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Abstract

Background. The flipped classroom approach has been gaining increasing attention across various educational
domains, including physical education. Recent research has underscored the necessity for innovative strategies to
enhance student engagement in physical education, particularly in basketball instruction.

Objectives. This study aimed to investigate the influence of the flipped classroom approach on student engagement in
Basketball instruction within the Physical Education, Health, and Recreation program at the University level.
Materials and methods. The research method involved an experimental design using the static group comparison
approach, where 62 students enrolled in physical education were divided into experimental and control groups.

The experimental group received instruction through the flipped classroom approach, while the control group
underwent conventional instruction, with the intervention lasting for seven weeks. A comprehensive engagement
scale questionnaire was used as the research instrument. Data analysis techniques included descriptive analysis and

independent samples t-test.

Results. The research findings revealed significantly higher levels of engagement in the agentic, behavioral,
emotional, and cognitive dimensions among students in the flipped classroom group compared to those in the
conventional classroom group. This indicates that the flipped classroom approach has a considerable effect on student

engagement in basketball instruction.

Conclusions. The study’s results have confirmed the effectiveness of the innovative pedagogical strategy of the flipped
classroom in fostering meaningful learning experiences and motivating students within the context of physical

education.

Keywords: flipped, physical education, student engagement, basketball, learning activities.

Introduction

Higher education increasingly emphasizes the
importance of active learning involving students’ direct
participation in learning (Ribeiro-Silva et al., 2022). One
field that presents challenges in achieving optimal student
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engagement is sports education in physical education
programs, where practical experienceand direct participation
play a crucial role in developing holistic skills. In sports,
particularly in basketball education, these challenges
become more prominent considering the physical, cognitive,
and social aspects that must be considered. Recent research
has highlighted the role of technology in changing learning
dynamics, with the concept of a “flipped classroom” emerging
as an intriguing innovation (McGrath et al., 2017). The
flipped classroom reverses the traditional learning approach,
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where students are provided with materials beforehand to
study independently, utilizing class time for discussions and
application of these concepts (Cheng et al., 2019). In the
context of sports education, the flipped classroom promises
a more interactive and responsive approach to students’
needs (Gallardo-Guerrero et al., 2022).

Sports education in higher education settings presents
inevitable challenges in creating meaningful learning
experiences that can motivate students. In basketball
education, aspects such as developing fundamental physical
skills, effective gameplay strategies, and teamwork are
the focal points. However, there is often a gap between
expectations and reality in achieving student engagement
in sports learning activities. Recent research has depicted
various factors influencing student engagement, including
lack of intrinsic motivation, disinterest in the learning
subject, and low levels of active participation in the learning
process (Li & Xue, 2023; Tani et al., 2021; Xerri et al., 2018).

The basketball course is part of the curriculum of
the physical education, health, and recreation program at
the university level. Students often encounter significant
challenges in understanding gameplay strategies, learning
effectiveness, and teaching techniques related to basketball.
Based on teaching experience, such issues frequently arise,
including students’ difficulties in answering questions and
demonstrating adequate practical skills. In such situations,
a more effective learning approach is required, considering
conventional methods such as lectures and demonstrations
can pose challenges for students and instructors.

Over the past few decades, academics and educational
researchers have questioned the effectiveness of tradition-
al teaching methods such as lectures and demonstrations.
Within the realm of physical education and sports, research-
ers have sought solutions to increasingly pressing challenges.
Research findings indicate that using modern approaches
and integrating technology into learning can significantly
enhance student engagement (Al-Abdullatif & Gameil, 2021;
Maseleno et al., 2018). An interactive and participatory class-
room environment allows students to explore and acquire
relevant and up-to-date information. Therefore, the learning
paradigm must emphasize an approach that places students as
the primary subjects actively engaged in the learning process.

Learning involving students demands high levels
of critical thinking abilities and skills. The principle of
constructivism asserts that instructors do not merely impart
knowledge to students passively; instead, students must
actively construct their knowledge (Amna Saleem et al., 2021;
Makewa, 2019). Within an active learning environment,
students are encouraged to participate actively in problem-
solving, collaborate with peers, share ideas, and provide
feedback (Bergstrom et al., 2023). Therefore, many educators
are currently adopting the flipped classroom concept,
which integrates pedagogical approaches and modern
technology as an alternative to the traditional instructor-
centered approach. The flipped classroom approach enables
innovative teaching strategies and pedagogies to facilitate
active student engagement and address learning challenges
(Elmaadaway, 2018; Steen-Utheim & Foldnes, 2018).

While extensive research has been conducted in the
contextof physical educationand sports, several gapsstillneed
to be addressed. Firstly, most studies focus on conventional
teaching methods such as lectures and demonstrations.

At the same time, there needs to be more in-depth research
on implementing technology and innovative learning
approaches, such as the flipped classroom, in physical
education, especially in basketball learning. Secondly, there
is limited need to specifically explore student engagement in
sports education, both in general and considering behavioral,
agentic, cognitive, and emotional aspects.

Engagement consists of four distinct yet interconnected
aspects: Behavioral, Emotional, Cognitive, and Agentic en-
gagement (O’'Donnell etal., 2011; Reeve, 2012). Experts’ views
vary on student engagement in the classroom, ranging from
efforts, consistency, and pro-social behaviors (Behavioral en-
gagement) to high interest and motivation with low levels of
anxiety and fatigue (Emotional engagement) to convergence,
critical thinking, skilled learning strategies, and self-regula-
tion (Cognitive engagement), as well as deliberate steps taken
by institutions to promote individual understanding through
learning activities or course materials (Agentic engagement).

Student engagement in the learning process is related
to the Self-determination Theory regarding student engage-
ment. The Self-determination Theory posits that intrinsic
motivation (motivation originating from within the indi-
vidual), extrinsic motivation (motivation stemming from
external factors), and motivation (lack of motivation) influ-
ence individual behavior in achieving goals (Martela, 2020).
In the learning context, student engagement in the learning
process can be influenced by motivational factors (Uyun et
al., 2022). Students who perceive themselves to have control
and autonomy in learning (aspects emphasized in the Self-
determination Theory) tend to be more actively engaged in
the learning process (Huéscar Herndndez et al., 2020). Addi-
tionally, individuals who feel supported by the learning envi-
ronment that provides support for basic psychological needs,
such as competence, relatedness, and autonomy, also tend to
be more engaged in learning (Wang et al., 2019). Thus, the
Self-determination Theory perspective can provide a deep
understanding of how motivation and learning approaches
can be designed to support high motivation and engagement.

This research offers a novel contribution to physical
education and sports by bridging existing gaps in the
research literature. It expands understanding of the use of
instructional technology, particularly the flipped classroom,
in sports education, with a specific focus on basketball
learning. By integrating this innovative learning approach,
the study can potentially enhance student engagement
and learning outcomes in the context of sports education.
Furthermore, the research underscores the importance of
holistically measuring student engagement, encompassing
behavioral, agentic, cognitive, and emotional aspects. Thus,
the study aims to explore the impact of the flipped classroom
approach on student engagement, comprising behavioral,
agentic, cognitive, and emotional dimensions, and to assess
whether there are differences in the use of classes employing
the flipped classroom approach compared to conventional
methods (lectures and demonstrations).

Materials and methods

Study participants

The population of this study consists of students enrolled
in the physical education, health, and recreation program
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at the university level. The research sample comprises
students from the physical education, health, and recreation
program taking the basketball learning course (invasive
game). Sampling was conducted using purposive sampling
with 62 students, with 31 students in the experimental
group and 31 in the control group. Purposive sampling was
chosen because students enrolled in the basketball learning
course have direct relevance to the research objectives.
The experimental group will receive the flipped classroom
treatment, while the control group will undergo learning
with the conventional approach (lecture and demonstration).

Study organization

This study employs an experimental approach with
the static group comparison design, comprising one
experimental group and one control group. This method was
chosen to examine the effectiveness of the flipped classroom
approach on students’ engagement in basketball learning
activities. The experimental group will receive the flipped
classroom treatment, while the control group will undergo
learning with the conventional approach. Comparing
these two groups will enable the researchers to evaluate the

Table 1. Summary of learning program design for weeks 1-3

impact of implementing the flipped classroom on student
engagement.

The research begins with administering treatments to
the two groups involved in this study: the experimental group
receiving the flipped classroom approach and the control
group undergoing learning with the conventional approach.
The treatment lasts for seven weeks. The experimental
group will receive instruction using the flipped classroom
approach, where learning materials are provided in advance
for independent study by students through provided
resources such as videos, readings, research articles, or other
interactive learning materials. Class time is then utilized for
discussion, collaboration, and applying the concepts learned
beforehand. Summaries can be seen in Tables 1 and 2.

Meanwhile, the control group will learn with a
conventional approach, where the lecturer delivers lectures
and directly demonstrates the learning material in the
classroom/field without prior preparation by the students.
After a 7-week treatment, both groups will be given a posttest
to measure student engagement based on the agentic,
behavioral, emotional, and cognitive aspects. The collected
data will be analyzed by calculating the mean of each group,
namely the mean of the experimental group receiving the

Week 1-3

Flipped classroom

Conventional Classroom

fundamentals of strategy and tactics

fundamentals of strategy and tactics

activity duration activity duration
Man-to-man defense 30° none none
Zone defense 15
Screening 15
Before class Pick and Roll 10°
Ball movement 15
Spacing 15
Complex game case studies 30°
Problem-based presentation 50°
Class activities Problem-solving discussion 50°
Evaluation 10 lectures and demonstrations

Table 2. Summary of learning program design for weeks 4-7

Week 4-7
Flipped classroom Conventional classroom
Practice applying concepts Practice applying concepts
activity duration activity duration
Video analysis based on case studies 30° none none
Independent practice of several formations 40
Before class in attack and defense
Develop the concept of cooperation skills, 50°
skills, and decision making
Class activities ~ Application of concepts in the field, peer 40 Lectures with lectures and
teaching and peer assessment, evaluation 50’ demonstrations by lecturers
15
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flipped classroom approach and the mean of the control
group undergoing the conventional teaching approach.
Comparing these results will provide a deeper understanding
of the effectiveness of implementing the flipped classroom
in enhancing student engagement in sports education,
specifically, in this case, basketball learning.

Research Instrument

The research instrument utilized in this study refers to
the adapted Learning Engagement Scale (Reeve & Tseng,
2011). This instrument has been developed and retested
for its validity and reliability to suit the research needs and
consists of 25 statement items. The first five statements are
formulated to assess student behavioral engagement, while
the subsequent five questions focus on evaluating student
agentic engagement. The following ten questions are designed
to evaluate student cognitive engagement, whereas the final
five questions aim to assess student emotional engagement.
Adaptation of this instrument from a reliable source has
been carried out to ensure its suitability and validity within
the scope of this research.

Statistical analysis

Data collected in this study were analyzed using
descriptive and inferential statistics. Descriptive statistics
were employed to present the mean scores of learning
engagement across the constructs of agentic, behavioral,
emotional, and cognitive engagement. Using descriptive
statistics aids in providing a comprehensive overview of
the distribution and characteristics of the collected data.
Furthermore, to determine whether there were differences in
the mean scores of engagement between flipped classrooms
and conventional classes, an Independent Samples t-test
was utilized. This test allows for the statistically significant
comparison of means or averages between two different
sample groups. The results of this test will provide a deeper
understanding of the effectiveness of each teaching approach
in influencing the level of student engagement. The SPSS 22
application package was used to process the data.

Results

This study adopts a comprehensive approach to address
key research questions regarding the influence of the flipped
classroom approach on student engagement across four key
dimensions: agentic, behavioral, emotional, and cognitive.
With careful and objective analysis, a comparison is made
between the flipped classroom approach and conventional
methods such as lectures and demonstrations. This research’s
findings significantly contribute to enriching understanding
of the effectiveness of this instructional approach in
enhancing student engagement.

Table 3indicatesthattheaverage scoresforeach statement
regarding the agentic aspect range from 2.94 to 3.45. The
highest score is obtained for statement Al, indicating that
students actively ask questions during the learning process,
with an average score of 3.45. This suggests that the flipped
classroom approach encourages students to participate
more proactively and interact during the learning sessions.
On the other hand, statement A4 has the lowest average

score of 2.94, indicating that students are slightly less active
in voicing their preferences and views during basketball
learning. Nevertheless, overall, the results indicate that the
flipped classroom approach positively impacts the agentic
aspect of students in the context of basketball learning.

Table 3. The mean aspect of agentic engagement

Description Mean

Al. During the learning sessions, I actively engage in 3.45

asking questions. ’
A2.T communicate my preferences to the instructor, 3.3

including things I like and dislike ’
A3.1 communicate my interests to the instructor. 3.10
A4. During the basketball learning session, I voice my 204

preferences and opinions. ’
A5.1 provide feedback to improve the quality of 3,06

basketball learning.

Table 4 shows the average scores for each statement
regarding the behavioral aspect, ranging from 3.03 to 3.32.
The most prominent behavior is “When the instructor begins
discussing a new topic, I carefully listen to the explanation,”
with an average score of 3.32. This indicates that the flipped
classroom approach can encourage students to follow the
presented material actively, demonstrating a high level of
precision in understanding new topics. On the other hand,
the statement “I am very dedicated when starting something
new in the learning process in class” obtained the lowest
score, which is 3.03. This suggests that there is still potential
to improve students’ dedication levels when facing new
challenges in learning. Overall, these results indicate that
the flipped classroom approach positively impacts students’
behavior, enhancing their precision and engagement in the
basketball learning process.

Table 4. The mean aspect of behavioral engagement

Description Mean
B1. I actively listen attentively during the learning 313
process '
B2. I make a sincere effort to complete tasks in the 316
campus environment ’
B3. When the instructor begins discussing a new 332
topic, I carefully listen to the explanation '
B4.1am very dedicated when starting something new 3.03
in the learning process in class ’
B5. T always pay close attention during the basketball 116

learning process

The table 5 shows the average scores for each statement
regarding the emotionalaspect, ranging from 3.19t0 3.68. The
most prominent statement is “When engaged in basketball
learning activities, I feel interested and actively involved in
the tasks or discussions provided,” with an average score of
3.68. This indicates that the flipped classroom approach can
create an engaging learning atmosphere and spark students’
interest in learning activities. Additionally, the statement
“Basketball learning class is delightful and inspiring” also
received a high score of 3.61, indicating that students
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perceive the learning experience positively and motivating.
However, “I feel enthusiastic and excited when introduced to
new concepts or materials in basketball learning” obtained
the lowest score of 3.19, indicating that there is still room
to improve students’ enthusiasm and excitement. These
results suggest that the flipped classroom approach positively
impacts students’ emotional aspects, creating a fun, inspiring
learning environment and arousing interest and enthusiasm
in basketball learning.

Table 5. The mean aspect of emotional engagement

Description Mean
E1. I feel enthusiastic and excited when introduced to 319
new concepts or materials in basketball learning ’
E2.1am interested and actively involved in the tasks
or discussions provided when engaged in basketball ~ 3.68
learning activities
E3. While in class, I feel curious and eager to know
more about the topics or materials being learned, 3.29
so I often seek additional information
E4. 1 enjoy the atmosphere created in the class 3.35
E5. The basketball learning class is delightful and 361

inspiring

Table 6 displays the average scores for each statement re-
garding the cognitive aspect, ranging from 2.99 to 3.81. Spe-
cial attention is given to the statement, “I strive to organize all
different ideas into a logical whole when I am studying, mak-
ing it easier for me to understand the material thoroughly,”
which obtained the highest average score of 3.81. This indi-
cates that the flipped classroom approach encourages stu-
dents to develop the ability to integrate various concepts
and information to gain a comprehensive understanding.
However, the statement “To aid my understanding of im-
portant concepts, I often create my relevant examples from
everyday life” received the lowest average score of 2.99, indi-
cating that there is still room to improve the implementation
of learning strategies more relevant to daily life. These results
demonstrate that the flipped classroom approach positively
impacts students’ cognitive aspects by encouraging them to
connect new concepts with previous knowledge, use per-
sonal experiences to enrich understanding, and develop the
ability to organize ideas logically.

The data analysis results in Table 7 reveal a comparison
of student engagement across agentic, behavioral, emotional,
and cognitive aspects between two learning groups, namely

Table 7. Group Statistic

Table 6. The mean aspect of cognitive engagement

Description Mean
C1. When completing coursework assignments,
I endeavor to connect new concepts I have learned 3.45
with the knowledge I already possess
C2. Throughout the learning process, I strive to link
my study material with my personal experiences to 3.48

enrich my understanding

C3. 1 organize all different ideas into a logical whole
when I am studying, making it easier for me to 3.81
understand the material thoroughly

C4. T often create relevant examples from everyday life

. . . 2.99
to aid my understanding of important concepts

C5. Before I begin studying, I create a plan and consider
the goals I want to achieve to focus and be efficient in
the learning process

3.58

C6. When working on assignments, I regularly evaluate
my progress by pausing and reviewing my previous
accomplishments

3.42

C7. Throughout the learning process, I always assess the
extent of my understanding of the material, not just
focusing on the correctness of the answers I obtain

3.03

C8. If I struggle to understand the material, I try
various learning approaches or strategies to enhance
my comprehension.

3.42

C9. T actively seek additional reference sources to
support my understanding of the material being
studied.

3.53

C10. When facing challenges in comprehension, I am
quick to ask classmates for assistance or seek help
from the instructor to clarify concepts I need help
understanding.

3.42

flipped classroom and conventional. Regarding the agentic
aspect, the mean student engagement in the flipped
classroom group (M = 3.15, SD = 0.34) surpasses that of
the conventional group (M = 2.94, SD = 0.24). Similarly,
concerning the behavioral aspect, student engagement
within the flipped classroom group (M = 3.18, SD = 0.16)
exhibits a higher figure than the conventional group
(M = 3.08, SD = 0.17). Furthermore, in the emotional
aspect, students in the flipped classroom group (M = 3.42,
SD =0.27) also demonstrate a higher engagement level than
the conventional group (M = 3.04, SD = 0.25). Lastly, in

Item Grup N Mean SD Levene’s test t Sig (2 tailed)

Flipped classroom 31 3.15 0.34

Agentic 0.076 2.786 0.007
Conventional classroom 31 2.94 0.24
Flipped Classroom 31 3.18 0.16

Behavioral 0.554 2.218 0.03
Conventional Classroom 31 3.08 0.17
Flipped Classroom 31 3.42 0.27

Emotional 0.468 5.667 0.000
Conventional Classroom 31 3.04 0.25
Flipped Classroom 31 3.39 0.23

Cognitive 0.064 3.864 0.000
Conventional Classroom 31 3.19 0.15
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the cognitive aspect, student engagement within the flipped
classroom group (M = 3.39, SD = 0.23) also outperforms
that of the conventional group (M = 3.19, SD = 0.15). From
these findings, the flipped classroom approach positively
contributes to student engagement across various learning
aspects, encompassing agentic, behavioral, emotional, and
cognitive dimensions.

Levene’s test results indicate that for the agentic aspect,
Levene’s test value is 0.076, with a t-value of 2.786 and a
two-tailed significance value (Sig) of 0.007. This suggests
that the data variance between the flipped classroom and
conventional groups is homogeneous. Conversely, Levene’s
test value is 0.554 for the behavioral aspect, with a t-value
of 2.218 and a two-tailed Sig of 0.03. These results show a
significant difference in the mean behavioral engagement
between the two groups. Furthermore, in the emotional
aspect, Levene’s test value is 0.468 with a t-value of 5.667 and
a two-tailed Sig of 0.000. These findings indicate a significant
difference between the flipped classroom and conventional
groups regarding emotional engagement. Lastly, Levene’s
test value is 0.064 for the cognitive aspect, with a t-value
of 3.864 and a two-tailed Sig of 0.000. This confirms a
significant difference between the two groups in cognitive
engagement. Thus, these findings provide evidence that the
flipped classroom approach significantly impacts student
engagement in agentic, behavioral, emotional, and cognitive
aspects compared to the conventional classroom approach.

