the significance
of nutrition for athletic performance. They reported, Physical
activity, athletic performance, and recovery from exercise
are enhanced by optimal nutrition.

Studies conducted a decade apart by Torres-McGehee
et al. (2012) and Rosenbloom et al. (2002) underscored
persistent misconceptions among athletes regarding
macronutrients, micronutrients, and supplementation.
Such knowledge gaps raise concerns for performance
and the athletes’ overall health and well-being. While
athletes receive guidance from various sources, including
teammates, magazines, and parents, studies indicate that
athletic trainers and coaches serve as primary resources for
nutritional advice. However, the research has shown a lack of
nutritional knowledge among coaches as a whole.

Optimal nutrient intake, nutritional knowledge,
dietary habits, and nutritional practices influence athletes’
performance, training quality, and post-exercise recovery
(Beck et al., 2015). However, the researcher’s experience
highlights a prevailing belief among coaches, physical
trainers, and players that attributes poor competitive
performance and fitness levels primarily to training and
talent, often overlooking the role of nutrition.

Football stands as one of the world’s most renowned
sports, captivating millions of viewers with its widespread
appeal. The game’s popularity continues to surge, drawing
an ever-expanding audience on a daily basis (Islam &
Rahman, 2021). This study in Ethiopia addresses a lack of

information on nutritional knowledge, attitude, and dietary
practices among U-17 football club players, coaches, and
trainers. It aims to investigate potential correlations between
poor performance and factors such as inadequate nutrition
knowledge, unreliable information sources, and a lack of
awareness about the impact of nutritional practices. Focusing
on Ethiopian U-17 football club players, head and assistant
coaches, and physical trainers, the research aims to provide
valuable insights for future studies. The primary objective is
to examine nutritional knowledge, dietary habits, beliefs, and
practices within this specific athletic community, aiming to
fill existing gaps in understanding the nutritional dynamics.

Materials and Methods

Participants

This research focused on individuals involved with
the Ethiopian U-17 football club in the 2022/23 season,
specifically U-17 players from youth Gimbi administrative
town of selected football club. With a set sample size of 26,
representing the entire club population, participants were
strategically chosen based on their roles. The main goal
was to gain comprehensive insights into the nutritional
knowledge, dietary habits, beliefs, and practices of these
specific participants within the club.

Study Design

The study used a descriptive survey research method,
which randomly distributed a standardized questionnaire
developed by Parmenter and Wardle (1999) among 26
U-17 football projects to assess participants’ understanding,
attitudes, and dietary behaviors related to nutrition. The
primary data employed by the researcher was obtained
directly from coaches and players, while secondary data
was collected from various documents, books, journals,
websites, and related research papers. Following the feedback
received from the pilot study, corrections and revisions were
implemented to eliminate any ambiguity in questionnaire
items and ensure the questions™ validity, reliability, and
language coherence. Subsequently, the refined questionnaire
was distributed to selected football clubs.

Procedures

The research procedures were carefully crafted for a
comprehensive understanding of nutritional dynamics
within the Ethiopian U-17 football club in the 2022/23 sea-
son. Using a single cross-sectional design, the study con-
sidered objectives, data sources, and logistical factors. A
pilot study, involving 26 subjects and translation into Afan
Oromo, refined the questionnaire, achieving high reliability
(Cronbach Alpha values: 0.83 for attitudes, 0.79 for dietary
practices, and 0.78 for nutritional knowledge). A prelimi-
nary investigation was carried out to ensure the clarity, ap-
propriateness, and length of the questionnaires. Ambiguous
words were removed after their accurate interpretation. Pur-
posive sampling with a sample size of 26, representing the
club population, strategically allocated participants based
on roles. Ethical considerations were prioritized, ensuring
informed consent, participant confidentiality, and overall
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well-being. Transparent communication, cultural sensitiv-
ity, and disclosure of conflicts of interest were integral to
the research’s ethical framework. The procedures aimed to
provide valuable insights into the nutritional knowledge,
dietary habits, beliefs, and practices of specific participants
within the club.

Statistical analysis

Quantitative analysis with SPSS version 26.0 included
descriptive statistics and various tests exploring relationships
and differences between variables. Descriptive statistics,
t-tests, Pearson coeflicients, and one-way ANOVA were
used to examine the data, with a significance level of 0.05.

Results

UsingbothKendall'stauband Spearmansrho coeflicients,
the analysis aimed to uncover connections among variables
related to nutritional habits and information sources. When

Table 1. The correlation between athletes’ sources of
nutritional information and their dietary habits

Statically Part Variables r MBB MBB MBT HBG MBG

SNI r 1
MBB r .004 1

Kendall's taub ~ MBT r .089 2181
HBG r .059 -.145 -.057 1
MBG r .083 .265 .158 .1631
SNI r 1
MBB r 0131

Spearman’s tho  MBT r .098 .230 1
HBG r .073 -.157 -.059 1
MBG r .091 288 .165 .1791

r= correlation’ SNI: Source of Nutritional Information, MBB:
take a meal/snack or breakfast 3-4 hours before training, MBT:
skip any meal before training or competition, HBG: Home
matches, meals can be eaten 3-4hrs before the game, MBG:

In away matches, meals can be eaten 3-4hrs before the game

Table 2. Age vs. nutrition knowledge of the respondents

examining the relationship between the source of nutritional
information and specific dietary practices, such as meal
timing before training or competitions, the findings indicated
minimal correlations. The correlation coefficients for these
associations ranged from 0.004 to 0.083, and none reached
statistical significance (p > 0.05). Moreover, when exploring
correlations among the dietary practices themselves, weak
associations were observed, with the highest correlation
between the two practices being 0.265 (p = 0.145), which
did not reach statistical significance (Table 1).

Spearman’s rho coefficients supported these findings,
demonstrating negligible correlations between the source
of nutritional information and specific dietary practices.
However, the finding recommends that the source of
nutritional data does not strongly influence or align with
particular dietary patterns among the respondents.

The analyzed correlations and regression relationships
among variables based on participants’ responses. Age
showed a negative correlation with certain dietary habits
and a positive correlation with others. Notably, eating habits
during the oft-season strongly correlated negatively with
age. While the correlations approached high significance
(Table 2).

The regression analysis suggested potential associations
between age and specific predictors, although many were
statistically significant. The results provide valuable insights
into potential relationships between age, nutritional habits,
and training practices among respondents, emphasizing the
need for further research to understand nuanced factors
influencing these connections.

An analysis of variance (ANOVA) was conducted to as-
sess whether there were significant differences in supplement
intake, specifically “Multimineral” and “Creatine,” based on
different sources of nutritional information. For “Multi-
mineral” supplements, the results showed that the between-
groups sum of squares was 1.024, with 6 degrees of free-
dom, resulting in a mean square of 0.171. The F-statistic was
calculated as 0.609, yielding a significant p-value of 0.001.
Similarly, for “Creatine” supplements, the between-groups
sum of squares was 0.838, with 6 degrees of freedom, result-
ing in a mean square of 0.140. The F-statistic was calculated
as 0.621, and the associated p-value was 0.004 (Table 3, 4).

The ANOVA analysis of educational background and
age’s impact on the source of nutritional information for

Coeflicients
— Unstandardized Coefficients Sét;lgzideizf:l . sig. 95.0% Confidence Interval for B
B Std. Error Beta Lower Bound Upper Bound
1 SNI -0.203 0.141 -0.307 -1.436 0.167 -0.499 0.093
2 BTC -0.620 0.497 -0.245 -1.247 0.228 -1.660 0.421
3 MBG -0.122 0.149 -0.166 -0.819 0.423 -0.435 0.190
4 MMBG 0.236 0.139 0.360 1.691 0.107 -0.056 0.528
5 DS 0.201 0.157 0.257 1.283 0.215 -0.127 0.530

SNI: Take a meal/snack or breakfast 3-4 hours before training, BTC: skip any meal before training or competition, MBG:
Home matches, meals can be eaten 3-4 hrs before the game, MMBG: In away matches, meals can be eaten 3-4 hrs before the game,
DS: During the off-season, do you train outside of football training in your time? (i.e., gym, cycling, swimming)
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Table 3. Age vs. nutrition Knowledge of the respondents

ANOVA*?
Model ~ Sumof g Mean g
Squares Square
Regression  2.099 6 0.350

1.639 .000P
Residual 4.055 19 0.213

“Dependent Variable: source of nutritional information;
"Predictors: (Constant), educational background of
respondent, age of respondent

Table 4. Source of nutrition information vs. nutrition
intake

ANOVA
Nutrition Groups Sumof df Mean F Sig.

Between Groups 1.024 6 0.171

Multimineral 0.609 0.001
Within Groups  5.323 19 0.280
Between Groups 0.838 6 0.140

Creatine 0.621 0.004
Within Groups ~ 4.277 19 0.225

Ethiopian U-17 football players yielded a strongly significant
result (p = 0.00)(Table 5).

The ANOVA results for the model examining the
impact of the belief “Good nutrition practices by football
players can help improve their sports performance” on the
dependent variable “source of nutritional information” were
statistically significant (p = 0.046)(Table 6).

The analysis of variance (ANOVA) investigated the
relationship between nutritional practices and factors
(gender, age, education, and information sources) among
Ethiopian U-17 football players. Results for practices like
eating at half-time, using creatine, and drinking water
showed significant associations (p > 0.05).

The Paired Samples Test revealed a significant difference
between participants’ reported sources of nutritional
information and their perceived percentage of total calorie

Table 5. Source of nutrition information and age,
educational background of the respondents

ANOVA*
Model Sum of df Mean F Sig.
Squares
Regression 8.986 2 4.493
] 1.025  0.000
Residual 100.860 23 4.385

“Dependent Variable: source of nutritional information;
PPredictors: (Constant), educational background of
respondent, age of respondent

Table 6. Nutritional practice vs. age, gender, educational
qualification and source of nutritional information

ANOVA*?
Model Sumof g Mean . g
Squares Square
Regression 14.901 1 14.901
: 3.767  0.046"
Residual 94.945 24 3.956

‘Dependent Variable: source of nutritional information;
"Predictors: (Constant), educational background of
respondent, age of respondent

Table 8. Source of nutritional information vs. percentage of
the total calorie intake carbohydrate

Paired Samples Test

Paired Differences

95% CI t df Sig.
Lower Upper

Variables
Mean SD

Source
of Nutritional 1.03 2.25 0.128 1.94 235
Information

25 0.007

intake, specifically in relation to carbohydrates. The statistical
analysis of the paired sample t-test indicated a significant
value of 0.007 among U-17 football club players (Table 8).

Table 7. Nutritional knowledge vs. Age, Gender, Educational qualification and Source of nutritional information

ANOVA
Nutritional Knowledge Groups Sum of f Mean E Sig,
Squares Square

. Between Groups 1.796 1 1.796

Do you eat at half-time o 3.808 0.035
Within Groups 11.319 24 0.472
. Between Groups 0.181 1 0.181

Do you currently use creatine -y 0.521 0.003
Within Groups 8.319 24 0.347
Bet G 0.565 1 0.565

Drink water or sports drinks: During training e. W?en roups 1.254 0.001
Within Groups 10.819 24 0.451
Between Groups 1.463 1 1.463

Drink water or sports drinks: Pre-match .w. up 3.637 0.000
Within Groups 9.653 24 0.402
Between Groups 0.052 1 0.052

Drink water or sports drinks: Half time o P 0.229 0.002
Within Groups 5.486 24 0.229
. . Between Groups 0.004 1 0.004

Drink water or sports drinks: Post-match . 0.020 0.004
Within Groups 5.111 24 0.213
Bet G 0.017 1 0.017

Pre-match meals can be eaten 3-4hrs before e. eren roups 0.033 0.001
Within Groups 12.444 24 0.519
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Table 9. Attitudes and beliefs of respondents regarding nutrition

Test Statistics
No. Variables Chi-square df Sig.
1 Source of nutritional information 24.077* 6 0.001
2 Healthy foods are enjoyable 0.000° 1 0.078
3 Aslong as exercise you can eat what you like 0.538¢ 2 0.764
4 Body weight is more important than body composition 14.385¢ 4 0.006
5 Foott?all players can enhance their sports performance through good nutrition 10.692¢ ) 0.005
practices
6 Adopting good nutrition practices can aid in injury prevention for football 0.154b ] 0.695
players
Player seeking to boost peak power output and endurance fitness would benefit
7 . 7.692¢ 2 0.021
most from a creatine supplement
8 Athletes pursuing weight loss goals are advised to take appetite suppressants 18.923¢ 3 0.000

like thermogenic tablets

The chi-square test analysis revealed significant connec-
tions in certain areas. Firstly, participants’ choices of sources
for nutritional information were found to be significantly
associated, indicated by a chi-square statistic of 24.077 with
a p-value of 0.001. Additionally, beliefs about the relative
significance of body composition and body weight showed a
significant association (chi-square = 14.385, p = 0.006), high-
lighting varying opinions. Furthermore, the belief that good
nutrition practices enhance sports performance exhibited
a significant association (chi-square = 10.692, p = 0.005),
emphasizing the interconnectedness of nutritional beliefs
and sports-related outcomes. On the other hand, beliefs
about the enjoyability of healthy foods, the permissibility
of unrestricted eating with exercise, the preventive role of
nutrition practices in injuries, and the benefits of creatine
supplementation did not show significant associations. No-
tably, the belief in using appetite suppressants for weight loss
demonstrated a significant association (chi-square = 18.923,
p = 0.000) (Table 9).

Discussion

In the discussion of the findings from several key
insights emerge, shedding light on the intricate interplay of
factors influencing the nutritional practices, knowledge, and
attitudes of Ethiopian U-17 football club players.

The predominant reliance on coaches as the primary
source of nutritional information underscores the pivotal
role these mentors play in shaping athletes’ dietary habits.
The limited influence of formal sources, such as books and
dietitians, suggests a potential gap in accessing evidence-
based nutritional guidance. Thelack of significant correlations
between information sources and specific dietary practices
highlights the complexity of athletes’ nutritional behaviors,
indicating the need for tailored educational programs.
According to Jonnalagadda et al. (2001), teachers and
coaches play a crucial role in encouraging players on what to
eat and encourage them to practice healthy eating habits. De
Palma et al. (2009) also conducted a similar study and found
out that 72% of athletes and football players perceived fasting
and exercise as a way of controlling their body weight. This
information was found to come from their coaches and they
followed to the latter indicating the significance of coaches
in their nutritional habits.

The negative correlations between age and certain
dietary practices, such as pre-training meals/snacks and
eating habits during the off-season, introduce an intriguing
dimension. While not statistically significant, these trends
suggest potential age-related variations in nutritional
habits, warranting further exploration. The non-significant
impact of educational background and age on the source
of nutritional information aligns with the broader narrative
those players, regardless of these demographic factors, share
similar patterns in seeking nutritional guidance. According
to Carlsohn et al. (2012), younger athletes had lower levels of
nutrition knowledge and worse dietary practices than older
athletes. They also found that younger athletes were more
likely to be influenced by peers and media in their dietary
choices. Another study conducted by Burns et al. (2004)
found that there was no significant difference in the source of
nutrition information between athletes with different levels
of education. They also found that there was no significant
difference in the source of nutrition information between
athletes of different ages.

The significant differences in nutritional knowledge
across various domains, including nutrient replacement,
optimal training meal timing, and perceptions of protein
content, highlight the diversity in players’ understanding.
Age-related disparities in knowledge underscore the
importance of tailoring educational interventions to
different age groups within the U-17 football club. According
to Heydenreich et al. (2014) athletes had higher levels of
nutrition knowledge in some domains, such as energy
balance and macronutrients, than in other domains, such as
hydration and supplement use. They also found that athletes
were more likely to have misconceptions about nutrition
in some domains than in others. This study also found that
athletes had higher levels of nutrition knowledge about some
topics, such as the importance of breakfast and the role of
carbohydrates in fueling performance, than about other
topics, such as the importance of micronutrients and the
risks of supplement use.

The observed difference in participants’ responses
between reported sources of nutritional information and the
perceived importance of carbohydrates in a footballer’s diet
emphasizes the potential influence of information sources
on athletes’ nutritional beliefs. This finding signals a need
for interventions that not only address knowledge gaps but
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also consider the impact of information sources on athletes’
perceptions.

The significant associations uncovered between attitudes
toward nutrition and demographic factors, such as the
source of nutritional information, underscore the nuanced
nature of players’ perspectives. While some attitudes are
linked to specific factors, others, including beliefs about
the enjoy ability of healthy foods and the benefits of
creatine supplementation, show no significant associations.
This implies that certain attitudes may be shaped by a
combination of factors beyond demographic considerations.
A study conducted by Kelly et al. (2023) found that athletes
who received coach-led nutrition education had more
positive attitudes toward nutrition than athletes who did not
receive nutrition education. They also found that athletes
with higher levels of education had more positive attitudes
toward nutrition than athletes with lower levels of education.

The discussion findings illuminate the intricate web
of influences on nutritional practices, knowledge, and
attitudes among Ethiopian U-17 football club players.
The implications extend beyond a mere understanding of
these factors, emphasizing the need for targeted, nuanced
interventions that consider the diversity within the player
demographic and the influential role of coaches in shaping
athletes’ nutritional behaviors. Future research should delve
deeper into the age-related nuances and further explore
the effectiveness of tailored educational programs in
fostering healthier nutritional practices among this specific
population. A further study conducted by Burns et al,
(2004) found that athletes who received nutrition counseling
from an athletic trainer had more positive attitudes toward
nutrition and better dietary practices than athletes who
did not receive nutrition counseling. They also found that
athletes with higher levels of education had more positive
attitudes toward nutrition than athletes with lower levels of
education. According to Davar (2012), college-going women
hockey players had a moderate level of nutrition knowledge
and positive attitudes towards healthy eating. However,
there were significant differences in nutrition knowledge
and attitudes across various domains, such as nutrient
replacement, optimal training meal timing, and perceptions
of protein content. This suggests that players’ understanding
of nutrition is not comprehensive and that there is a need for
more targeted nutrition education interventions.

Conclusions

The study illuminates the pivotal role of coaches in
shaping the dietary habits of Ethiopian U-17 football club
players, with limited impact from formal sources. Despite
weak correlations between information sources and dietary
practices, the intricate nature of athletes’ nutritional behaviors
underscores the necessity for personalized educational
initiatives accommodating diverse preferences and sources.
Varied nutritional knowledge among players emphasizes the
need forage-specificinterventions, while nuanced associations
between attitudes and demographic factors necessitate
targeted strategies. The findings underscore the importance
of tailored educational programs and advocate for ongoing
collaboration among sports organizations, nutritionists, and
educational institutions to continually enhance U-17 players’
nutritional practices, knowledge, and attitudes.
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AHanis piBHA noiHpopmoBaHocTi pyTbOOnicTiB Bikom B0 17 pokKiB
B Edionii woao nutaHb pawioHanbHOro xapuyBaHHA, Ai€TUYHNX
NPaKTUK, CTaB/IeHHA A0 LNX acneKTiB Ta pe3yNbTaTUBHOCTI

Aopi I'ynera Taiie'AB°PE, [leccanen Bace Mona**®“PE, Mu. Tamigyp Paxman®*“P®

"Yuisepcuter dam6i Jomno
*YuiBepcurer AM60
*JI>KalopChKuii YHiBepCUTET HayKY i TEXHOJOTII

ABTOpPCHKMIT BKIAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komtis

Pedepar. Crartst: 8 ., 9 Tabi., 22 pKeperna.

Icropis muTaHHA. AfleKkBaTHA 00i3HAHICT Y IMTaHHAX XapuyyBaHH: Ma€ BUpilllajibHe 3HaUYeHHs /11 GOPMYBaHHs IIPaBU/Ib-
HJX XapYOBMX 3BUYOK, OCOO/INBO cepejl CIOPTCMEHIB, OCKi/IbKM Ma€ 3HAUHMII BIUIMB HA ITOKA3HMKYU CIOPTVUBHOI pe3y/nbTaTyiB-
Hocri. Ile BKasye Ha HasABHICTb KOHCEHCYCY B ra/ly3i HABYaHHA 3 PAl[iOHA/IBHOTO CIOPTUBHOIO XapuyBaHH:A ceper (axiBIliB, sAKi

IIpaforTb 3i CIIOPTCMEHAMMU.

Merta gocmimKeHHa. MeToo foc/imKeHHs 6y10 OLiHNTH piBeHb 06i3HaHOCTI rpaBLiB (yT60MbHUX KIY6iB Ediomnii Bikom 10
17 pokiB 111050 MUTaHb XapYyBaHHA, CTABIEHH /10 [IbOTO ACIIeKTY Ta FIETUYHMX IPAKTUK.
Marepiamu Ta MeTopu. By/o 3aCTOCOBaHO METOJ] ONMCOBOTO JOCTI/PKEHHA, @ TAKOX IIPOBEICHO CTaHJApTU30BaHe aHKETY-

BaHHsA cepef 26 GpyTOOIICTIB 3a IPUHINIIOM paH/OMi3allil 3 METOIO OLIHKY 3HaHb, CTAB/ICHHS Ta IIETUYHNUX MPAKTUK YIaCHMKIB
I[Of{0 MIMTAHb, [I0B’3aHMX 3 XapuyyBaHHAM. JlaHi 6y/1u mpoaHanizoBaHi 3 BUKOPUCTaHHAM t-TecTy, Koediuienra Ilipcona ta ox-
HO(aKTOPHOTO fycIepciitHoro ananisy (p <0,05). 3a pesynbraTamu aHalisy HaflilfHOCTI 3HaueHHA KoediuieHTa anbda KpoHbaxa
cxrano 0,83 st MmIKaJL, 10 BU3HAYAIOTD OL[iHKY CTaB/IeHHsI JO XapuOBMX 3BMYOK Ta 06i3HaHicTh mogo xapuysanus (0,79 ta 0,78,
Bi[IIOBIIHO).
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Pesynprarn. CTaTiCTUYHO 3HaYyIMX BigMiHHOCTel (p > 0,5) Y HaHMX, OB A3aHNUX 31 3BMYKAMU IIOJO CIIOXXMBAHHS DX, Bi-
KOM 260 pO3yMIiHHAM BaXXIMBOCTI Xap4yBaHHA, He CIIOCTepiranocs. BifjsHaueHo 3HauHi BiIMiHHOCTI B ITOKa3HMKaX OCBITHBOTO
piBHs (p <0,05). CraTeBa IpMHAIEXHICTb Ta MKeperno iHdopmaril He O6yIM BUSHAHI KOPEIATOPaMy HYTPULIONOTIYHNX 3HAHb,
HATOMICTb BiK Ta OCBiTa OY/IM TAKUMM YMHHUKAMIL.