Discussion

Theresearchanalysisrevealssignificantfindingsregarding
the influence of the flipped classroom approach on student
engagement across various aspects of learning involvement.
In the agentic aspect, students undergoing instruction via
the flipped classroom approach exhibit a higher engagement
level than those following conventional methods. This is
evident from higher average scores on statements indicating
proactive activities during participation and interaction
throughout the learning sessions. These results align with
previous literature emphasizing the importance of active
participation in enhancing learning outcomes (Gonzélez
et al, 2021). Students actively engaged in classroom
discussions and collaborative projects tend to achieve higher
levels of understanding and academic outcomes compared
to those merely acting as passive listeners in the learning
process (Gonzalez et al., 2021). Mahasiswa yang secara
aktif terlibat dalam diskusi kelas dan proyek kolaboratif
cenderung mencapai tingkat pemahaman yang lebih tinggi
dan hasil akademis yang lebih baik daripada mereka yang
hanya menjadi pendengar pasif dalam proses pembelajaran
(Amerstorfer & Freiin von Miinster-Kistner, 2021; Cavinato
et al., 2021; Digout & Samra, 2023). Thus, this research
underscores the significance of active participation in
enhancing student learning outcomes.

In the behavioral aspect, students within the flipped
classroom group also demonstrate a higher level of
engagement, particularly in comprehending new material
and exhibiting dedication in facing learning challenges. This
indicates that the flipped classroom approach can stimulate
more proactive and goal-oriented behaviors in learning.
This is consistent with constructivist learning theory, which
emphasizes the importance of student-centered learning and

active methods in the learning process (Efgivia et al., 2021).
Using the flipped classroom approach in university settings
has the potential to develop various aspects of student
behavior (Han, 2022). In this context, students can prepare
themselves beforehand with the provided materials before
class meetings. This aids them in feeling more prepared
and confident when participating in class discussions.
Additionally, the flipped classroom approach encourages
active learning, wherein students are more directly involved
in the learning process through discussions, problem-
solving, and collaboration with fellow students. Through
this increased level of interaction, students can develop
communication skills, cooperation, and problem-solving
abilities, all of which are crucial aspects of the behavioral
development of students in university environments (Salleh,
2022a).

The utilization of the flipped classroom holds the
potential to enrich various aspects of student behavior
within university environments. By fostering active
engagement in high-level tasks, this approach stimulates
students’ involvement in complex problem-solving, in-
depth analysis, and synthesis of information necessary to
achieve profound understanding. Furthermore, the flipped
classroom can influence students’ perceptions of learning by
considering individual characteristics, learning preferences,
and interactions within the learning environment (Salleh,
2022b). These factors can affect enjoyment, boredom,
and perceived self-efficacy in facing academic tasks. By
acknowledging and adapting learning experiences to meet
the needs and preferences of individual students, the flipped
classroom can serve as an effective tool for developing diverse
student behaviors at the university level (Cho et al., 2021).

The results indicate that the flipped classroom approach
positively impacts students’ emotions. They feel more
interested, motivated, and enthusiastic about participating
in learning activities. This suggests that the flipped
classroom approach’s more interactive and responsive
learning atmosphere can enhance students’ emotional
engagement. Consistent with research findings, the flipped
classroom approach shows a positive correlation with
increased confidence, motivation, and student engagement
in the learning process (Hu et al., 2022; Xiu & Thompson,
2020; Zarouk et al., 2020). They allow students to have
access to learning materials before class sessions and allow
them to feel more confident in understanding the concepts
taught. Thus, the flipped classroom approach correlates with
increased comprehension of the material and enhancements
in psychological and motivational factors crucial for
academic success (Awidi & Paynter, 2019).

In the cognitive aspect, students engaged in the flipped
classroom group demonstrate higher involvement. They
tend to comprehend the material comprehensively, connect
new concepts with previous knowledge, and utilize personal
experiences to enrich their understanding. These findings
align with research indicating that the flipped classroom
approach can stimulate critical and reflective thinking among
students in the learning process (Moon, 2023; Orhan, 2023).
By encouraging students to engage in deeper thinking about
the material, connect the taught concepts with existing
knowledge, and relate them to personal experiences, this
approach aids in developing higher-order thinking skills and
a deeper understanding of the learning material. This reflects
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the positive contribution of the flipped classroom approach
to the cognitive development of students in challenging and
student-centered learning contexts.

The implications of these findings suggest that the flipped
classroom approach can be considered an effective alternative
for enhancing student engagement in the learning process.
Practical implications include educational practitioners
adopting this approach to create more meaningful and
interactive learning experiences. Additionally, these findings
contribute theoretically to expanding understanding of the
effectiveness of various teaching methods in improving
student learning outcomes.

It is important to remember that this research has limi-
tations that should be acknowledged. Using a limited sample
may restrict the generalization of the research findings to a
broader population. With relatively small participant num-
bers in each group, the possibility of significant individual
variations in response to specific teaching approaches may
need to be fully reflected. Furthermore, specific learning
environments, such as basketball learning, may also limit the
generalizability of these findings to other learning contexts.
Using research instruments that may be partially valid or re-
liable could affect the accuracy of measuring student engage-
ment. Although adapted from reliable instruments, there is
a possibility that the questions in the learning engagement
scale need to reflect the intended constructs entirely accu-
rately. Moreover, the subjective nature of students™ self-as-
sessment of their engagement may also influence the results.

Furthermore, the research design used has limitations.
Although a comparison has been made between two groups,
namely the flipped classroom and conventional approaches,
there needs to be precise control over variables that may
influence student engagement apart from the implemented
teaching approach. This could result in uncontrolled
confounding variables affecting the research outcomes. The
limited research time can also be a constraint. Not all aspects
of student engagement may be thoroughly explored within
a limited time.

Conclusions

In conclusion, this research demonstrates that the
flipped classroom approach significantly impacts student
engagement across various learning aspects, including
agentic, behavioral, emotional, and cognitive dimensions.
These findings indicate that the flipped classroom approach
stimulates more proactive and goal-oriented engagement
in learning, enhances comprehensive understanding of the
material, and encourages the utilization of higher-order
cognitive skills by students. Students actively involved in
learning, whether through interaction with instructors or
peers, tend to achieve better learning outcomes. Therefore,
approaches emphasizing active participation, such as the
flipped classroom, can be considered effective alternatives
for enhancing learning outcomes.

The flipped classroom approach offers significant
potential for improving student engagement and learning
outcomes. However, adjustments need to be made to
implement it effectively according to specific learning needs
and contexts. Thus, further research and exploration of
this approach would be valuable steps in developing more
effective and inclusive sports education in the future.
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Abstract

Background. Interpersonal communication skills have a significant influence that must be emphasized on the
implementation of learning at school. Consequently, ongoing evaluation of students is essential to achieve optimal

interpersonal communication skills.

Objectives. This study aimed to examine the impact of implementing physical education on interpersonal
communication skills in Senior High School (SMA) and Vocational School (SMK) students. Both types of schools
have distinctive characteristics. Senior High School focuses more on continuing education, while Vocational School
places greater emphasis on education that prioritizes the readiness of its graduates to work.

Materials and methods. Quantitative descriptive approach is employed in this study, with high school and vocational
school students as the research sample. The Interpersonal Communication Competence Scale (ICCS) is the research

tool used in this study.

Results. Based on the research findings, it is clear that there are differences in the results of interpersonal communication
skills between high school and vocational school students compared to the outcomes of implementing physical education

at school. This is evidenced by the results of the independent sample t-test (two-sided p-value) < 0.001. Furthermore, it can
also be observed that based on gender (male and female), it is obtained 0.002. Both results have a significance level of < 0.05.
Conclusions. The findings indicate that vocational school students’ interpersonal communication skills have been

found to be improved than high school students.

Keywords: physical education, interpersonal communication, school, student, vocational school, senior high school.

Introduction

Interpersonal communication skills are crucial for
students in physical education classes (Hacicaferoglu,
2022; Masamah et al., 2023; Stoddart & Humbert, 2021).
Through effective communication, students can collaborate
with their peers, engage in team sports, and understand the
importance of clear instructions and feedback from their
teachers (Hawani et al., 2020; Laufs & Waseem, 2020). In
addition, interpersonal communication skills can also help
students in resolving conflicts, expressing their ideas, and

© Purnomo, E., Marheni, E., S, A., Gumilar, A., Jermaina, N., &
Abidin, N. E. Z., 2024.
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building a supportive and inclusive environment within the
physical education setting (Hacicaferoglu, 2022; Lamb et
al., 2016; Laufs & Waseem, 2020). By honing these skills,
students can not only improve their performance in sports
and physical activities but also develop important life skills
that will benefit them in their personal and professional lives.

It is important for physical education teachers to actively
foster and encourage the development of interpersonal
communication skills among their students. Teachers can
incorporate group activities, partner exercises, and team
sports that require effective communication and cooperation
(Chermak & Weiss, 2005). Furthermore, providing
opportunities for students to practice giving and receiving
constructive feedback can greatly enhance their interpersonal
communication abilities. In addition to in-class activities,
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integrating communication skill-building exercises into the
curriculum can be beneficial (Nichols et al., 2014; Sun, 2011).
These exercises can include role-playing scenarios, group
discussions, and communication workshops. By consistently
reinforcing the importance of interpersonal communication,
students will be better equipped to navigate social interactions,
work collaboratively, and lead successful, active lives beyond
the school setting (Chermak & Weiss, 2005).

As educators continue to prioritize the development of
interpersonal communication skills in physical education,
students will be well-prepared to engage in healthy, productive
relationships, both on and off the field (Hacicaferoglu,
2022; Park et al., 2021; Sutherland & Parker, 2020). Physical
education classes provide an ideal environment for students
to not only improve their physical fitness but also to enhance
their interpersonal communication skills (Primo et al,
2023; Sutherland & Parker, 2020; White et al., 2023). With
the guidance of supportive teachers, students can learn to
effectively communicate, collaborate, and resolve conflicts,
which are all essential skills for success both inside and outside
of the classroom (Amadi & Kufre Paul, 2017; Kourkouta &
Papathanasiou, 2014). As students develop these capabilities,
they not only improve their performance in sports and
physical activities but also lay the foundation for successful
personal and professional relationships in the future.

In addition to the various activities and exercises
mentioned, it is crucial for physical education teachers to
serve as role models for effective communication (Guan,
2023; White et al., 2023). By demonstrating active listening,
clear expression, and empathy, teachers can instill valuable
communication habits in their students (Hawani et al.,
2020; Stoddart & Humbert, 2021). Moreover, integrating
technology and multimedia resources into the curriculum
can provide additional opportunities for students to enhance
their communication skills, such as creating and delivering
presentations or utilizing digital tools for collaborative
projects (Bhat, 2023; Ganan et al., 2014; Zin et al., 2013).

By fostering a positive and inclusive environment in
physical education classes that prioritizes communication
and teamwork, educators can empower students to become
confident and effective communicators both on and off the
field (Lamb et al., 2016; Stoddart & Humbert, 2021; Yang et
al., 2021). This emphasis on interpersonal communication
skills can ultimately contribute to the holistic development
of students and prepare them for success in their future
endeavors. As students continue to hone their interpersonal
communication skills in physical education classes, they
also have the opportunity to apply these skills beyond the
school environment (Dina & Dina, 2014; Lamb et al., 2016;
Widyaningsih et al., 2020). For example, when participating in
community sports or recreational activities, students can utilize
their enhanced communication abilities to work effectively as
part of a team and to express their thoughts and ideas with
confidence (Altun et al., 2018; Bailey, 2006; Sullivan, 1993).

Moreover, the benefits of strong interpersonal
communication skills extend into the professional realm. In
future careers, individuals who possess adept communication
skills are often more successful in collaborating with
colleagues, clients, and stakeholders (Hulbert et al., 1987;
Jiang, 2018; Lolli, 2013). By emphasizing the importance
of these skills in physical education, educators are not only
nurturing students’ physical abilities but also equipping

them with the essential tools for thriving in various aspects
of their lives (Dyson, 2014; Madrona et al., 2019; Stoddart &
Humbert, 2021).

As students advance through their education, the
development of these interpersonal communication skills
will continue to serve as a valuable asset, promoting success
in their academic pursuits and beyond (Amadi & Kufre Paul,
2017; Iksan et al., 2012; Martin, 2014a; Wayne et al., 1992).
Teachers play a pivotal role in this journey, as they encourage
and guide students in harnessing their communication skills
to become well-rounded individuals who are prepared to
face the challenges of the future. With a strong foundation
in interpersonal communication, students are poised to
navigate the complexities of relationships and teamwork
with confidence and proficiency.

In addition to the strategies mentioned, integrating peer
feedback exercises into the physical education curriculum can
further enhance students’ interpersonal communication skills
(Double et al., 2020). Peer feedback provides students with the
opportunity to not only receive input from their classmates
but also to practice giving constructive criticism in a sup-
portive manner (El-Sherif, 2014; Shin et al., 2007). Through
this process, students develop empathy, active listening, and
the ability to effectively articulate their thoughts. By incor-
porating structured peer feedback sessions into activities and
team sports, students can gain valuable insights into their
own communication styles and learn to adapt their approach
based on their peers’ feedback (Mills et al., 2014; Nichols et al.,
2014). This fosters a deeper understanding of the importance
of clear and respectful communication, which can have a
positive impact on their interactions both on and off the field.

Encouraging students to reflect on and discuss the feed-
back they receive from their peers can also promote self-
awareness and personal growth (Hacicaferoglu, 2022). As they
become more attuned to their own communication strengths
and areas for improvement, students can take proactive steps
to refine their skills and become more effective communica-
tors (Hodder et al., 1989; Nofziger et al., 2010; Simonsmeier
et al,, 2020). Moreover, integrating peer feedback into physi-
cal education classes aligns with the broader goal of cultivat-
ing a culture of support and collaboration. Students learn to
value the perspectives of their peers and recognize the col-
lective benefit of effective communication within a team or
group setting (Martineau et al., 2016; Zhou et al., 2021). This
emphasis on mutual respect and understanding contributes
to the creation of a positive and inclusive environment, rein-
forcing the importance of communication as a foundational
element of successful interpersonal relationships.

By actively incorporating peer feedback initiatives,
physical education teachers can empower students to
actively engage in the continuous improvement of their
communication skills, thereby preparing them for the
multifaceted demands of their future personal and
professional endeavors.

Materials and methods

Participants

This research involved 394 high school and vocational
school students (155 high school students and 239 voca-
tional school students), then based on gender there were
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183 men and 211 women. Furthermore, this research looks
at interpersonal communication skills resulting from the
implementation of physical education in schools. According
to Regulation of The Minister of Education and Culture of
The Republic of Indonesia, Number 34 of 2018 Concerning,
National Standards for Vocational Secondary School Edu-
cation/Vocational Madrasah Aliyah (Kemendikbud, 2018),
the two schools have different learning objectives. The goals
of high school education focus on general education which
prepares students to continue their education to a higher
level (university or college). The curriculum covers a variety
of academic subjects such as mathematics, natural sciences,
social sciences, and languages. Meanwhile, SMK focuses on
vocational education which prepares students to immediate-
ly enter the world of work after graduating. The curriculum
focuses more on practical and technical skills in certain fields
such as engineering, business, tourism, health, and others.

Based on these differences, it will be possible to
produce results that will look at students’ interpersonal
communication skills and the impact of physical education
learning at school. Apart from that, it will explicitly know
based on gender.

Instrument

The Interpersonal Communication Competence Scale
(Rubin & Martin, 1994) is a widely used tool to measure the
effectiveness of physical education programs in improving
students’ interpersonal communication skills. The scale
provides valuable insights into the impact of physical
education on students’ ability to communicate effectively in
various social and professional contexts. Research utilizing
the ICCS has shown that comprehensive physical education
programs not only contribute to students’ physical well-being
but also play a crucial role in fostering essential interpersonal
communication skills. By integrating the ICCS into the
assessment of physical education initiatives, educators and
policymakers can gain a deeper understanding of the specific
areas of interpersonal communication where students excel
and where they may need additional support.

Furthermore, the utilization of the ICCS allows for
the continuous evaluation and improvement of physical
education programs to better align with the evolving needs
of students in today’s interconnected world. As educational
institutions continue to prioritize the development
of students’ interpersonal communication skills, the
ICCS serves as a valuable tool for ensuring that physical
education remains an integral component of the broader
educational curriculum. Incorporating the ICCS into the
ongoing assessment of physical education programs will
provide valuable data to support the further exploration and
refinement of these initiatives. Through the conscientious
use of the ICCS, educational institutions can continue to
adapt and enhance their approach to physical education,
ensuring that students are equipped with the necessary
interpersonal communication skills to succeed in a complex
and rapidly changing global landscape.

Statistical analysis

The independent sample t-test is a widely used statisti-
cal method in research to determine the impact of physical

education on improving students’ interpersonal communi-
cation skills. This method allows researchers to compare the
means of two independent groups to assess whether there is
a significant difference between them. Utilizing the indepen-
dent sample t-test in the analysis of the impact of physical
education on students’ interpersonal communication skills
enables researchers to make evidence-based conclusions re-
garding the effectiveness of physical education programs. By
comparing the communication competence of students who
have received comprehensive physical education with those
who have not, researchers can quantify the specific improve-
ments attributable to physical education.

The findings from independent sample t-tests provide
valuable insights into the efficacy of physical education in
enhancingstudents’interpersonal communicationskills, thus
informing educators and policymakers about the measurable
impact of integrating physical education into the broader
curriculum. Through rigorous data analysis, the independent
sample t-test contributes to the body of evidence supporting
the importance of prioritizing physical education as a
means of fostering students’ interpersonal communication
competencies. The incorporation of the independent sample
t-test in research on the impact of physical education on
students” interpersonal communication skills underscores
the significance of empirical evidence in shaping educational
policies and practices.

Results

This research aims to explore the impact of implement-
ing physical education in schools on students’ interpersonal
communication skills. Physical education, as an important
component in the curriculum, is expected to not only im-
prove physical health, but also students’ social and emotion-
al abilities. In this research, interpersonal communication
skills were analyzed separately in two main groups, namely
Vocational School (SMK) and Senior High School (SMA)
students. This study aims to identify which groups show
more significant improvements in interpersonal communi-
cation skills as a result of implementing physical education.

Apart from that, this research also pays attention to the
gender variablein its analysis. Thus, the results of this research
will provide a comprehensive picture of the differences
in the impact of physical education on interpersonal
communication skills between male and female students.
This research uses a quantitative approach with survey and
observation methods to collect data. It is hoped that the
research results can provide an important contribution to
the development of the physical education curriculum in
schools and provide insight for educators and educational
policy makers in efforts to improve students’ interpersonal
communication skills through physical education.

Type of School

Based on table 1, the results of the Independent Samples
t Test found that there were significant differences between
the Vocational High School (SMK) and Senior High School
(SMA) groups. This is based on the p value in the two-sided
test (Two-Sided p) which is smaller than 0.001.

This suggests that the observed differences between the
two groups are not the result of chance, but rather likely reflect
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Table 1. Independent Samples Test Results based on Differences in School Type

Levene’s Test t-test
F Sig. t df Sig (2 tailed) MD SED
Equal variances 0.017 0.897 3.8 392.0 <0.001 3.730 0.978
assumed
Total Eagal vari
qual variances 37 319.4 <0.001 3.730 0.987

not assumed

real and substantial differences. A very small p value (<0.001)
indicates that the chance of this difference occurring by
chance is very small, so it can be concluded that the differ-
ence between the Vocational School and Senior High School
groups is statistically significant.

From the results above, it is known that there is indeed a
significant difference between the results of high school and
vocational school students. In table 2 below you can see the
average value for each group.

Table 2. Group Statistics

School Type N  Mean SD SEM

Total Vocational School 155 100.01 9.716 0.780
ota

Senior High School 239  96.28 9.334 0.604

Apart from that, based on these results an average value
was also obtained for each group. In the Vocational School
(SMK) group, the average obtained was 100.01, while in the
Senior High School (SMA) group, the average obtained was
96.28. This means that the Vocational School group has a
better average even though the average difference is only
3.73 between the two groups. So, although these mean
differences are not very large, statistical tests show that
they are statistically significant. In other words, the average
difference of 3.73 points is enough to conclude that there is
a real difference between the performance of the Vocational
School and Senior High School groups.

Gender

Based on table 1, the results of the Independent Samples
t Test found that there was significant difference between
men and women in terms of interpersonal communication
skills. This is based on the p value for the two-sided test (Two-
Sided p) which is 0.002. A p value of 0.002 indicates that the
observed differences between male and female students are
very unlikely to occur by chance, and the differences are
statistically significant.

In other words, gender has a significant influence
on interpersonal communication skills resulting from
the implementation of physical education at school. This
research shows that there are real differences between the
interpersonal communication skills of male and female

students, which can provide additional insight into
developing physical education programs that are more
effective and appropriate to the needs of each group.

From the results above, it is known that there are indeed
significant differences between results based on gender. In
table 4 below you can see the average gender.

Table 4. Group Statistics

Gender N Mean SD SEM
Men 183 96.16 9.221 0.682

Total
Woman 211 99.12 9.819 0.676

Apart from that, based on these results an average
value was also obtained for each gender group. In the male
group, the average obtained was 96.16, while in the female
group, the average obtained was 99.12. This means that the
female group has a better average even though the average
difference is only 2.96 between the two groups. Although
this mean difference is not very large, a p value of 0.002
indicates that the difference is statistically significant. This
means that interpersonal communication skills arising from
the implementation of physical education are better for
female students compared to male students.

The results of this study confirm that both school type
(Vocational School vs. Senior High School) and gender
(male vs. female) have a significant impact on interpersonal
communication skills. Specifically: (1) Vocational School
students have slightly higher average interpersonal
communication skills than Senior High School students;
(2) Female students have higher average interpersonal
communication skills than male students. These results can
be used to direct efforts to develop more effective physical
education programs, taking into account differences
between school type and gender to improve interpersonal
communication skills among students.

Discussion

Based on the research results, it is evident that there
are notable differences in the interpersonal communication
skills of high school and vocational school students as a
result of implementing physical education at school. The
independent sample t test showed a two-sided p-value of

Table 3. Independent Sample Test Results Based on Gender Differences

Levene’s Test t-test
F Sig. t df Sig (2 tailed) MD SED
Total Equal variances assumed 1.75 0.186 -3.07 392.0 0.002 -2.960 0.964
Equal variances not assumed -3.08 389.5 0.002 -2.960 0.960
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< 0.001, indicating significant differences. Additionally,
there is a significant difference based on gender, with a
p-value of 0.002. Both results achieved a significance level
of < 0.05, highlighting the importance of physical education
in enhancing students’ interpersonal communication skills.
This emphasizes the need for further exploration and
development of physical education programs for students to
cultivate these vital skills.

Further exploration and development of physical
education programs is crucial for students to cultivate vital
interpersonal communication skills (Bolotnikov et al., 2020;
Clements & Kuperberg, 2008). In addition to the statistical
significance of the results, it is important to consider the
practical implications of these findings. Understanding and
improving interpersonal communication skills can have a
profound impact on students’ academic achievements, career
prospects, and overall well-being (Balcar & Dokoupilova,
2021; Martin, 2014b). Investing in physical education not
only contributes to the physical health of students but
also plays a significant role in their social and emotional
development (Kalina et al., 2018; Sutherland & Parker,
2020). By providing opportunities for students to engage in
teamwork, conflict resolution, and effective communication,
physical education can empower them with essential life
skills that extend far beyond the classroom (Hou, 2011;
Madrona et al., 2019).

In today’s interconnected world, the ability to
communicate effectively is more important than ever
(Cortellazzo et al., 2019). As educators and policymakers,
it is imperative to recognize the value of physical education
in equipping students with the tools they need to succeed in
an increasingly complex and evolving society. By fostering
a supportive environment that prioritizes the holistic
development of students, schools can create a foundation
for lifelong success (Tarigan et al., 2023). Moving forward,
it is essential to continue researching and implementing
innovative approaches to integrate physical education into
the overall educational curriculum. By doing so, we can
ensure that students receive a well-rounded education that
not only focuses on academic knowledge but also prioritizes
the acquisition of essential interpersonal communication
skills (Mckenzie & Lounsbery, 2009; Ozkara, 2018). As
educators and policymakers continue to recognize the value
of physical education in students’ development, it is essential
to prioritize the integration of physical education into the
overall educational curriculum (El-Sherif, 2014; Mckenzie &
Lounsbery, 2009). A comprehensive approach to education
must encompass not only academic knowledge but also the
cultivation of essential interpersonal communication sKkills.

One effective way to achieve this integration is through
the establishment of collaborative programs that combine
physical education with other subjects such as language
arts, social studies, or even technology (Marttinen et al.,
2017; Wilson-Parish & Parish, 2016). These interdisciplinary
approaches can provide students with opportunities to apply
their communication skills in various contexts, thereby
reinforcing and improving their abilities (Deneme & Ada,
2012; Spelt et al., 2009). Furthermore, the implementation
of extracurricular activities that emphasize teamwork
and communication, such as team sports or group fitness
challenges, can complement the formal physical education
curriculum. These activities not only promote physical

wellness but also offer students practical opportunities to
apply and enhance their interpersonal communication skills
in real-life scenarios (Eime et al., 2013; Slentz & Chase,
2003).

In addition, educators can consider incorporating
technology and digital tools into physical education to engage
students in interactive communication exercises (Lambert,
2016; Wintle, 2019). Platforms for video analysis, virtual
teamwork, and communication simulations can provide a
modern and dynamic approach to teaching interpersonal
communication within the physical education framework.
As we move forward, it is crucial for educational institutions
to engage in ongoing research to identify the most effective
methods for integrating physical education into the broader
curriculum (Humphries et al., 2011; Marttinen et al., 2017;
Wilson-Parish & Parish, 2016). By continually evolving
and adapting the approach to physical education, schools
can ensure that students are equipped with the necessary
interpersonal communication skills to thrive in all aspects
of their lives (Kulinna, 2008; Mckenzie & Lounsbery, 2009).

Incorporating physical education into the broader
curriculum not only enhances students’ physical well-
being but also equips them with essential interpersonal
communication skills, unleashing their potential for success
in an increasingly complex and interconnected world
(Clements & Kuperberg, 2008; Kalina et al., 2018; Lamb et
al,, 2016). Research has shown that collaborative programs
integrating physical education with subjects such as language
arts, social studies, and technology can provide students
with diverse opportunities to enhance their communication
skills in real-world contexts.

Moreover, extracurricular activities emphasizing team-
work and communication, such as team sports or group fit-
ness challenges, complement the formal physical education
curriculum by offering practical scenarios for students to
apply and refine their interpersonal communication abili-
ties (Gabler & Kaufman, 2006; Marsh, 1992). Additionally,
leveraging technology and digital tools in physical educa-
tion, such as video analysis, virtual teamwork platforms,
and communication simulations, can provide a dynamic ap-
proach to teaching interpersonal communication within the
framework of physical education (Wintle, 2019). Education-
al institutions must continue to engage in ongoing research
to identify the most effective methods for integrating physi-
cal education into the broader curriculum (Bryant et al.,
2021; Dyson, 2014). By evolving and adapting the approach
to physical education, schools can ensure that students are
equipped with the necessary interpersonal communication
skills to thrive in all aspects of their lives. This ongoing com-
mitment to the development and implementation of innova-
tive approaches to physical education will play a crucial role
in shaping students into well-rounded individuals capable of
navigating the challenges of the modern world.

Conclusions

The research utilizing the Interpersonal Communication
Competence Scale (ICCS) and the independent sample t-test
provides compelling evidence of the positive impact of phys-
ical education on improving students’ interpersonal com-
munication skills. By integrating physical education into the
broader curriculum and utilizing data-driven analyses, edu-
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cators and policymakers can draw several important conclu-
sions regarding the significance of prioritizing interpersonal
communication skills in students’ overall development.

Firstly, the utilization of the ICCS has revealed that
comprehensive physical education programs not only
contribute to students’ physical well-being but also
play a crucial role in fostering essential interpersonal
communication skills. This highlights the multifaceted
benefits of incorporating physical education into the
educational framework, emphasizing its role in not only
promoting physical health but also in nurturing vital
communication competencies.

Moreover, the findings from the independent sample
t-test demonstrate that students who have received
comprehensive physical education exhibit significant
improvements in interpersonal communication skills
compared to those who have not. This underscores the
measurable impact of physical education on students’
communication competencies, providing empirical evidence
to support the integration of physical education into the
broader curriculum.

Furthermore, the convergence of insights from the
ICCS and the independent sample t-test underscores the
holistic approach to student development. It emphasizes
the interconnected nature of physical well-being and
interpersonal communication skills, highlighting the need
for a comprehensive educational framework that addresses
both aspects to ensure students are well-prepared for the
complexities of the modern world.

In conclusion, the research’s findings support the ongo-
ing commitment to the integration of physical education
into the broader curriculum as a means of equipping stu-
dents with essential interpersonal communication skills. By
drawing these conclusions from the data, educational insti-
tutions can continue to refine and enhance their approach
to physical education, ultimately empowering students to
thrive in all aspects of their lives.
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Qi3snuyHe BNXOBaHHA AK 3aci6 NOKpaLeHHA HaBUYOK
MiXKOCOOUMCTICHOrO CNiNIKyBaHHA CTYAEHTIB

Exo ITypaomo'**°PE, Enni Mapxeni'®”, A¢ppusan C'®P, Aryc
T'yminap?®cP, Hina [I)xepmaina'®*“, Hop I3a 3eitnan A6imin*®?

'TTagaHrCbKUI fep>KaBHUI YHIBEpCUTET
*IH/IOHe31IChKIIT YHIBEpCUTET OCBITH
*ManaiicbKnii yHiBepcUTeT

ABTOpPCHKMIT BKTA: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 9 c., 4 Tab., 66 mKepert.

Icropis nuranHsa. HaBuuky MKOCOOGVCTICHOTO CITIKYBaHHsI MAalOTh 3HAYHMIT BIUIVB HA peai3aliio HaBYaTbHOIO IIPOLECY
B IIKOJIi, HA IKOMY HeoOXiZIHO aKIjeHTyBatu yBary. OT>Ke, 3abe3IeueHH: IPOLeAypY IOCTITHOTO OLiHIOBAaHHSA YYHIB Ma€ BaXXIN-
Be 3HAYEHHs [/Is1 JOCATHEHHs ONTMMA/IbHIX HABUYOK MDKOCOOYCTICHOTO CIIIIKYBaHHS.

Mera gocnifkeHHs. [laHe TOC/IIPKEHHA MajIo Ha METi BUBYMTI BIUIMB BIIPOBAJPKEHH: (i3NYHOrO BUXOBAHHSA Ha HABUYKIU
MIXXOCOOMCTICHOTO CIIKYBaHHS B YYHIB CTapIINX K/IaciB cepefHboi 3arabHoocBiTHBOI mkomu (C3I) ta mpodeciitHo-TexHiu-
HUX HaBuanbHKX 3akaafis (IITH3). O6uaBa TiIM HaBYaIbHUX 3aK/IAfiB MAIOTh BIAMIHHI XapaKTepUCTUKU. Y CTAapIIiil MIKOI
Oi/iblile yBary MPUAINAETbCA Oe3lepepBHill OCBITI, B TOI Yac K y MpodeciiiHO-TeXHIYHNX HaBYaTbHIX 3aK/IaflaX OCHOBHMII aK-
LIEHT CTaBUTHCA Ha MiATOTOBL BUITYCKHUKIB IO TPY/IOBOI HisA/IbHOCTI.

Marepianu ta MeTopu. Y JOCTIIKEHH] 3aCTOCOBAHO Ki/IBKICHMIT Ta OIVICOBWII ITiAXiM, B AKOCTI JOCII/PKyBaHOI BUGIpKY 06-
PaHO YYHIB CTApIINX K/IACIB WIKi Ta mpodeciiiHO-TeXHIYHNX HaBYanbHNUX 3akaafiB. [lIkama MKOCOOUCTICHOI KOMYHIKaTHBHOL
komnereHTHOCTI (IIMKK) € fOCTiZHUIIBKIM IHCTPYMEHTOM, 3aCTOCOBAHMM Y aHiif po6OTi.

Pesynpraru. Ha mifcraBi oTpuMaHuX pes3ynbTaTiB JOCTIPKEHHA MOXKHA CTBEPIPKYBATH, 10 iCHYIOTh BifIMIHHOCTI B IIOKa3-
HMKaX HaBIYOK MDKOCOOUCTICHOTO CIIJIKYBaHHA MDK YYHAMM CTapILIMX K/IaciB Ta IpodeciiiHO-TeXHIYHIX HaBYa/IbHNX 3aK/IafliB
HOPIBHAHO 3 pe3y/IbTaTaMy BIPOBaKeHH: (isiyHOro BMXoBaHH:A B KO/, IIpo Iie CBifuaTh pesyabTaTy JOCIIPKEHHS 3 BUKO-
PUCTaHHSM t-KpUTEPIO /I He3ameXXHNX BUOIpOK ([BOCTOpOHHE p-3HaueHHs) < 0,001. Kpim Toro, Mo>kHa TaKOX CriocTepirari,
IO 33 CTATEBOIO O3HAKOO (YOIOBIKM Ta )XiHKM) oTpuMaHo 3HadeHHs 0,002. O6upBa pesynbTaTi MalOTh PiBeHb 3Ha4y1OCTi < 0,05.

BucHoBKH. SIK IIOKa3yloTh pe3y/IbTaTy HOCIIIKEeHHA, HABUYKU MDKOCOOMCTICHOTO CIIKYBaHHA B Y4HiB IpodeciilHo-Tex-
HIYHMX HaBYa/IbHMX 3aK/Ia/(iB € O1/IbII PO3BMHEHVMI, HIXK Y CTapIIOK/TACHYKIB.

KinrouoBi cnoBa: disnuHe BMXOBaHHSA, MDXOCOOMCTICHE CIINKyBaHH:, IIKO/MA, y4eHb, MPOdeCiliHO-TeXHIYHMIT HaBYa/IbHMIT
3aKJIafl, CTaplli K/1acy CepeHbOI MIKOJN.
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Abstract

Background. Gaining a comprehensive understanding of the menstrual cycle, its associated health concerns, and
the subsequent effects on athlete performance could facilitate the formulation of educated and tailored strategies

for training and participating in competitive sports. In turn, this can decrease the probability of injuries, maintain
psychological well-being, and ultimately enhance athlete performance.

Objectives. The study aimed to investigate the perspective of collegiate student-athletes related to health issues and
sports performance during their menstrual period, both in terms of training and competition, as well as the athletes’

willingness to discuss pertaining their menstrual cycle.

Materials and methods. Our study included 115 female student-athletes participating in land-based individual/
team sports (n = 95) and a combination of land/water-based sports (n = 20). A questionnaire was used to collect

data for this cross-sectional study, which was undertaken and completed by the participants. A descriptive analysis
was performed, with results reported in frequency and percentage, followed by the Wilcoxon rank-sum test (Mann-
Whitney) to analyze the mean differences between the training participation groups during menstruation.

Results. In general, all athletes experienced several health issues, with abdominal pain and lower back pain being

the most prevalent. Furthermore, nearly all of them (95.33 %) experienced pain on the first day of their periods.
Menstruation also influences the performance of female athletes during exercise (70.43 %) and competition (73.91 %),
causing increased fatigue and reduced endurance in the majority of them. Additionally, there is a significant
difference between the context of training engagement and the number of weekly exercise sessions (0.011) during the

menstrual cycle.

Conclusions. Menstruation significantly affects the health and performance of female athletes, both during training
and competition. Coaches and athletes must comprehend the menstrual cycle to address this issue effectively. It is
crucial that coaches and athletes possess a comprehensive understanding of the menstrual cycle in order to effectively
address this issue. Moreover, involving medical professionals and sports nutritionists in managing menstrual cycles is

also another strategy for enhancing athlete performance.

Keywords: period, health concern, follicular phase, female athletes, exercise, competition.

Introduction

In recent decades, there has been a notable rise in female
involvement in sports, including a spectrum ranging from
physical activity to participation in elite athlete competitions,

© Mustar, Y. S., Pramono, B. A., Nissa, E A. K., Susanto, I. H.,
Noordia, A., & Dita Yuliastrid, D., 2024.
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which can be attributed to heightened efforts and resources
dedicated to the advancement of women’s professional sports
(Fink, 2015; Forsyth & Roberts, 2018). This is evidenced by
the significantly increased number of women’s participation
in competing in the Olympics, by 34 % of the total
participants at the 1996 Olympics in Atlanta, then increasing
to 45 % at the 2016 Rio Olympics, and it is estimated to reach
48.8 % at the Tokyo 2020 Olympics (International Olympic
Committee, 2020).
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Physical activity or exercise can decrease anxiety and
depression (Mikkelsen et al., 2017), cardiovascular fitness
(Lavie et al., 2015), reproductive health (Harrison et al.,
2016; Orio et al., 2013), including decreasing weight for both
men and women (Caudwell et al., 2014; Swift et al., 2014).
However, women in sports are sometimes side-lined because
they are considered more challenging to learn than men due
to their higher levels of hormonal complexity (Holtzman &
Ackerman, 2021). It is due to the physiological differences
between men and women in terms of menstrual cycles,
which are under the control of the hormonal system, and this
cycle affects various aspects of health, well-being, and sports
performance (Lebrun, Joyce, & Constantini, 2013; Mountjoy
etal.,2014; On, Diker, & Ozkamgi, 2014). The menstrual cycle
has been reported as an essential biological rhythm affecting
female reproduction and is also considered for optimizing
exercise, enhancing athletes’ adaptive responses (Julian
& Sargent, 2020), and athlete performance (Oosthuyse &
Bosch, 2010). Constantini et al. (2005) identified a number
of exercise performance parameters—including metabolic,
respiratory, cognitive function, cardiovascular, orthopaedic,
and response to ergogenic aid—that are affected by the
menstrual cycle, which affect both aerobic and anaerobic
strength and overall performance during exercise.

In a part of a review related to the literature on the impact
of physical activity on women’s physiology, research conduct-
ed by Loveless (2017) and Meczekalski (2014) emphasizes
that the majority of women who are menstruating and per-
forming several types of exercise experience an assortment of
menstrual cycle disorders. This indicates that the menstrual
cycle negatively impacts both physically and psychologically
womenss lives and daily activities (Mountjoy et al., 2014). Fur-
thermore, this finding aligns with the research reported by
Findlay et al. (2020), which reveals that 51 % of athletes per-
ceive menstruation as an impediment to their training and
performance, and 93 % of female athletes experience adverse
physical and psychological symptoms associated with their
menstrual cycle. Specific instances indicate that approxi-
mately 75 % of women in their reproductive years’ experience
menstrual discomfort; this condition is particularly prevalent
among young women; it is also experienced by approximately
90 % of Australian adolescents who experience menstrual
pain (Parker, Sneddon, & Arbon, 2010; Subasinghe et al.,
2016). Additionally, 58 % of teenage volleyball athletes also
experience pain prior to the onset of menstruation, while
66 % following menstruation (Wodarska et al., 2013).

During the premenstrual and menstrual phases, estro-
gen and progestin levels decrease, resulting in psychological
alterations, in particular irritability, and depression, along
with unpleasant physical symptoms like breast tension and
abdomen pain, which have been found to have a detrimental
impact on sports performance (Prado Seoane, 2013). The
fluctuations in estrogen and progesterone levels during the
menstrual cycle have a wide range of intricate and multi-
faceted impacts on many physiological systems, including
cardiovascular, pulmonary, metabolic, and neuro-muscular
components (Ansdell et al., 2019). Hence, understanding
the menstrual cycle’s impact on women’s sports is essential
for athletes and coaches to do the right exercises and ensure
optimal health and well-being (Knowles et al., 2019).

Notwithstanding numerous challenges faced by female
athletes during their menstrual cycle and the fact that the

gender gap has decreased in sports participation, women are
still underrepresented (4-13 %) in scientific research on sports
health or sports medicine (Bruinvels et al., 2017; Costello,
Bieuzen, & Bleakley, 2014; Cowley, Olenick, McNulty, & Ross,
2021), and urgently require for further investigation (Car-
michael, Thomson, Moran, & Wycherley, 2021), particularly
among student-athletes. Therefore, this study examined the
perspective of collegiate student-athletes related to health con-
cerns and sports performance during their menstrual period,
both in terms of training and competition, as well as the ath-
letes” willingness to discuss pertaining their menstrual cycle.

Materials and Methods

Study Participants

Our cross-sectional study utilized a convenience
sample to recruit participants from a several universities in
Indonesia. Only student-athletes who have competed at the
regional, national, and international levels were included
in this study. We excluded data from respondents (n = 6)
who were not student-athletes based on the criteria and data
cleansing procedure. Hence, 115 student-athletes qualified
participated in this study.