BucnoBku. TakyM 4MHOM, JOCTi)KeHHA He TOKa3asIo 3HAYyIIMX BigMiHHOCTET (p > 0,05) B oLiHKaX 3HaHb I[Of{0 IITAHD Xap-
YyBaHH: 3a/IeXKHO Bif BiKy, OCBiTHU Ta [xepena iHdopmauii. OgHak Oy1o BuABIeHO icTOTHY pisHnuio (p<0,05) Mk copTcMeHamMm
Ta cnoprcMeHKaMy. CraTeBa IpUHAIEXHICTh KOpeloBaja 3 JIETMYHMMY 3BIYKaMIL, TOI SK BiK, OCBiTa Ta mkepeno indopmaii
He MaJii Takoro 3B’s3Ky. Kimo4oBuM (pakTopoM € KOHIeMIjis MOaIbIIo]l HepCIeKTUBY 3a0XOUeHHs CIIOPTUBHIUX OpraHisaiii,
HYTPULiO/IOTiB Ta HaBYa/IbHUX 3aK/IafliB IO NOCTi/IHOTO BIOCKOHA/IEHHSA Ta ITOKPallleHHA PiBHA 3HAHb LIO/I0 Xap4yBaHHsA, CTaB-
JIEHH: [IO I1bOTO IIMTAHHA Ta IPAKTUYHUX IIporpam 1A rpasuis U-17. BaxxinBo Takox 3a6e3neunTn CTa6iany PE/IeBaHTHICTD Ta
eeKTUBHICTD y AMHAMIYHOMY PO3BUTKY B Taly3i CIIOPTY Ta MMTAHHAX PalliOHaIbHOTO XapYyBaHHA.
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Abstract

Study purpose. The study was aimed to identify exercise techniques used to improve the physical condition of

volleyball players through literature studies.

Materials and methods. A systematic review of these previous studies was conducted. We studied articles published
between 2014 and 2023 that explained how to prepare volleyball players to have better physical condition. Scopus,
Web of Science, Google Scholar, and PubMed were used for the electronic search. We collected all the articles that
discussed how to improve physical performance through exercise.

Results. To improve the physical condition of volleyball players, 50 publications used exercise techniques, which
were categorized based on the physical condition that was evaluated and repaired. The following techniques are

some of the ones that can be used: Neuromuscular, unilateral and bilateral, ballistic, plyometric exercises, combined
weight and plyometric, mixed training with optimal load, COD & plyometric complex, strength, combined strength,
eccentric trainings, repetitive sprint, resistant/non-resistant sprint, resistance training, exercises with elastic band,
core training, combined core training; small-sided games training, aerobic interval training, blood flow restriction,
intermittent training, and anaerobic speed endurance.

Conclusions. Following a thorough analysis, a number of training regimens were found to be effective in enhancing
volleyball players’ physical attributes, including muscular strength, aerobic and anaerobic endurance, speed and
acceleration, explosive power, flexibility, agility, and balance.

Keywords: systematic review, physical activity, physical condition, volleyball

Introduction

The amount of activity and physiological reactions that
occur throughout a volleyball game represents the physical
challenges that come with playing it. Related physiological
reactions are related to the psychological state of the
individual. Thisisinlinewith what Azizstated thatIndividuals
can overcome the problems they face appropriately and
effectively, able to manage the stress experienced, which
is characterized by commitment, challenges, and control
(Aziz et al., 2023). To provide alternative solutions,

© Jariono, G., Nurhidayat, N., Indarto, P, Sistiasih, V.S.
Nugroho, H., & Maslikah, U., 2024.
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intensive individual counselling is needed. Rababa said
Client Encounterl. Counselling is the process of interaction
between a counsellor and clients to assist individuals in
understanding themselves, overcoming personal, social,
emotional, or academic problems, and reaching maximum
potential in various aspects of life (Rababa et al., 2022).
Likewise, volleyball players need a qualified psychological
state and physical condition. Subekti suggests. Physical
condition is the degree of state of a person’s body, be it in
prime condition or not (Subekti et al., 2021). Therefore,
volleyball players need to be in top physical condition to
handle the physical demands of playing at a high level of
competition. Training sessions are a component of efforts
to meet physical demands and include a systematic plan
to achieve long-term career goals or formal preparation to
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compete. Sistiasih said Volleyball is one of the most popular
sports in all directions, especially in Indonesia, volleyball is
a new prima donna with quite a lot of enthusiasts (Sistiasih
& Pradana, 2022). Volleyball matches or competitions have
been running a lot.

The most important component of volleyball training is
physical conditioning, which aims to maximize physiological
capacity and advance bio motor abilities. Physical training
can also be achieved in its style which is directed from a
structural and developmental point of view towards the
training objectives as volleyball has complex technical and
tactical content. Only off-ball events are used to identify
components of physical condition. A volleyball player is a
functional unit that functions as a whole; As a result, their
performance cannot be broken down into individual parts.
This leads to the design of training programs that suit the
demands of the sport. As a result, the purpose of the study
was to test the training techniques used to improve the
physical condition of volleyball players and to summarize
the findings of each study. So that the process of physical
conditioning exercises for volleyball games can be seen.

Physical training can also be done in its own style
directed from a structural and developmental point of view
towards the training goals because volleyball has complex
technical and tactical content. Off-ball activities themselves
are used to identify components of physical condition.
The volleyball player is a functional unit that functions as
a whole. As a result, their performance cannot be broken
down into individual parts. This leads to the design of an
exercise program that suits the demands of the sport. As a
result, this study aims to investigate the training techniques
used to improve the physical condition of volleyball players
and explain the findings of each study, so that the process of
physical conditioning exercises that go along with the game
of volleyball can be observed.

Materials and methods

Database and Search Profile

Electronic searches on Google Scholar, Web of
Science, Scopus, and PubMed were used to conduct this
systematic review. “Training” and “Volleyball” are keyword
combinations used for electronic searches. There are four
phases to the search approach. First, 650 articles were found
by electronic searches of the Google Scholar, Web of Science,
Scopus, and PubMed databases. 450 articles were deleted

in the second stage of filtering, which involved 200 article
titles and abstracts. In addition, 85 items were omitted for
various reasons, leaving 115 articles. In the third step, the
tull paper is reviewed and analyzed, starting with the title,
abstract, methodology, results, and discussion, as well as
conclusions. After carefully examining the articles, 65 were
expelled for failing to meet the requirements for inclusion.
The fourth step involves reading related papers. No new
studies are included at this time. As a result, there were a
total of 50 publications under systematic review (Figure 1).
The inclusion and exclusion criteria are described in table 1.

Stage 1
Electronic search via google scholar, scopus, a
PubMed
identified 650 articles

[ ‘ 450
v \

Stage 2
filtered titles and abstracts
identified 200 articles

I {ss

Stage 3
Read and analyze entire articles
identified 115 articles

luded by title and abstract

Tuded on the grounds of ‘

65 issued based on inclusion
criteria

Stage 4
relevant articles to analyze 50 articles

Fig. 1. Article identification flowchart in systematic review

This systematic review was done using electronic
searches on Google Scholar, Web of Science, Scopus, and
PubMed. Keyword combinations like “Volleyball” and
“Training” are utilized in electronic searches. The search
strategy is broken down into four steps. First, an electronic
search of the Scopus, Web of Science, Google Scholar,
and PubMed databases yielded 650 articles. The second
round of screening, which included 200 article titles and
abstracts, resulted in the removal of 450 articles. There
are now 115 articles after an additional 85 things were
excluded for various reasons. The third phase involves
reviewing and analyzing the entire manuscript, beginning
with the headings, abstract, methods, findings, discussion,
and conclusion. 65 articles were excluded after a thorough
assessment because they didn’t adhere to the inclusion
criteria. To complete the fourth phase, related papers must be
read. Not currently listed are any new studies. Consequently,
the systematic review has 50 papers (Figure 1). In addition,
table 1 explains the inclusion and exclusion criteria.

Table 1. Inclusion and exclusion criteria of a systematic review of physical activity

Inclusion Criteria

Exclusive Criteria

Last ten years (from January 2014 to March 2023) articles published.

Published in English.
There is no further research other than experiments.

Volleyball players between the ages of 15 and 30 made up the sample of

men and women included in the study.
The instruction is fully explained.

Comparative study is a research methodology, and it affects physical

activity.
Physical activity is used as a method of exercise.

Articles using samples between the ages of 15 and 30.
Articles that utilize a group of volleyball players who have
cerebral palsy/special needs.

Players from other sports, outside of volleyball, are also
used as samples in the article.

Training sessions are not described in the paper.

The study findings explain changes in the physical condition evaluated.
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Methodological quality assessment

The quality of the articles studied was evaluated using
11 PEDro (Physiotherapy Evidence Database) criteria and
had been assessed for methodological quality. Quality
articles are critical to assist users in overcoming barriers such
as lack of time and critical thinking skills as well as making it
easier to integrate high-quality clinical research into clinical
practice. Clinical practice guidelines and systematic reviews
are not evaluated. According to Moseley et al. (2020), articles
with a score of eight to eleven were rated as having high
methodological quality, those with a score of four to seven
as medium, and those with a score of four or less were low
(Moseley et al., 2020).

Results

Number of Results Reviewed

On an electronic search through Google Scholar, Web
of Science, Scopus, and PubMed, 650 articles were identified
and found no duplicate articles. Then 400 articles were
filtered by title and abstract, leaving 200 articles to reread. The
results left 115 articles reviewed in total. Of the 115 articles,
85 were omitted to 50 articles meeting the notability criteria
based on the PEDro scale. This article is grouped by physical
condition (table 2).

Exercise Significance Results

Of the 50 articles selected and reviewed, regardless of
gender, age, level of professionalism, novice or elite players,
or type of training conducted, overall, 50 selected articles
revealed significant results on the physical condition of
volleyball players.

Discussion

Plyometric training

Plyometric training is an exercise program that increases
strength and speed (Anitha et al., 2018). Volleyball players
need to do this exercise because they need to be able to react
quickly and strongly when attacking and defending (Meszler
& Vaczi, 2019). Thus, plyometric training has been shown to
increase explosive action (Vetrovsky et al., 2019). This can
be explained by the fact that different types of exercises are
performed, which may have an impact on the results of the
exercises (Moran et al., 2019). As Fischetti points out, et.al.
(Fischetti et al., 2018), which combined weight training and
plyometric exercise in a three-group experiment, it produced
different benefits when combined with other activities
(Bouteraa et al., 2020). One group did only weight training,
one group did weight training and plyometric exercises, and
one group served as a control (Peitz et al., 2018). Results

Table 2. Characteristics and results of physical condition training methods for volleyball players

Author, Year Physical Condition Variable Training Type Sig.(p)
Copic et al. (2014) Body composition and muscle strength ~ Predictors of jumping performance Sig.
Manshouri et al. (2014) Flexibility of hamstrings and posterior The special protocol consisted of two parts: Sig.
trunk muscles pilates exercises and volleyball exercises.
Zwierko et al. (2014) Agility and passing skills Extensive experience with volleyball training Sig.
reduced signal conductivity time through visual
pathway
Bojanic et al. (2015) Coordination, speed, explosive strength,  Motor skills Sig.
repetitive strength and flexibility
Papadopoulou (2015) Balance, and performance Energy intake and balance on the athletic Sig.
performance
Kalaja et al. (2015) Speed and accuracy Effect of caffeine Sig.
Sattler et al. (2015) Power and strength Playing position and competition level Sig.
Pereira et al. (2015) Strength performance Training strategy of explosive strength Sig.
Stoggl et al. (2015) Motor abilities and anthropometrics Predictor motor ability Sig.
Harmandeep et al. (2015) Flexibility, muscular endurance, power,  Six-week plyometrics on vertical jumping ability Sig.
cardio-respiratory endurance
Cdmenld et al. (2016) Flexibility, muscular endurance, power,  Plyometric training on different surfaces Sig.
cardio-respiratory endurance
Pion (2015) Flexibility, muscular endurance, power, Selected plyometric training exercises Sig.
cardio-respiratory endurance
Vaverka et al. (2016) Power and strength Arm swing on countermovement vertical jump Sig.
Kristi¢evi¢, Tomislav, Madi¢, ~Accuracy Game-based conditioning training Sig.
Dejan (2016)

Ahmadvand et al. (2016) Retention and transferring the progress ~ Mass & distributed practice Sig.
Boichuk et al. (2018) Coordination, speed, explosive strength,  Physical development parameters Sig.
repetitive strength and flexibility and conditioning abilities
Alishah et al. (2017) Flexibility, muscular endurance, power,  Attentional focus on the performance Sig.

cardio-respiratory endurance
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Table 2. Continued
Author, Year Physical Condition Variable Training Type Sig.(p)
Faizrakhmanov et al. (2017)  Endurance Effectiveness of the performance of certain game Sig.
actions

Brazo-Sayavera et al. (2017)  Speed, power, accuracy Acute effects of block jumps Sig.

Trajkovic et al. (2017) Speed, power, accuracy Weighted jump warm-up on vertical jump Sig.

Gjinovci et al. (2017) Flexibility, muscular endurance, power, ~ Functional movement patterns Sig.
cardio-respiratory endurance

Challoumas & Artemiou Coordination, speed, explosive strength, — Predictors of attack Sig.

(2018) repetitive strength and flexibility

Czaplicki et al. (2017) Strength and power Biomechanical assessment Sig.

Stojanovic et al. (2018) Body composition Short-term preseason combined training Sig.

Hale et al. (2019) Power, agility and strength 8-week conditioning program Sig.

Arte, Yanse et al. (2020) Power, agility and strength Plyometric exercise and arm muscle strength Sig.

Tsoukos et al. (2019) Anthropometric and motor performance Variables are decisive factors Sig.

Vivekanth, B. Vallimurugan  Flexibility, muscular endurance, power,  16-week combined strength and plyometric Sig.

(2020) cardio-respiratory endurance training program

Trajkovi¢ & Bogataj (2020) ~ Motor competence and physical Neuromuscular training Sig.
performance

Ramirez-Campillo et al. (2020) Strength and power Plyometric jump training Sig.

Freitas-Junior et al. (2020) Power, agility and strength Improvement in vertical jump Sig.

Garcia-de-Alcaraz et al. (2020) Power and strength Analysis of jump load during Sig.

Wong & Leung (2020) Physical fitness Physical disabilities Sig.

Andrade et al. (2021) Performance, flexibility, muscular Training load and recovery Sig.
endurance, power, cardio-respiratory
endurance

Gongalves et al. (2021) Flexibility, muscular endurance, power, ~ Neuromuscular jumping performance Sig.
cardio-respiratory endurance

Ahmadi et al. (2021) Strength performance Plyometric jump training Sig.

Nasrulloh et al. (2021) Power Squat training and leg length Sig.

Lima et al. (2021) Agility and passing skills Reliability of a reactive agility test Sig.

Albaladejo-Saura et al. (2022) Physical fitness Maturity status on kinanthropometric Sig.

and physical fitness

Nishanbayevich (2022) Flexibility, muscular endurance, power, ~ Developing physical qualities Sig.
cardio-respiratory endurance

Issa (2022) Anaerobic capacity, functional indicators Interval training and drinking vital water Sig.

Ciesluk, (2022) Basic technical elements Repeated short-term physical exercise Sig.

Achilleopoulos et al. (2022)  Balance and technical skills Proprioception and balance training program Sig.

Tesfaye & Hundito (2022) Performance Physical fitness training Sig.

Mamirzhon (2023) Physical qualities Development of the physical qualities Sig.

Sulaymanov Qurbanali (2023) Physical condition Special physical training Sig.

Kaszuba et al. (2023) Physical performance Caffeinated chewing gum Sig.

Slovak et al. (2023) Power, agility and strength Predicting the volleyball spike jump height Sig.

Rebelo et al. (2023) Performance, flexibility, muscular Preseason triphasic resistance training program Sig.

endurance, power, cardio-respiratory
endurance

after six weeks of training showed that, when compared  more effectively (Zghal et al., 2019). A gradual increase
to weight training alone, plyometric exercises improved
sprint, acceleration, and deceleration, as well as jumping,
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Strength training

Strength is the most important component and is the
basis for other components of physical condition and is one
of the components of physical condition that is needed in
almost all sports (Gébler et al., 2018). Therefore, improving
the ability of the strength component is very important to get
the attention of trainers. Strength is a component of physical
condition that can be improved to the maximum extent,
according to the needs of each sport that requires (Jamka et
al., 2022). The strength needs of weight lifting, will be much
different from those of sports games(Murlasits et al., 2017).
Muscle strength can also be defined as the power or tension
of muscles to perform repetitive or continuous work against
resistance in a maximal effort (Jamka et al., 2021).

Endurance training

Endurance is one of the main elements in motor skills,
which is the result of students’ psychological capacity to
support movement at a certain time (Fathir et al., 2021).
Muscular endurance is the ability of muscles to maintain
movement with high intensity or static exercise (Fathir
et al., 2021). Endurance expresses a state that emphasizes
the capacity to perform continuous work in an aerobic
atmosphere. Endurance is the ability to perform activities
for a long period of time without significant fatigue (Fathir
etal., 2021). Endurance in terms of muscle work is the ability
to work a muscle or group of muscles in a certain period of
time, while from the energy system is the work ability of
body organs in a certain period of time (Krzy et al., 2021).

Neuromuscular training

The majority of studies in adolescents look at neuromus-
cular training as a method that combines strength, balance,
and agility (Eken & Bayer, 2021; Lopez-Samanes et al., 2018).
In prepubertal exercise (age 8 years) in the experimental
group showed after 12 weeks considerable improvements in
flexibility, balance, and countermovement of vertical jump
height. The neuromuscular training program improves per-
formance in vertical jump, one right foot jump, and one left
foot jump (Lopez-Samanes et al., 2018; Zemkova & Hamar,
2018; Zeng et al., 2022). This showed that participating in a
6-week neuromuscular training program improved certain
athletic performance metrics and modified movement pat-
terns in female volleyball players during jumping tasks (Zem-
kova & Hamar, 2018). After completing a 7-week neuromus-
cular training program, the experimental group showed an
increase in hamstring strength, allowing them to maintain
muscle performance (Concha-Cisternas et al., 2023a). Basi-
cally, a 6-week neuromuscular training program dramatically
improves agility (Concha-Cisternas et al., 2023b).

Resistance training

Strong muscles are very important for volleyball players
because they facilitate movements used in sports, such as
running and jumping (Behm & Colado Sanchez, 2013;
Faigenbaum et al., 2022). Protein in muscle cells is stimulated
by resistance exercise, which increases the capacity of
muscles to produce strength (Ndobrega & Libardi, 2016).

Resistance training using a nonlinear periodization model
significantly increases muscle strength and strength without
compromising speed and agility (Borde et al., 2015; Mann
et al,, 2014). The main purpose of resistance training is to
tear or cause microscopic damage to muscle cells, which the
body then repairs quickly to recover and become stronger
(Pallarés et al., 2021).

Circuit training

Circuit exercises should be chosen to change muscle
groups, with better effort and faster recovery (Dhiman,
2022). Rest intervals between 60-90 seconds with 1-3 min-
utes between circuits. In line with the purpose of the stages
concerned with preparation, and especially the purpose of
anatomical adaptation, exercises should be chosen to de-
velop the field of the bodies for the better as the prime mover
(Sari et al., 2021). Bompa and Buzzichelli (2018) revealed
that the advantages of training using Circuit are: a) improv-
ing various components of physical condition simultane-
ously in a relatively short time., b) each sportsman can train
according to his own progress, ¢) each sport can correct his
own progress, d) training is easy to supervise, e) saving time,
because with a relatively short time it can accommodate
many people practicing at once.

The circuit should not be used as a test or to make com-
parisons between sportsmen. Comparing sportsmen is unfair,
because of the speed of performance. Instead, achievements
need to be only compared to the abilities of previous sports-
men (Uchenwoke et al., 2020). The circuit can be used in the
first week of anatomical adaptation. Start by testing the athlete
for RM 1 to calculate the load for the main movements (J. Kim
et al., 2018). Choose Circuit stations according to the needs of
the sport being trained. A certain progress must be followed,
depending on the level of the athlete and training background
(Tsegay et al., 2021). For easier exercisers with little or no back-
ground in strength training, start with exercises using their own
body weight (Tsegay et al., 2021).

Intermittent training

The capacity to repeat high-intensity exercise is very
important because volleyball games are sporadic. To increase
the physical demands with the actual requirements of the
competition, intermittent exercise training can be carried
out (Garcia-Pinillos et al., 2017). A sportsman undergoes
intermittent training for 12 weeks (2-3 sessions per week),
consisting of sprints with 4-8 sets per session and a work
period of 10 minutes. 30 seconds, with a recovery period
of 10 to 30 seconds, shows important variation in aerobic
performance (S. H. Kim et al., 2017). Therefore, because it
reduces lactic acid buildup and injury hazards, intermittent
training is a simple training strategy, especially for young
athletes (Haller et al., 2018). The recovery phase, in which the
heart rate is considered low if it lasts more than 30 seconds,
is another important phase to watch out for, as the study
suggests (Zemkov & Pacholek, 2023).

High-intensity interval training

According to (Chreis et al., 2020) using HIT will
increase endurance. Upregulation of aerobic and anaerobic
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metabolism to energy requirements is a contributing factor
in this increase. High-intensity interval training programs
are used to increase cardiorespiratory capacity, according to
some studies (Rabbani et al., 2019). On the other hand, the
results of high-intensity interval training programs may also
vary. A 12-week high-intensity interval training program
can produce positive changes in muscle fitness, flexibility,
and metabolic parameters in children (Taylor et al., 2021).
The speed, acceleration, and agility of the experimental
group improved significantly after completing an 8-week
high-intensity interval training program (Fakhri et al.,
2020). When paired with other forms of exercise, they also
produce a wide range of maximum results (Byrd et al., 2019).

Functional training

Strength, endurance, coordination, and balance are just
a few of the different measurements of muscle fitness that
are thought to aid functional training (Babu et al., 2019).
Functional training involves special physical exercises
that build strength throughout the human body (Cheng
et al,, 2020). When performing exercises correctly during
functional training, the mobility and stability of the athlete
will increase. The likelihood of accidents occurring during
the effort is reduced by this greater capability (Box et al.,
2019). According to Deblauw et al. (Deblauw et al., 2021),
functional training for 6 weeks with 4 sessions per week
in the form of circuits improves agility test scores. The first
two weeks involved three laps at each station, each lasting
20 seconds with a 90-second break in between. Weeks 3 and
4, three laps at each station, each lasting 30 seconds, with a
90-second break in between. Weeks 5 and 6, three laps at
each station, each lasting 40 seconds, with a 90-second break
in between.

Unilateral and Bilateral training

Unilateral and bilateral training tactics have arisen as a
result of the explosive action of the modified neuromuscular
system. Both of these exercises are equally effective in
promoting strong growth and increased strength (Hungetal.,
2019; Liao et al., 2022). These two exercises when combined
can have a huge impact (Nufiez et al., 2018). Training the
11-year-old volleyball player unilaterally and bilaterally and
combining the two exercises, found that the results varied.
13 of the 21 performance indicators showed significantly
greater changes after 6 weeks of training when unilateral
and lateral training were combined, compared to 6 and 3 for
unilateral and bilateral training, respectively (Eliassen et al.,
2018; Jacksteit et al., 2021; Ramirez-Campillo et al., 2018).
To significantly improve performance during high-intensity,
short-term explosive activity, a combination of these two
exercises would be more beneficial (Gonzalo-Skok et al.,
2019; Sun et al., 2018).

Conclusions

After a thorough analysis, it was found that many
training programs to improve the physical condition of
volleyball players, including strength, aerobic and anaerobic
endurance, muscle strength, speed and acceleration,
flexibility, agility, explosive power, and balance.
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Abstract

Study Purpose. The purpose of this study was to determine how biomechanical analysis can be used in petanque

shooting techniques.