Study Organization

This study’s questionnaire instrument consisted of four
sections: socio-demographics (information pertaining to
age, sports, duration of practice in one week, duration of
practice per day, the cumulative number of menstruations in
a year, participation in training and competition during the
menstrual period, level of competition, medals won during
menstruation, menstrual cycle, and medication usage during
menstruation both in the time of training and competition,
were included); the perspective of student-athletes regard-
ing health issues experienced during menstruation. Further-
more, a questionnaire regarding the impact of menstruation
on their performance which includes what aspects of training
or competition are impacted by menstrual symptoms, includ-
ing training modifications based on menstruation, as well as
information regarding with whom they feel sufficiently at
ease to discuss their menstrual cycle which adapted from re-
search conducted by Armor et al. (2020) nutrition, skills and
tactics. This questionnaire was distributed over WhatsApp to
individuals and groups, with a link to the survey’s URL.

The participants were then instructed to complete the self-
administrated online questionnaire independently. Further-
more, participants were given detailed instructed to read the
questions attentively and answer them according to their con-
dition. It was highlighted that the respondent should select the
answer deemed most appropriate based on their assessment
related to health issues during menstruation and their sports
performance. Additionally, we also remind the participants
that there are no right or wrong answers. This study took about
15 to 20 minutes for participants to complete the questions.

Statistical Analysis

In this study, we employed Microsoft Excel to collect
and clean data. Subsequently, Stata (version 14) was used
to perform statistical analysis. The descriptive data are

530



Mustar, Y. S., Pramono, B. A, Nissa, F. A. K., Susanto, I. H., Noordia, A., & Dita Yuliastrid, D. (2024). Determining the Impact of Menstrual
Cycle on Collegiate Athletes: Self-reported Health Issues, Sports Performance, and Willingness to Discuss Regarding Menstruation

reported in frequency and percentage and displayed in
tables and graphs afterwards. The Wilcoxon rank-sum
test (Mann-Whitney) was then used to examine the mean
differences between the training participation groups during
menstruation, with a significance level of p = 0.05.

Results

Socio-demographic characteristics

Table 1 outlined that the participants in this study were
female collegiate-student athletes, with a large number of
their ages ranging from 20 to 23 years (73 %), height 150 to
160 cm (67.83 %), body weight 50 to 59 kg (53.91 %), and
having a normal body mass index (75.65%). Most of the
student-athletes participated in team sports (land-based),
exercised three to four times per week, and duration of their
daily exercise for one to two hours per day, with a proportion
of the participants 51.3 %, 65.22 %, and 77.39 %, respectively.

Furthermore, the majority of female athletes (67.83 %)
experienced menstruation between 12 and 15 times per year,
66.96 % of participants had regular menstrual cycles, and
46.09 % routinely engaged in high-intensity exercise during
their menstrual periods. Nearly all athletes also (93.04 %)
encountered pain either right prior to their periods (88.79 %)
or on day one of their periods (95.33 %), and most of them
reported do not take menstrual pain relievers (80.87 %) or
taking medication to delay menstruation (82.61 %), while a
minority of them (6.09 %) utilize medicine to delay menstru-
ation who are combination (water-based) athletes. Moreover,
the majority of participants engaged in training (58.26 %)
and competitions during menstruation (65.22 %) and won
medals (61.74 %) in most regional competitions (60.87 %).

Health issues among collegiate student-
athlete during menstruation

The most common health concerns experienced by
female collegiate student-athletes during menstruation were
feelingabdominal pain/pain in the lower abdomen, lower back
pain, feeling tired/easily tired, mood swings, and headache/
dizziness, with a percentage of the participants 86.09 %,
66.09 %, 28.70 %, 22.92 %, 12.17 %, respectively (Fig.1).

Mood swings

Premenstrual syndrome

Feeling tired |7 i 28.70%

66.09%

Lower back pain
Loss of appetite R0 10.43%
Heart is beating fast § 0.87%

Headache/dizziness

Nausea or vomiting 5 1.74%

Abdominal pain/pain
in the lower abdomen 2%

86.09%

Several health problems 58 5.22%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 1. Self-reported health issues encountered by student-athletes

Table 1. Socio-demographic characteristic of participants

q N=115

Variables o %
Age (year)
16-19 31 27.0
20-23 84 73.0
Boddy Mass Index (BMI)
Normal 87 75.65
Underweight 15 13.04
Overweight 13 11.30
Sport activity
Team sport (land-based) 59 51.3
Individual sport (land-based) 36 313
Combination (water-based) 4 35
Combination (land-based) 16 13.9
Number of exercises in a week (days)
3-4 75 65.22
5-6 40 34.78
Duration of daily exercises (hours)
1-2 89 77.39
>2 26 22.61
Cumulative number of menstruations in a year (times)
5-8 1 0.87
9-11 36 31.30
12-15 75 67.83
Menstrual cycle
Regular 77 58.26
Irregular 38 41.74
Menstrual cycle during high-intensity exercise
Regular 53 66.96
Irregular 62 33.04
Menses pain
Yes, with each period 107 93.04
No 8 6.96
Pain incidence*
Day one of my menstrual 102 95.33
Right prior to my period beginning 95  88.79
Day two of my menstrual 98  91.59
My entire period 12 11.21
The third day of my menstruation and subsequent9 8.41
Taking menstrual pain relievers
Yes 22 19.13
Not 93 80.87
Medication usage to delay menstruation
Yes 4 6.09
Not 96 82.61
Sometimes 15 11.3
Participating in training during menstrual period
Always 67 58.26
Sometimes 48 41.74
Participating in competition during menstrual period
Always 75 65.22
Sometimes 40 34.78
Medal during period
With medals 71 61.74
Without medals 44 38.26
Competition level
Regional 70  60.87
National 40 34.78
International 5 4.35

* Several responses are permitted and can contribute more than
100%
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Menstrual cycle and athlete performance

The occurrence of menstruation presents unique
challenges for female athletes. Our study revealed that most
respondents reported being negatively affected by their
performance both during training (70.43 %), competition
(73.91%), and commonly in the time of their period. They
also feel tired more easily / have less endurance both during

Table 2. Impact of menstrual cycle on performance

The influence of menstruation on athlete
performance

During exercise n=115

Yes - negatively affected 81 70.43
No, I do not see any distinction 34 29.57
Part of the cycle affects exercise*

During my menstrual cycle 81 70.43
A day or two before menstruation 60 52.17
One to two weeks preceding the onset of 30 26.09
menstruation

Part of exercise is negatively affected* n=381

Perceive lacking strength/unable to lift 15 18.51
substantial amounts of weight

Experienced less coordinated or clumsier 10 12.35
Tired more easily/have less endurance 35 43.21
Can’t concentrate on the instructions or tactics 8 9.88
given by the coach during the match

Experience a lack of swiftness in activities that 38 46.91
require rapidity

There exists a disparity in my energy levels 25 30.86
Worried that there will be blood stains on 9 11.11
clothes/uniform

During competition n=115

Yes — negatively affected 85 7391
No, I do not see any distinction 30 26.09
Part of the cycle affects competition*

During my menstrual cycle 85 73.91
A day or two before menstruation 50 43.48
One to two weeks preceding the onset of 39 33.91
menstruation

Part of the competition is negatively n=_85

affected*

Perceive lacking strength/unable to lift 25 29.41
substantial amounts of weight

Experienced less coordinated or clumsier 12 14.12
Tired more easily/have less endurance 65 76.47
Can't concentrate on the instructions or tactics 27 31.76
given by the coach during the match

Experience a lack of swiftness in activities that 7 8.24
require rapidity

There exists a disparity in my energy levels 55 64.71
Worried that there will be blood stains on 35 41.18
clothes/uniform

Changing exercise during the menstrual n=115

cycle

No, neither I nor my coach will 66 53.79
Yes, I'm disposed 25 21.74
Yes, the coach and I both plan it 24 20.87

* Responses are allowed more than one and can add more than 100%

exercise and competition. However, only twenty-five athletes
were willing to alter their exercise during the menstrual
cycle, and twenty-four athletes intended to change their
schedules with their coaches (Table 2).

Discussing menstruation of student-athletes

The majority of the 115 respondents (53.91 %) claimed
they exclusively discuss menstruation with female coaches/
managers (59.68%). A minority of female student-athletes
(40.32%) did not address menstruation with their coach or
any senior because they did not feel the need to do so (64.15 %)
since their performance was unaffected. Also, three athletes
said there was no easy or discreet method to connect with
their coaches, and two believed they could not assist. Never-
theless, a considerable proportion of athletes (63.48 %) did not
discuss their periods with medical personnel (Table 3).

Training participation group during menstrual cycle

The differences in exercise involvement among female
student-athletes during their period are presented in Table 4.

Table 3. Discussion pertaining to the menstrual cycle

Discussing menstrual period n %

Discuss with the coach or anyone senior on
the team about menstruation

Yes 62 53.91
Not 53 46.09
With whom do you talk about menstruation n =62

I will inform my coach/trainer/manager 25 40.32
Only a female coach/trainers/managers 37 59.68
Why not discuss your period with your n=>53

coach?*

Embarrassed 12 22.64
Disgrace because they are male 17 32.08
Do not believe they will comprehend 5 9.43
Because they were males, I didn’t believe they 27 50.94
would comprehend

As the performance was unaffected, there was 34 64.15
no need to inform the coach

Consider that they won't care 23 43.40
Thought they wouldn’t care because they were 21 39.62
boys

There is no easy or secret method to 3 5.66
communicate with them

It is uncontrollable, so we must simply adapt 7 13.21
It is irrelevant to them 9 16.98
Believe they are unable to assist 2 3.77
Consult a medical practitioner regarding n =115

your period

Yes 42 36.52
Not 73 63.48

* Several responses are acceptable and can contribute over 100%
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Due to the non-normality of the data regarding exercise
time per day and exercise frequency per week, the Wilcoxon
rank-sum (Mann-Whitney) test was utilized. On the basis of
exercise participation, specifically the frequency of exercise
per week, there were significant differences between the
sample groups (p = 0.011).

Table 4. Differences in the training participation group of
female student-athletes during menstruation

Exercise participation

Indicator p-value
Always Sometimes
Exercise durationperday 10\ 36 5024044 0063
(hours/day)
Exercise frequency per 431+126 3714092 0.011%
week (day/week)
Discussion

Menstruation is particularly significant to observe due
to the variations of the four primary female sex hormones:
estrogen, progesterone, follicle-stimulating hormone, and
luteinizing hormone during the period (Maged et al., 2017;
Romero-Moraleda et al., 2019). This sex hormone is one of the
determinative factors of biological sex (Kinsley, Bardi, Neigh,
& Lambert, 2016), which distinguishes between sexes (Elliott-
Sale et al., 2020). Furthermore, Meignié et al. (2021) also con-
veys that more longitudinal and prospective research is ur-
gently necessary to investigate the influence of menstrutation
on women’s physical performance to facilitate training guid-
ance and individualization programs for female athletes. This
present study aimed to investigate athletes’ self-reported health
concerns and sports performance during the menstrual cycle,
both in training and competition, along with the willingness
of the athletes to talk over pertinent to their menstrual cycles.

The complex interaction of hormones during the
menstrual cycle has the potential to exert influence
on several metabolic, cardiovascular, and pulmonary
parameters (Yapici-Oksiizoglu & Egesoy, 2021). Menstrual
cycle disorders frequently experience among female
athletes (Fernanda et al., 2021). This makes athletes use
hormonal contraception more frequently, especially oral
contraceptives, to reduce menstrual symptoms such as
bloating and cramping, as well as to control the incidence
of bleeding in preparing for the competition (Cheng et
al., 2021). Our study shows that most athletes do not use
drugs to prevent or delay menstruation, despite the fact that
most feel pain during menstruation. In contrast to the data
reported by Martin et al. (2018), which indicated that 68 % of
athletes preferred oral contraceptive pills as their first choice
of hormonal contraception, establishing this method as the
most prevalent. Nevertheless, it is essential to acknowledge
that the utilization of oral contraceptives may lead to a
reduction in bone mineral density when compared to
individuals who do not use such contraceptives, particularly
among teenagers and young females (Goshtasebi et al., 2019).

Moreover, the findings of our inquiry underscore that a
significant proportion of athletes encounter diverse health
issues, including but not limited to lumbar discomfort,
heightened susceptibility to fatigue, mood swings, cephalgia,
and a wide range of health complications. However, the most
dominant health problem is abdominal pain/pain in the low-

er abdomen. This is consistent with the findings of Randell et
al. (2021), which indicate that female football players expe-
rience sport performance-impairing side effects, including
nausea, headaches, and stomach pains during their menstru-
al cycle. Armento et al. (2021) as well consistently disclosed
that menstruation experienced by athletes causes fatigue,
back pain, and reduced energy (63 %), and 45 % of elite fe-
male athletes in long-distance events experience bone health
problems. Furthermore, a research investigation conducted
by Bruinvels et al. (2016) also revealed that more than sev-
enty percent of elite athletes encountered detrimental side
effects linked to the menstrual cycle, with adverse effects
comprising twenty-four discrete symptoms that varied in
duration, severity, and occurrence among the participants.
Senatore et al. (2019) also reported that the menstruation ex-
erts a substantial impact on the activities undertaken by ath-
letes, encompassing both physical and mental dimensions.

Athletes’ hormonal profiles are essential for developing
accurate individual profiles that can be associated with their
performance (e.g., strength and plyometric competence),
injuries, and exercise response (Julian & Sargent, 2020).
A significant proportion of Australian female athletes,
Olympians, and/or Paralympians preparing for the Tokyo
Olympics and/or Paralympics admitted that menstruation
impacted their performance during exercise (sixty-five
percent) and competition (fifty-eight percent) respectively
(McNamara, Harris, & Minahan, 2022), particularly during
the early stages of the follicular and late luteal phase (Righi
& Barroso, 2022). Our present study also disclosed that
most collegiate female athletes consider their menstrual
cycle to exert an adverse impact both during training and
competition, which causes them to tire more easily, have less
endurance, and reduce their speed during physical activity.
This is also supported by research conducted by Read et
al. (2022) on elite female football players from two English
Women’s Super League (WSL) clubs, who revealed that all
participants (100 %) reported perceiving a negative impact
on their performance due to their menstrual cycle, and
more than half of the players (53 %) reported experiencing
decreased appetite and sleep quality prior to engaging in
sports activities during menstruation. Meanwhile, a study
conducted by Solli et al. (2020) unveiled that a significant
proportion of competitive endurance athletes engaged in
biathlon or cross-country skiing saw either improved (42 %)
or diminished (49 %) performance during their period.

The coach is responsible not only for enhancing athlete
performance by evaluating physical, mental, and strategic
training but also for various physiological, health, and
emotional issues in each athlete, such as the menstrual cycle,
which is unavoidable for female athletes. Menstruation is
frequently perceived as a biological process related to culture
and social meaning and is often viewed negatively (Botello-
Hermosa & Casado-Mejia, 2015). The results of our study
show that more than fifty percent of respondents chose to
discuss the menstrual cycle with coaches. Still, only female
coaches/managers and several other athletes chose not to
discuss it with their male coaches/managers because of
embarrassment. They assumed that male trainers did not
understand menstruation. This is consistent with what was
revealed by Findlay et al. (2020) that some elite athletes are
reluctant to tell their menstrual cycles to coaches or male
staff on their team due to awkwardness, embarrassment, and
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gender differences, as well as the athletes believe that their
coaches cannot assist.

The results of the thematic analysis conducted by
Martina et al. (2021) expressed that knowledge (e.g.,
ignorance or perceptions of inadequate knowledge levels),
interpersonal (e.g., the incorrect presumption about the
coach/athletes and social discomfort), and structural, e.g.,
differences in collective perceptions that affect coaches/
athletes disproportionately) are the three primary reasons
why female athletes do not disclose their menstrual cycles
to coaches. Bergstrom et al. (2023) also conformable that
the barrier between female athletes and male coaches in
discussing menstruation is the incorrect assumption and
prejudice that coaches do not want to be bothered with
their menstrual cycle issues or cannot comprehend them.
Consequently, despite having a greater understanding of
these issues, coaches interpret female athletes’ reticence as
a lack of desire or need to discuss their menstrual issues.
Kristiansen et al. (2012) explained that athletes’ perceptions
of coach knowledge could create a communication barrier
between athletes and coaches and lead to poorly designed
training programs, which is likely to significantly impact
their sporting performance (de Haan & Norman, 2020).

Moreover, there was a significant difference in train-
ing frequency per week (week/day) among female collegiate
student-athletes to their menstrual period, which is another
noteworthy finding from our present study that should be
highlighted. Our result was consistent with Ergin and Kartal
(2020), who explained that Volleyball players who compet-
ed in the Turkish Volleyball Sultans’ League conveyed that
their menstrual cycle occasionally interferes with their par-
ticipation both in training (46.2 %) and competition (99.2%).
Twenty percent of participants in the study by Adam et al.
(2022) reported skipping training or competition due to un-
bearable pain during their menstrual cycle. Experiencing pain
during the menstrual period is a physiological response to the
underlying health issue, mainly due to hormonal fluctuations.
Hence, athletes may not consistently be able to engage either
in training or competition designed to improve their skills
and talents. Concerning this, it is essential to consider educa-
tional interventions for both athletes and coaches (Brown &
Knight, 2022), including management strategies for training
and competition that consider the athlete’s menstrual cycle
(Brown, Knight, & Forrest (née Whyte), 2021; Statham, 2020).

This present study was limited to female student-athletes
perspectives; future researchers are encouraged to discover
more about the viewpoints of coaches and club managers
regarding the health issues experienced by athletes and their
performance during menstruation, including their coping
strategies. Follow-up focus group discussions could also be
conducted between athletes, coaches, and club managers to
investigate these issues further. Additionally, information
regarding coaches’ along with the club managers’ perceptions
of menstruation must be explore further to determine
whether they genuinely do not comprehend the effects of
menstruation on performance due to alack of understanding
or because club managers impose a championship goal for
each athlete in achievement sports training.

Conclusions

The management of coaching male and female athletes
has different levels of difficulty. The menstrual cycle is one

factor that contributes to female athletes’ more complex
coaching management than male athletes. The findings from
our research emphasize that female collegiate-student ath-
letes experience various health issues during menstruation.
Our study also found a communication gap between athletes
and coaches, notably the athletes reluctance to communicate
and plan their training with their coaches while consider-
ing their menstrual cycle. Hence, athletes and coaches must
be informed of the physical, psychological, and emotional
health difficulties that can arise during menstruation. On the
other hand, building awareness among athletes and coaches
concerning the menstrual cycle’s impact on athletes’ health,
well-being, and performance is another key to success that
can be incorporated into a management strategy for sports
achievement development for women. Coaches can encour-
age communication by asking athletes about their menstrual
cycles and using smartphone/smartwatch apps to monitor
information about their upcoming periods. Thus, athletes
and coaches can work together to discuss and adjust training
programs by considering the athlete’s menstrual cycle, espe-
cially in the early follicular and the follicular or proliferative
phase, which causes athletes tend to experience fatigue more
quickly and experience excessive pain. Additionally, medical
practitioners and sports nutritionists must be involved in
athlete development initiatives programs to maximize ath-
lete performance during training and competition.
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BysHaueHHA BNINBY ME@HCTPYasibHOro LUKy

Ha CTYAEHTOK-cnopTcMeHoK: CamooLliHKa npob6nem,
noB’A3aHNX i3 CTaHOM 340POB’A, CNOPTUBHNMIN NOKa3sHNKaMIN
Ta roTOBHICTIO 06roBoploBaTV NUTaHHA LWOAO MEHCTpYyauil

€rti Centhani Mycrap'*5°PE, Baro AryH IIpamono'®“P, ®e66i Andy Xoiipyn

Hicca'®®, Inppa XimaBan Cycanto'**, Anna Hypaia'APPF, [lira FOmiacTpin'4PPF

'Cypabaiicbknil ep)KaBHUI YHIBEPCUTET

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

Pedepar. Crarrs: 10 c., 4 Tabm., 1 puc., 57 mxeper.

Icropia nmuranHa. KoMitekcHe po3yMiHHA MEHCTPYaIbHOTO LIUKITY, IIOB I3aHMX 3 UM (i3iooriyHm1M mporecoM mpobiem si
3[I0POB’SIM 1 TOZA/IBLIIOTO BIUIMBY Ha CHOPTVUBHY Pe3y/IbTaTUBHICTh CHIPUATUMYTb (GOPMY/ITIOBAaHHIO OOIPYHTOBAHNX Ta IHAUBINY-
aJIbHUX CTPATETill TPEHYBAHb i y4acTi y 3Mara/JbHIX BUJAX CIOPTY. Y CBOIO Yepry, TaKi 3HaHHS MOXKYTb 3MEHIUUTH IMOBIpHICTh
BUHUKHEHHS TPaBM, iJTPUMATI IICUXOJIOTi4He 6TarOIOTy YU i, 3pEIITO0, HiABUIIUTY IIPOAYKTUBHICTD CIIOPTCMEHOK.