Materials and methods. This review study followed the PRISMA standards for systematic reviews and meta-analyses.
Studies had to be published within the previous five years, from January 2019 to July 2023. (1) shooting petanque;
(2) biomechanical analysis were the keywords used in the search process. Scopus and the Science and Technology

Index (SINTA) were used for study.

Results. This review consists of nine studies. In five research articles, motion analysis was considered, which resulted
in a discussion of the direction and angle of petanque throw biomechanics. Four research articles deal with the
analysis of petanque shooting accuracy, leading to a discussion of angle, direction, arc, and focus.

Conclusions. Biomechanical analysis helps to understand intensity, speed, and posture for better bidding, improved
performance, and reduced risk of injury, while increasing speed and efficiency, preventing muscle imbalances, and
achieving better technical positions in shooting petanque sports.

Keywords: biomechanical, accuracy, shooting, petanque.

Introduction

The character of Petanque sports tends to require
accuracy, anyone who wants to play Petanque no matter
what age, position, gender is allowed to play this sport
(Yulingga Nanda Hanief, 2019). Based on the purpose of its
main mechanics, petanque games are included in sports that
have the aim of achieving maximum accuracy. This means
that the throw made must be right on a specific target to
get the winning point (Apriani et al., 2021). Various studies
have explored different aspects of the sport of petanque.
Development of a shooting training model for beginners,
emphasizing the importance of throwing accuracy (Badaru,
Hasmyati, et al., 2021). Assessing interest in petanque among
visitors to specific courses, and finding a mix of low to very

© Helmi, B., Hidayah, T., Pramono, H., Hartono, M.,
& Iskandar, T., 2024.
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high interest (Sahruni et al., 2023). The results highlight
the need for training and development in this sport,
especially in terms of human resources (Yahya Andi Amry,
2021). The results of the evaluation evaluated the athletes’
shooting ability, identifying a need for improvement in
this area (Isdarianti et al., 2022). These studies collectively
underscore the importance of training, development and
skill enhancement in the sport of petanque.

A systematic literature review is a method used to
analyze, synthesize, and summarize the existing literature
on a particular topic (Dwidienawati et al., 2023). This
method involves a rigorous and systematic approach to
collecting and analyzing data from relevant sources (Moher
et al,, 2015). The purpose of a systematic literature review
is to provide a clear and objective summary of the current
state of knowledge on a particular topic, identify gaps in
the literature and suggest areas for future research. This
method is widely used in various fields including education
healthcare, sports science, psychology, social science, and
business and management (Amjad & Fernandes, 2023).
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Various studies have explored the application of
biomechanical technology in sport, highlighting its
potential in injury prevention, technique improvement and
performance optimization (Leckrone, 2021). Biomechanics
is the study of human movement and the interaction
between forces acting on the human body (Toma & Irawan,
2022). Research in this area has been conducted in several
different contexts. Biomechanical analysis in relation to
shooting throws in the sport of petanque. It explains how
biomechanics affect ball flight and the importance of an
accurate ball impact point for a correct shot (Ariwijaya et
al., 2021). Various studies have explored the biomechanical
aspects of shooting in various sports. Apply mathematical
and physical methods to analyze shots, focusing on arm
trajectory, shot direction, angle, effort, and velocity (Zhen
et al,, 2015). The results of another study highlighted the
challenge of maintaining postural stability in precision
sports such as shooting, proposing a measurement chain to
evaluate this aspect (Words, 2000). These studies collectively
underscore the importance of biomechanical factors in
shooting performance.

Accuracy training One of the factors that can affect the
accuracy of shooting in petanque sports so thatitisinaccurate
and imprecise includes a lack of arm muscle strength and
a lack of analyzing biomechanics (Badaru, Kasmad, et al,,
2021). The results of the study where accuracy is the ability
of an athlete to direct the ball to the intended target or target
with a good and perfect landing (Istikomah, 2023). Accuracy
in the biomechanical analysis approach is closely related to
the accuracy of the shooting point distance and shot power,
because of one’s ability to control free movements towards
a target.

There have been many studies conducted in the past
that have resulted in several developments in improving
shooting accuracy in petanque sports, including a model of
shooting skills training in petanque sports (Sutrisna et al.,
2018), android-based petanque sport module (Wulandari
& Wibowo, 2022), Learning Media Video Tutorial Basic
Techniques of Petanque Throwing (Ayu et al., 2022)

The main purpose of analyzing the biomechanics of
petanque pointing motion is to find out errors in movement
and ball motion will create optimal movement, find out
errors in performing techniques completely and accurately,
and create athletes who have the opportunity to become
champions especially in matches. Petanque games are
included in sports that have the aim of achieving maximum
balance and accuracy. This means that the throws made
must be right on certain targets to get the winning points.
The character of petanque sports tends to require accuracy,
anyone who wants to play petanque no matter how old,
position, gender is allowed to play this sport. In accordance
with the main purpose of petanque sports into the sport to
achieve maximum accuracy.

Materials and methods

The words “Biomechanical Analysis” and “Petanuqe
Sports” were searched for in articles published from Sinta
(Science and Technology Index) and Scopus Collections
(Science Citation Index Expanded. Social Science Citation
Index. Arts & Humanities Sams Citation Index) from
2019 to 2023. As shown in the flow chart (Figure 1), a total

sample of 9 articles was obtained from a total of 137 articles
by following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. (PRISMA) (Moher
et al., 2015) during the identification, suitability screening,
and inclusion phases.

The following variables were taken into account in
the literature review (a) annual trend of articles published
between 2019 and 2023 (b) distribution of first author’s
institution (c) number of authors (d) field of study (training,
health, other education management or mixed) (e) type of
study (experimental, descriptive correlational, longitudinal)
and (1) average number of citations per article.

| Number of searches Number of searches
throung SINTA: n=130 throung SINTA: n=130

v v

| Number of records after duplicates deleted: n=137 |

!

Number of records Number of excluded
— screened (titleand = searches: n=60
D R oAt ION abstract): n=137 - not original research
ELIGIBILITY [ | - no abstract available
INCLUDED
Full text article assessed Full text article
for eligibility: n=77 = excluded: n=65
Abstract Only: n=12

Article submitted
through keywords:
n=9

| | Total number of article
for analyzed: n=9

Fig. 1. Flowchart for what is used to select articles

The literature review considered the following variables:
(a) the annual trend of articles published between 2019 and
2023; (b) the distribution of publications at the first author’s
institution; (c) the number of authors; (d) the field of study
(health training education management, or mixed); (e) the
type of study (experimental descriptive correlational, or
mixed); and (f) the average number of citations per article.

Statistical Analysis

The abstract article title and keywords were focused on
as these things are sufficient to generate reliable and usable
article int1 for follow-up research. Only open access articles
were included in this review study as the authors did not
want to exclude anyone who did not have access to their
research. The following inclusion and exclusion criteria were
used to obtain only relevant studies.

Result

Various time periods can be seen in the evolution of the
number of publications, as depicted in Figure 2 First. there
has been a marked increase in scientific output from 2019
(50 articles). Then in the following year there was a decrease
in 2020 (10 articles) in the year there was an increase in 2021
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Table 1. Changes in the number of publications per year

Year Published  Number of Articles Percentage
2019 50 33%
2020 10 8 %
2021 22 16%
2022 30 25%
2023 25 18%
Total 137 100%

N

50

40 |

30

20 ]

10—

0 ; ; ; ;
2019 2020 2021 2022 2023

Fig. 2. Graph of Changes in the Number of Publications per Year

(22 articles) in the following year there was an increase in
2022 (30 articles) and in the following year 2023 (25 articles).

Based on the literature the biomechanical analysis that
can be applied in the petanque shooting throw technique
is shown in the table above. The review consists of nine
studies. In five research articles, motion analysis is discussed,
resulting in a discussion of the direction and angle of
petanque throw biomechanics. Four research articles
discuss the analysis of petanque shooting accuracy, which
results in a discussion of angle, direction, arc, and focus.
Based on throwing mechanics in petanque, the main goal
is expected to produce accuracy in throwing and shooting.

Table 2. Study summary table

Biomechanical analysis is used to address the problems that
occur in petanque shooting and provide recommendations
on what is needed to improve performance.

Discussion

Based on the results of the study, there are four main
indicators that determine shooting, namely backswing angle,
swing, release angle, and ball height. The four indicators are
interrelated and influence each other. the backswing angle
will affect the swing speed, and the swing speed will affect
the release angle of the ball, and these three indicators will
produce the maximum height of the ball. In shooting there is
no definite reference to the four indicators (Sinaga & Ibrahim,
2020). There are three indicators in determining the results of
the shooting throw movement, namely the backswing angle,
swing speed, and release angle, if the backswing angle, the
release angle is small then the swing speed must be large in
order to reach the target at a distance of 8 meters. Vice versa,
if the backswing angle and release angle are large, the swing
speed needed is also small in order to reach the target at a dis-
tance of 8 meters, this is in accordance with what was stated by
(Cahyono et al., 2018). These three indicators affect the results
of shooting throws, if one indicator is more dominant then
other indicators are required to adjust because these three
indicators are interrelated. Seeing the acquisition of shooting
precision samples with an average score of 19.6 and included
in the “medium” category, so it is necessary to increase shoot-
ing practice so that it can achieve maximum results.

Various studies have explored the factors that influence
shot accuracy in petanque. That eye-hand coordination,
concentration, and confidence play an important role in
shot accuracy. Further demonstrating the effectiveness
of shooting drills using obstacles in improving shooting
game ability (Saifulamri Alkhusaini et al., 2021). Other
research also argues that the development of a petanque
shooting training model for beginners, by emphasizing the
importance of training to achieve high throwing accuracy
(Badaru, Hasmyati, et al., 2021). Then the results of
another study comparing the effects of concentration and

Topic Sample Results Source
Biomechanical analysis of pointing and shooting petanque on Athlete Angle, Direction Sinaga & Ibrahim (2020)
athletes TC PON XX Papua
Biomechanical analysis of concentration and coordination on the Students Angle, Direction, and Awang et al. (2019)
accuracy in petanque shooting Focus
Analysis of Pointing Motion in Petanque Sport Athlete Angle, Direction Bustomi et al. (2020)
Analysis of Backswing and the Use of Star Excursion Balance Test ~ Athlete Angle, Direction Awang Irawan & Sirodjul
(SEBT) on the Results of Petanque Shooting Throws Munir (2021)
Analysis Of The Level Of Shooting Ability Of Petanque Athletes Athlete Angle, Direction Ulpiana et al. (2022)
Analysis of Pointing Motion in Squatting Position from Athlete Angle, Direction Paulina & Irawan (2022)
Biomechanical Aspects
Analysis of pointing accuracy on petanque standing position: Athlete Angle, Direction, and Irawan et al. (2022)
Performance and accuracy Focus
Accuracy Training Program: Can Improve Shooting Results of Athlete Angle, Direction, and Phytanza et al. (2022)
Petanque Athletes Focus
Investigation into the mechanisms leading to explosion of pétanque ~ Athlete Angle, Direction, Loser et al. (2011)

balls

Curvature, and Focus
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coordination training on shooting game ability, found that
both were significant but concentration training gave better
results (Lubis & Permadi, 2021). These studies collectively
highlight the importance of physical and mental training in
achieving shot accuracy in petanque. Utilizing biomechanics
for training allows for smart practice planning so that you
can get the most out of it in the shortest amount of time and
in the safest way possible.

The study of sports biomechanics helps people
understand how the body reacts to intensity, angles
and postures in sports. In other words, studying sports
biomechanics helps players choose the sport that suits them
best. When poor form and technique are used, biomechanical
analysis can highlight the details and help understand the
stress that poor technique puts on joints and surrounding
tissues. Biomechanical analysis can help athletes of all ages
and abilities to improve performance or reduce pain. In
summary, the biomechanical benefits of improving speed
and strength are as follows. and help eliminate muscle
imbalances, which means less wear and tear on ligaments
and joints, and better training technique

Sports biomechanics is the study of the mechanical
principles of human movement and how they apply to
sports performance. Over the past fifty years, there has
been considerable development in motion analysis systems
and computer simulation modeling of sports movements,
the relevance and importance of functional variability of
sports techniques has also been recognized (Tai et al., 2023).
Factors such as self-concept of subject ability, previous
subject experience, and future career aspirations influence
sports science students’ elective biomechanics enrollment
decisions. Sports biomechanics research often relies on
ordinary least squares (OLS) regression, but statistical
learning methods such as ordered regression models can
be used to handle high-dimensional data sets and improve
variable selection. These models have been used to reduce
the number of variables and identify key predictors of
performance in sports biomechanics research (Kipp &
Warmenhoven, 2022).

Biomechanics is a field that combines engineering,
physics (specifically mechanics), and knowledge of the
workplace environment. General biomechanics is a branch
of biomechanics that studies the basic laws governing the
organic human body at rest and in motion. Biomechanics
is a study that specializes in analyzing segments of human
body motion, one of which is quantitative data on angles
in degrees (Hughes et al., 2021). Studying the impact of
these components has two main advantages. First of all, this
research enables training that improves skills while reducing
the risk of injury. In addition, it improves performance and
physical fitness in terms of strength, cardiovascular and
flexibility. Performing biomechanical analysis has many
benefits as it provides a wealth of data for different types
of human movement analysis. Especially, biomechanical
analysis can improve athletes’ performance (increase their
performance) and reduce the risk of injury.

Conclusions

Based on the results of the use of biomechanical analysis
in petanque shooting techniques based on literature and
research. Six articles focused on motion analysis, examin-

ing biomechanical area and speed in petanque shooting.
The remaining articles discuss shooting technique, focusing
on speed, area, distance and focus. Biomechanical analysis
helps understand the impact of intensity, speed, and posture
in shooting and helps players get more accurate shots. Anal-
ysis of biomechanical techniques can help athletes improve
performance and reduce the risk of injury. Benefits of bio-
mechanical analysis include increased speed and strength,
reduced muscle imbalances, and better stance technique.
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3acTocyBaHHA meToay 6iomexaHiyHOro aHanisy AnA BUSHa4YeHHA
TOYHOCTI KNAKiIB Ha BUOMBaHHA Yy NeTaHKY: ornap niteparypm
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'CeMapaHICbKUIL Jep>kKaBHUI YHIBepCUTET
*Icmamcpkuit yHiBepcuTeT 45 B bekaci

ABTOpPCHKMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pegepar. CrarTs: 6 ., 2 Tab1., 2 puc., 34 mxepena.

Merta gocmimkeHHs. MeTo0 HOCTimKeHHs 6y/10 BUSHAYNTH, SIK GioMeXxaHIYHMIT aHa/Ii3 MOYKe OYTHU 3aCTOCOBAHMIT y TEXHIKAX
BUOUBAHHSA KY/Ib Y IETAHKY.

Marepianu i MmeTopu. [JaHe OrA0Be DOCIIIKEHH MPOBOAVIIOCA BifoBigHO fo cTangaptiB PRISMA 3 MeTor0 31ilicHeHHA
CUCTEeMAaTUYHMX OITIAAIB i MeTa-aHauisiB. JlocmipkeHHs Mamy OyTy omy61ikoBaHi IPOTATOM NOIEPeSHiX I'sITU POKiB, 3 CiuHA
2019 poxy 1o /mnensb 2023 poky. (1) BuOMBaHHs Ky/Ib y IeTaHKY; (2) 6ioMeXaHIYHNMIT aHa/Ii3 BUKOPMCTOBYBA/IMCA K KIIOYOBI
CJI0Ba B IIPOLIeCi MOIIyKy. [I1s IpoBefjeHHs JOCIIi/PKeHHs BUKOPVCTOBYBA/IM HAYyKOMETPIYHi 6a3nu faHux Scopus ta IHzexc HayKu
i Texnosoriit (SINTA).

Pesynprarn. IlpencraBieHnit O] CKIAZAETHCS 3 IEB ATU JOCIIPKEeHb. Y ITUSITY HAYKOBUX CTATTSAX Oy/lI0 PO3INISTHYTO
aHaJli3 PyXYy, 10 CIPUYMHIIO OOTOBOPEHHS HAIIPAMKY i KyTa 6i0OMeXaHiKM KMKa y HeTaHKY. Y YOTMPbOX CTAaTTAX IPOBENEHO
aHasIi3 BU3HAUEHHs TOYHOCT] BUOMBAHHSA Ky/Ib y II€TaHKY, BHACTIOK YOT0 OY/IM POSITIAHYTI IUTAHHSA KYTa, HALIPSIMKY, YU Ta
¢doxycyBaHHA.

BucnoBku. biomexaniunmii aHamis fonomarae 3po3yMiTy iHTEHCUBHICTD, IIBUKICTD i IO3UIIIO /1A MOKPALIEHHA BEJEHH
TpY, MiIBUIIEHHs Pe3yIbTaTUBHOCTI Ta 3MEHIIEHHsA PU3MKY TPaBM, OJHOYACHO 30i/IbLIyI0ouM MBUAKICTD Ta eeKTUBHICTD, 3a-
HOO6irao4y po3BUTKY M SI30BOTO A1COAIAHCY, @ TAKOXK JOCATAI0YM KPAIMX TEXHIYHMUX ITO3NLiI Y 3MAaraHH:X 3 I€TaHKY IIPY BU-
OUBaHHI KYJIb.
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Abstract

Study purpose. At the end of the twentieth century, the development of highly reliable and painless non-invasive
transcranial brain stimulation techniques and devices has aroused great scientific and clinical interest in numerous
fields. In neuroscience, since the introduction of innovative and non-invasive devices such as the brain stimulator, the
investigation of cortical processes and their neural basis has played a fundamental role.

Furthermore, neuroscientists are attracted to therapeutic applications for the treatment of food craving. This
narrative review is aimed to explain the growing and constant interest of neuroscientific experimentation in the field

of non-invasive transcranial stimulation.

Material and methods. After an introduction explaining the historical evolution of NIBS, we will try to provide an
overview of the two stimulation techniques (TMS and tDCS); we will describe the different types of stimulation that
can be performed using these techniques, the excitatory/inhibitory effects, and the various mechanisms of action at

the level of brain activity.

Results. We will also provide some elucidations regarding the implications of the facilitative/inhibitory effects, and
how these stimulation methods can be used to advance knowledge of the neurofunctional organization of the brain.

Conclusion. The results of the study showed the effect of brain neuromodulation on sports and nutrition.

Keywords: Non-Invasive Brain Stimulation (NIBS), Transcranial Magnetic Stimulation (TMS), Transcranial Direct
Current Stimulation (tDCS), Cortical Excitability, food craving.

Introduction

The search for perfection in the fields of sports and
nutrition is unrelenting (Forbes et al., 2022). Athletes and
the teams that support them are constantly looking for
new ways to improve their physical capabilities, streamline
their training schedules, and sharpen their minds (Shaw et
al., 2022). In the midst of this never-ending quest for top
performance, the fascinating field of brain stimulation has

© Limone, P, Moscatelli, E, Scarinci, A., Carotenuto, M.,
Messina, A., Monda, M., Dipace, A., La Marra, M., Villano,
L., Bassi, P, Polito, R., & Messina, G., 2024.
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become a potent weapon in the athlete’s toolbox (Forbes
et al., 2022). Brain stimulation techniques have shown the
ability to revolutionize sports performance and nutrition
practices, from honing cognitive skills to adjusting bodily
responses. Brain stimulation refers to the use of various
techniques and technologies to modulate or regulate the
activity of the nervous system, particularly the brain. It
involves the application of electrical, magnetic, chemical,
or other forms of stimulation to specific neural pathways
or regions to influence their function (Antal et al., 2022a).
The brain stimulation has a wide range of applications in
medicine, research, and even some emerging applications
in non-medical contexts. Neuromodulation is being
explored for a variety of emerging applications, including
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enhancing athletic performance, improving sleep quality,
treating addiction, and even as a potential therapy for
neurodegenerative diseases (Van Ophoven, 2023). The use of
brain neuromodulation in the context of sports and nutrition
involves the use of neuromodulation techniques, like
transcranial magnetic stimulation (TMS) and transcranial
direct current stimulation (tDCS) to optimize brain function
and enhance different aspects of athletic performance,
including cognitive function, motivation, and even appetite
regulation (Kesikburun, 2022). In fact, neuromodulation
techniques have been explored to enhance cognitive
functions such as attention, memory, and decision-making.
Athletes can use these techniques to sharpen their mental
acuity, which is critical for strategic planning and focus
during training and competition. Moreover, considering that
the brain plays a central role in regulating appetite and food
intake, these techniques could be investigated for their ability
to influence appetite control, potentially assisting athletes in
managing their dietary choices and body weight for optimal
performance. Furthermore, brain stimulation techniques
have demonstrated effects on stress, cognitive improvement,
motivation, mental toughness and appetite regulation, all
fundamental aspects for both sport and nutrition (Barwood
et al,, 2016; Dumel et al., 2018; Edwards et al., 2017; Hazime
etal., 2017; Lattari et al., 2018; Wang et al., 2022).

Different non-invasive brain stimulation (NIBS) tech-
niques affect neuronal states through different means. How-
ever, the stimulation of the human brain implies, as an es-
sential element, that these methods can induce a variation in
the membrane potential of neurons. The membrane potential
is an electrical voltage, measurable in a difference between the
inside and the outside of the neuron (Amassian et al., 1990).
This difference is given by an imbalance of positive and nega-
tive electric charged with ions. In resting conditions, the mem-
brane potential of a neuron remains stable, thanks to a precise
distribution of ions between its interior and exterior (Mat-
sumoto et al., 2013). However, neurons are dynamic entities,
capable of undergoing substantial transient variations of the
membrane potential which are the basis of the transmission
of information, in particular through the generation of signals
which take the name of action potentials (Groppa et al., 2012).
The different brain stimulation methods can modify the state
of the neuron through electric currents and, consequently, fa-
vor the generation or otherwise of action potentials (Vidal-
Dourado et al,, 2014). TMS is mainly a neurostimulation
method which involves the induction of a depolarization of the
neuronal membranes and the initiation of action potentials in
the stimulated area by means of an electromagnetic induction
(Woods et al., 2016). The tES is neuromodulation technique
that through low-intensity electrical stimulation, induces a
variation in the state of the membrane potential, altering the
ionic fluxes. This alteration can be a hyperpolarization or a de-
polarization of the neuron (Simonsmeier et al., 2018). The tES
does not involve the direct induction of action potentials, but a
variation of the response threshold of the stimulated neurons,
with a consequent modulation of the response that the neuron
will be able to provide.

Materials and methods

This narrative review tries to explain the brain neuro-
modulation effects on sport and nutrition. After an introduc-

tion explaining the historical evolution of NIBS, the present
work tries to provide an overview of the two stimulation
techniques (TMS and tDCS); describe the different types of
stimulation that can be performed with these techniques, the
excitatory/inhibitory effects and the various mechanisms of
action at the level of brain activity. This work will also provide
some elucidations regarding the implications of the facilita-
tive/inhibitory effects, and how through these stimulation
methods the knowledge of the neurofunctional organization
of the brain can be broadened. Finally, it will explain the role
of brain stimulation in physical exercise and nutrition. The
bibliographic search was carried out on Pubmed using the
following keywords: Non Invasive Brain Stimulation (NIBS),
Transcranial Magnetic Stimulation (TMS), Transcranial Di-
rect Current Stimulation (tDCS), Cortical Excitability, food
craving, sport, nutrition.