Mera gocmimKkeHHA. MeTow [JOCTIPKEHH: 0Y/10 BUBYUTYU CTaBI€HHs CTYAEHTOK-CIIOPTCMEHOK [0 IIPOo6yIeM, OB sI3aHMX i3
CTaHOM 3JI0pOB’sl Ta CIIOPTUBHYX Pe3Y/IbTATIB IIijf YaC MEHCTPYAIbHOTO LIMKITY, SIK 3 TOYKM 30Py TPEHYBaHb, TaK i 3MaraHb, a Ta-
KOXX TOTOBHICTb CIOPTCMEHOK 0OrOBOPIOBATI MUTAHHS, 110 CTOCYIOTHCS IXHBOTO MEHCTPYa/IbHOTO LIUKITY.

Marepianm Ta MeTOgM. Y HALIOMY JJOCTIPKEHHI B3A/IM y4acTb 115 CTy[eHTOK-CIIOPTCMEHOK, fKi 3aliMaloTbCA iHAMBiyab-
HVIMI/KOMaHAHIMM BUAAaMI CIOPTY Ha cyur (n = 95) Ta KoMOiHOBaHMMY BUAMM CIIOPTY Ha cy1ui/Bogi (n = 20). 3 MeTor0 360Dy
JaHMX JJISL L[bOTO IepeXpeCcHOro JOCTIIKEeHHs 6Y/I0 BUKOPUCTAHO ONUTYBA/IbHMUK, KM 3al0BHIOBaNNM cami ydacHnui. Bymo
IPOBEJIEHO OIMCOBMIL aHAII3, Pe3y/IbTaTH SIKOTO IIPEJCTABICHO Y BUM/IAML YaCTOTH Ta BifICOTKIB, MiC/IA YOr0o 6Y/I0 3aCTOCOBAHO
KpuTepiit paHroBMX cyM Binkokcona (kpurepiit ManHa-YiTHi) A1 aHa/mi3y cepefHiX BiIMIHHOCTel MiX IpylaMu y4aCHUILb Tpe-
HyBaHb IIiJl 9ac MEHCTpYallil.

PesynpraTi. 3aranom, yci CMOPTCMEHKM CTUKAMUCA 3 KiTbKOMa Ipo6ieMaMi 3i 3f0pOB M, HATIOMMPEHIINMIM 3 AKUX Oy/In
6in1b y KMBOTI Ta HYDKHIl YacTuHi ciman. KpiM Toro, Marbke Bci yuacHni gocmimxeHs (95,33%) Bigaysanu 6i1b Y HepIumii feHb
MEHCTPYa/TIbHOTO LMK/TY. MeHCTpyallis TAKOXK BIUIMBA€E HA MOKA3HUKY Pe3y/IbTaTUBHOCTI CIOPTCMEHOK IIijff 4yac (isMYHMX BIIPaB
(70,43%) Ta smarasb (73,91%), BUKIMKa04M y 6INbIIOCT] 3 HUX MiBUIEHY BTOMTIOBAHICTh Ta 3HVDKEHHA PiBHA BUTPHUBATIOCTI.
Takox criocTepiraeTbcs CyTTEBa Pi3HUI MDK KOHTEKCTOM TPEHYBAIbHOTO IIPOLIECY Ta KiIbKICTIO CeaHCiB IOTIOKHEBUX (i3nd-
Hux Brpas (0,011) mig yac MEHCTPyarbHOTO IUKITY.

BucHoBkn. MeHCTpyaljisi CyTTEBO BIUIMBAE HA CTAH 3MOPOB’S Ta MPOAYKTUBHICTH CIIOPTCMEHOK SIK IIiJi 4aC TPEHYBaHb,
TaK 1 [iJf Yac CIOPTMBHUX 3MaraHb. Bkpail BaykK/1uBo, 1j06 TpeHepy Ta CIOPTCMEHKM Majy KOMIUIEKCHe PO3YMiHHs MeXaHi3My
MEHCTPYa/IIbHOTO LVUKITY 3 METOH e(peKTMBHOro po3B’sisaHHs Ijiel mpobmemu. KpiM Toro, 3amydeHHst MEAMYHNUX NPAL[iBHNKIB Ta
CIOPTUBHUX J€TOIOTIB /IO NMPOLIECY PETYTI0BaHHA MEHCTPYa/IbHOTO IIMKILY € 1Ije OJHI€I0 CTpaTeTi€l0 100 MiIBULEHHA pe3yb-
TaTMBHOCTI CITOPTCMEHOK.
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Abstract

Objectives. The study aimed to evaluate the effects of sport-specific educational proposals in school-age sports,
currently used in planning of sports activities, such as game-based karate training, on social interactions and

improving perceptions of one’s motor skills.

Materials and methods. The sample consisted of 34 children from the Comprehensive Institute “Matilde Serao” in
Ortona, Chieti, attending the third classes of the Primary School, in the school year 2023/2024. The method used was
based on the Karate Sport Game protocols in conjunction with the dissemination of the ethical principles inherent to
the martial arts. A questionnaire was developed for the purpose of assessing the learners’ levels of satisfaction, as well
as the perceptions they had about themselves and in relation to others during this training intervention.

Results. In the post-implementation evaluation of the educational proposals’ results, it was shown that 94.1 % of
participants had a positive experience engaging in the Game-Karate activities, 82.3 % reported feeling significantly
supported by the Instructors during the project, and 94.1% were very satisfied with the activities. The application of
the Chi-Square test revealed two significant relationships with respect to the concept of opportunity for interaction
with all peers. The first pertained to the participants’ overall satisfaction with the karate instructional project
(p=0.006), while the second concerned the concept of improving teamwork (p=0.006).

Conclusion. The findings indicate that Karate Game had a beneficial impact on the participants’ emotional sphere,
involvement, perceived improvement in motor skills, and group dynamics. In addition, the significant relationships
found underscore the importance of social interaction and collaboration in the context of physical activity. These
results suggest that playful and participatory approach to the training process in Karate classes can be a valuable
resource for the comprehensive development of children’s personality and motor skills during the developmental age.
Keywords: martial arts, personality, motor skills, innovative methodologies, perceptions, relationships.

Introduction

Motor development, plays a key role from the earliest
years of a person’s life, as it forms the foundation on which the
physical, cognitive and social skills needed to meet challenges

© Giardullo, G., Aliberti, S., Sannicandro, 1., Fattore, S.,
& Ceruso, R., 2024.
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and adapt effectively to the world around them are built. It
is important to point out that during the 8-10 age group,
children go through a critical stage in motor development,
characterized by significant progress in fundamental
motor skills (Raiola et al, 2022). This period is crucial for
the formation of basic motor skills that will influence their
physical well-being and participation in physical activities
throughout their lives (Delia et al, 2023). According to
developmental psychologist Robert Kail, during this period,
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children become more adept at coordinating complex
movements and controlling their balance (Kail, 2000).
In addition, during school age children show significant
improvements in fine motor skills, with greater speed and
accuracy in hand-eye coordination tasks (Piek et al,1999).
Physical improvements must go hand in hand with age-
appropriate psychological development (Di Domenico et
al, 2023). The main components certainly include optimal
psychophysical balance, defined as a long-term goal (Raiola
et al, 2023). Positive signs can also be observed in students
with socialization problems through the adoption of sports
interventions. Such signs can be easily verified during
activities (D’Isanto etal, 2022). These include the martial arts,
which, with their disciplined approach and inherent values of
respect, self-discipline and perseverance, offer fertile ground
in the motor and psychological development of practitioners
(Altavilla et al, 2022). Karate, in particular, combines
precise and coordinated movements with a philosophy of
personal growth and self-improvement, promoting the idea
of an environment in which each individual can grow and
improve. Through Karate, motor skills can be acquired, skills
can be developed, and new skills can be introduced into
learners, which can be used to enrich overall intelligence
in order to put them to use in all activities throughout the
developmental years. Numerous studies have highlighted
the effectiveness of Karate as a means of improving children’s
physical and mental health (Chaabéne et al, 2017). These
researches have shown that regular practice of Karate leads
to significant improvements in cardiorespiratory endurance,
muscular strength, and flexibility in children (Altavilla et al,
2022). In addition, balance control and motor coordination,
fundamental aspects of physical development during
childhood, are promoted with this discipline. What makes
this sport an exceptional educational tool is its planetary
cultural conception, aimed at the improvement of the
person and not a part of the person, or a particular type
of individual. Children can find in the Master a reassuring
point of reference that gives them the tools to relate to others
correctly or to become aware of their own potential. In
order to make the practice of sports, of a martial discipline,
more rewarding, it is possible to adapt it, creating a work
environment that offers more stimulation to learners and
that proposes personal and group challenges in a fun
context. This is where playful activity comes in. Play is an
instinctive, comprehensive and fun activity. The word play,
before bringing physical components into play, activates the
cognitive aspect and problem solving skills in the playful
and relational environment (Di Domenico et al, 2023). The
play component in Karate is still underestimated, but when
applied it finds significant benefits in practitioners’ learning
at the psychophysical level. There is still a tendency to adopt
traditional, repetitive and often boring approaches that are
not in line with the expectations of modern generations
and fail to produce optimal results. These young people are
accustomed to the interactivity of new technologies and
to receiving immediate feedback tailored to their specific
needs (Delia et al, 2021). In the context of teaching Karate
to children, a significant impairment of motor skills and
abilities emerges, as well as a negative impact on their
psychological and relational sphere, aspects that need to be
resolved from childhood (D’Isanto et al, 2022). In addition,
there is limited use of alternative teaching methodologies

compared to the traditional approach, and play certainly
helps to improve movement components by providing a
suitable motivational context.

Purpose of the research — evaluate how sport-specific
educational proposals in school-age sports, currently used
in planning sports activities such as game-karate, influence
perception in social interactions, while also improving
perception of one’s motor skills (Raiola et al., 2023).

Materials and Methods

Study Participants

The sample of this study includes 34 children of the
Istituto Comprensivo “Matilde Serao” in Ortona, in the
province of Chieti, attending the third grade of the Primary
School in the school year 2023/2024. The group of learners
is heterogeneous, in gender, socioeconomic status of origin
and physical-athletic condition. The learners have had
prior experience in various sports, but few have previously
practiced Karate.

Study Organization

The participants underwent 40 structured sessions of
one hour each of Karate Game, carried out over a period of
5 months, using Karate sports game methodologies, in accor-
dance with FIJILKAM guidelines. The courses are performed
on a square of rubber mats preferably 10x10 meters, divided
into 5 lanes of 2 meters wide. There must be guaranteed 1 me-
ter of space for turning to the next lane. In each course the el-
ement is repeated if the athlete does not perform the exercise
as prescribed. The training sessions are designed to improve
motor patterns, motor skills and abilities by promoting mar-
tial arts values. All activities will have a bottom up approach
from the bottom up rather than top down from the top down.
With this methodology, the learner will be placed at the fore-
front in self-determination during the activities, highlighting
their strengths and reinforcing their weaknesses; the teacher’s
role will be to guide, push and monitor the activities. The
training protocols of each lesson are structured in an activa-
tion phase, in the study of basic Karate techniques, providing
specific workouts that make the learners acquire the physical
characteristics required for the sport, the playful part with the
courses, a part dedicated to fighting skills and finally, the final
cooldown phase. This is briefly described in Table 1.

These exercises within the educational proposal are adapt-
ed according to the experience level and specific needs of the
participants, ensuring that a balance between challenge and
fun is maintained during the Karate Game sessions. A ques-
tionnaire was developed and submitted to the participants at
the end of the educational intervention, consisting of 8 ques-
tions, with 4 structured responses, all represented in Table 2.

Statistical analysis

Following the responses to the questionnaire from the
sample considered, a descriptive statistical analysis was
carried out; only then were the data analyzed by performing
a Chi Framework analysis to understand whether or not
there were significant relationships between the qualitative
variables, using the statistical software JASP.
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Table 1. Educational proposal of lessons

Neuro-muscular activation Dynamic warm-up to prepare muscles and improve flexibility
Techniques basic karate Introduction of kicks, punches and parries

Reaction and agility drills ~ Exercises that improve learners’ agility and responsiveness, including footwork, circuit exercises involving
quick movements, change of directions, and exercises that require fast reaction times

Body coordination, stability Aimed at improving eye-hand coordination, balance and stability. Included are exercises with moving

and balancing exercises targets, precision drills and exercises involving the use of equipment such as medicine balls or stability
cushions.

Specific playful-motor Adoption of games calibrated to indirectly improve motor skills and abilities specific to karate such as

exercises capture flags, poison ball, 1 2 3 star. FIJILKAM Protocol: Combined Game Sport.

Exercises for learning Application of Karate techniques towards moving targets, balloon bags, in a controlled environment, taking

combat advantage of all the technical-tactical peculiarities that the sport requires.

Cooldown Each training session is concluded with a cooldown and stretching exercises to relax the muscles and

reduce the risk of injury.

Table 2. Questionnaire

Questions Answer1 Answer2 Answer3 Answer4
1) How much fun did you have participating in Karate Sports Game activities? Very Somewhat Alittle Not at all
2) Did you feel that through play your motor skills improved? Very Somewhat Alittle Not at all
3) Did you have the opportunity to interact with all your teammates? Very Somewhat A little Not at all
4) Did you feel your teamwork improved during the project? Very Somewhat  Alittle Not at all
5) Were the instructions for the game activity clear and easy to follow? Very Somewhat Alittle Not at all
6) Did you feel supported by the Instructors during the project? Very Somewhat A little Not at all

7) Do you feel that the project positively promoted Karate values (respect, integrity,

honor)? Very Somewhat Alittle Not at all

8) What is your overall level of satisfaction with the Karate instructional project? Very Somewhat  Alittle Not at all

Table 3. Results of questionnaire responses

Questionnaire Very Somewhat Alittle Notatall
1) How much fun did you have participating in Karate Sports Game activities?

Frequency 25.0 7.0 2.0 0

Percentage 73.4 20.7 59 0
2) Did you feel that through play your motor skills improved?

Frequency 17.0 13.0 4.0 0

Percentage 49.9 38.3 11.8 0
3) Did you have the opportunity to interact with all your teammates?

Frequency 32.0 2.0 0 0

Percentage 94.1 5.9 0 0
4) Did you feel your teamwork improved during the project?

Frequency 32.0 2.0 0 0

Percentage 94.1 5.9 0 0
5) Were the instructions for the game activity clear and easy to follow?

Frequency 30.0 4.0 0 0

Percentage 88.3 11.7 0 0
6) Did you feel supported by the Instructors during the project?

Frequency 34.0 0 0 0

Percentage 100.0 0 0 0
7) Do you feel that the project positively promoted Karate values (respect, integrity,

honor)?

Frequency 31.0 3.0 0 0

Percentage 91.1 8.9 0 0
8) What is your overall level of satisfaction with the Karate instructional project?

Frequency 32.0 2.0 0 0

Percentage 94.1 5.9 0 0
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Results

After the questionnaire was administered, the results
shown in Table 3 were found.

The results showed that, to question 1 ‘How much
fun did you have participating in Karate Sports Game
activities?” 94.1 % answered very, 5.9 % answered somewhat,
none answered a little, and none answered not at all. To
question 2 ‘Did you feel that through play your motor skills
improved?” 49.9 % answered very, 38.3 % somewhat, 11.8%
a little. To question 3 ‘Did you have the opportunity to
interact with all of your teammates?” 94.1 % answered very,
5.9 % somewhat. To question 4 ‘Did you feel your teamwork
improved during the project?” 94.1 % answered very, 5.9 %
somewhat, none answered a little or not at all. To question
5 ‘Were the instructions for the game activity clear and easy
to follow?” 88.3 % answered very, 11.7 % somewhat, none
a little or not at all. To question 6 ‘Did you feel supported
by the Instructors during the project?” 100 % answered
very. To question 7 Do you feel that the project positively
promoted Karate values (respect, integrity, honor)?” 91.1%
answered very, 8.9 % somewhate, none a little or not at all. To
question 8 What is your overall level of satisfaction with the
Karate instructional project?” 94.1 % answered very, 5.9 %
somewhat, none a little and not at all. Following the Chi-
Square analysis, two significant relationships were found
among the qualitative variables. The first relationship relates
to question 4 Did you feel your teamwork improved during
the project?” and question 3 Did you have the opportunity
to interact with all your teammates?” where a p=0.006 was
found. This is shown in the Table 4 and Table 5.

Table 4. Contingency table between question 4 and
question 3

4. Did you feel your teamwork

3. Did you have improved during the project?

the opportunity
to interact with all

your teammates? Somewhat Very Total
Somewhat 1 1 2
Very 1 31 32
Total 2 32 34
Table 5. Chi-Squared Analysis
Chi-Squared Tests Value df p
X 7.471 1 0.006

Table 6. Contingency table between question 8 and
question 3

Table 7. Chi-Squared Analysis

Chi-Squared Tests Value df P

X 7.471 1 0.006

3. Did you have 8. What is your overall level

the opportunity to  Of satisfaction with the Karate
interact with all your instructional project? Total
teammates? Somewhat Very
Somewhat 1 1 2
Very 1 31 32
Total 2 32 34

Next, the second relationship found was between
question 8 ‘What is your overall satisfaction level with the
Karate instructional project?” and question 3 ‘Did you have the
opportunity to interact with all your teammates?, resulting in
p = 0.006. The whole can be observed in Table 6 and Table 7.

Discussion

From the responses provided by the participants in the
questionnaire, an overall positive picture emerges regarding
the experience with the Karate Game. In particular, from
the results that emerged, it is evident that the Karate Sports
Game elicited a positive impact on their emotional state. This
indicates that the playful approach adopted helped to make
the experience enjoyable and engaging for the children,
fostering a positive and motivating learning climate. An
interactive and dynamic environment was created in which
children could actively participate (Altavilla et al, 2022). This
type of involvement promotes experiential learning, in which
we improve through action and direct experience, rather
than through mere observation or passivity. In this setting,
participants learned informally, without feeling pressured or
judged. The environment also encouraged exploration and
experimentation, allowing everyone to acquire new sKkills
naturally and gradually. A series of progressive challenges
were created, adapted to the skill level of the sample. This
allowed the components to experience a sense of success and
satisfaction when they overcame difficulties, encouraging
them to persevere and improve despite the obstacles they
encountered. Interaction and collaboration with peers
was promoted during the activity, developing important
social skills such as communication, sharing and conflict
management. Another significant finding was the strong
consensus regarding improved game skills and the perceived
improvement in teamwork. These findings suggest that
Karate Game not only promoted the development of motor
skills, but also promoted collaboration and cooperation
among participants, thus helping to strengthen group
dynamics (D’Isanto et al, 2024). Also interesting is the
observation that the instructions for the game activities were
considered clear and easy to follow by the vast majority of
participants (Esposito et al, 2024). This indicates an adequate
level of communication and support from the instructors,
who facilitated active participation and understanding of
the proposed activities. In addition, previously conducted
studies, (Lakes et al, 2004), analyzed the impacts of Karate
on children’s cardiorespiratory function and flexibility,
showing significant improvements in both domains. This
supports the idea that Karate may not only contribute to
motor development but also to the general well-being of
children (D’Elia et al, 2023). The promotion of moral and
social values through Karate has been investigated by
research highlighting the role of martial arts in promoting
social values. Aspects, also reinforced by the significant
relationships had in the present study. The significant
relationships found among the qualitative variables,
particularly regarding improvement in teamwork and overall
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satisfaction with the project, highlight the importance of
social interaction and collaboration in the overall experience
of the participants. These results underscore the effectiveness
of the Karate Game in promoting not only motor skills, but
also values such as respect, integrity, and honor, which are
fundamental to the martial arts.