Results

™S

TMS is a non-invasive technique that allows to stimu-
late/inhibit or further modulate neural activity of cerebral
cortex without solution of continuity. Its technical character-
istics make it an important and promising tool for analyzing
higher cognitive functions and the central motor pathway,
making it possible to explore excitability, motor conduction
and central motor conduction time. From the outset, the
main source of interest in this technique has been the pos-
sibility of assessing the functionality of the corticospinal
pathway in healthy subjects or subjects with neurological
deficits in the motor sphere (Wagner et al., 2007). In this way,
the propagation properties of the corticospinal fibers that
control the target muscle can be examined in detail and the
cortical representation of these muscles can be mapped,
making TMS an effective technique for studying brain plas-
ticity. Experiments show that an electric current flowing in a
straight conductor generates a magnetic field around itself:
it follows that a change in the magnetic field can in turn
generate an induced current (Fregni & Pascual-Leone, 2007).
As far as magnetic phenomena are concerned, we can con-
sider a magnet made up of two indivisible poles. This means
that there are no positive or negative magnetic charges, and
the very concept of magnetic pole is fictitious: magnetic
forces are a manifestation of the motion of electric charges.
The properties of a magnet do not depend on the presence of
“magnetic charges” inside it but on the fact that it is traversed
by electric currents. There are profound links between elec-
trical and magnetic phenomena: the study of the reactions
between these is the object of electromagnetism. Let us now
consider a solenoid, formed by a wire wound in a cylindrical
helix and traversed by an electric current. It creates output
lines which are called magnetic flux (Rossi et al., 2021a).
Inside the solenoid, in the central region, the flux lines are
parallel to the axis equidistant, and the magnetic field is uni-
form. Outside, however, the intensity is lower, the lines of
flow are divergent, and the field is not uniform since the flow,
going out, branches out by reducing its intensity with an in-
dex inversely proportional to the square of the distance. The
magnetic flux is measured in weber (Wb) while induction,
which expresses the distribution of the lines of force in space,
is expressed in the head which corresponds to weber/metre?.
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In summary, an electric current can generate a magnetic
field and at the same time a variation of the magnetic field
can generate an induced current. By applying these observa-
tions to the neurophysiological field, it can be understood
that a rapid variation of a magnetic field applied to an area of
the human body a real induced current originates in its, and
therefore it causes a stimulation. This observation is under-
pinning the development of magnetic stimulation. The mag-
netic impulse comes generated by the passage of current in
the coil. This pulse induces a current in an electrically con-
ductive area, such as the human body. If the current has
sufficient amplitude and duration, it is possible to stimulate
the neuromuscular tissues in the same way as more conven-
tional electrical stimulation (George et al., 2002). The safety
level is today guaranteed because the TMS device has a ca-
pacitor which loads and unloads (Rossi et al., 2021b). Using
the charger circuit, the energy stored in the capacitor is dis-
charged to one level pre-determined in the front control
panel up to a maximum of 2.8 kV. When the stimulator re-
ceives a trigger signal as input, the energy stored in the ca-
pacitor is discharged into the stimulator coil (Zhang et al.,
2022). In a few milliseconds the discharge switch can devel-
op large currents. The switch is constructed in such a way to
conduct the current in a precise direction and therefore the
stimulator produces a monophasic current discharge with
no reverse current. The possibility of reducing heat disper-
sion in the coil is linked to the monophasic discharge. The
coil consists of a flat circular coil in which a variable current
flow capable of produce a magnetic field (de Goede et al,,
2018). Over the years, different application of TMS have
been proposed and tested: single-pulse (spTMS), paired-
pulse (ppTMS), repetitive (rTMS) and pattern stimulations
such as theta bursts (Rossini et al., 2015). The first devices
capable of delivering only a single impulse found wide use in
the clinical field in the evaluation of specific neurophysio-
logical parameters: for example, the inducible response in a
peripheral muscle after having detected the primary motor
cortex (M1), in order to evaluate the clinical status of the
pathway which, from the cortex, carries the signal to the
peripheral muscles, generating the motor evoked potential
(MEP) (Moscatelli et al., 2017; Jameson, 2023). In the ex-
perimental investigations, single pulse stimulations immedi-
ately found wide use in the field of neuroscience, to evaluate
the role of a brain area in a specific function of interest. The
first technological developments in the field of TMS led to
the development of protocols which envisaged the use of
ppTMS. These protocols provided for a conditioned stimu-
lus (CS) followed by a test stimulus (TS), allow us to evaluate
how two areas are connected to each other, through the in-
duction of cortical facilitation or inhibition phenomena. In
particular, they evaluate how MEP amplitudes can be modi-
fied on the basis of the interstimulus interval between CS
and TS or on the basis of the subject’s status (Rossi et al.,
2001; Veniero et al., 2012). In numerous protocols, the ex-
periment involves the use of a range of intensities of the CS
to induce inhibition or facilitation (starting from values be-
low the threshold, up to values above the threshold). The
intensity of the TS is usually set at 110-120% of the central
motor threshold. When the two stimuli are administered in
two different areas, these protocols provide important infor-
mation on the degree of connection between the two areas
(i.e. cortical connectivity). At the beginning of the 90s, de-

vices capable of administering different stimuli (defined
trains of stimuli) in rapid succession (rTMS) were intro-
duced, which allowed the use of this method also in other
research area. If applied as a single pulse, the induced cur-
rent has sufficient amplitude to depolarize neurons (neuro-
stimulation). If applied repeatedly at various frequencies and
for a few minutes, rTMS modulates cortical excitability, de-
creasing or increasing it. The modulatory effect of rTMS lasts
longer than the stimulation period, generally at least as long
as half of the stimulation period. Much of the research inves-
tigating the effects of rTMS on cortical activity has focused
on the effects of motor area stimulation, as the excitability of
this brain region can be easily measured with MEPs
(Moscatelli et al., 2020; Moscatelli et al., 2016). There is a
large consensus in the literature that the application of low-
frequency (LF) rTMS trains, below 1 Hz, induces mainly
inhibitory effects, while high-frequency (HF) stimulations,
above 5Hz and up to 25 Hz, induce facilitative effects
(Moscatelli et al., 2023). TMS follows the rules of logical in-
ference: if cortical area “A” is involved in cognitive process
“X”, and is not involved in process “Y”, the alteration of the
activity of area “A” will lead to an impaired performance in
“X” and not in “Y” (Antal et al., 2022b). By deductive reason-
ing, area “A” plays a causal role in process “X” (Bortoletto et
al., 2021). The functional impact of TMS essentially depends
on its ability to transiently influence neuronal activity, modi-
tying information processing, based on the state of the stim-
ulated area. The TMS offers the advantage of indicating,
along a time continuum, when a specific cognitive event
occurs. In this case, the stimulation method is spTMS, be-
cause it exploits the high temporal resolution of the mag-
netic pulse, which is in the order of milliseconds (Lefau-
cheur et al., 2020). These methods are useful not only to limit
the temporal activation field of a given brain area, but also to
highlight the different role that the airways play in the differ-
ent moments of sensory and cognitive processing (Jannati et
al., 2023). However, rTMS protocols also offer the possibility
of defining precise time windows. Initially, the stimulation
can be applied over a large time interval (about 500 ms), just
to see if it is possible to interact with the execution of the task
by stimulating a given area (Lefaucheur et al., 2014). Once
the involvement of this area has been established in a given
time window; it is possible to reduce the stimulation time by
increasingly narrowing the window (Perinelli et al., 2019).
Therefore TMS, applied according to specific experimental
paradigms which mainly aim at identifying the moment in
which an area comes into play in a cognitive process, can
identify circumscribed temporal windows of information
processing. In this case, it should be noted that the effects
induced by spTMS, but also by on-line rTMS, are generally
short-lived, i.e., approximately a few hundred milliseconds.
The case of the long-term neuromodulation effects of rTMS
applied in protocols defined off-line, i.e., before the execu-
tion of the task, or those resulting from the repeated applica-
tion of rTMS is different. In the online application, the lon-
ger the stimulation period and the higher the rTMS
frequency, the greater the interference on the activity of the
stimulated brain region and the final effects, observable in
the subject’s behaviors (Savino et al., 2023). However, there
is an increased risk of inducing non-specific behavioral ef-
fects, which can make the results more difficult to interpret.
In these cases, the use of a TMS called sham, or ineffective/
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placebo stimulation, is used. During sham stimulation a
TMS is simulated, but no magnetic field reaches the underly-
ing cortex. The simplest way is to interpose a non-conduc-
tive material 3 cm thick between the coil and the scalp, alter-
natively you can rotate the coil by 180° (Rossi et al., 2021b).
As there are multiple brain regions that may be involved in
exercise regulation, the rationale for using brain stimulation
for performance enhancement and the regulation of food
intake, may vary accordingly, which may provide an expla-
nation for the inconsistent results of different studies (Mach-
ado et al., 2019). It seemed that different stimulation condi-
tions and parameters may contribute to different results
(Bastani & Jaberzadeh, 2012). Moreover, warm up or train-
ing exercises conducted simultaneously with NIBS have
been adopted in a few previous studies, which may be a fac-
tor to influence the results (Park et al., 2019).

rTMS

The rTMS is defined as the application of a train of pulses
of the same intensity to a single brain area at a given fre-
quency and intensity. In general, high frequency stimulation,
is correlated to interference with cortical functions during
the application of the pulse train. However, following these
immediate effects, a train of rTMS pulses can also induce
sustained modulation of cortical excitability which can per-
sist well beyond the duration of the train itself (Amanda S
Morrison, Andero Uusberg, 2022). The modulation effect
can range from inhibition to facilitation based on the stimu-
lation parameters used, as was the case for ppTMS. Lower
frequencies, for example 1 Hz, applied to the motor cortex
can repress its excitability, while stimulation trains at higher
frequencies, around 20 Hz, they lead to an increase of cortical
excitability. These effects vary depending on of the individual
considered and the shape of the trains, however in general
the low frequencies (around 1 Hz) produce very long-lasting
and robust effects and can therefore be applied to the motor
cortex and other cortical regions to study the behavioral rela-
tionships of the brain (Gornerova et al., 2023). To obtain an
even more persistent and important effect in the neuromodu-
lation of the chosen area, various stimulation frequencies are
usually combined. It should be emphasized for regarding the
limits mentioned above, that they are not entirely arbitrary.
It is in fact known, for example, that low frequencies around
1Hz can be correlated to depression or long-term potentia-
tion following tetanic nerve stimulation: there is evidence
that demonstrates that rTMS at high and low frequencies
identified above produce relatively distinct both on direct
measures of brain activity and behavior. Using rTMS there-
fore, frequency appears to be the key parameter determining
the direction of effects, although other variables should be
taken into consideration while planning an experiment with
this method. For example, attention should be paid to the
pulse train duration, the interval between two trains, the total
number of trains and pulses in a session duration or over a
given area. By respecting the parameters, two main ways of
performing r'TMS are defined: online and offline.

Transcranial Direct Current Stimulation (tDCS)

Transcranial Direct Current Stimulation (tDCS) is
a non-invasive brain stimulation method able to induce

functional changes in the cerebral cortex. The tDCS
essentially consists in the application on the scalp of
electrodes delivering a direct current of low intensity able
to crossing the scalp and influencing neuronal functions,
finding application in numerous clinical, diagnostic and
research fields (Cabral et al., 2015; Lattari et al., 2016, 2020).
If the study of the brain has always aroused great fascination
in scientists since ancient times, the effects of the current
on it have been objects of large scientific and non-scientific
interest since its discovery in the world. In fact, the effects
of uncontrolled brain stimulation have been reported since
the past. Looking at the most recent history, the use of the
therapy electroconvulsive and psychiatric drugs and the lack
of reliable neurophysiological signals, obscured the use of
direct current on the central nervous system as a therapeutic
and research tool, especially in the field of psychiatry.
However, galvanic current continued to be used without
interruption in the treatment of musculoskeletal disorders
and peripheral pain in the meantime. These first efforts
in the neurophysiological field, therefore, were probably
abandoned due to lack of reliable evaluation methods. When
in 1998 it was possible to measure the effects of direct current
application on the motor cortex non-invasively by means of
transcranial magnetic stimulation, tDCS became reliable in
terms of parameters such as stimulation intensity, duration
and validation of its following plastic effects (Al-Tawarah et
al., 2022).

From a technological point of view, the tDCS instru-
mentation has a rather simple structure compared to other
stimulation devices. In fact, it is mainly composed of two
electrodes and a battery device capable of supplying a con-
stant flow of current in a continuous manner. These basic
components can be connected to other components, such as
for example a software that offers the opportunity to choos-
ing between different stimulation protocol or multiple-ses-
sion experiments. Naturally, since they must create a closed
circuit once in operation, the two electrodes correspond to a
cathode and an anode. By placing them over the scalp, it can
be modulating a specific area of the central nervous system.
The positioning of the electrodes therefore assumes a crucial
role and is usually determined in line with the international
system of EEG 10-20. For example, studies exploring the
motor cortex place electrodes above zone C3 and C4. The
electrodes used are usually sponge and the surfaces range
from 25 to 35 square, but they can change in order of size.
To create the homogeneous electric field responsible for the
plastic effects of the neural tissue, and therefore necessary
for tissue analysis, a direct current is usually made to flow
inside the electrodes which can vary from 0.5 to 2 mA, for
about 20-40 minutes. It can induce even lasting changes in
the brain, both excitatory and inhibitory, while remaining
subthreshold. This neuromodulation technique consequent-
ly provides a practical and less invasive alternative to, for
example, direct stimulation. In fact, tDCS can be used in
general to manipulate brain excitability by means of polar-
ization membrane: a cathodal stimulation hyperpolarizes,
an anodal stimulation depolarizes the resting membrane
potential. In this regard, it should be specified that the cur-
rent flow in question is a flow of ions present in the brain tis-
sue. Therefore, the positive ions will tend to flow towards the
cathode, while the negative ones will flow towards the anode.
The flow comes conventionally considered directed from the
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anode towards the cathode, creating as mentioned a closed
circuit in which the current passes through the head. There
are two main types of assembly for electrodes, but differ-
ent nomenclature to define them. Therefore, for the sake
of clarity, it is now necessary to discuss some terms used to
describe the assembly of tDCS. When an electrode is placed
under the neck, the entire assembly is referred to as “unipo-
lar”. Conversely, montages with the two electrodes on the
head are usually referred to as “bipolar”. This nomenclature,
however, could be considered technically inaccurate, since
DC stimulation is always generated by means of two poles
(electrodes) which generate an electric dipole between the
two electrodes. Therefore, an alternative nomenclature to
use could be that of “monoencephalic” and “biencephalic” to
differentiate the “unipolar” and “bipolar” set ups respective-
ly. Researchers in the field also use the terms “reference” and
“stimulation” electrode to refer to the electrode respectively
neutral and active with respect to the area to be investigated.
However, even the term “reference” can be problematic es-
pecially for the biencephalic montage because the reference
electrode is not physiologically inert and can contribute to
the modulation of activity as the active one (Woods et al.,
2016). This could be a potential confounding factor. Nev-
ertheless, the researchers use this term to underline that, in
their studies, they assume that in their assembly one elec-
trode will be considered for stimulation, while the other as
reference.

Sport and brain stimulation

The brain stimulation is thought to have ergogenic
potential for increasing muscular strength and stamina in
both athletes and non-athletes (Goodall et al., 2014; Lattari
et al., 2020; Moscatelli et al., 2023). The left dorsolateral
prefrontal cortex (DLPFC) is the region that is most
frequently targeted in studies of NIBS and sport because
it controls the inhibition of motor regions. In general, this
region plays a part in the modulation of many different
processes and functions, including emotion, mood, and
memory. Consequently, it is challenging to gauge the effect
of a specific stimulus on just one metric (Karlinsky et al.,
2017). One of the most crucial areas in determining whether
or not to continue exercising is the left DLPFC since it
controls exertion and weariness (Monda, Salerno, et al.,
2017a). Physical exhaustion is a complicated process that
may be influenced by elements like cerebral inhibition and
perceived effort. EEG measurements of brain activity (beta
power) during exhaustion show an increase along with a
stronger synchronization between the left and right DLPFC
(Antal et al., 2022a). When central tiredness brought on
by exercise occurs and motor cortical activation declines,
fatigue may be compensated in the DLPFC. Accordingly,
Lattari et al. (2020) discovered that anodal tDCS applied to
the left DLPFC and cathode over the Fp2 at 2 mA for 20 min
improved volume load and perceived exertion in comparison
to sham tDCS and tDCS employing a reversed montage for
lower limb activity in healthy young people (Maldonato et.
al., 2018). In comparison to sham stimulation, 20 minutes of
anodal tDCS at 2 mA delivered over the left DLPFC (cathode
over the Fp2) enhanced the tolerance to the maximal load
exercise conducted in the cycloergometer in moderately
active women. This study suggests that by preserving the

volitional impulse to the motor cortex, altering the neuronal
activity in the left DLPFC may improve endurance exercise
performance. However, other investigations have not
been able to demonstrate any discernible effects of tDCS
on exercise performance (Barwood et al., 2016; Monda,
Salerno, et al., 2017b; Polito et al., 2020). Recent studies
on the improvement of jump performance have confirmed
earlier studies on the facilitation of motor learning (Antal et
al., 2022b). The possibility of enhancing gross motor power
or endurance may be higher compared to the demands of
skilled sports, if evidence on experienced musicians could
be generalized to sports (Messina et al., 2015; Huang et al.,
2009; Polito et al., 2019). An important review, 60% of the
studies reported improvement in physical performance
when a-tDCS was administered (Angius et al., 2018).
More specifically to the type of exercise performed, 62%
of the studies involving whole-body exercise reported an
improvement in physical, with similar benefits for single-
joint exercise (60%). Additionally, 60% studies investigating
endurance (both in whole body and single joint exercise)
found improvement in performance, while 57% of the studies
have found improvement in strength, power, or anaerobic
work capacity. However, the effects of tDCS on physical
performances are highly variable. Authors suggested that
the high inter-individual variability (i.e., responders vs non-
responders) to NIBS and more specifically to tDCS could
explain the variance in experimental outcomes (Lopez-
Alonso et al., 2015). In addition, the different electrode
montages used and stimulation protocols could have surely
contributed to mixed result. Likewise, due to differences
in electrode size and position, as well as to the relatively
low focality of induced electric field (Miranda et al., 2013),
other brain areas beyond the targeted one could be affected
by tDCS and profoundly affect the experimental outcomes.
Overall, tDCS seems to improve endurance, strength,
power and anaerobic capacity. Taken together, the currently
available literature provides interesting insights about the
potential for tDCS to enhance physical performance.

NIBS and eating behavior

The first study on non-invasive neuromodulation’s use
for controlling eating behavior was conducted in 2005 (Uher
etal., 2005). The only methods that have been applied in this
situation are TMS and tDCS. The targeted region of the brain
is the complex DLPFC, which facilitates cognitive control of
food intake and is associated with executive processes. The
fundamental assumption is that increasing DLPFC activity
may change the reward-cognition balance in a way that
facilitates cognitive control and may even decrease reward-
related systems that cause overeating and food cravings. It is
still completely unknown which specific DLPFC -dependent
cognitive functions are impacted by rTMS or tDCS and how
this influences the reported behavioral effects. Changes
in reward valuation mechanisms, attentional biases, or
inhibitory control are a few possibilities (Messina et al.,
2018; Moscatelli, Sessa, et al., 2021; Valenzano et al., 2019;
Val-Laillet et al., 2015; Viggiano et al., 2010). Only the left
DLPFC has been the subject of rTMS investigations using
excitatory protocols (10 and 20 Hz). Both the right and left
DLPFC have been the target of tDCS investigations, however
with slightly different approaches/montages. The majority
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of research have examined the effects on food seeking,
perceived hunger, and food intake (all with tDCS, one with
r'TMS). Overall, they have consistently discovered a severe
suppression of appetite and self-reported food cravings
on ratings or visual analogue scales (VAS). There is some
evidence that the tDCS impact may be more focused on
sugar cravings (Esposito et al., 2016; Minervini et al., 2023;
Monda, Nigro, et al., 2017).

The findings of these preliminary investigations offer a
strong proof of concept for the application of non-invasive
neuromodulation to the study of eating behavior (Messina
et al.,, 2018). Potential applications include rebalancing ven-
tral and dorsal brain systems or improving cognitive control
and underlying brain regions to support successful weight
loss maintenance in obesity (Bonni et al., 2023; Moscatelli,
Messina, et al., 2021; Sperandeo et al., 2018; Val-Laillet et
al., 2015; Yao et al., 2023). The general justification for em-
ploying noninvasive neuromodulation in the treatment of
obesity and eating disorders is pretty evident, but the specif-
ics are still being researched, and the optimum methods and
protocols have not yet been established. To produce syner-
gistic results, noninvasive neuromodulation can be utilized
alone or in combination with other approaches like behav-
ioral treatment, cognitive training, physical fitness, and diet.

Over the past decade, there is an increasing interest
to use brain stimulation as a novel treatment approach for
obesity and eating disorders (Ester & Kullmann, 2022). It
is evident that multisession studies are more effective to
reduce food craving and consumption than single-session
approaches (Chen et al., 2020; Song et al., 2019). Moreover,
results from various studies suggest that brain stimulation
has a positive impact on food craving, particularly for
specific foods such as sweets. Most trials were conducted
with very limited sample size, which makes it difficult to
draw firm conclusions. Yet overall, the literature on tDCS
effects on food intake and craving display a mix of positive
and null findings. In addition, the exact mechanisms behind
tDCS effects remain unclear. Further research should focus
on a combination of neuroimaging techniques such as fMRI
and tDCS in order to provide underlying mechanisms of
anodal and cathodal stimulation. The fast growing literature
in brain research elucidated that brain regions do not operate
in isolation but interact constantly with each other (Siegel
et al., 2015). Multifocal tDCS targeting a whole network
increases excitability in the targeted brain area more than
twofold over time compared to conventional tDCS (Fischer
et al., 2017). Therefore, multifocal tDCS arrangements with
smaller electrodes could facilitate to stimulate whole brain
networks and thus not only target the DLPFC but indirectly
stimulate other brain structures involved in eating behavior
regulation (Cotoia et al., 2018).

Discussion

The integration of brain neuromodulation techniques
into the realms of sports and nutrition represents a fascinat-
ing intersection of science, performance optimization, and
human potential. This narrative review explores the mul-
tifaceted impact of neuromodulation on athletes’ physical
abilities, cognitive functions, and nutritional behaviors. One
of the most prominent applications of brain neuromodu-
lation in sports is its potential to enhance cognitive func-

tions critical for peak performance (Moscatelli et al., 2023).
Techniques such as transcranial direct current stimulation
(tDCS) and transcranial magnetic stimulation (TMS) have
shown promise in improving attention, decision-making,
and memory. These cognitive enhancements can be par-
ticularly beneficial for athletes engaged in sports demand-
ing split-second reactions, strategic planning, and complex
problem-solving. However, it is essential to note the vari-
ability in individual responses and the need for personalized
protocols. Athletes seeking cognitive enhancements should
approach neuromodulation cautiously, under professional
guidance, and with careful consideration of ethical concerns
surrounding performance enhancement. Beyond sports
performance, neuromodulation also extends its reach into
the domain of nutrition. The ability to influence appetite
regulation through brain stimulation may aid athletes in
managing dietary choices, body weight, and overall nutri-
tional strategies (Ciliberti et al., 2018; Monda et al., 2017).
This can have profound implications for athletes who need
to balance their energy intake and expenditure for optimal
performance. However, the complexities of appetite regula-
tion and the individual variability in responses underscore
the need for continued research. Ethical considerations also
loom large, especially regarding the potential misuse of neu-
romodulation for unhealthy dietary practices or body im-
age concerns. The application of brain neuromodulation in
sports and nutrition is a dynamic field, marked by promis-
ing possibilities and ethical dilemmas. As this technology
evolves, regulatory bodies, sports organizations, and practi-
tioners must collaborate to establish guidelines that balance
performance enhancement with athlete safety and fairness.
Research efforts should continue to elucidate the mecha-
nisms, risks, and benefits associated with neuromodulation
techniques in the sporting context.