Conclusion

The present study investigated the effectiveness of
structured Karate Game sessions in the motor development
and psychosocial well-being of participants. From the results
from the questionnaire responses, it is clear that Karate Play
is a highly positive approach to engage children in physical
activities, improve motor skills, and promote key martial
arts values such as respect, integrity, and honor. The wide
participation and positive feedback from participants indicate
that the design had a significant impact on their experience,
both in terms of improved emotional state and involvement
during the sessions and perceived improvement in motor
skills and group dynamics. In addition, the significant
relationships found between some qualitative variables,
such as improved teamwork and overall satisfaction with the
project, highlight the importance of social interaction and
collaboration in the proposed activity. These results suggest
that this educational methodology represents not only an
opportunity for children’s motor and physical development,
but also a valuable context for the promotion of social and
emotional values and skills, crucial for their future well-
being and success. Ultimately, Karate Game is presented as
an important educational and training resource, capable of
combining fun, learning and the promotion of positive values,
thus contributing to the complete development of personality
and motor, cognitive and emotional development during
developmental age. However, it is important to consider that
this study involved a specific sample, and further research
may be needed to confirm and deepen these findings.
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Kapare-rpa: 3acTocyBaHHA irpoBOro Ta napTucMnaTMBHOro
nigxoay WoA0 NOKpaleHHA coliasibHOI Ta pyXOBoOi
nepuenkuii giTen y BikoBomy nepiofii posButTKy
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Mera gocnimKeHH:A. MeTo0 JOCTiIXeHH 6Y/I0 OL[IHNTY BIUIUB CIILU(IYHUX 1A CIIOPTY OCBITHIX IPOMO3KLI Y LIKiTbHO-
My Billi, IKi Hapasi BUKOPUCTOBYIOTHCA IIPY IIJITAHYBaHHI CIIOPTUBHMX 3aXO/iB, TAKMX AK 3aHATTA 3 KapaTe i3 3aCTOCYyBaHHAM irpo-
BOI MOJIe/li TPEHYBA/IbHOTO MPOLECY, Ha COLjia/IbHY B3a€MO/III0 Ta IIOKPAIEHH PiBHA CIPUIHATTA BIACHUX PYXOBUX HaBIYOK.

Marepiamu ta Metogu. Bubipka cknaganacs 3 34 gireit i3 3aranpHoocBiTHBOTrO iHCTUTYTY «Marunbpa Cepao» B OpTOHi,
nposinmis Keri, siki HaB4amics y TpeTix Kmacax mo4atkosoi ukomu y 2023/2024 naBuanpHOMY poli. B ocHoBy MeTony 6yito mo-
K/Ia/leHO TIPOTOKO/IN CIIOPTUBHMX irop 3 KapaTe B MOEIHAHHI 3 HONY/LIPU3ALi€I0 eTUYHNX IIPYHINIIB, IPUTAMaHHUX O0JIOBUM
MICTeLTBaM. By/1o po3po6/ieHO ONMUTYBa/IbHIK 3 METO0 OLIHKY PiBHS 3aJOBOIEHOCT] YUHIB, a TAKOXX IXHBOTO B/IACHOTO CIIPUIL-
HATTA Ta CTaB/I€HHA [0 iHIINX IIifl 9ac IPOBe/IeHHA 1Ii€l TpeHyBaIbHOI iHTepBEHIIil.

Pesynbraru. Ouinka pe3ynbTaTiB OCBiTHIX IIPOIO3MIIii, IO IPOBOAMIACA MiC/IA 3aBEepLIeHH peaisalil IpoeKTy, II0Ka3aa,
1m0 94,1 % y4acHMKIB Majy IO3UTUBHMIA JOCBIJ] y4acTi y 3aHATTAX 3 KapaTe i3 3aCTOCYBaHHAM irpoBoi Mogiei, 82,3 % nosigomunn,
1[0 BigdyBasu 3HAYHY MiATPUMKY 3 OOKY IHCTPYKTOPIB Hif 4ac MpoeKTy, a 94,1 % y4acHMUKIB 3a/IMIIMINCA Ly)Ke 3a0BOTEHINMNI
3aHATTAMU. BUKOpUCTAaHHA KPUTepilo Xi-KBafpaT BUABWIO [Ba 3HAYYLINX B3aEMO3B S3KM IIOJI0 KOHIIEMIL]il MOXX/IMBOCTI B3a-
emopii 3 ycima ogroniTkamu. Ilepinit 6yB 1oB’s3aHMII i3 3aTaIbHOIO 3a/JOBOJIEHICTIO YYaCHNUKIB HaBYa/IbHUM IIPOEKTOM 3 KapaTe
(p =0,006), Toi AIK APYTUIT CTOCYBABCA KOHLENIII IOKpalljeHHs KoMaHAHOI poboTn (p = 0,006).

BucHOBOK. Pesy/braTu JOCTIKEHHs BKa3yIlOTh Ha IIO3UTYBHUIL BIUIMB KapaTe-Ipy Ha eMOLiiiHY cdepy yIacHUKIB, piBeHb
3aJIy4eHOCT], BiflYyTHe MOJIMIIeHHA PyXOBUX HABMYOK Ta IPYNOBY AMHaMiKy. KpiM Toro, BcTaHOB/IeHi 3Hauylli B3a€EMO3B A3KI
HiIKPeCIIITh BAXIMBICTD COLia/IbHOI B3a€MOZII Ta CHIIbHUX Jiil y KOHTeKCTi (isnyHoi akTuBHOCTL. OTpUMaHi pesynbraTu
CBil4aTh NpO Te, 10 3aCTOCYBAHHA IrPOBOr0O Ta MAPTUCUIATUBHOIO IiIXO[y B IpOLleci TPeHyBa/JbHUX 3aHATb 3 KapaTe MOXe
BUCTYIATH B IKOCTI IIIHHOTO PeCypcy IOf0 KOMIUIEKCHOTO OpMyBaHHs 0COOYCTOCTI Ta PyXOBYUX HABUUOK Y [jiTeil BIIPOJOBXK
BiKOBOTO IIEPiOJy PO3SBUTKY.
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Abstract

Background. Recently, a lot of special attention has been paid to the school environment where students’
aggressive behaviour that spreads quickly is getting more expressed and reflects processes in the modern society
and their consequences for the young generation. It can often have various short- and long-term consequences

for a student’s behaviour, communication with others, emotional state or his/her self-esteem. Thus, this complex
situation encourages to get interested in understanding the underlying causes of students” aggressive behaviour and

peculiarities of its frequent manifestation.

Objectives. The study aimed to reveal the peculiarities of students” aggressive behaviour expression in physical

education lessons in the context of age and gender aspects.

Material and methods. A total of 197 students participated in the study, comprising 52 girls aged 12-13 years,

44 boys of the same age group, 60 girls aged 14-15 years and 41 boys of the same age.

Results. The findings of the study indicated that 14-15-year-old students were more prone to the following forms
of aggressive behaviour in physical education lessons: negativism, offence, irritation, physical and verbal aggression
compared with 12-13-year-old students. It was also determined that older students demonstrated statistically
significant higher levels of hostility and aggressiveness than younger counterparts. When analysing the students’
aggressive behaviour in the aspect of gender, it was found that boys often expressed the following forms of aggressive
behaviour: negativism, offence, irritation and physical aggression; meanwhile, girls were more prone to the feeling
guilty and verbal aggression. Higher hostility is more characteristic to boys than to girls, but the aggressiveness
observed in the groups of boys and girls was assessed similarly according to the aggressiveness index.

Conclusions. The results obtained could be subjected to further analysis in order to enhance their effectiveness, for

example, by examining concrete life situations of students.

Keywords: aggressive behaviour, forms of aggressive behaviour, students, physical education lesson.

Introduction

The topic of aggression-prone students has been
discussed for several decades, but it is one of the most relevant
problems of our society. Students’ aggressive behaviour
is one of the biggest evils of social life that is progressing
quickly in the modern society and getting an integral part of
our life. Aggressive behaviour is expressed in all the periods
of human age, but it is especially dangerous in the period of
adolescence as it is tried to solve arising problems and hide
the feeling of insecurity and uncertainty with this kind of
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behaviour. It is supposed students behave in an aggressive
manner because they try to be popular among their peers
and want to draw attention (Seibokaité, 2008; Lloyd et al.,
2008). In the scientificliterature, aggressive behaviour is often
understood as any hostile behaviour in respect of another
person or group of people by demonstrating the advantage
rudely and using force occasionally. It is not doubted today’s
changes oflife have encouraged these outbreaks of behaviour
and the number of cases of students’ aggressive behaviour
has grown significantly. Moreover, Palujanskiené and Uzdila
(2004) state that students must be encouraged and trained to
suppress aggression in the school community and teachers
must first organize the activity for students, solve problems
of their business and teach to solve conflicts in a constructive
way in order to eliminate aggressive behaviour. Nevertheless,
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a lot of authors: ZinatMotlagh et al. (2013), Amadi et al.
(2015), Jiménez & Estévez (2017) suppose reasonably that
school is the place where aggressiveness is first expressed and
the problem of aggressiveness remains undoubtedly relevant
due to long-term consequences at schools. Moreover, it
is stated in several studies the likelihood of aggressive
behaviour is higher if the school training process fails to
comply with the students’ needs and interests related with
changes in the society (Barkauskaité, 2001; Olivier, 2003).

When analysing scientific studies of the recent period,
it can be noticed more and more attention is paid for
the determination of qualitative differences in students’
aggressive behaviour and it is not confined with the
qualitative assessment only (Hopkins et al., 2013; Farrell et
al., 2017) moreover, scientists pay much more attention to
the interventive measures of students’ aggressive behaviour
and effectiveness of preventive programs (Wade et al., 2018;
Yanagida et al., 2019; Trajkovi¢ et al., 2020). In previous
studies, it was tried to find an answer to the question in what
way students’ aggressive behaviour depends on gender and
it was assumed in most studies that boys are more aggressive
than girls and are often initiators of aggression (Boulton &
Underwood, 1993; Owens & MacMullina, 1995; Bjorkqvist,
2018). For example, Janc¢iauskas (2018) had a purpose to
reveal the difficulties in the behaviour of higher form students
at school and states that boys from higher forms mostly used
physical aggression and girls use verbal aggression for the
solution of conflicts. However, these assumptions are made
quite carefully nowadays as there proofs according to which
it can be stated that girls behave in the same aggressive or
even more aggressive way taking into account certain forms
of aggression. Authors Osterman et al. (1998) who analysed
aggressive behaviour of 8, 11 and 15-year-old adolescents
(girls and boys) from Finland, Israel, Italy and Poland
confirmed that the girls from these countries mostly used
indirect aggression, the second kind of aggression was verbal
and the rarest kind of aggression was physical. The study
performed by Card and co-authors (2008) overviews and
sums up 148 scientific studies about aggressive behaviour
of children and adolescents in the aspect of gender. The
results of this study allow supposing there are differences
of aggressive behaviour between genders, girls and boys
are assessed similarly according to verbal aggression, but
boys are more aggressive according to physical aggression
and girls - according to indirect aggression. Scientists
from South Korea Chung et al. (2019) pay much attention
to the studies of indirect aggression among children and
emphasize this kind of aggression is an imperceptible form
of behaviour that is difficult to find, so lots of difficulties are
often encountered in order to assess it. It shows the way of
changing the society’s attitude towards the peculiarities of
aggressive behaviour which are characteristic to individual
genders.

When overviewing the scientific literature, it can be
noticed there is no unanimous agreement among all the
authors that students’ aggressive behaviour often depends on
gender; the search for an answer to the question if students’
aggressive behaviour is affected by age also causes lots of
discussions.

For example, Zukauskiené (1999) was one of the first
persons of Lithuania that performed a complex study in order
to check the hypothesis if the forms of aggressive behaviour

among 8-14-year-old children depend on their gender and
age. The study data shows children use indirect aggression in
the course of age more and more often. The insight indicated
in the study that younger children whose verbal and social
abilities are not well-developed are inclined to use physical
aggression must also be mentioned. In the development of
social competences, itislearned touseindirectaggression,i.e.,
the aggressor learns to do psychological and sometimes even
physical harm without risking to be identified. Meanwhile,
Janciauskas (2018) analysed the reasons for difficulties in
the behaviour of higher form (15-19-year-old) students and
problems of their behaviour at school, but these reasons
were indicated in a general manner and not about individual
age groups. In the studies published by other scientists it was
also searched for differences in aggressive behaviour among
higher form students and tried to assess the influence of age
and gender on aggressive behaviour (Shaikh et al., 2014).
When analysing publications about the researched topics
(Gudzinskiené & Burvyté, 2017) revealed an interesting
remark in their study: one of the least safe places of school
where students show aggressiveness is a sport hall; it was
even mentioned by 49.1 percent 12-16-year-old students
who participated in the study. These results encouraged
to perform a study in order to assess the peculiarities of
students’ aggressive behaviour in physical education lessons
taking account their gender and particularity of age that
can affect various transformations of aggressive behaviour.
On the basis of literature insights, it can be stated it would
also be useful to analyse students’ aggressive behaviour
in this context empirically as new study data would allow
expanding the understanding of aggressive behaviour much
more and the assessment of this behaviour would be able
to draw more attention to the necessity of interventive
measures for aggressive behaviour and it would be searched
for effective measures. The newness of this study is revealed
as it is tried to look at the expression of students” aggressive
behaviour in physical education lessons from the position
of students.

Materials and Methods

Study Participants

When applying the accidental serial selection procedure
(according to tables of random numbers), six schools from
the list of comprehensive schools of Lithuanian cities got
to the sample. 211 questionnaires were distributed during
the research, but 197 questionnaires were suitable for the
analysis of the research. Before the research, the researched
were divided into two groups, the first group consisted of
52 12-13-year-old girls and 44 boys and the second group
consisted of 60 14-15-year-old girls and 41 boys.

Study Organization

Before researching the expression of forms of students’
aggressive behaviour in physical education lessons, oral
agreements about the participation in the research were
received from the school administration and students’
parents. The research was performed before physical
education lessons in the long break after pre-agreeing
with the school administration. The students filled out the

546



Sniras, S. (2024). Identifying the Peculiarities of Students’ Aggressive Behaviour in Physical Education Lessons

questionnaire for 15-20 minutes. During the research, the
main ethic principles which are characteristic to social
studies: justice, good will, anonymity and confidentiality
were observed.

Principle of justice. During the research, it was ensured
the conditions will be created for each participant to get
involved in the research voluntarily, it was also explained
according to which criteria they were chosen and why they
were invited to participate in the research. The researched
were enabled not to answer certain questions of the research
in case they felt uncomfortable. Principle of good will. The
importance and the benefit of the research were explained
to the participants in order to motivate them to take part
in the research. Each researched had a possibility to make
a decision and refuse to take part in the research. Principle
of anonymity. When realizing this principle, no personal
information thatallowsidentifyinga certain person was used.
For example, the participants were not asked to indicate their
name or surname and school where they learned. Principle
of confidentiality. The application of this principle obligated
that all the information about the research participants and
analysed material will be accessible to the researcher only.
The researched were also explained about the use of collected
data and storage of the researched material.

The Buss Durkee Hostility Inventory was chosen for the
revelation of the researched topics (Vassar & Hale, 2009).
The Buss Durkee Hostility Inventory consists of 75 question
and each statement of the questionnaire must be assessed by
answering the statement: “YES” - 1 point or “NO” - 0 points.
This questionnaire allowed assessing different forms of the
expression of students’ aggressive behaviour: negativism,
offence, suspiciousness, irritation, feeling guilty, physical,
verbal and indirect aggression.

Negativism is a form of behaviour directed against a
certain authority or organization head that can be expressed
from passive objection to active acts against requirements,
rules, laws or instructions. Offence is envy and hatred for
the people round about that is expressed as anger, revenge,
dissatisfaction with something or the total world because of
real or imagined sufferings. Suspiciousness is an inclination
to distrust and careful communication with people due to
convictions that the people round about want or can harm.
Irritation is an inclination to irritation, preparation to give
a loose to feelings because of the minimum worry and it is
expressed as rudeness and roughness in the communication
(Vassar & Hale, 2009). Feeling guilty is acts and their
consequences to the own personality and the people round
about arising from the conviction the person is bad and
behaves badly, improperly, so it conditions appropriate
assessment of the own personality and other people and
behaviour. Physical aggression is the use of physical force
against another person. Indirect aggression is expressed
against another person (gossip, jokes, various non-verbal
reactions: face, eye contact, gestures, other moves of the
body, posture etc.). Verbal aggression is an expression of
negative feelings by using a certain form of the oral appeal
(scream, dispute, threatening, conflict) between two or more
persons (Vassar & Hale, 2009).

The calculated hostility index consists of the following
components: irritation, expression of offence, suspiciousness
and negativism. The determined aggressiveness index
consists of physical, indirect and verbal aggression.

The hostility index (HI) was calculated according to
the following formula: HI = (XN + ZSR + Z] + XS)/4, where
>N is the final sum of points of scale 1 (negativism), ZSR is
the final sum of points of scale 2 (offence), 2] is the final
sum of points of scale 3 (suspiciousness), XS is the final sum
of points of scale 4 (irritation). The aggressiveness index
(AI) was calculated according to the following formula:
Al = (ZFA + ENA + XVA)/3, where XFA is the final sum of
points of scale 6 (physical aggression), XNA is the final sum
of points of scale 7 (indirect aggression), ZVA is the final
sum of points of scale 8 (verbal aggression).

The meanings of the Cronbach alpha correlation
coeflicients from 0.708 to 0.863 were calculated for the
assessment of the internal consistency of the questionnaire
scales (Table 1). The acceptable threshold according to Taber
(2018) is > 0.7.

Table 1. Scales of the Buss Durkee Hostility Inventory and
suitability indexes

No. Scale name Statement numbers  Cronbach a
1. Negativism 4,12, 20, 28, 36 0.863
2. Offence 5,13,21,29, 37,44, 51, 58 0.744
3. Suspiciousness 6, 14, 22, 30, 38, 45, 52, 59, 0.829
65%, 70

4. Irritation 3,11%, 19, 27, 35%, 43, 50, 0.711
57,64, 69%,72

5. Feeling guilty 8, 16, 24, 32, 40, 47, 54, 0.821
61, 67

6. Physical aggression 1, 9%, 17%, 25, 31, 41, 48, 55, 0.708
62, 68

7. Indirect aggression 2, 10, 18, 26%, 34, 42, 49*, 0.765
56, 63

8. Verbal aggression 7, 15, 23, 31, 39%, 46, 53, 60, 0.812

66%, 71,73, 74%, 75*

Note. The answers of the questions marked with sign * are
assessed: “YES” - 0 points, “NO” - 1 point

Statistical Analyses

As the data distribution of the Buss Durkee Hostility
Inventory was compliant with the normal distribution, the
parameter Student t-test was used for independent samples.
The obtained data is considered statistically significant in
case they meet the significance level p < 0.05. The arithmetic
mean (M) and the standard deviation (SD) were calculated
for the comparison of the research data. The statistical data
analysis was performed by using the app package for the data
accumulation and analysis: SPSS 26.0 (Statistical Package for
Social Science 19 for Windows).

Results

By using the Buss Durkee Hostility Inventory, it was tried
to assess the expression of students” aggressive behaviour in
physical education lessons, the means of forms of aggression
and standard deviations were calculated in this respect and
the Student t-test was used for the determination of the
reliability of differences between the groups.
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Table 2. Statistical indicators of aggressive behaviour in physical education lessons by age

Aggressive behaviour Age n M SD t P
12-13 96 3.59 0.49

Negativism* -1043  p<0.05
14-15 101 4.41 0.61
12-13 96 4.87 0.54

Offence* -834  p<0.05
14-15 101 5.65 0.76
12-13 96 6.91 0.79

Suspicionsness 1.72  p>0.05
14-15 101 6.73 0.67
12-13 96 7.12 0.68

Irritation* -9.19 p<0.05
14-15 101 8.05 0.74

Feeli 1 12-13 96 7.15 0.72 L9 0.05

eeling guilt -1 > 0.
§euy 14-15 101 7.34 0.67 P

12-13 96 5.92 0.56

Physical aggression* -8.78  p<0.05
14-15 101 6.74 0.74
12-13 96 6.03 0.53

Indirect aggression 1.84 p>0.05
14-15 101 5.88 0.61
12-13 96 7.75 0.45

Verbal aggression* -942 p<0.05
14-15 101 8.49 0.64

Note. * - p < 0.05 when comparing the mean scores of students of different ages

The results of the research revealed that certain forms of
students’ aggressive behaviour in physical education lessons
are more characteristic to higher form students (in our case,
14-15-year old ones) than to younger ones (in our case,
12-13-year-old ones). The analysis of the results showed
reliably different assessments of the both groups of students
in respect of negativism, offence, irritation, physical and
verbal aggression (Table 2).