Conclusion

Inthese approximately thirty years since the introduction
of NIBS techniques, researchers have encountered various
technical and theoretical difficulties in defining their
optimal use and characterizing the mechanisms induced at a
neural level. However, by virtue of the important discoveries
and developments that have taken place in recent years, it
would seem that the main technical difficulties have been
resolved, the methodological bases seem to have been laid
and also the operating mechanisms are starting to be clearer.
On these bases, interesting scenarios for NIBS begin to be
outlined in the clinical, rehabilitation, sport and nutrition
fields, with numerous standardized protocols. Surely there is
still a long way to go before we arrive at a complete sharing of
theoretical models and standardized applications; however,
the knowledge attained to date will provide an important
background to inspire major advances in this scientific area.
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Mera gocnimxents. Hanprkinni XX cToniTTst po3po6ka BUCOKOHAAINHMX i 6e300/iCHNX HeiHBa3MBHIX METO/IB i IPUCTPO-
iB TpaHCKpaHiaNnbHOI CTUMYIIALI] TOTOBHOTO MO3KY BUK/IMKa/Ia 3HAYHNMIT HAYKOBUII Ta KIIHIYHMII iHTepec y 6araTbox raayssx.
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KOPTMKAIbHIX IIPOLECIB Ta iX HEPOHHOI OCHOBY Bifjirpae GpyHIaMeHTa/IbHY POJIb.
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Abstract

Study purpose. Physical inactivity among school students was an existing health issue over the past decade. This
became more alarming when the world was hit by the COVID-19 pandemic. Movement restriction that results
temporary school closure significantly affect students’ physical activity participation. Therefore, strategies and
practices to improve active play engagement as well as to counteract its negative health-related effects on students
were widely implemented by teachers and administrators in school upon its re-opening. Numerous articles have been
published on the effectiveness of school-based interventions during the COVID-19 pandemic, but there is still a lack
of a review paper that deals with the identification of patterns and trends about school practices in this area. Hence,
this paper intends to generate impressions and identify concepts within the published articles during 2021 to 2023.
Materials and methods. Selected articles for this study were collected from the following databases: SCOPUS, Sage,
ProQuest, Academic Search complete, Science Direct. Computer-assisted qualitative data analysis (ATLAS ti. 23)
guided the comprehensiveness of this review. Study findings were generated and presented through quantitative and

qualitative lenses.

Results. Four central themes were identified: 1) Alternative Physical Education — modifying traditional physical
education subject; 2) Physical literacy focus - approach anchored to multi-dimensional foundation in physical
activity engagement 3) Web-based intervention - virtual and cyberspace approach and 4) Needs-based intervention -
focusing on integration of participants’ attributes and specifically designed program.

Conclusions. The structure of strategies conducted by schools were greatly affected by the current community health
status. Findings of this study will serve as a reference for designing future intervention approach to address the
sedentary lifestyles of young populations associated to specific community health and other related issues.

Keywords: school, intervention, physical activity, ATLAS ti. 23, COVID-19.

Introduction

Sedentary lifestyle is a global issue within the past decade
and still an upsetting issue at present. Sedentary behavior
incidence was considerably on alarming stage globally (Carl
et al., 2023). Health organizations and professionals are
currently working on strategies and intervention to improve
individualslifestyle. World Health Organization (2022) keeps
on disseminating information about movement guideline

© Piores, V.E, Dev, R.D.O., Muhamad, M.M.,
& Puad Mohd Kari, D.N.B., 2024.
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recommendation to help the globe overthrow inactivity.
However, the campaign to fight sedentary behavior among
society was tested by another challenge. This was when the
world was hit by COVID-19 - pandemic few years ago.
COVID-19 brings huge change on community lifestyle
all over the world (Marenus et al., 2023). Changes comes
from societal daily routine to individual activity engagement
preference. Among affected by the pandemic was the
children, as they are confined to the house due to movement
restriction policy. Physical activity as part of kid’s daily life
became one of the researchers interests during COVID-19
times. Being active through movement was very important
to students positive growth (Wiklund et al., 2023). This was
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supported by Gilic et al., (2023) cited that being active was
positively associated to being healthy. According to Swierad
et al,, (2021) children became substantially inactive because
of the virus spread.

COVID-19 - pandemic resulted temporary closure of
schools as compliance to movement restrictions. According
to Marenus et al. (2023) COVID-19 provides negative impact
on students as they become more inactive and over engaged
to gadget. This also contributes to students’ inactivity as they
missed the opportunities to be engage in physical activities
usually done in school. According to Gallotta et al. (2022),
chance of being active are high when in school as they can do
some active games and plays. Therefore, school is a considerable
venue to help children improve their lifestyle for being active.

During the resumption of school operation, prominent
health organizationsand public officials all over theworld highly
recommends to consider school as a venue for promoting active
lifestyle (Ram etal., 2023). According to McQuinn et al., (2022)
the school set up was considerably suitable for improving and
managing students behavior towards being active. Children
value their time on school therefore experience within the
said place is crucial for their behavioral development (Nagy-
Pénzes et al., 2022). Therefore, several studies were conducted
regarding strategies on promoting physical activity, as well
as evaluating the intervention program for sedentary lifestyle
using school as its venue.

This review was driven by the impression that despite of
numerousstudyandintervention conducted, globalinactivity
percentage continues to upsurge. With the researchers best
of knowledge, thematic review paper is limited pertaining on
patterns and trends of school strategies promoting physical
activity during COVID-19 pandemic time.

Consequently, the aim of this study is to generate
themes according to the issues and inclinations involved in
the argument and discussion within the selected published
article about school strategies in promoting active lifestyle
during COVID-19 pandemic (2021 to 2023).

RQ: What are the concepts and trends about strategies
implemented by school to improve physical activity
engagement among students identified from the literature
published year 2021 to 2023.

Materials and methods

Selected published articles were identified through
following data base search 1. SCOPUS, 2. Sage, 3. ProQuest,
4. Academic search Complete and 5. Science Direct. Pattern
was identified through the metadata transferred to ATLAS
ti. 23 from Mendeley.

Thematic analysis is the process of recognizing and
identifying new themes and patterns in iterative manner
until deeply understanding the subject area (Braun &
Clarke, 2008). Thematic review and analysis such as theme
identification guided by ATLAS ti. 23 Mohd Zairul, (2020)
was implemented in this study. This paper intends to explore
the literatures conducted about school base strategies to
improve active lifestyle during COVID-19 pandemic time
for future reference on similar and related fields of researches.

Thisstudysetthefollowingcriteriafor literatureselection:
1) published from year 2021 to 2023; 2) full text published
and 3) written in English language. Literature searched used
physical activity, school, curriculum, intervention, strategy
and COVID-19 as keywords. Data base search string used
in SCOPUS, Sage, ProQuest, Academic search Complete
and Science Direct was shown in table 1. Searching of
articles was done December 22 to 23, 2023 which produced
1,212 literatures. SCOPUS data base generates 267 papers,
102 articles was identified through Academic search
complete, Science direct identified 214 papers, 271 for Sage
data base and 358 research work searched in ProQuest.

Published literatures generated from data base searched
were downloaded being as the main data reference for
this review article. Initial search identified 1,212 articles,
followed by abstract screening that results exclusion of

identified through
database searching
(0n=1.212)

|

records screened
(n=1.212)

|

Full text eligibility
(n=24)

|

Studies included in the
systematic review
(n=22)

Records excluded
N=1.188

Full text articles
excluded, with
reasons
(n=2)

INCLUDED ELIGIBILITY SCREENING IDENTIFICATION

Fig. 1. Flowchart of literature selection

Table 1. Search strings from Scopus, Academic Search Complete, Science direct, Sage, ProQuest

Data Base Search String Result

TITLE-ABS-KEY ( “physical activity” “school” OR “curriculum” “covid” OR “pandemic”

SCOPUS “strategy” OR “intervention” ) AND ( LIMIT-TO ( DOCTYPE, “ar” ) ) AND ( LIMIT- 267
TO (LANGUAGE, “english” ) ) AND ( LIMIT-TO ( SRCTYPE, " ) ) AND ( LIMIT-TO
(PUBSTAGE, “final” ) )

Academic Search Complete “Physical activity” AND “school” AND “covid 197 AND (“strategy” OR “intervention”) 102

Science Direct “Physical activity” AND “school” AND “covid 19”7 AND (“strategy” OR “intervention”) 214

Sage “Physical activity” AND “school” AND “covid 19” AND (“strategy” OR “intervention”) 271

ProQuest “Physical activity” AND “school” AND “covid 19” AND (“strategy” OR “intervention”) 358
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1,190 literatures. Hence, resulting 22 documents included
based on the inclusion criteria set in this study which
will be the main data reference for further investigation
(Figure 1). Selected documents were uploaded to ATLAS
ti. 23 for thorough analysis. Quantitative approach was used
to present and discuss the patterns and numerical features
of the literature articles, publication dispersal by countries
and themes identified during COVID-19 pandemic time
(2021-2023). Moreso, identifying themes and concept,
“coding, followed by categorizing and pattern recognition”
was implemented during analysis phase, thus, making the
investigation rigorous (Braun & Clarke, 2008).

Results and Discussions

Concept, themes and patterns generated are presented
and discussed in this section. Research dispersal by country
in which it was conducted, occurrence of words used
in literatures included, frequency of publication during
COVID-19 time (2021-2023) was included in quantitative
report section.

Generating codes and identifying themes as well as
concepts was guided by qualitative approach. Codes were
identified within the selected literature during preliminary
analysis. Accordingly, comparisons and links between the
initial codes were further assess and analyze. Codes that
were closely associated and share same concept with other
codes were merge and recoded. After rigorous evaluation of
preliminary codes, four main themes as well as concept and
trends were identified using ATLAS ti 23 (Table 2).

Table 2. Thematic review of school practices to improve
active lifestyle status of students during COVID-19 time
(2021-2023)

Alternative Physical Web based Needs based

Year Physical literacy . . . Total
. intervention intervention
Education focus

2021 1 - - - 1
2022 3 1 2 1 7
2023 4 4 2 13 23
Total 8 4 14 31
Quantitative Report

Part of the review analysis was recognition of most
word used in the paper selected in this study. This process
offers preliminary notion about the concepts deliberated in
the included articles for review. Text cloud using ATLAS ti.
23 generated the following words as most frequent used;
“physical” (1,490) for most used by the literatures, then
“school” which was mentioned 1,324 time, followed by
“heath”, “activity” and “intervention” with word count of
1,279, 1,184 and 1,123 respectively (figure 2).

Also included in quantitative report was the publication
dispersal by countries conducted during COVID-19
pandemic time (2021-2023) as shown in figure three. Fifteen
nations conducted and published their research about
practices or interventions that aims to improve physical
activity status of school students within the year 2021 to
2023. Six publications by the United States of America
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Fig. 2. Text cloud from the 22 articles included in the review

were the highest as per record, followed by Ireland and
Italy conducting 2 researches, then single publication for
the following nations; Hungary, Indonesia, China, Croatia,
Germany, India, Netherland, Portugal, Sweden, Turkey,
United Kingdom and Australia.
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Fig. 3. Publication dispersal by countries conducted during
COVID-19 pandemic time (2021-2023)

Practices implemented by schools during COVID-19
time was presented in table 2. Four main themes were gener-
ated in this paper through qualitative method. “Needs based
intervention” was the most strategy used and evaluated by
the researchers (14 times), followed by “alternative physi-
cal education” conducted 8 times, then activities that “fo-
cus on physical literacy” and web-based intervention being
administered 5 and 4 times respectively. It is quite under-
standable that year 2023 has the most research conducted
as schools around the globe during this year was back to its
full operations.

Quantitative part of this study also involved the lit-
erature inclination to periodical in which it was published
(table 3). Frontiers in Public Health has the greatest number
of papers published within the period coverage having 3 ac-
ceptances. Followed by International Journal of Behavioral
Nutrition and Physical activity and International Journal of
Environmental Research and Public Health having 2 pub-
lications. Remaining periodicals published single literature
within COVID-19 pandemic time duration. It was year 2023
that researchers conducted numerous studies regarding in-
tervention using school as venue for change.
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Table 3. Numbers of published paper per periodical
(2021-2023)

Periodicals 2021 2022 2023 Total
Annals of Applied Science - - 1 1
BMC Public Health - - 1 1
Children - - 1 1
Dialogues in Health - - 1 1
Frontiers in Public Health - 2 1 3
Frontiers in Sports and Active ) ) 1 1
Living
Health Education Journal - 1 - 1
Health Education Research - - 1 1
Health Promotion Practice 1 - - 1
International Journal of Behavioral
Nutrition and Physical activity i i 2 2
International Journal of
Environmental Research and Public - 1 1 2
Health
Journal of Physical Education and 1 ) ) 1
Sport
Journal of School Nursing - - 1 1
Nutrients - - 1 1
Physical Education Theory and i ] i ]
Methodology
Pilot and Feasibility Studies - 1 - 1
PLoS ONE - - 1 1
Public Health and Nutrition - - 1 1
Total 2 6 14 22
Qualitative Report

Theme identification was performed through rigorous
qualitative investigation. Identifying and sorting of
themes, trends and concepts regarding school practices to
improve the active lifestyle status of the school students
during COVID-19 pandemic time were shown in figure 4.
Preliminary coding generates 25 codes. Further evaluation
of initial codes was performed, after thorough analysis,
codes that links and share similar impression to other codes
were merged and rename if necessary. After an in depth
analysis of codes, 4 main themes were identified.

What are the concepts and trends about strategies
implemented by schools to improve physical activity
engagement among students identified from the literature
published year 2021 to 2023?

Theme 1: Alternative Physical Education

Alternative Physical education was one of the central
themes identified after rigorous analysis as shown in figure 5
depicting theme network and some selected quotation
for presentation purpose. Seven literatures conducted
and evaluated an approach to improve students’ physical
activity engagement performed in schools during pandemic
(COVID-19) time.

COVID-19 provides major transformation in students
daily life. Not only in some countries but across the globe
(Marenus et al., 2023). Movement restriction and social

distancing hinders physical activity engagement. Also,
school closure contributes to inactivity of children which
is considered as a problem (Samsudin et al., 2022). Hence,
campaign against sedentary lifestyle of the students was
put into consideration by the school upon its resumption.
However, due to the changes brought by COVID-19,
school curriculum and instruction were affected. Therefore,
alternative approaches that is suitable to the needs of current
situation was put into consideration.

Several activities and program were conducted by the
researcher in coordination of school. Children spends most
of their time within the school, therefore it was noteworthy
to consider its effectiveness as the venue for intervention
regarding sedentary behavior. According to (Ram et al,,
2023), curriculum and instruction is a significant factor for
intervention as it is designed for students. Physical education
subject was one of the key factor researchers are looking into.
Thus, to fit into the current global situation, approach was
made some modification.

“Physical education on the beach” was one among the
alternative approach conducted and evaluated. According
to Gallotta et al. (2022) outdoor activities can motivate
students to engage in physical activity because “open
space” can lessen that possibility of the virus spread during
the activity. Similarly, physical activity engagement was
evaluated through the concept of “schoolyard”. School open
space provides increase physical activity among students
(Hazlehurst et al., 2023). Furthermore, study about “urban
outdoor education” was reported to have significant impact
on kids active behavior (Borgogni & Agosti, 2021). Outdoor
education provides enjoyment and captures students interest
even during COVID-19 pandemic time. Another activity
concept that categorizes as alternative physical education
was promoting active lifestyle through “real-world” context.
However, measure of success of this study was reported to
be affected by COVID-19 restrictions. Lastly, “games-based”
approach by Murphy et al. (2022) which was alternatively
performed during break specifically at lunch which
concluded to have positive impact on students well-being.

Alternative physical education as an approach to
improve student’s active lifestyle was a promising idea. It
gains the interest of the children, therefore being motivated to
participate. However, crafting and designing of the program
or activities must consider all of the factor concerning health
and other risk aspect by the participants. Moreso, it was
suggested that physical activity must be comprehensive to
attain greater result (Gallotta et al., 2022). Sustainability was
also emphasize in terms of strategies or intervention to be
conducted (Ram et al., 2023).

Theme 2: Physical literacy focus

Physical literacy is a complex foundation of an individual
from awareness and understanding to know-how of physical
activity engagement as part of life cited by (Gilic et al., 2023).
Physical literacy can be the major goal of physical educators
and be included in the on the objectives on other health
related field. “Physical literacy focus” is one among of the
four main themes generated in this review. Five papers
included in this study deals with the concept of physical
literacy as strategy or intervention for sedentary lifestyle.
Figure 6 shows the network of theme 2 identification.
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Fig. 4. General network for theme identification within selected literature

This approach is about providing awareness and
knowledge about physical activity engagement which aims
to provide motivation to the participants as a result. Notable
result was reported through this strategy as physical fitness
improved among middle school students after a series of
imparting knowledge about physical literacy through video
(Gilic et al., 2023). However, shows no significant impact on
skills development. Similarly, Nagy-Pénzes et al. (2022) focus
on the information advancement on active lifestyle and put
emphasis on the factor that the intervention approach was
part of the school program, resulting into a positive impact
as the students made progress on familiarity about health-
related perception and attitude. Yet, it was emphasized that
awareness must be accompanied by another possible factor
to achieve behavioral modification (Nagy-Pénzes et al.,
2022).

Disseminating information about physical activity es-
pecially during this COVID-19 pandemic era is very im-
portant. Full understanding on the its positive impact will
help the society to cope up with negative vibes brought by
the virus spread. According to Carl et al. (2023), physical lit-
eracy is a significant concept to anchor with by intervention

approach for children. Moreso, suggested that respective
authorities must design their programs within the physical
literacy principle. This was backed up by the study findings
that getting support by including the program within the
scope of plans and policy was an advantage (Adams et al,,
2023).

Theme 3: Web-based intervention

Web based intervention is a method that focus on a
technological device and cyberspace as an instrument to
implement modification aimed by the activities included in
intervention. Four published articles focus on technology as
the medium of the change they want to evaluate. Figure 7
shows the thematic analysis network of this theme together
with selected quotations for presentation.

Intervention that uses virtual physical activity instruc-
tion is among the approach evaluated. According to Marenus
et al. (2023) teaching physical activity through cyberspace
have positive impact on students overall awareness but not
in terms of mental toughness. However, improvement on
physical activity engagement was not identify in the study.
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On the study conducted by Gilic et al. (2023) intervention
approach was designed video clip presentation and cited
improvement on some aspects of physical fitness. Similar ap-
proach was used by Zhang et al. (2022) on their study which
assess the impact of “social network intervention” on middle
school students perception on well-being which concluded
that results differ when group by gender. Hence, suggesting
to incorporate gender sensitivity to a program when craft-
ing or designing. Another interesting approach included in
this theme is the “exergame”. According to Samsudin et al.
(2022) this gains the interest of the participants because of
the enjoyment associated to it. This web-based approach
was concluded to have a positive effect on the fundamental
movement skill among students.

COVID-19 provides a lot of change in community
lifestyle. Society became cautious in every activity they need
to participate. Web-based intervention program seems to
be suitable to the needs provided by the current situation.
Virtual activities can be done at home, therefore, decreasing
the risk associated to COVID-19. Behavioral change can be
attained at home through internet based activities (Samsudin
etal., 2022).

Theme 4: Needs-based intervention

In depth review analysis generates “needs-based
intervention” among of the four main themes (Figure 8).
This theme refers to the approach that was specifically

designed to the target population. The intervention considers
the characteristics of students that could possibly affect
intervention results.

According to Wiklund et al. (2023) accomplishing
the intended results for intervention was greater when the
activity was specifically created for children perception
and behavior. In their study that focus on active play
engagement for children, they emphasized the significance
of individualization of program. Furthermore, concluding
that their approach gains kids interest and must be a long-
term process. Some approach included in this theme focused
on the dietary and physical activity needs of the participants.
Makaracietal. (2023) concluded in their study that awareness
on the positive effect of movement as well as on dietary
recommendation is beneficial to students during COVID-19
era. Similarly, Linares et al., (2023) conducted their approach
aiming students nutrition and inactivity. Their approach was
tailored to the students’ attributes regarding nutrition and
being active. According to Rawal et al. (2023) school based
intervention on students behavior towards food and active
play participation resulted significant impact, however,
suggesting to have a program that is more inclusive. To be
effective, activities included in the program must consider
all factors; from strategies to implementers (Johnson et al.,
2023).

Needs-based intervention is very important especially
when dealing to a participant that is consider as “at risk”. All
security measures must be well incorporated to the activities
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included. Arnaiz et al. (2023) conducted intervention
program to students with “cardiometabolic risk”. They
concluded that the approach has positive effect on physical
activity and “cardiometabolic factor”. In line with needs
based intervention, it was suggested that to prevent inactivity
and enhance wellbeing, modifications anchored to the target
populations need must be emphasized for greater possibility
of its success (Arnaiz et al., 2023).

Conclusions and future studies

COVID-19 pandemic draws a lot of changes in the
society. Precautionarymeasuressuchasmovementrestriction
and social distancing provides lifestyle modification.
Sedentary lifestyle among children was one of the adverse
effects associated to pandemic’19. School contribution on
improving student’s lifestyle was stopped because of its
temporary closure. Therefore, health practitioners and other
allied professionals conducted and evaluated school-based
strategies that aim to improve students’ physical activity
upon its resumption.

Published literatures encompasses several school-based
intervention approaches. Strategies were greatly affected by
the current health situations. “Alternative Physical Education”
was done in open space as part of being cautious. Also,
this approach was anchor to the concept of gaining more
motivation compare to traditional physical education subject.
Generation of “Physical literacy focus” was a significant

concept to consider. This suggest that the approach must
tackle the multi dimension foundation in physical activity
engagement. Physical literacy awareness must be included
in the program objective as well as in policy for its greater
result. “Web based” intervention is a timely mode of activity
delivery to attain the desired behavioral changes. Safety
measures among students are considered because it can be
done at home. Moreso, technology is considered as part of
daily life for young populations. Another significant theme
generation of this study was “needs-based intervention’, this
focus on the strategy which must be specifically tailored to
the target population. Although this requires a lot of work,
achieving success was greater in possibility. Future works
may deal on the research gap provided and identified by
previous literatures and may result for another approach.
Inclusions of data base in document gathering to be use as
the main source of information in this review was consider
as its limitation; upcoming research to a greater extent can
consider different archives and data bases.
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Abstract

Study purpose. This study aims to analyze and highlight the potential of Sea Cucumber in reducing oxidative stress and
inflammation caused by exercise.