It was determined the mean of negativism is higher for
14-15-year-old students compared with 12-13-year-old ones
(4.41 £ 0.61 and 3.59 + 0.49, respectively; p < 0.05). It allows
supposing older students have a negative inclination more
often, are inclined to resist, reject help, argue and do not
want to obey the teacher’s instructions. Offence is also
more characteristic to older students (5.65 + 0.76, p < 0.05).
It allows supposing older students are inclined to perform an
incorrect act against another person more often.

After comparing the data of irritation among 12-13-year-
old and 14-15-year-old students, it can be seen the mean
of the results among older students (8.05 + 0.74) is higher
than among younger ones (7.12 + 0.68; p<0.05). In these
situations, students can feel more often that violence is
used against them, they suffer from unfairness and they are
threatened or prohibited something unfoundedly. It is also
supposed more often in these situations it is prevented from
satisfying certain needs or reaching for goals.

It can be noted statistically reliable differences were
determined after comparing the results of the research
performed with the students of different age groups for the
following forms of aggressive behaviour: physical and verbal
aggression. According to the data of this research, the means
of the results of physical and verbal aggression used by older
students (6.74 + 0.74 and 8.49 + 0.64) are higher compared
with younger ones (5.92 + 0,56 and 7.75 + 0.45, respectively).
Taking this into account, it can be assumed that 14-15-year-

old students are more inclined to escape from an unpleasant,
tensed psychical state or conflict situation with the help of
their aggressive behaviour as well as communicate with their
peers in a more aggressive way in order to reach the goal.
Meanwhile, the results of the research showed there was no
statistically reliable difference between the students from the
both groups in respect of suspiciousness, feeling guilty and
indirect aggression (Table 2).

After determining the generalized hostility index and
calculating the mean from the results of four scales, it can
be seen the hostility index was (6.21 + 0.69) for 14-15-year-
old students and (5.61 * 0.63) for 12-13-year-old students.
It means the hostility of older students is expressed more
strongly statistically reliably (t.,45, = -6.38; p <0.05) (Figure 1).

After determining the generalized aggressiveness index,
i.e., calculating the mean from the results of three scales,
it can be seen the aggressiveness index was (7.04 + 0.66) for
14-15-year-old students and (6.57 + 0.51) for 12-13-year-
old students. These indexes show aggressiveness is more
characteristic to students from the older group statistically
reliably (t45 = -5.61; p <0.05) (Figure 1).

In the study, we both tried to reveal the peculiarities
of the expression of aggressive behaviour in students of
different age in physical education lessons and analysed in
what way it depends on the gender of students. The analysis
of the results allows stating that the expression of aggressive
behaviour in physical education lessons is different for girls
and boys. According to the research data, boys assessed
some forms of the expression of aggressive behaviour with
statistically reliably higher indexes (Table 3).

It can be seen the mean of boys’ negativism (4.04 + 0.69)
is higher than that of girls (3.29 * 0.62; p<0.05). The mean
of the assessment of offence is also higher in the group of
boys (6.44 + 0,69). After comparing the irritation data of
boys and girls, it was revealed that the mean of the boys’
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Table 3. Statistical indicators of students” aggressive behaviour in physical education lessons by gender

Aggressive behaviour Gender n M SD t P

Girls 112 3.29 0.62

Negativism* -7.89 p <0.05
Boys 85 4.04 0.69
Girls 112 5.57 0.55

Offence* -9.27 p <0.05
Boys 85 6.44 0.72
Girls 112 7.09 0.47

Suspicionsness 1.92 p > 0.05
Boys 85 6.93 0.65
Girls 112 7.98 0.81

Irritation* -2.15 p <0.05
Boys 85 8.21 0.69
Girls 112 6.87 0.93

Feeling guilty* 6.64 p <0.05
Boys 85 6.14 0.61
Girls 112 6.49 0.69

Physical aggression* -10.83 p <0.05
Boys 85 8.04 0.98
Girls 112 5.76 0.56

Indirect aggression 1.80 p>0.05
Boys 85 5.59 0.72
Girls 112 7.75 0.78

Verbal aggression* 8.61 p <0.05
Boys 85 6.91 0.59

Note. * - p < 0.05 when comparing the mean scores for girls and boys

7,5

6,5

O12-13 age

55—

3,5

Average score

5.61

2,5

0,5

@ 14-15 age

057

Hostility index

Aggression index

Fig. 1. The Mean scores of hostility and aggression indexes in the 12-13 and 14-15 age groups
Note * - p < 0.05 statistically significant difference

results (8.21 + 0.69) is higher than that of girls (7.98 £ 0.81;
p<0.05). However, the results of the research showed higher
indexes of feeling guilty in the group of girls (6.87 + 0.93
and 6.14 + 0.61, respectively; p<0.05), it allows stating
girls suffer from this feeling more often. The feeling guilty
is mostly caused by the understanding that the behaviour
infringes important social or moral norms. It is also assumed
this feeling can be related with the frequent self-assessment
and feeling of higher responsibility and self-criticism in girls.
The research showed there was no reliable difference in the
statistical indexes for the students of both groups. Thus, it can
be emphasized the assessments of students’ suspiciousness
would be similar irrespective of the situation (Table 3).

The generalized indexes of the expression of aggressive
behaviour in girls and boys - hostility and aggressiveness
indexes - are also analysed in the study. When analysing
the results, we noticed different assessments of the hostility
index by the students of both groups. The boys™ hostility

index was assessed with a statistically reliably higher mean
6.41 £0.69 compared with the girls - 5.98 £ 0.61; (t(95 = -4.55;
p <0.05). It allows supposing boys are more inclined to make
other people to behave in the way that would meet their
personal expectations. Students with a hostile inclination are
accompanied by outbreaks of anger, irritation, inclination
to violence, wish to harm, humiliate or cause pain to other
people. However, it can be noticed the data of our research
shows there is no statistically reliable difference in the
students of different genders according to the assessment of
the aggressiveness index (to5y= -1.82; p>0.05).

It is shown in the means of the aggressiveness index
as a generalized index 6.66 + 0.67 for girls and 6.85 £ 0.76
for boys. To sum up the aggressiveness indexes, it can be
seen there was no statistically reliable difference in the
assessments of just one of three scales, so it cannot be stated
unambiguously the assessments of this index do not depend
on the students’ gender (Figure 2).
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Fig. 2. The Mean scores of hostility and aggression indexes for girls and boys in groups
Note * - p < 0.05 statistically significant difference

Discussion

The analysis of the study of aggressive behaviour allows
stating that students’ aggressive behaviour can both depend
on their gender and on their age. The comparison of the re-
sults of the performed research with other researches is com-
plicated because most studies used different aggression as-
sessment scales. However, quite contradictory results can be
seen when comparing similar studies — some researchers state
that gender differences have the biggest influence on students’
aggressive behaviour (Card et al., 2008; Bjorkqvist, 2018),
meanwhile, others pay attention to the aspect of age (Shaikh
et al., 2014; Janciauskas, 2018), other researchers treat this
problem in a complex way and accentuate the importance of
gender and age (Zukauskiené, 1999). According to Amedahe
& Owusu-Banahene (2007), boys’ aggressive behaviour under
competitive conditions is often expressed as direct aggression,
such as physical aggression; meanwhile, girls are inclined to
use indirect aggression and the reason for it is differences in
the structure of peer groups of boys and girls. Moreover, there
are more scientific studies, for example, Zukauskiené (1999)
states that boys are much more active and physically stronger
than girls, so direct - both physical and verbal - aggression is
more characteristic to them and indirect aggression is more
characteristic to girls; it also confirms our results partially.
We think we can support the conclusions of Amedahe & Owu-
su-Banahene (2007) stating that boys are prone to such forms
of direct aggression as physical aggression more often. On the
basis of the data obtained in the meta-analysis of Card and
co-authors (2008), it can be noted boys are more aggressive
than girls, but they are prone to indirect aggression. The results
obtained during the studies performed by Crick & Werner
(1998) with the purpose to analyse the attitude of girls and
boys towards certain forms of aggression were a little different.
In the girls attitude, indirect aggression is much stronger and
effective than direct aggression; meanwhile, boys think direct
aggression is more harmful. It shows boys and girls choose
such forms of aggression which seem to them more effective
or harmful. This remark allows stating that aggressiveness is
not different in boys and girls, but there is a difference in the
forms of the expression of aggressiveness due to a different
understanding of harm. Nevertheless, it can be supposed ad-
ditional studies are necessary in order to substantiate these
assumptions. We think the latter statement is better for the

interpretation of the data of our research about students’ ag-
gressive behaviour in physical education lessons as students
often suffer from negative feelings in competitive situations
and are not always able to control their behaviour successfully.

Meanwhile, scientists Gudzinskiené & Burvyté (2017)
were interested in students’ attitude towards the present
situation at school: they were looking for answers which
aggressive acts affect students, the school microclimate,
in which forms aggressiveness is expressed, in what way
students react to this kind of behaviour. It is noted in this
research both verbal and physical aggression is encountered
at school, but attention should also be paid to electronic
aggression. It reveals students’ aggressive behaviour is
obtaining new forms, but we cannot compare this research
with our study as it does not go deep into the differences of
aggressive behaviour in the aspects of gender.

The generalized indexes of forms of the expression
of aggressive behaviour - hostility and aggressiveness
index - were analysed in our study. After determining the
generalized hostility index, i.e., calculating the mean from
the results of four subscales, it emerged that boys’ hostility
is higher statistically reliably (p <0.05) compared with girls.
When interpreting the research data, the insights of some
researchers can be supported: the change of these results
can be affected by the fact that boys encounter the hostility
of the social environment and difficulties at school (Amadi
et al., 2015), higher mobility, rude demonstration of the
advantage (Lloyd et al., 2008) or even use of force against
a peer group (Wakoli et al., 2016) more and more often.
However, taking into account the results, it can be noticed
that the aggressiveness indexes are both similar for girls
and boys and there is no statistically significant difference
(p > 0.05). It allows contradicting the conclusions of some
specialists of aggressive behaviour stating that boys are more
aggressive (Owens & MacMullina, 1995; Archer et al., 1988;
Rozzaqyah et al., 2021). According to Archer (2000), it is
emphasized in the meta-analysis that ambiguous results of
the research in this field depend on different instruments
used for the measurement of aggression and individual
characteristics of adolescents. Meanwhile, some studies state
this difference between the genders can only be found when
analysing aggressive behaviour, especially in the group of
abusing people (Moretti et al., 2001).
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When analysing the peculiarities of students” aggressive
behaviour, we will both discuss in what way this kind of
behaviour depends on gender and on age. Our results
revealed that 14-15-year-old students express negativism,
offence, irritation, physical and verbal aggression statistically
significantly more often compared with 12-13-year-old
students. Meanwhile, other researchers (Shaikh et al., 2014)
state that aggressive behaviour is both characteristic to
boys and girls; it was also determined physical aggression
increased from the seventh form to the tenth form
significantly. Verbal aggression was found in boys quite
early, but the tendency of decrease was noticed before the
tenth form. Meanwhile, the tendency of the increase of
verbal aggression was noticed in girls from the seventh form
to the tenth form. However, aggressive behaviour of older
students is analysed in the studies of the above-mentioned
authors, so these differences cannot be interpreted as
absolutely compatible with our data. In the other study, the
differences of aggressive behaviour are discussed and the
age groups of 8-9, 11-12, 13-14-year-old children are taken
into account, Zukauskiené (1999) accentuates the increase
of physical, verbal and indirect aggression in the course
of age in all these groups. We can support this position as
our results confirm similar conclusions that such forms
of aggressive behaviour as negativism, offence, irritation,
physical and indirect aggression are much more expressed
in the group of 14-15-year-old students than in the group
of younger 12-13-year-old students. It can also be stated
that the hostility and aggressiveness indexes generalized
in the group of older students participating in our study
were higher. Moreover, there are some studies which analyse
aggression of sport-doing and non-sport-doing students
in a quite comprehensive way (Janciauskas, 2018a), but we
assessed the peculiarities of aggressive behaviour in much
younger students, so we cannot assess if this data is similar
or contradicts to our results.

To sum up the research data, the limitations of the
research and perspectives of further research must also be
considered. One of the essential limitations is a small sample
of the researched in this study; moreover, we researched
younger students, but the samples of most analysed studies
were often formed from older students. In this aspect, the
comparison of the results of our research with the data
obtained by other researchers is quite limited. In order to
compare the results of the research in a more comprehensive
way, it is necessary to strive for higher equivalency of
researched groups; otherwise, it will be difficult to interpret
the results. It should also be mentioned the research was
performed during breaks, so the researched may have filled
out the questionnaire not very objectively and give similar
answers like their friends. The conclusions should also be
assessed carefully as they are only based on the students’
self-assessments, so the answers to the questions may have
been partial. The latter limitations of the research can also
affect the results. Taking into account the limitations of this
research, it would be useful to make significant conclusions
by generalizing the results of the research; it would also
be useful to perform additional research in the future by
involving teachers and students’ parents who would be
able to notice the difficulties of improper behaviour, so
their assessments should be considered and included in
the analysis. More comprehensive research is necessary in

order to obtain more accurate data about the peculiarities of
aggressive behaviour of younger students.

Conclusions

When applying the Buss Durkee Hostility Inventory,
itwas revealed that 14-15-year-old students are more inclined
to express the following forms of aggressive behaviour in
physical education lessons: negativism offence, irritation,
physical and verbal aggression compared with 12-13-year-
old students. It was also determined older students can
be characterized with statistically reliably higher hostility
than younger ones. When analysing students’ aggressive
behaviour by gender, it was revealed that boys are prone
to the following forms of aggressive behaviour: negativism,
offence, irritation and physical aggression statistically
reliably more often than girls. Meanwhile, girls are more
inclined to express the feeling guilty and verbal aggression.
However, boys are more inclined to hostility statistically
reliably. According to the aggressiveness index, no
statistically reliable difference was determined and it means
aggressiveness is similar in the groups of boys and girls.
We think the obtained conclusions could be applied more
effectively with appropriate corrections, for example, by
analysing concrete life situations of students.
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By3HaueHHA 0cO6NMBOCTEN arpecuBHOI NOBERIHKN
YUHIB Ha 3aHATTAX 3 Pi3NNYHOro BUXOBAHHA

1ABCDE

Ilapynac Cuipac

'JINTOBCHKMIL CIIOPTUBHMIL YHIBEpCUTET

ABTOpPCHKMIT BKTAJ: A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pedepar. Crarra: 9 ¢, 3 Tabn., 3 puc., 31 mxepero.

Ictopis muranHsa. OcTaHHIM YacoM 0co6/IMBa yBara IPU/I/IETbCA KIIBHOMY CEpPeOBIUILY, [ie arpecBHA ITIOBeiHKa YUHIB,
AKa LIBUJIKO MOIIMPIOETCS, HaOyBae Bce OIIbII ACKpaBMX KOHTYPIB i Biobpakae IpolecH, 0 BinOyBalOTbCA B CY4aCHOMY
CYCIIiZIbCTBI Ta iX HAC/I/IKM [/1A MOJIOZOTO IIOKO/IiHHA. BOoHa 9acTo MO>ke MaTy pisHi KOPOTKOCTPOKOBI Ta IOBIOCTPOKOBI HACTIiIKI
IJLSL IOBEJiHKY YYHS, I0T0 CIIIKYBaHHA 3 OTOYYIOUMMI, €MOLITHOIO CTaHy Ta CAMOOILHKM. TakyM YMHOM, L CKIaJiHa CUTYallid
CIIOHYKA€E BCe YacTillle [[iKaBUTUCS IPUYMHAMY arPeCUBHOI IOBEAIHKM CTYAEHTIB Ta 0COOMBOCTAMI 1i TPOSIBY.

MerTa gOCTiIKeHHA — BUABUTI OCOOIMBOCTI IPOABY arpeCcHBHOI IIOBEJIHKY YYHIB Ha YpOKax (i3udHOI KYIbTYPH B aCIeKTi
BiKY Ta CTaTi.

Marepian i meTogu. Y nocnimxeHHi B3samm yyactb 197 y4HiB, 3 Hux 52 giBunmuky 12-13 pokis i 44 xnomunky ta 60 giB4aTOK
141 xyonyuk 14-15 pokis.

PesynbraTu. Pe3ynbraTu JOCTiIKeHHs [OKasamy, mwo 14-15-piyni yuui y nopiBHsAHHI 3 12-13-piunumy yaHAMM Oimbir
CXWIbHI 1O TaKUX OPM arpecuBHOI TOBEAIHKM Ha YpoKax (isMuHOI KY/IbTYpPH, K HeraTUBi3M, 00pasa, po3aparyBaHHs, (isudHa
Ta BepOanpHa arpecis. Takox Oy/o BM3HA4YeHO, 11O CTapIi MIKO/MAPI XapaKTepU3yIOTbCs CTATUCTUYHO JOCTOBIPHO BUILMMMU
MOKAa3HMKaMI BOPOXKOCTI Ta arpecuBHOCTI, HiX Moopi. ITpu aHai3i arpecBHOI MOBEAIHKM yYHIB y TeH/IePHOMY acIeKTi Oy1o
BUSIB/IEHO, 11O XJIOMIII YacTillle MPOSIB/IAIOTh TakKi (GOPMHU arpecuBHOI MOBERIHKY, K HeraTUBi3M, 00pa3a, po3apaTyBaHHs Ta
¢isnuHa arpecis, Tofi AK HiBYaTa 61/IbII CXMIBbHI 10 TOYYTTs IPOBMHIY Ta BepbasbHOI arpecii. Buiija BopoxicTs 611l XapakTepHa
IJ1A XJIONIB, HDK J/IA IiBYaT, ajle arpeCMBHICTD y TPyIIax XJIONIIB i IiBYaT 3a iHJIeKCOM arpecMBHOCTI OLliHIOBa/Iacs OHaKOBO.

BucHoBku. BBaxxaemo, 110 oTpyMaHi pe3ynbTaTi MOKyTh 6yTH 6i/bIl eheKTMBHO 3aCTOCOBaHI IPM HOAA/IBIIOMY aHaIisi,
HaIpUKIIaZ, TPV aHa/li3i KOHKPETHMUX XKUTTEBMUX CUTYaIlili CTY/I€HTiB.

KirouoBi croBa: arpecusHa 1oBefiiHKa, GOpMIL arpeCUBHOI HOBEIHKY, CTYAEHTH, YPOK (isnyHOI Ky/1bTypu.
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Abstract

Objectives. This study aimed to investigate the effects of a structured six-week Surya Namaskar (Sun Salutation)
regimen on back flexibility and lumbar flexion in female college students.

Materials and methods. Thirty female college students from the Gwalior District participated in the study and
were randomly assigned to either an experimental group (Surya Namaskar regimen) or a control group. Baseline
measurements of age, height, weight, and initial flexibility were recorded. The experimental group engaged in a
six-week Surya Namaskar program, while the control group maintained their regular activities. Back flexibility and
lumbar flexion were assessed using standardized tests before and after the intervention period.

Results. Statistical analysis revealed significant improvements in back flexibility and lumbar flexion in the
experimental group following the six-week Surya Namaskar regimen. Specifically, the experimental group
demonstrated a substantial increase in both back flexibility (mean change + SD: 3.20 + 0.95 cm) and lumbar flexion
(mean change + SD: 1.50 + 0.75 cm), whereas the control group showed no significant changes in these parameters.
Conclusion. The findings underscore the effectiveness of Surya Namaskar in enhancing musculoskeletal flexibility
among female college students. Integrating Surya Namaskar into educational programs could potentially benefit
physical health by improving back flexibility and lumbar flexion, thus supporting overall musculoskeletal health and
reducing the risk of injuries. Further research could examine the long-term effects and mechanisms underlying these

improvements across diverse populations.

Keywords: Surya Namaskar, back flexibility, lumbar flexion, female college students, yoga practice.