Materials and methods. The study is a type of systematic review research using searches from various journal databases
such as Science Direct, Pubmed and Web of Science. The inclusion criteria in this study were journals published in the
last 5 years which discussed sea cucumber, oxidative stress, inflammation and exercise. Furthermore, the exclusion
criteria in this research are journals that are not reputable or are not indexed by Scopus and Web of Science. A total of
1038 articles from the Science Direct, Pubmed and Web of Science databases were identified. A total of 8 articles that
met the inclusion criteria were selected and analyzed for this systematic review. For standard operations, this study
followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) assessment.

Results. The results of this systematic review research report that the strong phenolic content found in Sea Cucumber
has anti-oxidant properties which may reduce oxidative stress. Furthermore, the anti-inflammatory properties of sea
cucumbers have the potential to reduce uncontrolled inflammation caused by intense exercise.

Conclusions. The phenolic content in sea cucumbers has strong anti-oxidant properties in reducing oxidative stress.

In addition, the anti-inflammatory properties of sea cucumbers may reduce uncontrolled inflammation caused by
exercise. In this case, sea cucumbers have an anti-inflammatory effect by suppressing the secretion of pro-inflammatory
cytokines. Through this systematic review, we recommend that future studies should perform clinical trials on the
potential effects of sea cucumber on oxidative stress biomarkers and inflammatory biomarkers after exercise.
Keywords: sea cucumber, oxidative stress, inflammation, exercise.

Introduction such as cardiovascular, diabetes, cancer, alzheimer’s and
dementia (Tian and Meng, 2019; Cannata et al., 2020). With
physical activity, anaerobic and aerobic metabolism and energy
requirements by active muscles increase (Taherkhani, Suzuki

Regular physical exercise with light to moderate
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performance through the immune system, an increase in the
pro-anti/inflammatory balance is carried out which allows
muscle regeneration (Volpe-Fix et al., 2023).

Another consequence, triggering changes in redox
reactions in the immune system during muscle strength
training can occur through neutrophil infiltration into
damaged tissue, thereby causingincreased oxidativestressand
inflammation (Canals-Garzén et al., 2022). Oxidative stress
occurs approximately one hour after exercise, characterized
by an increase in reactive oxygen species (ROS) (McKeegan
et al., 2021). In the next phase, exercise-induced muscle
damage (EIMD) and increased ROS will trigger inflammation
and reach its peak 24-48 hours after exercise (Chang et al.,
2021; Hung et al., 2021). The inflammatory response due to
exercise triggers a decrease in muscle strength, decreased
range of motion (ROM), delayed onset muscle soreness
(DOMS), local swelling, and an increase in muscle proteins
in the blood (creatine kinase (CK), lactate dehydrogenase
(LDH), and myoglobin (Mb) (Fernandez-Lazaro et al.,
2020; Tanabe, Fujii and Suzuki, 2021). In addition, EIMD
triggers an inflammatory reaction that causes an increase in
inflammatory markers such as C-reactive protein (CRP) and
several inflammatory interleukins (IL-1 and IL-6) and tumor
necrosis factor alpha (TNF-a) (Kyriakidou et al., 2021; Nejati
et al,, 2022). In the same way, this promotes the synthesis
of ROS, which ultimately stimulates the development of
transcription factors including nuclear factor kappa Beta
(NF kB) which plays an active role in the secretion of TNF-a
(Fern and Mielgo-ayuso, 2020). Use of nonsteroidal anti-
inflammatory drugs (NSAIDs) is estimated at 30 million
people worldwide, with a high prevalence among athletes
and individuals performing high-intensity exercise
(Kyriakidou et al., 2021). However, clinical data suggest that
administration of nonsteroidal anti-inflammatory drugs
after resistance training has a detrimental effect on recovery
after EIMD (Ayubi et al., 2022; Ayubi, Kusnanik, Herawati,
Komaini, et al., 2023).

Therefore, alternative solutions are needed to overcome
this problem as a potential treatment. One natural product
that can be used, with potential anti-inflammatory
antioxidant effects is sea cucumber. Sea Cucumber
is an invertebrate animal that belongs to the phylum
Echinodermata. This species is rich in bioactive compounds
that have various biological and pharmacological properties
such as antioxidant, wound healing, anticoagulant, anti-
cancer, anti-tumor, antibacterial, anti-inflammatory effects,
improving hyperlipidemia, and regulating blood sugar (Zhao
et al., 2018; Hossain et al., 2022; Rasyid, Putra and Yasman,
2023). The bioactive compounds contained in sea cucumbers
include saponins, phenolics, proteins (peptides), carotenoids
and lipids (Hossain, Dave and Shahidi, 2020). Based on
research, it has been reported that the phenolic compounds
in sea cucumbers act as antioxidants which can prevent or
reduce oxidative stress in cells, prevent aging and play an
important role in controlling various diseases, especially
cardiovascular disease, inflammation and cancer (Hossain
et al,, 2022; Hossain, Dave and Shahidi, 2022; Senadheera
et al.,, 2023). Phenolics can inhibit the synthesis of pro-
inflammatory cytokines, especially inducible nitric oxide
synthase (iNOS), nitric oxide (NO), TNF-aq, interleukin-
1B (IL-1P), and prostaglandin E2 (PGE2) (Hossain et al.,
2022). The antioxidant activity in these phenolic compounds

can help reduce oxidative damage due to exposure to high
levels of UV radiation and reactive oxygen species (ROS)
by donating electrons or hydrogen atoms to free radicals
to inhibit free radical chain reactions (Hossain et al., 2022;
Rasyid, Putra and Yasman, 2023). Therefore, we want to
relate and discuss in depth the effect of using sea cucumbers
in reducing oxidative stress and anti-inflammation after
exercise through a systematic review.

This study aims to analyze and highlight the potential of
sea cucumbers in reducing inflammation and inflammation
due to exercise.

Materials and methods

Study Design

This type of systematic review research uses searches
from journal databases such as Science Direct, Pubmed,
and Web of Science. It is considered a premier platform
worldwide as it brings together publications that have
scientific impact and relevance.

Eligibility criteria

The inclusion criteria in this study were journals
published in the last 5 years that discussed sea cucumber,
oxidative stress, inflammation and exercise. Furthermore,
the exclusion criteria in this research are journals that are not
reputable or are not indexed by Scopus and Web of Science.

Procedure

Titles, abstracts and full texts of articles were filtered
and then stored in Mendeley software. In the first stage,
1038 articles from the Science Direct, Pubmed and Web of
Science databases were identified. Next, in the second stage,
186 articles were screened based on the suitability of the title
and abstract. In the third stage, 36 articles were ordered for
further processing. At this stage we filter based on the overall
suitability of the article. Then in the final stage 8 articles
were selected that met the inclusion criteria and analyzed for
this systematic observation. For operational standards, this
study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) assessment.

Number of article identified
in databases Science Direct,
Pubmed, and Web of Science
(n=1038)

!

Number of title/abstract
selected (n=186)

Articles excluded based on
title/abstract (n=150)

Articles excluded based on
full text reading (n=24)

Number of full articles
selected (n=36)

Number of full articles
selected (n=36)

| Included | | Eligibilityl | Screening | | Identification |

Fig. 1. PRISMA flowchart of the article selection process
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Results

Table 1. Results of a review of the effects of sea cucumbers on oxidative stress and inflammation due to exercise

Author Sample Characteristics Study Design Intervention Results
Q. Wang et al. Male ICR mice weighing Experimental Peptides derived from Supplementation of bioactive
(2021) 20 g were grouped into 6 sea cucumbers were peptides from sea cucumbers,
groups, namely (1) negative characterized and then namely SCP with low DH
control group, (2) whey samples were given orally  (SCP-1) and SCP with high DH
peptide group, (3) low dose to mice for 30 days. After  (SCP-2) is reported to improve
SCP-1 (peptide derivative) that, training and anti- exercise performance and show
group, (4) high dose SCP-1 fatigue performance of anti-fatigue effects through
group, (5) low dose SCP-2 the two bioactive peptides inhibiting oxidative stress
group, (6) high dose SCP-2 (SCP-1 and SCP-2) by regulating the NRF2 and
group. were tested through a AMPK signaling pathways that
30-minute swimming contribute to physical fatigue
test combined with relief performance. In addition,
monitoring biochemical  the effect of SCP has the potential
parameters (serum to protect muscles from muscle
indicators BUN, LDH, injury by significantly reducing
NH3, and CK; liver LDH and CK levels. This SCP
indicator LG ; and muscle supplement effectively reduces
indicators SOD, MDA, MDA levels.
MG, ATP).
P. Wang et al. Male Sprague Dawley (SD)  Experimental Peptide samples Peptide supplementation from
(2021) rats weighing 180-220 g originating from sea cucumbers in this study had
were grouped into 6 groups, sea cucumbers were high antioxidant activity due to
namely: (1) normal control characterized and then the amino acid content in SCP.
group, (2) model control the samples were given SCP can significantly increase
(MC) group, (3) low dose orally to mice for 4 liver glycogen, increase muscle
SCP (peptide derivative) weeks. After that, sports  glycogen, decrease BLA, decrease
group, (4) medium dose performance and anti- BUN, decrease CK, increase
SCP group, (5) high dose fatigue testing were SOD, increase GSH-px, increase
SCP group, and (6) positive carried out through a CAT, decrease MDA, decrease
control (PC) group. 150minute swimming TNF-a, decrease IL-1p, decrease
test combined with IL-6, and reduces NF-«B so
biochemical parameter that this supplement can reduce
monitoring (serum levels of oxidative stress, anti-
indicators BUN, LDH, inflammatory and anti-fatigue
NH3, and CK; liver after physical exercise.
indicator LG; muscle
indicators SOD, MDA,
MG, ATP), analysis of
inflammatory cytokine
levels (serum TNF-a,
IL-1p, IL-6, and IL-10
levels).
Yuetal. (2020) Male mice weighing 33 g Experimental Subjects were given Peptide supplementation in sea

were grouped into 4 groups,
namely a group of control
mice, a group of mice fed
alow dose of SCP (peptide
derivative), a group of mice

given a medium dose of SCP,

and a group of mice given a
high dose.
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bioactive peptide
supplements from

sea cucumbers (SCP)
according to the dosage.
Then, endurance and
anti-fatigue performance
were tested through a
lhour swimming test.
And samples of these
organs were taken to
measure biochemical
indicators related to
fatigue and tissue damage
after physical exercise.

cucumbers (SCP) significantly
increases antioxidant capacity.
The results of physiological
indicators related to fatigue
showed that LD and BUN
decreased significantly, followed
by LDH and GOT which also
decreased. Administration of
SCP can increase anti-fatigue
properties through improving
mitochondrial quality which is
useful for antioxidant capacity.
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Table 1. Continued

Author Sample Characteristics Study Design Intervention Results
Wang et al. 40 male diabetic Sprague Experimental Subjects were given Sea SCH supplements can reduce
(2023) Dawley (SD) rats and Cucumber Hydrosylate U-MA and reduce inflammatory
10 normal rats weighing (SCH) and dissolved in disorders. Administration of
120-150 g were grouped normal saline orally for SCH is reported to restore SOD,
into 5 groups and given 8 consecutive weeks. GSH, MDA levels which can
the following treatment: Then biochemical testing  effectively reduce oxidative
(1) normal control group, of urine and plasma was ~ damage. SCH also helps maintain
(2) diabetic control group, carried out to test U-MA,  increased antioxidant capacity
(3) 250 mg metformin group SOD and MDA levels. through the Akt/Nrf2/NQO1
/kg, (4) low dose SCH group signaling pathway thereby
200 mg/kg, (5) high dose reducing oxidative stress in the
SCH group 400 mg/kg. kidneys.
Carletti et al. 208 fresh sea cucumbers Laboratory The prepared samples It was reported that sea
(2022) and tunicates were prepared  experiments of sea cucumbers and cucumber and tunicate
then the samples were tunicates were dried extracts as a source of bioactive
dried and ground into fine and processed until compounds have high
powder. Then it is extracted they became powder. polyphenol content so they have
to become an extract and Then extracted usingan  potential for antioxidant and
chemical testing is carried ethanol-water mixture. anti-inflammatory activity.
out. The extract was tested for
its antioxidant and anti-
inflammatory activity.
Aatab et al. A 200 g sample of dried sea ~ Laboratory The sea cucumber All sea cucumber AE samples
(2023) cucumber (H. tubulosa) was  experiments specimens were dried have similar characteristics
suspended in a phosphate first. Then the dry which indicate a high content
buffer solution to form samples were ground and  of phenolic compounds (gallic
aqueous extracts (AEs). 200 g of dry samples were  acid, pyrogallol, pyrogallic acid,
Then analyzed further for suspended in 400 mL of  vanillic acid) and flavonoids
chemical and morphological phosphate buffer solution  (quercetin, vanillin, routine,
characterization, total for 3 and 4 hours to kaempferol) which have the
phenolic content, and produce a supernatant potential to ward off free radicals
antioxidant capacity. and dried by spray and so that they can contribute as
freeze drying to produce  antioxidants and anti-oxidants.
aqueous extracts (AEs) -inflammation.
for further analysis.
After that, chemical
and morphological
characterization tests
were carried out, total
phenolic content and
antioxidant capacity were
carried out on the sea
cucumber extract.
Wargasetia et al. 20 g of sea cucumbers Laboratory The sea cucumber sample  The sea cucumber extract in
(2023) were ground into powder experiments powder was extracted this study showed the presence

and then extracted with
methanol. Sea cucumber
extracts were tested for
antioxidant and anti-
inflammatory activity.
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using 500 mL methanol
for 48 hours. The
macerate is filtered and
the filtrate is evaporated
at a temperature of
50°-60°. Sea cucumber
extract was mixed with
DPPH and incubated
for 30 minutes. Then
antioxidant and anti-
inflammatory activity
tests were carried out.

of active compounds that

have strong activity against
NO radicals so that they have
potential as antioxidants and
anti-inflammatory. Apart from
that, the active compounds

in sea cucumber extract also
have the potential to inhibit
the KEAP1 and iNOS proteins
which cause oxidative stress and
inflammation.
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Table 1. Continued

Author Sample Characteristics Study Design Intervention Results
Ghaffari et al. Samples of sea cucumbers Experimental The sea cucumbers were  Sea cucumber extract shows a
(2019) that were in powder form dried and extracted with  decrease in the inhibitory power

were extracted to become a solution of hexane, ethyl ~of the lipoxygenase enzyme
extracts. Then, 30 Wistar- acetate and methanol which causes inflammation.
albino rats weighing 160- for 72 hours. Then, the This is due to the presence of
180 g were divided into sea cucumber extract phytosterol compounds in it.
5 groups, namely: control was tested orally on 30 So this extract is proven to have
group, treatment group mice 1 hour before the anti-inflammatory effects.
with carrageenan, extract carrageenan injection. For
treatment group with a dose 5 days, inflammation was
of 100 mg/kg MEHL and measured in the mice and
carrageenan, extract group the inflamed paw tissue
with a dose of 200 mg/kg was removed and tested
MEHL and carrageenan, for further analysis.
the acetylsalicylic acid and
carrageenan group. Then,
the extract is given orally for
1 hour before carrageenan
injection.

Discussion

The main research objective of this systematic review is
to analyze and highlight the potential of sea cucumbers in
reducing oxidative stress and inflammation due to exercise.
Sea cucumbers are invertebrates belonging to Kingdom:
Animalia; Phylum: Echinoderms; and Class: Holothuroidea.
Sea cucumbers have a soft body, like a cucumber with an
elongated tube-like body shape, and a single-branched gonad.
The mouth is surrounded by tentacles/bulbs at one end of
the body and the anus at the other end (Figure 2). The most
commonly found species of marine biota include Holothuria
tubulosa, Pearsonothuria graeffei, Isostichopus badionotus,
Holothuria nobilis, Holothuria polii, Holothuria forskali,
Cucumaria japonica, Cucumaria frondosa, Actinopyga
mauritiana, Acaudina molpadioides, and Apostichopus
japonicas (Kareh et al., 2018; Hossain, Dave and Shahidi,
2020; Aatab et al., 2023; Wargasetia et al., 2023).

Sea cucumbers can produce various useful natural in-
gredients, including for the food industry, cosmetics indus-

Internal
Organs

Body Wall

try, and agricultural industry, and treat various diseases such
as rheumatism, asthma, pain, hypertension, wounds, burns
and kidney problems (Kustiariyah, 2007; Hossain, Dave and
Shahidi, 2022). Sea cucumbers are known for their therapeu-
tic potential which is rich in protein (40-60%), and low in fat
(calcium, zinc, iron, and magnesium), vitamins and miner-
als. In addition, sea cucumbers are known to contain various
bioactive compounds, such as polysaccharides, collagen and
peptides, sphingoids, phenolics, triterpene glycosides (sapo-
nins), sterols, carotenoids, and chondroitin, which exhibit
various biological and pharmacological functions such as
antimicrobial, antioxidant , antihypertensive, immunoregu-
latory, anti-inflammatory, anticoagulant, anticancer, antidia-
betic, antifatigue, antiaging, and antithrombotic which can
be seen in Figure 3 (Suwanmala et al., 2016; Hossain, Dave
and Shahidi, 2020, 2022; Yu et al., 2020; Q. Wang et al., 2021;
Hossain et al., 2022; Senadheera et al., 2023).

It has been found that the content of phenolic
compounds, proteins (collagen and peptides), carotenoids,
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Fig. 3. Bioactive Compounds of Sea Cucumber and Their
Potential Health Benefit (Hossain, Dave and Shahidi, 2020)

and saponins have strong antioxidant properties, with their
chemical structures which can be seen in Figure 4 and
Figure 5. Antioxidants are responsible for scavenging free
radicals thus preventing oxidation. Antioxidant activity
can be attributed to the presence of phenolic content in sea
cucumbers (Hossain, Dave and Shahidi, 2022). Phenolics act
as scavengers of various oxidizing species namely superoxide
anions, hydroxyl radicals, or peroxy radicals, they also act as
singlet oxygen scavengers (Ajiboye, Shonibare and Oyinloye,
2020). The phenolic compounds commonly found in sea
cucumbers are gallic acid, P-coumaric acid, ferulic acid,
cinnamic acid, catechin, routine, quercetin, and pyrogallol.
The research results report that phenolic compounds are
able to inhibit oxidation, mediate anti-inflammatory actions
by blocking the MAPK signaling pathway, inhibit the
synthesis of pro-inflammatory cytokines, especially nitric
oxide synthase (iNOS), nitric acid (NO), TNF- a, IL-1pB, and
PGE2 (Hossain, Dave and Shahidi, 2022).

According to previous research, peptide supplements
increase the body’s antioxidant capacity by providing
hydrogen atoms or electrons, which help eliminate free
radical reactions, chelate with metal ions to form inert
complexes, prevent ROS and free radical formation, and
increase the activity of antioxidant enzymes (Q. Wang et
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Fig. 5. Chemical structure of polysaccharides (fucosylated
chondroitin sulphate, FCS) and fucan of sea cucumbers (Hossain,
Dave and Shahidi, 2020)

al.,, 2021). A study reported that peptides present in sea
cucumbers act as reducing agents capable of protecting cells
from oxidative stress by eliciting cell signal responses such as
mitogen-activated protein kinase (MAPK), phosphoinositide
3-kinase (PI3K) or Akt signaling pathways, and nuclear
factor signaling. NFk-B (Lu et al., 2021).

Apart from that, phytochemical compounds such as
carotenoids in sea cucumbers also have strong antioxidant
properties (David et al., 2023). The main carotenoids
contained in sea cucumbers are astaxanthin and
canthaxanthin (Senadheera, Dave and Shahidi, 2020). The
characteristic chemical structure of carotenoids (conjugated
C=C) shows antioxidant properties that are related to the
scavenging of ROS, especially singlet oxygen (O,) and
peroxyl radicals (Hossain, Dave and Shahidi, 2022).

The antioxidant potential of polysaccharides in sea cu-
cumbers from previous studies revealed that polysaccha-
rides show strong reducing power and the ability to capture
hydroxyl radicals, DPPH, and superoxide (Wargasetia et al.,
2023). The ability of free radicals to extract anomeric hy-
drogen from polysaccharides may be the cause. In addition,
this is due to its association with its structural features such
as its monosaccharide composition and the content of its
carboxyl and sulfate groups (Hossain, Dave and Shahidi,

Canthaxanthin

Fig. 4. Major phenolic compounds found in sea cucumbers (Hossain, Dave and Shahidi, 2020)
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2022). This group is able to bind metal ions (Cu2+ and Fe2+)
and is able to capture hydroxyl radicals (Hossain, Dave and
Shahidi, 2022). In addition, because the sulfate group in sul-
fated polysaccharides is an electron-donating substituent in
the polymerization process, the sulfate group can initiate
superoxide radical scavenging activity (Hossain, Dave and
Shahidi, 2022).

Oxidative stress is caused by an imbalance between
the body’s ability to capture free radicals and reactive
oxygen species (ROS) and the formation of pro-oxidants
(Darenskaya, Kolesnikova and Kolesnikov, 2021). In sports,
oxidative stress occurs approximately one hour after exercise
which is characterized by an increase in reactive oxygen
species (ROS). (McKeegan et al., 2021). Nuclear factor E2
(NRF2)-mediated signaling pathway controls the inhibition
of oxidative stress. NRF2 is an important transcription
factor that controls the expression of several antioxidant
enzymes, ultimately increasing the body’s capacity to
defend against free radicals (Q. Wang et al., 2021). Various
diseases associated with oxidative stress, such as heart
disease, neurological disease, cancer, diabetes mellitus, and
uncontrolled inflammatory processes due to intense exercise
can be prevented or treated with chemicals containing
phenolic compounds (Senadheera, Dave and Shahidi, 2020).
This compound is believed to have the capacity to scavenge
free radicals and function as an antioxidant that can reduce
oxidative stress, thus helping a person in the post-exercise
recovery process (Mason et al., 2020; Rojano-Ortega, 2021).
Phenolic compounds can inhibit enzymes that cause ROS
to become highly oxidized and reduce the amount of ROS
produced (Aatab et al., 2023).

The idea that sea cucumbers contain antioxidant proper-
ties and reduce oxidative stress is supported by a study con-
ducted on male Sprague Dawley (SD) rats reporting that oral
administration of sea cucumber extract intervention has the
potential for high antioxidant activity (P. Wang et al., 2021).
A study reported that sea cucumber hydroxylate extract
(SCH), which mostly consists of peptides, was able to reduce
oxidative stress and inflammation in mice (Wang et al., 2023).
SCH supplements can increase GSH and SOD while reduc-
ing MDA. The results of this research also report that GSH

Excercise (o)

Cell Attacked by ROS l

ac
!\}Qa

‘ Cell With Oxidative
4 Stress

L3

Excercise

Sea Cucumber

Information:
Blue Arrow = Effect of Exercise
Red Arrow = Effect of Sea Cucumber

— b s v i mdsie
I Oxidative Stress l & S, {musele
el UL I E

and SOD act as antioxidants which can scavenge free radicals
through activating the Akt/NRF2/NQOL signaling pathway
so that they are effective in reducing oxidative stress (Wang
et al., 2023). Thus, the antioxidant effect of SCH is due to the
presence of peptide compounds with large amounts of aro-
matic and hydrophobic amino acids through hydrogen bonds
and hydrophobic interactions to disrupt the Keapl-Nrf2 in-
teraction and modulate the Akt/NRF2 pathway, which plays
an important role in its strong radical scavenging activity
resulting in has the potential to fight oxidative stress.

This research is also strengthened by a laboratory study
which reported that sea cucumber and tunicate extracts have
potential antioxidant and anti-inflammatory activity (Carletti
et al,, 2022). This observation is supported by the high levels
of polyphenols contained in sea cucumbers and tunicates.
Polyphenolic compounds are able to provide a protective ef-
fect against reactive oxygen species in cells and reduce the
detrimental effects of pro-inflammatory signals (Carletti et
al,, 2022). Furthermore, other studies reported that sea cu-
cumber extract showed high antioxidant potential due to its
phenolic content (Aatab et al., 2023). This extract functions as
a hydrogen donor in stopping the oxidation process through
free radical stabilization. Bioactive compounds such as phe-
nolic acids (gallic acid, caffeic acid, pyrrolic acid, and vanillic
acid) are able to ward off free radicals (Aatab et al., 2023).
Therefore, these polyphenolic compounds contribute to anti-
oxidant activity. The results of this research are strengthened
by research which reports that sea cucumber extract is pre-
dicted to have anticancer activity from sea cucumber bioac-
tive compounds as anti-inflammatory and antioxidant (War-
gasetia et al., 2023). This active compound is able to ward
oft DPPH and NO radicals and has the potential to inhibit
certain proteins that trigger oxidative stress (Wargasetia et al.,
2023). Sea cucumber extract works by inhibiting the activity
of the KEAP1 and iNOS proteins by blocking their interac-
tion with the DLG NRF2 motif thereby inhibiting the occur-
rence of oxidative stress in cells. (Wargasetia et al., 2023).

Furthermore, EIMD and increased ROS will trigger
inflammation and reach its peak 24-48 hours after exercise
(Chang et al., 2021; Hung et al., 2021). The inflammatory re-
sponse due to exercise triggers a decrease in muscle strength,

First stage:
proinflammatory response
— Musce col dobris

Myteer

® a2 L)
S Riloe

& -

Second and third stages:
restorative phase

T cos (Treg) -

1 [ |1

Fig. 6. Mechanism of Action of Sea Cucumbers to Reduce Oxidative Stress and Inflammation
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decrease ROM, DOMS. (Ayubi, Kusnanik, Herawati, Muham-
mad, et al.,, 2023). In inflammatory situations, other myokines
such as TNF-a and interleukin-10 IL-10 are also expressed
(Porto et al., 2023; Volpe-Fix et al., 2023). TNF-a is one part
of the pro-inflammatory cytokines that trigger muscle pain
(Fernandez-Lazaro et al., 2020; Ayubi et al., 2022; Nanavati et
al., 2022). Related to this, sea cucumber SCP is also able to re-
duce pro-inflammatory cytokines such as TNF-q, IL-1, IL-6
(P. Wang et al., 2021). SCP can inhibit TLR4 expression and
NF-xB activation thereby reducing the release of pro-inflam-
matory cytokines (P. Wang et al., 2021). The results of this re-
search were strengthened by research on mice which reported
that sea cucumber extract was able to inhibit the lipoxygenase
enzyme which causes inflammation (Ghaffari et al., 2019).

So, in short, the phenolic content contained in sea
cucumbers has antioxidant properties that can reduce
oxidative stress and anti-inflammatory properties that can
reduce exercise pro-inflammatory cytokines. For more
details regarding the benefits of sea cucumbers in reducing
oxidative stress and inflammation, see Figure 6.

Conclusions

The phenolic content in sea cucumbers has strong anti-
oxidant properties in reducing oxidative stress. Furthermore,
the anti-inflammatory properties of sea cucumbers can
reduce uncontrolled inflammation due to exercise. In this
case, sea cucumbers work by reducing inflammation by
suppressing the secretion of pro-inflammatory cytokines.
Through this systematic review, we recommend that future
research conduct clinical trials on the potential of sea
cucumber on oxidative stress biomarkers and inflammatory
biomarkers after exercise.
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List of Abbreviations

ROS Reactive Oxygen Species

EIMD  Exercise-Induced Muscle Damage
ROM  Range of Motion

DOMS Delayed Onset Muscle Soreness
CK Creatine Kinase

LDH Lactate Dehydrogenase

Mb Myoglobin

CRP C-Reactive Protein
IL-1 Interleukin 1

IL-6 Interleukin 6
IL-10 Interleukin 10

IL-1  Interleukin 1f
TNF-a Tumor Necrosis Factor Alpha
NF kB  Nuclear Factor Kappa Beta

NSAIDs Nonsteroidal Anti-Inflammatory Drugs

iNOS  Inducible Nitric Oxide Synthase
NO Nitric Oxide
PGE2  Prostaglandin E2
SCP Sea Cucumber Peptides
SCH Sea Cucumber Hydrosylate
MDA  Malondialdehyde
SOD Superoxide Dismutase
PC Positive Control
MC Model Control
ATP Adenosine Triphosphate
SD Sprague Dawley
BUN  Blood Urea Nitrogen
NH3 Hyperammonaemia
LG Liver Glycogen
MG muscle glycogen
NRF2  Nuclear Factor E2-Related Factor
AMPK  AMP-Activated Protein Kinase
GOT  Glutamic Oxalacetic Tansaminase
U-MA  Micro-albumin urine
AEs Aqueous Extracts
DPPH  2,2-Diphenyl-1-Picrylhydrazyl
Cu2+  Copper(2+)
Fe2+ Ferro
0O, Oxygen
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Marepianu ta MmeTopu. JJoCiKeHH: € PiSHOBMOM CHCTEMATUYHOTO OITIANY 3 BUKOPMCTAHHAM IIOIIYKY B Pi3HMX HayKO-
MeTpUYHUX 0asax JaHUX )KYpPHaNB, Takux Ak Science Direct, Pubmed ta Web of Science. Kpurepiamu BKI04eHHS 1O AaHOTO
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IATUBHUIL CTpEC, 3amaeHHs Ta ¢isuyni Bpasu. KpiM Toro, KpurepisaMu BUKIIOYEHHA B IIbOMY ZOCTIKEHHI Oy/IM Xy pHaIH, AKi
He € aBTOpuUTeTHNMM ab0 He iHfeKcyoThest B Scopus 1 Web of Science. 3arasom 6yr1o BusiBieno 1038 crareit 3 HayKOMeTPUYHUX
6a3 paHux Science Direct, Pubmed ta Web of Science. ]y faHOTr0 cricTeMaTiqHOro OIAAy Oyio BifibpaHo Ta IIpoaHaTi30BaHO
3arazioM 8 craTeil, AKi BignoBiganyu kpuTepiam BkmodeHHA. [Ilo cTocyeTbca cTaHfapTHUX ONepalili, JaHe JOCiKEHHA IIPOBON-
JI0Cs BiATOBIRHO 70 oniky «IlepeBaskHi e/leMeHTH 3BITHOCTI [l CUCTEMAaTUYHIX OIJIAAIB i MeTa-aHani3iB» (PRISMA).

Pesynprary. PesynbraTu JaHOTO CHCTEMAaTHYHOTO OIIAIOBOTO JIOCTI/PKEHHSA CBifl4aTh, 10 BYCOKMUIT BMIiCT QeHOMIB y MOp-
CbKOMY OTipKy Ma€ aHTMOKCHUJAHTHi BJIAaCTMBOCTI, IKi MOXXYTb 3MEHIINUTU PiBeHb OKCUAATUBHOrO cTpecy. Kpim Toro, mporu-
3aIlajibHi BIACTMBOCTI MOPCHKMX OTipKiB IOTEHLiHO CHPUAITDH 3HIDKEHHIO HEKOHTPO/IbOBAHOTO 3allajieHHs, CIIPUYMHEHOTO
iHTeHCHMBHUMY (I3MYHVMY BIIpaBaMIL.

BucHoBkn. BMicT ¢eHOMIB Y MOPCHKUX OripKax Ma€ CHJIbHI aHTMOKCUZIAHTHI BJIACTMBOCTI, 3MEHIIYIOYM PiBeHb OKCHUfiA-
TUBHOrO cTpecy. KpiM Toro, mpoTusananbHi BIaCTUBOCTI MOPChKUX OTipKiB MOXKYTb 3MEHIIUTY HEKOHTPO/IbOBAHE 3allajleHHS,
BUK/IMKaHe Pi3NYHMMM HaBaHTQKEHHAMI. B I[bOMY BUIIQIKy MOPCHKI OTipKM BOJIOAIIOTh MPOTU3AIAILHOIO [i€10, IIPUTHIUyI0UN
CeKpelilo IIpo3alajbHNX UTOKiHIB. Ha OCHOBI 11bOT0 CHCTEMATHYHOTO OIJIALY MU PEKOMEHYEMO B MalOyTHIX JOCTIIKEHHIX
IIPOBECTU KIiHIUHI BUIPOOYBaHHs 1IOfJ0 MOTEHIia/ly BIUIMBY MOPCHKOTO OTipKa Ha 6ioMapkepu OKCHAATUBHOIO CTpecy Ta 3a-
IaJIeHHSI MiC/Isl BUKOHAHHS (i3MYHNX HaBaHTAKEHb.
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Abstract

Study purpose. This study aims to analyze and highlight the potential of rosella flowers in reducing oxidative stress

and inflammation after physical activity.

Materials and methods. The study used a systematic review method by searching various journal databases such

as Scopus, Web of Science, Pubmed and Embase. The inclusion criteria in this study were articles published in the
last 5 years and articles discussing Rosella Flowers, Oxidative Stress, Free Radicals, Inflammation, and Exercise.

The exclusion criteria in this research were articles published in disreputable journals. A total of 357 articles from the
Scopus, Web of Science Pubmed and Embase databases were identified. A total of 8 articles that met the inclusion
criteria were selected and analyzed for this systematic review. For standard operations, this study followed the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) assessment.

Results. The results of this systematic review research report that the flavonoid content found in rosella flowers has
anti-oxidant and anti-inflammatory properties which have the potential to reduce oxidative stress and uncontrolled

inflammation caused by physical activity and intense exercise.

Conclusions. Rosella flowers show their ability as an anti-oxidative by donating hydrogen atoms to free radicals
through phenolic compounds, thus breaking the cycle of ROS formation. The natural active ingredients in rosella
flowers are able to reduce MDA and increase GSH which contributes to reducing oxidative stress and decreasing
TNF-a which provides an anti-inflammatory effect in athletes after exercise.

Keywords: rosella flower, oxidative stress, free radicals, inflammation, exercise.

Introduction

Recently, most people have adopted a healthy lifestyle
through regular exercise, thus preventing the onset of various
diseases (diabetes, cancer, Alzheimer’s, cardiovascular and
dementia) as well as improving physical fitness and health.

©  Ayubi, N., Padmasari, D.E, Syafawi, A., Mario, D.T., Ming, J.W.,
Aljunaid, M., Pranoto, N. W,, & Komaini, A., 2024.
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Regular exercise can also reduce peroxidants, increase
antioxidant capacity and activate antioxidant enzymes, all
of which help in protecting cells from the harmful effects
of oxidative stress and stopping cell damage (Taherkhani,
Suzuki & Castell, 2020; Daniela et al., 2022; Amiri et al.,
2023). However, intense and irregular sports training
actually causes athletes to experience inflammation,
oxidative stress, muscle damage and injury, and chronic
fatigue, which are associated with the toxic effects of free
radicals. Increased oxidative stress can be assessed through
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malondialdehyde (MDA) and advanced oxidation rate of
protein products (AOPP), which are biomarkers of oxidative
damage. Meanwhile, reducing oxidative stress can be seen
from increasing levels of antioxidants, such as superoxide
dismutase (SOD) and glutathione peroxidase (GXP) (Souissi
et al., 2020). Oxidative stress is an imbalance between
antioxidants and oxidant processes that causes molecular
damage and disruption of redox signals and control.
Excessive production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) causes disruption of the
redox balance, causing inflammatory effects (Kruk et al.,
2022). Increases in inflammatory mediators, such as tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6), NF-kB,
and C-reactive protein (CRP), correlate with an imbalance
in ROS production (Merrigan & Jones, 2021). This causes
chronic inflammation, which then triggers oxidative stress
and chronic inflammation (El Assar et al., 2022).

Oxidative stress occurs after exercise-induced muscle
damage (EIMD) with increased reactive oxygen species
(ROS) (Bindu, Mazumder & Bandyopadhyay, 2020). EIMD
can cause pain or muscle loss during the first 12-72 hours af-
ter exercise (Ayubi et al., 2023). The inflammatory response
due to EIMD triggers a decrease in muscle strength, de-
creased range of motion (ROM), delayed muscle soreness
(DOMS), local swelling, and an increase in muscle proteins
in the blood (creatine kinase (CK), lactate dehydrogenase
(LDH), and myoglobin (Mb) (Jamurtas, 2018; Fern & Miel-
go-ayuso, 2020). Researchers have focused on using pharma-
ceutical, nutritional, and physical methods to reduce the in-
flammatory response in muscle damage caused by eccentric
exercise. Free radicals and ROS caused by oxidative stress
during exercise can be stabilized using antioxidants found in
plants. Antioxidant supplementation in research conducted
by (Canals-Garzén et al., 2022) reported that antioxidant
properties were able to reduce oxidative stress by attenuating
the lipid peroxidation response and reducing malondialde-
hyde (MDA) directly. Excessive ROS production in the body
can be protected and reduced through antioxidant enzyme
systems such as superoxide dismutase (SOD) and catalase
(CAT). Apart from that, antioxidants have also been proven
to be able to ward off free radicals and prevent destructive
effects by limiting ROS damage mechanisms by reducing
oxidative stress and inflammation (Amiri et al., 2023).

Supplements containing high levels of phenolic com-
pounds derived from plants, for example, polyphenols (PC)
have antioxidant and anti-inflammatory properties that can
reduce oxidative stress, thus helping athletes to recover after
exercise (Mason et al., 2020; Rojano-Ortega, 2021). Polyphe-
nols are a group of phytochemicals in plants that are classi-
fied into four main classes, namely stilbenes, lignin, phenolic
acids and flavonoids (Zhang et al., 2022). There are several
factors for the use of polyphenols in improving post-exercise
recovery, namely signaling activity that increases endoge-
nous antioxidant responses, protective effects on red blood
cells, and improved blood vessel function (Rudrapal et al.,
2022). The structural components in polyphenols function
as RONS scavengers and their antioxidant activity also has
an indirect effect (Rudrapal et al., 2022). This is proven by the
presence of a phenolic group and 2-3 double bonds as well as
a 4-keto group in ring C which is able to capture free radicals
and chelate metals so that this compound can significantly
fight and protect against the effects of oxidative stress (Platzer

etal,, 2021). Most studies report that reducing inflammation
and oxidative stress can be achieved by consuming polyphe-
nols for at least 3 consecutive days before and after vigorous
exercise sessions to improve muscle injury repair (Kruk et al.,
2022; O’Connor, Miindel and Barnes, 2022).

One natural product that can be used, with potential an-
ti-inflammatory and antioxidant effects, is the rosella flower.
Hibiscus sabdariffa L. or known as Rosella contains vitamins,
minerals and bioactive components, such as polyphenols
(anthocyanins, flavonoids, phenolic acids, tannins), polysac-
charides, pectins, non-phenolic organic acids, carotenoids,
caffeic acid, chlorogenic acid, acid ascorbate, and quercetin,
which makes it a powerful antioxidant (Singh et al., 2021).
One of the polyphenols which are classified as flavonoids
which have strong antioxidant properties is anthocyanin
(Jin et al., 2022). This compound is a powerful free radical
scavenger with inhibiting glycation and scavenging activ-
ity against DPPH and superoxide anions thereby increasing
antioxidant activity or reducing ROS to detoxify oxidative
damage (Jin et al., 2022). Roselle can also be further studied
as a pharmacological treatment to reduce risk factors for
cardiovascular disease because it has been proven to have
antihyperlipidemic, antihyperglycemic, antioxidant, anti-
inflammatory, antihypertensive, and antifibrosis properties
(Ratna et al., 2018; Jamrozik, Borymska & Kaczmarczyk-
Zebrowska, 2022; Khongrum et al., 2022; Sapian et al., 2023).
Therefore, we want to relate and discuss in depth the poten-
tial use of Rosella in reducing oxidative stress and inflamma-
tion after physical activity through a systematic review.

This study aims to analyze and highlight the potential of
Rosella in reducing oxidative stress and inflammation after
physical activity.

Materials and methods

Study Design

This research uses a systematic review method by
searching various journal databases such as Scopus, Web of
Science, and Pubmed. It is considered a premier platform
worldwide as it brings together publications that have
scientific impact and relevance.

Number of article identified
in databases Science Direct,
Pubmed, and Web of Science
(n=357)

!

Number of title/abstract
selected (n=129)

Articles excluded based on
title/abstract (n=107)

Articles excluded based on
full text reading (n=14)

Number of full articles
selected (n=22)

Number of full articles
selected (n=8)

| Included | | Eligibilityl | Screening | | Identification |

Fig 1. PRISMA flowchart of the article selection process
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Eligibility criteria

The inclusion criteria in this study were articles
published in the last 5 years and articles discussing Rosella,
Oxidative Stress, Free Radicals, and physical exercise. The
exclusion criteria in this study were articles published in
disreputable journals.

Procedure

Titles, abstracts and full texts of articles were screened
then verified and stored in Mendeley software. In the first

stage, 357 articles from the Science Direct, Web of Science,
and Pubmed databases were identified. Next, in the second
stage, 129 articles were screened based on the suitability
of the title and abstract. In the third stage, 22 articles were
ordered for further processing. At this stage, we filter based
on the overall suitability of the article. Then in the final
stage 8 articles were selected that met the inclusion criteria
and analyzed for this systematic observation. For standard
operations, this study follows the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
assessment.

Results

Table 1. Results of a review of the effects of rosella on oxidative stress and free radicals

Author Sample Characteristics Study Design Intervention Results
Khongrum  Rosella flowers were collected Experimental ~Subjects in the treatment group Rosella supplementation given
etal. (2022)  and dried at 50°C for 24 hours. were given 300 mL rosella to subjects showed a significant
Then it is ground and extracted supplements once a day for reduction in LDL-C and TG. This
to obtain a thick extract. Rosella 8 weeks. Then, subjects were can be proven by decreasing tumor
extract was given to 43 adults asked to do physical activities  necrosis factor-a (TNF-a) and
suffering from dyslipidemia and such as moderate exercise, malondialdehyde (MDA), as well
grouped based on exclusion vigorous activity, walking, as increasing glutathione (GSH),
criteria into 2 groups, namely and sitting. Then the serum resulting in reduced inflammation
the RP jelly drink group and the lipid profile, inflammation and improved oxidative stress.
placebo group. parameters, and oxidative
stress status were analyzed.
Singh etal.  Rosella samples were dried Laboratory Rosella samples were made Rosella extract is reported to
(2021) and made into powder. Rosella  experiments  into powder by drying. Then =~ contain many polyphenolic and
powder is extracted with water, it is extracted using several flavonoid compounds which
methanol and ethanol and the solvents. The concentrated contribute to antioxidant activity.
mixture is centrifuged, filtered, extract is filtered and
evaporated to obtain a dry evaporated to obtain a dry
extract. extract. Sample extracts
were tested for total phenolic
content, flavonoid content,
DPPH radical scavenger test,
and antioxidant activity test.
Ratnaetal. 25 Male rats weighing 150-180  Experimental = Subjects were given rosella Giving rosella supplements to
(2018) g were grouped into 5 groups, supplements orally for 4 weeks subjects can increase serum
namely negative control rat according to the dosage. Next, CML levels, reduce IL-6 levels
group (standard feed without the subject’s internal organs significantly, and reduce amyloid
rosella extract), positive group were taken for further analysis levels significantly. So this supple-
(hot feed without rosella such as measuring serum ment has the potential to reduce
extract), treatment group 1 CML, measuring IL-6 and oxidative damage and increase
rosella extract 200 mg.kg/BW amyloid. antioxidant performance.
(R1), treatment group 2 rosella
extract 300 mg.kg/BW (R2), and
treatment group 3 rosella extract
400 mg.kg/BW (R3).
Ujianti et al.  Rosella extract samples were Experimental ~Subjects were given rosella The results of phytochemical
(2023) given to subjects orally, where extract supplementation ata  analysis show that rosella extract

30 male Sprague-Dawley rats
were grouped into 6 groups and
given the following treatment:
(1) normal control group, (2)
vitamin B12 restricted diet
group without rosella extract,
and (3) group limited diet
vitamin B12 + rosella extract.

dose of 400 mg/kg/weight/
day for 8 and 16 weeks. After
that, the subjects’ organs and
blood samples were taken for
histological and biochemical
analysis.
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contains bioactive compounds such

as flavonoids, saponins, tannins,
triterpenoids and quinones. Rosella
extract supplementation can sig-
nificantly reduce levels of pro-
inflammatory cytokines and increase
anti-inflammatory cytokines, reduce
levels of TNF-a and IL-6, and increase
levels of IL-10 and Nuclear-erythroid-2
Associated Factor 2 (NRF2). So it can
be concluded that rosella extract is able
to reduce inflammation and reduce
oxidative stress.
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Table 1. Continued

Author Sample Characteristics Study Design Intervention Results
Marhuenda 84 sedentary and healthy Experimental ~Samples of rosella extract It was reported that rosella extract
etal (2020) subjects were given rosella and placebo were given caused a decrease in LDL and
extract supplements and a orally to subjects according cholesterol after consumption by
placebo for 84 days. Subjects to the dosage for 84 days. the subjects. Rosella extract as a
were divided into 2 groups, Then the subjects were asked  source of bioactive compounds
namely the placebo group and to do physical exercise and has a high polyphenol content so
the rosella extract group. blood samples were taken it has the potential for antioxidant
for analysis processes such and anti-inflammatory activity.
as measuring LDL, HDL, In addition, this compound has
triglycerides and total been proven to be able to reduce
cholesterol. oxidative stress and inhibit the
increase in triglycerides and
inflammatory adipokines.
Santoso et Rosella extract was given orally Experimental Rosella extract supplemen- The results of this study report that
al., (2019) to subjects at a dose of 500 mg/kg tation at a dose of 500 mg/ rosella extract can reduce levels of
BW 5 times a week for 11 weeks. kg was given to subjects for TNF-a and IL-6 significantly. This
Subjects were 25 male Wistar rats 11 weeks according to group  is due to the presence of bioactive
weighing 200-250 g, divided into division. Subjects did physical compounds such as quercetin
5 groups, namely: control group exercise and then samples of  and anthocyanins which have the
(C), control + rosella extract the subject’s organs were taken potential to act as antioxidants and
(C+HSL), excessive training to measure IL-6 and TNF-a anti-inflammatory.
(OT), excessive training + rosella levels.
extract (OT+HSL), and aerobic
(A).
Anel, Rosella petals are washed, Experimental Rosella supplementation was  Rosella extract supplementation
Subapriya dried, and ground into powder. given to athletes orally at a can increase the subject’s blood
& Singh Then it was made into a drink dose of 240 mL before and hemoglobin by significantly
(2019) supplement which was given to after physical exercise for reducing serum Malondialdehyde
30 athletes aged 15-19 years (20 90 days. Fitness parameters (MDA) levels. So this extract has
boys and 10 girls). Subjects were (vertical jumps, sit ups, long  the potential to reduce oxidative
divided into 2 groups, namely jumps) and blood samples stress and has antioxidant activity.
the experimental group and the were taken to analyze
placebo group. antioxidant levels.
Mohamed et Rosella flowers are dried and Experimental Rosella extract supplemen- Rosella extract contains high levels
al. (2022) ground into powder, then tation was given to subjects of polyphenolic compounds. This
extracted. Rosella extract was orally. Then the extract compound has strong potential
administered orally to 15 male was tested for antioxidant as an antioxidant that can capture
Sprague-Dawley rats. activity (lipid peroxidation, free radicals (DPPH), inhibit nitric
GSH, SOD, catalase oxide (NO) radicals, and increase
activity), phenolic content, iron ion-reducing power (FRAP).
spectrophotometric analysis, ~ This extract can also increase SOD
and antidiabetic activity test.  levels and reduce MDA levels,
thereby reducing oxidative stress.
Discussion is ripe (Figure 1) (Riaz & Chopra, 2018; Jamrozik, Borymska

The main research objective of this systematic review is
to analyze and highlight the potential of rosella in reducing
oxidative stress and inflammation after physical exercise.
Rosella flower with the Latin name “Hibiscus sabdariffa L”
is a plant that is found in tropical countries such as Brazil,
the Philippines, Hawaii, the Caribbean, and Australia, as
well as places such as India, Malaysia, Thailand, Indonesia,
and China. Rosella belongs to the Malvaceae family and
more than 300 species of rosella have been identified. The
morphology of this plant is that it has a maximum height of
2.5 m, the stem is dark red and cylindrical in shape, the leaves
are deeply lobed, 3-5 alternate with a length of 8-15 cm, and
the edges of the leaves have teeth. The flowers are 8-12 cm in
diameter, found singly in the terminals or axils of the leaves,
white to pale yellow with a dark red spot at the base of each
petal, and have sturdy fleshy petals at the base, 1-2 cm wide,
expanding to 3-3.5 cm , fleshy and bright red when the fruit

& Kaczmarczyk-Zebrowska, 2022; Wang et al., 2022; Sapian
et al.,, 2023).

Rosella flower petals have the potential to treat vari-
ous diseases such as cardiovascular disease, diabetes, obe-
sity, coughs, hypercholesterolemia, hypertension, kidney
and skin diseases, and digestive disorders. Rosella flower
petals are known for their therapeutic potential which is
rich in protein (5.5-9.14%), carbohydrates (7.4-12.3%), and
fat (0.47-1.32%) (Singh et al., 2021; Mohamed et al., 2022).
Apart from being rich in dietary fiber, rosella is known to
contain various bioactive compounds such as polyphenols
(flavonoids, phenolic acids, anthocyanins, and tannins),
pectin, polysaccharides, carotenoids, and non-phenolic
organic acids, which are responsible for various biological
and pharmacological functions such as anti-hyperglycemic,
anti-hyperlipidemia, anti-hypertension, antioxidant, anti-
inflammatory, anti-fibrosis, antimicrobial, anticarcinogenic,
hepatoprotective and antidiabetic, which can be seen in full
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Table 2. Active chemical compounds in Hibiscus sabdariffa

Chemical Groups Active Compounds Structure
Anthocyanins delphinidin-3-sambubioside cyanidin-3- R on
sambubioside X ‘
delphinidin-3-glycoside cyanidin-3- ot O ON R,
glycoside o
oH
Flavonoids quercetin, hibiscetin (hibiscetin-3-

glucoside), sabdaritrin, gossypitrin, and
other gossypetin glycosides, luteolin, rutin

Phenolic acids chlorogenic acid, protocatechuic acid,
caffeic acid, gallic acid

Non-phenolic organic acids hibiscus acid, hydroxy citric acid, malic

acid, ascorbic acid, oxalic acid, succinic O
acid, tartaric acid, arachidic acid, citric )]\
acid, pelargonic acid R OH
Tannins no specific name indicated o T
Hoj@YO OH

Polysaccharides (Sugars)  galactose, galacturonic acid, rhamnose,
arabinose, glucose, mannose, xylose, « o

~o
pectins

Triterpenoids a-amyrin, lupeol

Others calcium, magnesium, iron, trace elements, -
vitamins, and polyphenols

in Table 2 and Figure 3 (Frank et al., 2012; Jamrozik, Borym-
ska & Kaczmarczyk-Zebrowska, 2022; Sapian et al., 2023)

It has been found that the phytochemical components
in rosella have strong antioxidant qualities which have the
ability to prevent the negative effects of oxidative stress.
Antioxidants are responsible for scavenging free radicals
thereby preventing oxidation. Antioxidant activity can be
attributed to the presence of phenolic acids and flavonoids
(Hossain, Dave & Shahidi, 2022). Based on research by
(Sapian et al., 2023) reported that rosella extract given to
obese mice was able to reduce oxidative stress by increasing
superoxide dismutase (SOD) enzyme activity and glutathione
(GSH) concentrations, as well as downregulating NOX2 and
8-isoprostane gene expression. This is because phenolic acid,
anthocyanin and flavonoid compounds can capture free Fig. 2. Roselle plant (Riaz & Chopra, 2018; Sapian et al., 2023)
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Fig. 3. Beneficial effects of different parts of roselle (Jamrozik, Borymska and Kaczmarczyk-Zebrowska, 2022)

radicals such as reactive nitrogen species (RNS) and ROS,
thereby inhibiting oxidative stress.

Hibiscus acid, hydroxycitric acid, malic acid, ascorbic
acid, oxalic acid, succinic acid, tartaric acid, arachidic acid,
and citric acid are the most significant organic acids in
roselle. This compound can reduce oxidation and encourage
the production of the anti-inflammatory cytokine IL10,
which in turn inhibits pro-inflammatory cytokines such as
IL-6 and TNF-a. Therefore, roselle has strong antioxidant
properties that can reduce cardiovascular inflammation and
have cardioprotective effects (Sapian et al., 2023). In addition,
polyphenols are also responsible for the antioxidant effects
of Rosella. Delphinidin-3-sambubioside and cyanidin-3-
sambubioside are the two most significant anthocyanins
found in roselle. The most significant flavonoids that have
been extracted from roselle are luteolin, gossypitrin and
various glycosides gossypetin, sabdaritrin, quercetin, and
hibiscetin (hibiscetin-3-glucoside). Along with many other
phytochemicals, there are phenolic acids such as caffeic
acid, protocatechuic acid, and chlorogenic acid. Glucose,
mannose, xylose, rhamnose, arabinose, galactose and
galacturonic acid make up the majority of sugars in roselle
flower petals. Some authors also imply that in the petals
there are triterpenoids such as a-amyrin and lupeol (Riaz
& Chopra, 2018; Jamrozik, Borymska & Kaczmarczyk-
Zebrowska, 2022).

Polyphenols have a benzene ring with one or more
hydroxyl groups (-H20) attached to it. According to their
chemical structure, phenolic compounds are divided into five
main classes, namely phenolic acids, flavonoids, stilbenes,
lignin and condensed tannins. The class of polyphenols that
accounts for 80% of all polyphenol chemicals are flavonoids.
The framework of this class of polyphenols consists of two

aromatic rings (rings A and B) which are connected by three
carbon atoms to form a heterocyclic ring C which has an oxy-
gen atom. Flavonoids are divided into six subclasses, namely
flavones, isoflavones, flavonols, flavanols, flavanones, and
anthocyanidins which can be seen in Figure 3. Polyphenols
act in preventing and reducing the impact of oxidative stress
originating from the presence of phenolic groups, 2-3 dou-
ble bonds, and 4 groups. -keto on the C ring, which allows
free radical capture and metal chelation (Kruk et al., 2022).
A study reported that phenolic compounds are able to in-
hibit oxidation, mediate anti-inflammatory actions by block-
ing the MAPK signaling pathway, inhibit the synthesis of
pro-inflammatory cytokines, especially nitric oxide synthase
(iNOS), nitric acid (NO), TNF-q, interleukin-1f ( IL-1p), and
prostaglandin E2 (PGE2) (Hossain, Dave & Shahidi, 2022).
Regular physical activity practice has been proven
to be able to maintain health by increasing immunity,
reducing the risk of various diseases such as diabetes,
osteoporosis, cancer, Alzheimer’s, cardiovascular disease,
and so on. However, intense and irregular exercise actually
causes inflammation, oxidative stress, muscle damage and
injury, which are associated with the toxic effects of free
radicals (FR) (Souissi et al., 2020; Taherkhani, Suzuki &
Castell, 2020; Daniela et al., 2022). Reactive oxygen species
(ROS) are produced in large amounts during exercise. This
species plays a significant physiological function in exercise
adaptation. However, these ROS will increase in large
amounts if physical exercise is carried out for a long period
of time and excessively, causing an imbalance in antioxidant
defenses, which ultimately results in oxidative stress (Martins
et al., 2020). Oxidative stress occurs due to an imbalance
between the production of free radicals in the body and
the body’s capacity to detoxify free radicals by neutralizing
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Fig. 4. Chemical structure of flavonoids and their
main subclasses

their damaging effects through antioxidant mechanisms.
Malondialdehyde (MDA), a major marker of lipid oxidation,
is one of the end products of the oxidation process that can
be used to identify this phenomenon. Numerous studies
report that oxidative stress can cause a number of problems
for athletes, including fatigue, inflammation, and muscle
injury (Hadi et al., 2017).

Microtrauma/muscle injury can be healed adaptively
through an inflammatory process. However, continuous
intense exercise causes chronic inflammation. This inflam-
matory process can interfere with an athlete’s recovery by
developing muscle pain during physical exercise. Therefore,
an important strategy for post-exercise recovery is needed,
where muscle fibers produce and release pro-inflammatory
myokines such as IL-6 when physically active. In inflamma-
tory situations, other myokines such as TNF-a and IL-10 are
also expressed (Santoso et al., 2019; Porto et al., 2023; Volpe-
Fix et al,, 2023). TNF-a is one part of the pro-inflammatory
cytokines that trigger muscle pain (Fernandez-Lazaro et
al., 2020; Ayubi et al., 2022; Nanavati et al., 2022). TNF-a
produced by heart cells is responsible for the inflammatory
response to stress (Santoso et al., 2019). Nuclear factor E2
(NRF2)-mediated signaling pathway controls the inhibition
of oxidative stress. NRF2 is an important transcription factor
that controls the expression of several antioxidant enzymes,
ultimately increasing the body’s capacity to defend against
free radicals (Wang et al., 2021).

Various diseases related to oxidative stress, such as heart
disease, neurological disease, cancer, diabetes mellitus, and
uncontrolled inflammatory processes due to intense exer-
cise can be prevented or treated with chemicals containing
phenolic compounds. This compound is believed to have
the capacity to scavenge free radicals and function as an an-
tioxidant and anti-inflammatory which can reduce oxida-
tive stress, thus helping athletes in the post-exercise recovery
process (Mason et al., 2020; Rojano-Ortega, 2021). Phenolic
compounds can inhibit enzymes that cause ROS to become
highly oxidized and reduce the amount of ROS produced
(Aatab et al., 2023). In addition, the production of IL-6 and
TNF-a can be suppressed through the use of quecetin and
anthocyanin compounds. IL-6 production can be inhibited

by quercetin through the regulatory effect of p38-mitogen-
activated protein kinase (p38-MAPK). The expression of
TNF-a can also be suppressed by this compound through
reducing NF-kf gene expression and decreasing Ixpa and
IxBp phosphorylation so that quercetin can reduce NF-kf ac-
tivation. Anthocyanin compounds can also inhibit the pro-
duction of nitric oxide, rostaglandin E2, TNF-qa, and IL-6.
Anthocyanins have been reported to reduce the formation of
reactive oxygen species, which in turn reduces MAPK activa-
tion and inflammatory cytokine production. Anthocyanins
reduce the synthesis of proinflammatory mediators such as
IL-6 and TNF-a by blocking the translocation of NF-«f} from
the cytosol to the nucleus and preventing the phosphoryla-
tion of Ik (Santoso et al., 2019). One natural product that
contains this bioactive is rosella. Rosella has antioxidant and
anti-inflammatory properties and can be an intervention
strategy in reducing oxidative stress and controlling uncon-
trolled inflammatory processes due to intense exercise.

The idea that rosella contains antioxidant properties and
reduces oxidative stress is supported by a study by (Khon-
grum et al., 2022) who reported that rosella extract contains
many polyphenols, anthocyanins, quercetin and gallic acid
which contribute to lowering lipids and inhibiting LDL-C
oxidation through antioxidant activity. Oxidative stress can
be inhibited by using polyphenolic compounds. In this study,
the natural active ingredients in rosella supplementation
were able to reduce maloddialdehyde (MDA) and increase
glutathione (GSH) which contributed to reducing oxida-
tive stress and reducing tumor necrosis factor-a (TNF-a)
which provided an anti-inflammatory effect. This research
is also strengthened by a laboratory study which reports that
rosella extract has potential for antioxidant activity. This
observation is supported by the high levels of polyphenols
and flavonoids contained in rosella. The main polyphenolic
compounds from this extract are delphinidin 3-O-sambu-
bioside chloride and cyanidin 3-O-sambubioside chloride
which are classified as anthocyanin compounds. In addition,
antioxidant activity can be seen from the significant increase
in DPPH values through scavenging free radicals thereby
inhibiting oxidative stress (Singh et al., 2021).

Furthermore, the results of other research show that
rosella extract has strong antioxidant properties due to the
presence of active compounds such as flavonoids, alkaloids,
anthocyanins, bsitosterol, and ascorbic acid. Delphinidin
3-sambubioside (DP3-Sam), an anthocyanin compound, has
a higher antioxidant effect than other antioxidants because it
is able to inhibit the expression of inflammatory mediators.
The compounds contained in rosella extract are able to reduce
iNOS, IL-6, NO, MCP-1, and TNF-a by downregulating
the NF-kB and MEK1/2 - ERK1/2 signal pathways and by
inhibiting free radicals. Antiocyanins are also able to reduce
Aplevels through scavenging free radicals and reducing ROS,
thereby detoxifying oxidative damage and strengthening
antioxidant action (Ratna et al., 2018). Research by (Ujianti
et al., 2023) reported that rosella extract can inhibit the
formation of homocysteine which causes oxidative stress.
This is caused by rosella extract which contains several
bioactive compounds such as flavonoids, quinones, tannins,
triterpenoids and saponins. This compound is believed
to have antioxidant and anti-inflammatory activity by
capturing ROS and free radicals, reducing reactive O,, and
preventing the formation of free radicals. Rosella extract
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supplementation is responsible for increasing antioxidant
defense and reducing lipid peroxidation against oxidative
stress through the NRF2 signaling pathway. This extract can
reduce pro-inflammatory cytokines such as TNF-a and IL-6
by inhibiting the development of NAFLD and increasing
anti-inflammatory cytokines such as IL-10.

Additionally, research studies by (Marhuenda et al.,
2020) revealed that rosella extract contains polyphenolic
compounds, namely quercetin-3-O-p-D-glucuronide and
aglycone, which are responsible for inhibiting the increase
in triglycerides, inflammatory adipokines, and free radicals
that cause oxidative stress. Quercetin can inhibit TNF-a gene
expression by modulating NF-kf. So this extract has the po-
tential for antioxidant and anti-inflammatory activity. This
research is strengthened by (Santoso et al., 2019) who report-
ed that rosella extract has antioxidant and anti-inflammatory
properties because it contains polyphenolic compounds such
as quercetin and anthocyanin. This compound can reduce
pro-inflammatory mediators by inhibiting IL-6 production
and reducing TNF-a expression by reducing NF-«xf activa-
tion. Anthocyanins also play a role in reducing ROS pro-
duction thereby reducing the production of inflammatory
cytokines. So it was concluded that rosella extract supplemen-
tation had a protective effect against chronic inflammation.

Other research by (Anel, Subapriya and Singh, 2019)
strengthens reports that rosella extract supplements contain
phytochemicals such as flavonoids, tannins, alkaloids, sapo-
nins and anthraquinones which have the potential to act as an-
tioxidants. This antioxidant property can reduce serum MDA
levels so that it can reduce oxidative stress in athletes after
physical exercise. In addition, research by (Mohamed et al.,
2022) shows that rosella extract supplementation has high an-
tioxidant and antidiabetic potential due to its high polyphenol
content. This antioxidant property plays a role in inhibiting ox-
idative stress damage through the donation of hydrogen atoms
by phenolic compounds to free radicals thereby breaking the
cycle of ROS formation. The increase in GSH levels which acts
as a defense against free radicals after administration of rosella
extract shows its anti-oxidative ability. In addition, rosella ex-
tract is able to increase SOD activity, thereby showing anti-
oxidative ability and reducing oxidative stress. With increasing
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levels of SOD, GSH, and catalase activity, MDA levels decrease
due to the antioxidant properties of this rosella extract.

So, the polyphenol content (phenolic acids, flavonoids
and anthocyanins) contained in rosella has antioxidant and
anti-inflammatory properties which have the potential to re-
duce oxidative stress and inflammation due to intense exercise.
Furthermore, for more details regarding the benefits of rosella
in reducing oxidative stress and inflammation, see Figure 5.

Conclusions

The polydenol compounds such as flavonoids, phenolic
acids and anthocyanins found in rosella have anti-oxidant
properties which can reduce oxidative stress. In this case,
rosella extract shows its ability as an anti-oxidative through
donating hydrogen atoms by phenolic compounds to free
radicals thereby breaking the cycle of ROS formation. The
natural active ingredients in rosella flowers are able to reduce
MDA and increase GSH which contributes to reducing
oxidative stress and reducing TNF-a which provides an anti-
inflammatory effect in athletes after physical exercise. The
compounds contained in rosella extract are able to reduce
iNOS, IL-6, NO, MCP-1, and TNF-a by downregulating
the NF-kB and MEK1/2 - ERK1/2 signal pathways and by
inhibiting free radicals. Antiocyanins are also able to reduce
Aplevels through scavenging free radicals and reducing ROS,
thereby detoxifying oxidative damage and strengthening
antioxidant work. We recommend that rosella can be used
in individuals to reduce oxidative stress and inflammation
caused by physical activity and intense exercise.
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Polyphenolic Compounds in Rosella Flowers on Reducing Oxidative Stress and Inflammation After Exercise: A Systematic Review

MoTteHuian BnAnBy nonipeHONbHNX CNONYK KBiTiB po3ennu
Ha 3MEeHLUEeHHA OKCMAATVBHOrO CTpecy Ta 3anasieHHsA nicna
npoBeAeHHA pisNYHNX BNpaB: cUCTeMaTUYHUNA OornAax

1ABE

HoBappi Aw6i'*", [Ipsax @irpisa [lagmacapi'*®®, Arika Illadasi’*®P, [Ie6i Tpi Mapio®*®P,

II3an Ben Min**®, Moxammen AnmkyHain>*®°, Hypinin Bigba IIpanoro®*®, Anton Komaitni*A®P

'Cypabaiicbkuit lep>kaBHUN YHIBEpCUTET
*YHiBepcureT Ajtpranra

*IlagaHTCHKUI Aep)KaBHMIL YHIBEpCUTET
*YuiBepcuret ocBiTi iMeni Cynrana Inpica
*YuiBepcuret Taisy

ABTOpCHKIMIT BKIAM: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 11 c., 2 Tab., 5 puc., 42 mxeperna.

Merta ocnigxennsa. MeTo0 JaHOTO JOC/TIIPKEHH € aHa/Ii3 Ta BUSHAYE€HH:A OTeHIIiay BIVIMBY KBITOK PO3€/I/IJ Ha 3MEHILeH-
HS1 OKCUJIATVMBHOTO CTPeCY Ta 3alla/ieHHs Mic/sA (GisnyHoi aKTMBHOCTI.

Marepianu ta MeTogu. Y HOCTiIPKeHHI BUKOPUCTOBYBABCA METOJ] CUCTEMATMYHOTO OIJIA/y LIJIIXOM IOIIYKY B Pi3HUX Ha-
yKOMeTpUYHMX 6a3ax JaHUX XXYpHasiB, Takux sAK Scopus, Web of Science, Pubmed Ta Embase. Kputepismu BKIIO4eHH:A 10 fa-
HOT'O TOCTiI>KeHHS 6y}11/1 CTarTTi, 0Hy6}IiKOBaHi 3a OCTaHHi 5 pOKiB, a TAKOXX CTaTTi, B AKUX PO3I/IANANNCA TaKi IUTaHHA, K KBITI
Ppo3emn, OKCUIATUBHUIL CTPeC, BiIbHI pajiuKay, 3ananenHs Ta ¢isnuHi Bipasu. Kpurepismy BUK/IIOUeHHS B JOCTIKeHH] 6yin
crarTi, ony6/1ikoBaHi B HeOOPOUYECHNX Ky pHaIax. 3arajom Oy/Io 3HaiifieHo 357 cTarell 3 HAyKOBOMeTpUYHUX 6a3 gaHux Scopus,
Web of Science Pubmed ta Embase. [Iy1s1 fanoro cucreMatudHoro orsify 6yao BifibpaHo Ta mpoaHaisoBaHO 3arajsoM 8 crarei,
AKi BifnoBifiamy kpurepiaM BKmodeHHA. [IJo crocyeTbes cTaHgapTHUX OIepalliif, JaHe TOCIiX)KeHH IPOBOMIOCS BiiMOBiHO
1o ouinky «[lepeBakHi eleMeHTV 3BITHOCTI [Is CUCTEMAaTVYHYX OIJIAAIB i MeTa-aHasisiB» (PRISMA).

PesynbraTi. Pe3ynbTaTy JaHOTO CHCTEMAaTHMYHOTO OMIALOBOTO JOCII/KEHHsA CBiA4YaTh, 10 BMICT (IaBOHOIAIB Y KBiTKax
pO3enIn Ma€ aHTMOKCU/IAHTHI Ta MPOTU3ANAIbHI BIACTUBOCTI, AKi MOTEHLIIHO CIPUAITD 3HIDKEHHIO OKCUIATMBHOIO CTPECY Ta
HEKOHTPO/IbOBAHOTO 3alTa/IeHHS, CIPUYMHEHOT0 (Di3NYHOI0 aKTUBHICTIO Ta IHTEHCHBHIM TPEHYBaHHSIM.

BucHoBku. KBiTI po3eriv BOOAi0Th aHTMOKCU/JAHTHOIO €10, OCKINIbKY Yepe3 (eHONbHi CIIOTyKY epeflaloTh aTOMY BOJHIO
BIIbHUM pajyiKajaM, PO3pMBal0uM TaKMM YMHOM LMK yTBopeHHA ADK. IIpuponHi akTMBHI KOMIIOHEHTH KBIiTiB pO3e//in MaloThb
3[IATHICTD 3MeHITyBaTy piBeHb MJIA Ta migsumrysaty BmicT GSH (rmyTationy), o cipuse sMeHIIEHHIO OKCHAATUBHOTO CTPeCy
Ta 3HIDKeHHIO piBHsI TNF-q, siknii 3abesnedye npornsananbHnii epeKT y CIOPTCMEHIB Mic/Is BUKOHAHHS Qi3NYHMX HaBaHTA)XKEHb.

KnrouoBi cmoBa: KBiTKa po3e/in, OKCUAATUBHUIL CTPeC, BIMbHI pajuKany, 3anaaeHHs, GisudHi Bpasiu.
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