Introduction

Yoga has become a popular form of exercise among
college students in recent years, with a growing body of
research (Xu et al., 2011) demonstrating its potential benefits
for physical and mental health (Tripathi et al., 2018). Over
the past few decades, yoga has gained significant popularity
in the West, with increasing integration into the healthcare
system (Yatham et al., 2023). Various traditions and schools
of yoga exist, each with its unique philosophy and approach
(Joshi, 1965). Several studies have examined the effects of
yoga on college students, with positive results reported in
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areas such as stress reduction, improved body composition,
and enhanced overall well-being. One specific aspect of
yoga that has received attention is the practice of Surya
Namaskar, or Sun Salutation, a sequence of 12 asanas (yoga
postures) commonly performed as a warm-up or stand-
alone practice (Bertschinger et al., 2007). Physical education
has been integral to ancient cultures, including those in the
Indian subcontinent, since ancient times. These programs
encompassed various aspects such as health, motor skills,
military training, sports and recreational activities, medical
therapy, physical rehabilitation, and spiritual growth. The
practice of yogic asanas, or physical postures, is believed
to have originated in the Harappan civilization, evidenced
by the discovery of statues and seals depicting figures in
yoga-like poses (Rao et al., 2013). Yoga is believed to have
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begun between 4,000 to 8,000 years ago in the northwest
Indian area of the Indus Valley civilization. Yoga is a
conventional discipline that seeks to enhance an individual’s
physical, mental, emotional, and spiritual state of being
(Ross & Thomas, 2010). The word “yoga” originates from
the Sanskrit root “yuj,” which means to join, yoke, or unite.
This concept emphasizes the union of the individual self
with the universal consciousness, aiming for a harmonious
and balanced state of being (Feuerstein, 2002). The practice
of yoga encompasses various physical, mental, and spiritual
disciplines designed to achieve this state of unity (Iyengar,
1979). Yoga is the practice that combines the physical,
mental, and spiritual aspects of a person by addressing
the underlying conflicts present in all aspects of life
(Oliver, 2005). Over time, publications in the disciplines of
physiology and medicine started incorporating the concepts
and practices of yoga (Khalsa et al., 2016). Surya Namaskara
is a customary yoga pose meant to honor the Sun and is
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. It has since become an integral part of yoga
practice, serving as a physical and spiritual exercise that
not only strengthens the body but also calms the mind
(Venkatesh & Vandhana, 2022, Omkar, 2012). The practice
of Surya Namaskar, meaning “salutation to the sun,” is
believed to stimulate the Manipura Chakra, a key energy
center located in the solar plexus region, which is associated
with self-esteem, willpower, and personal transformation
(Malhotra, 2017). By coordinating the movement of the
body with the rhythm of the breath, Surya Namaskar is
said to purify subtle energy channels and promote a deep
sense of relaxation and mental clarity (Javadekar & K, 2012).
The Surya Namaskar asanas are characterized by precise
breathing patterns. Mental lucidity, physical stamina, and
flexibility are all provided by it, in addition to revitalizing
every cell in the body (Saraswati, 1983). A sequence of twelve
asanas Surya Namaskar is composed of (postures). These
alternating backward and forward movements profoundly
extend the entire body forward bending postures, which
contract and extend the spinal column to its utmost
extent (Nandar, & Raj, 2014). Reduced flexibility can have
significant implications for an individual’s overall health and
well-being. A sedentary lifestyle, physical inactivity, or fat
accumulation around the joints that limits the full range
of motion are some of the primary contributing factors to
decreased flexibility (McPhail, 2015, King & King, 2010,
Park et al., 2020, Reid, 2018). Lifestyle choices are crucial to
an individual’s flexibility (Micheo et al., 2012). A sedentary
lifestyle, characterized by prolonged periods of inactivity,
can lead to a decline in muscular flexibility and joint
mobility (Walsh, 2011). Conserving the body’s flexibility
might potentially help alleviate the rigidity and tension that
can lead to chronic and often fatal medical conditions. Surya
Namaskar has profound effects on the body, allowing it to
independently alter its kinanthropometric and physiological
characteristics. The purpose of this study was to determine
the degree to which the practice of Suryanamaskar affected
the lumbar flexion and back flexibility of young adult men in
college. It is hypothesized that engaging in a six-week Surya
Namaskar regimen will lead to significant improvements
in back flexibility and lumbar flexion. This study aims to

investigate the impact of a structured Surya Namaskar
routine on these parameters in a cohort of thirty college
women over a consecutive six-week period. Specifically, we
propose that the consistent practice of Surya Namaskar will
result in measurable enhancements in both back flexibility
and lumbar flexion among the participants.

Materials and Methods

Study Participants

Thirty Female college students from the Gwalior District
were selected to participate in this study. These participants
wererandomlyassigned to one oftwo groups: an experimental
group, which engaged in the Surya Namaskar regimen, and a
control group, which did not partake in the regimen. Detailed
characteristics of the participants, including age, height,
weight, and initial flexibility measurements, are presented
in Table 1. Before the study commenced, participants were
provided with comprehensive information regarding the
research, including its potential benefits and any associated
risks. This briefing was conducted to ensure informed consent
and to allow participants to make an educated decision about
their involvement. Each participant underwent a thorough
medical examination by a qualified physician to confirm
their fitness for the study. All participants were deemed
healthy and capable of safely engaging in the exercise
regimen. The study was conducted in strict accordance
with the guidelines of the Declaration of Helsinki, ensuring
ethical standards were maintained throughout the research
process. This adherence underscores our commitment to the
ethical treatment and well-being of all participants.

Study Organization

This investigation employed an experimental approach
with a two-group pretest-posttest design. The treatment
group (n = 15) engaged in a six-week regimen of practicing
Surya Namaskar, while Group II served as the control group
(n=15).

Table 1. Participants Characteristics (Mean + SD)

Characteristics SNP (G1) (n=15) Control (G2) (n=15)
Age (years) 20.80 +0.52 20.90 + 0.60
Height (cm) 162.40 £ 3.81 162.50 + 3.90
Weight (kg) 60.10 + 4.56 60.30 + 4.30
BMI (kg/m?) 22.82+1.25 22.88 £ 1.37

Note: SNP (G1) refers to the group practicing the Surya Namaskar
regimen, while Control (G2) refers to the group not participating
in the regimen. The values represent mean measurements with
standard deviations (SD) indicating variability within each group

Participants provided informed consent before the study
commenced, with the assurance that they could withdraw at
any time if they experienced discomfort during the training
programs. All participants were eligible for inclusion based
on their lack of musculoskeletal, neurological, or orthopedic
disorders that could impair their ability to perform physical
fitness tests or practice Surya Namaskar. No participants
dropped out of the study. The study procedures were

555



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 4

SUBJECTS
N=30

4

‘ GROUPS ‘

4 ¥

CONTROL GROUP TREATMENT GROUP
n=15 n=15

‘ BASELINE MEASUREMENTS ‘

2

TREATMENT

SURYANAMASKAR PRACTICE

J

ENDLINE
ENDLINE
MEASUREMENTS MEASUREMENTS
N=15 N=l5

Fig. 1. Flow Diagram

conducted by ethical standards outlined in the 1964 Helsinki
Declaration and its subsequent amendments. Standard
protocols were utilized to assess the parameters of interest.
Before testing, participants completed a warm-up consisting
of a five-minute low-intensity aerobic run followed by ten
minutes ofactive and passive stretching of the upper andlower
extremity muscles. These protocols ensured participants
were adequately prepared for the experimental procedures.
This structured approach aimed to minimize variability and
ensure rigorous adherence to ethical guidelines and scientific
standards throughout the study.

Anthropometric Measurements

Anthropometric measurements were conducted using a
portable digital scale with a weight precision 0f 0.1 kilograms,
andheightwas measured usingatape measure. The Body Mass
Index (BMI) is calculated by dividing weight (in kilograms)
by height (in meters squared). 12 poses are executed without
disruption with each pose lasting 12 seconds. Commence
with 7 cycles and increase by one every two weeks.

Sit and Reach Test

Participants were instructed to do the sit-and-reach
test, a highly reliable assessment method well-recognized
for its accuracy. The chair sit and reach test has shown strong
interclass correlation coefficient (ICC) values ranging from
0.92 to 0.96, as (Jones et al. 1998) reported. Similarly, the
back-saver sit and reach test has shown an ICC value of
0.99, according to (Patterson et al. 1996). This test aimed to
assess the pliability of the lumbar region and the muscles
at the back of the thigh. Before assuming a seated position
with their feet uncovered, legs extended, and soles resting
flat on a horizontal cross board, the participants engaged in
a series of mild stretching exercises to gradually lengthen

TN Do

Hastauttana Padahasta Ashwa-
Pranamasana Sanchalan
Asana Asana
Asana
Astanga- .
Dandasana Bhujanga Asana Parvatta Asana
Namaskara
Ashwa- Padahasta Hastauttana p
Sanchalan Asana Asana Asana ranamasana
Fig 2. Diagram
Table 2. Training protocol
Protocol Description Duration
Warm-up & Conditioning 5-12 mins
Joint stretching and rotation
Suryanamaskar
Step 1: Hasta uttanasan (Raised Arms Pose)
Step 2: Padhahastasan (Hand to Foot Pose or
Standing Forward Bend)
Step 3: Ekapadaprasaranasana (Equestrian Pose
or Low Lunge)
Step 4: Dwipadaprasaranasana (Stick Pose or
Plank Pose)
Step 5: Sasankasana (Rabbit Pose or Moon Pose)
Step 6: Ashj(ange} Nam-askar (Eight Limbed Pose 12-15 mins
or Salute with Eight Limbs)
Step 7: Bhujangasan (Cobra Pose)
Step 8: Parvatasan (Downward Facing Dog Pose
or Mountain Pose)
Step 9: Sasankasana (Rabbit Pose or Moon Pose)
Step 10: Ekapadaprasaranasana (Equestrian
Pose or Low Lunge)
Step 11: Padhastasan (Hand to Foot Pose or
Standing Forward Bend)
Step 12: Hasta uttanasan (Raised Arms Pose)
Warm down )
5-7 mins
Technique for deep relaxation
Closing Prayer
10 secs

Ohm Shanti Shanti Shanti

Additional Notes — The pose is held for 6 seconds without a break.
Begin with 4 cycles and increase by one every two weeks
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their muscles. They smoothly advanced while using their
fingers to slide a marker along a scale until it reached the
maximum position, which they maintained for a duration of
two seconds. To provide a reliable and accurate assessment
of flexibility throughout the study, this measurement was
conducted twice, and the maximum distance achieved was
recorded to the nearest 0.5 cm. Both of these measures were
obtained while keeping the knee straight.

Schober Test

The lumbar flexion was assessed in this specific inquiry
utilising the latest iteration of the Schober test. Initially,
the level of S2 was established and recorded precisely at
the midpoint between the two PSISs (posterior superior
iliac spines), which are the indentations seen in the pelvis.
Additional marks were created 5 cm below the S2 level
and 10 centimetres above it. Subsequently, the individuals
were instructed to flex their bodies forward, and further
measurements were conducted to ascertain the gap between
the lower and upper indicators. White and (Norkin 2011)
used the difference between these two values to estimate
the extent of lumbar spine bending throughout the test.
The study’s findings were made more reliable by using a
standardized approach, which ensured that all participants
got a precise and consistent assessment of their lumbar
flexibility.

The Yoga Intervention Protocol

Following the pre-test, the intervention group was
given a one-hour teaching session to teach them whatever
they needed to know. the primary positions that make
up the suryanamaskar technique. It was specified to the
participants that they should breathe naturally. When you
want to follow the natural breath, you should concentrate
on each inhalation and exhalation for the period that has
been established. The individuals were asked to maintain
each posture throughout the practice for the length of one
inhalation, or exhale, depending on the activity that they
were doing. In addition, they were provided with an internet
video of a trained yoga teacher doing suryanamaskar, which
was intended to assist them in comprehending the practice.
Additionally, they were provided with an internet video of a
trained yoga teacher performing suryanamaskar, which was
designed to aid them in understanding the practice.

Statistical Analysis

The data analysis in this study comprised two primary
components. First, the Shapiro-Wilk test was employed to
assess the normality of the data distribution, a prerequisite
for subsequent statistical tests. Following confirmation of
normality, a paired sample t-test was conducted to evaluate
the hypotheses. Specifically, this test aimed to compare the
outcomes of pretest and post-test measurements within the
same group. IBM SPSS Statistics 26 software (SPSS, Inc.,
Chicago, IL, USA) was utilized for all statistical analyses,
ensuring robust and precise handling of the data. This
methodological approach enabled a comprehensive
examination of the effects of the intervention on the study
outcomes while adhering to established statistical standards.

Result

The six-week study comprised 30 days of practice,
including one pretest, 28 treatment sessions, and one post-
test. Up to fifteen female college students participated in the
study. The primary findings focused on the measurements
of lumbar flexion and overall back flexibility, derived from
these sessions.

The pretest and post-test results for both the treatment
and control groups were evaluated using the Shapiro-Wilk
test, as shown in Table 2. Each value obtained was > 0.05,

Table 3. Normality Test

Groups Variable Tests Shapiro-Wilk
Pre 0.92
Back flexibility
Post 0.93
EG
Pre 0.90
Lumbar Flexion
Post 0.89
Pre 0.91
Back flexibility
Post 0.90
CG
Pre 0.89
Lumbar Flexion
Post 0.90

indicating that the data were normally distributed. Given the
normal distribution of the data, as confirmed by the Shapiro-
Wilk test, we proceeded to use the paired sample t-test
for hypothesis testing. This parametric statistical method
allowed for a detailed comparison of pretest and post-test
outcomes within each group, enabling us to accurately
assess the impact of the Surya Namaskar regimen on back
flexibility and lumbar flexion.

Table 4. Paired Sample T-Test

. Sig.
+
Variables Group Test Mean+ SD t 2-tailed
Pre 31.10 £ 0.90
CON 1.32 0.175
Post 30.95+0.85
BF
Pre 31.30 £ 1.05
EXP 16.45* 0.000
Post 34.30 £ 1.00
Pre 6.50 £ 0.80
CON 0.18 0.845
Post 6.55+0.88
LF
Pre 7.00 £ 1.25
EXP 3.95* 0.001
Post 8.50 £ 0.90

* 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 thatin the treatment group, the obtained
‘t’ values for the variables were 16.45 (Back Flexibility)
and 3.95 (Lumbar Flexion). These values were found to
be statistically significant at the 0.05 level of confidence
for degrees of freedom 1 and 14, as they were higher than
the minimum table value of 2.14. Conversely, the obtained
t ratios between pre- and post-test in the control group were
1.32 (Back Flexibility) and 0.18 (Lumbar Flexion), which
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were less than the necessary table value of 2.14 and were
found to be not statistically significant.

Discussion

This study evaluates the impact of a six-week course
of Surya Namaskar practice on lumbar flexion and back
flexibility in female college students. According to our find-
ings, Surya Namaskar’s practice significantly improved both
back flexibility and lumbar flexion in these students. Previ-
ous research also supports the positive effects of Surya Na-
maskar on important kinanthropometric parameters. Time
constraints are often cited as a barrier to regular exercise;
however, Surya Namaskar, a sequence of twelve yoga pos-
tures, can be an efficient and time-saving way to improve
physical fitness (Javadekar & K, 2012). According to our
findings, Surya Namaskar’s practice significantly improved
both back flexibility and lumbar flexion in these students.
Previous research also supports the positive effects of Surya
Namaskar on important kinanthropometric parameters
(Xu et al,, 2011, Tripathi & Bharadwaj, 2013, Sarkar, 2022).
For individuals facing such challenges, incorporating Surya
Namaskar, or the “salute to the sun,” into their daily rou-
tine can be an ideal solution (Saraswati, 2004). Flexibility is
crucial for performing daily tasks efficiently, and variations
in flexibility can lead to biomechanical changes in joints
and altered postures. Our results align with previous studies
that reported significant improvements in back and lumbar
flexibility due to Surya Namaskar’s practice. For instance,
a study comparing the effects of Surya Namaskar and dy-
namic stretching on hamstring flexibility in physiotherapy
students found Surya Namaskar to be more effective in en-
hancing flexibility (Mangaonkar et al., 2018). Similarly, Si-
sodia (2017) observed notable improvements in flexibility
among participants practicing Surya Namaskar. The statisti-
cal analysis in our study showed significant changes in the
treatment group compared to the control group. The experi-
mental group demonstrated a substantial increase in back
flexibility (t = 16.45, p = 0.000) and lumbar flexion (t = 3.95,
p = 0.001). In contrast, the control group did not show sig-
nificant changes in either back flexibility (t = 1.32, p = 0.175)
or lumbar flexion (t = 0.18, p = 0.845). These findings suggest
that Surya Namaskar’s practice can lead to significant im-
provements in flexibility, which are essential for maintaining
a range of motion and preventing injuries. Such physiologi-
cal effects may explain the observed improvements in back
flexibility and lumbar flexion among the experimental group
(Sarkar, 2022). A study examined the impact of a six-week
Surya Namaskar program on back flexibility and lumbar
flexion in male college students. Results showed significant
improvements in both measures compared to the control
group, suggesting Surya Namaskar’s potential to enhance
musculoskeletal health in this population. They recommend
integrating this practice into educational curricula for its
physical benefits (Balaji et al., 2024). In previous studies,
experimental group demonstrated significant improve-
ments in both back flexibility (t(DF) = 16.45, p < 0.001;
(Venkatesh & Vandhana, 2022; Sarkar, 2022) and lumbar
flexion (t(DF) = 3.95, p = .001; Javadekar & K, 2012; Sarkar,
2022; Venkatesh & Vandhana, 2022). These findings suggest
that the intervention implemented effectively enhanced par-
ticipants’ ability to flex their spine and lumbar region. These

findings suggest that Surya Namaskar practice can lead to
significant improvements in flexibility, which are essential
for maintaining a range of motion and preventing injuries.
Previous research has speculated that Surya Namaskar can
be an ideal aerobic exercise, involving both static stretching
and slow dynamic components, which may contribute to
enhanced flexibility. Some studies have also found that Surya
Namaskar can have a positive impact on cardiovascular and
metabolic responses, with participants exercising at up to
90% of age-predicted maximal heart rate during the practice
(Javadekar & K, 2012). Surya Namaskar has been shown to
enhance general health and fitness and provides benefits in
both asana and pranayama (Borker & Pednekar, 2003). Re-
search by (Singh et al. 2010) indicated that Surya Namaskar
significantly enhances hamstring flexibility and muscular
endurance. Moreover, (Fondran, 2008) demonstrated that
Surya Namaskar improves muscle endurance, upper body
strength, and hamstring flexibility. During Surya Namaskar,
the superficial back line contracts in sync with the superfi-
cial front line, enhancing overall muscle coordination. Un-
like dynamic stretching, which targets specific muscles and
joints, Surya Namaskar strengthens all the muscles in the
back, including the smaller ones along the spinal column.
This practice stimulates blood circulation in the vertebral
region, benefiting the nerves there. The practice of Surya
Namaskar, which translates to “salutation to the sun’, is a
sequence of twelve postures that integrate physical move-
ment, breath control, and mental focus. Existing research
suggests that this holistic practice can elicit a range of physi-
ological benefits, from enhancing cardiovascular function to
boosting metabolic rate and respiratory capacity. The prac-
tice of Surya Namaskar, which translates to “salutation to the
sun,” is a sequence of twelve postures that integrate physical
movement, breath control, and mental focus. Existing re-
search suggests that this holistic practice can elicit a range
of physiological benefits, from enhancing cardiovascular
function to boosting metabolic rate and respiratory capac-
ity (Sarkar, 2022). The holistic benefits of Surya Namaskar
extend far beyond just the physical realm. A study also re-
vealed Aging is another significant factor that can contrib-
ute to reduced flexibility (Murray et al., 2023). The practice
has been shown to improve cardiovascular endurance and
flexibility, two key factors that can enhance an individual’s
overall physical performance and well-being (Malhotra,
2017). Besides improving hamstring flexibility, Surya Na-
maskar helps maintain the flexibility of the spine, contribut-
ing to overall physical health. Based on the findings of this
research, incorporating Surya Namaskar practice into the
routine of female college students can significantly improve
back flexibility and lumbar flexion, supporting better pos-
ture and physical health. These results reinforce the notion
that Surya Namaskar is a beneficial practice for enhancing
flexibility and overall fitness in college students.

Conclusion

This study aimed to investigate the effects of a structured
six-week Surya Namaskar (Sun Salutation) regimen on back
flexibility and lumbar flexion in female college students.
The findings reveal significant improvements in both back
flexibility and lumbar flexion among participants who
practiced Surya Namaskar compared to those in the control
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group. Specifically, the experimental group demonstrated
a substantial increase in back flexibility and lumbar
flexion whereas the control group showed no significant
changes in either parameter. These results underscore the
effectiveness of Surya Namaskar as a means to enhance
musculoskeletal flexibility, which is crucial for maintaining
optimal physical health and preventing injuries. The
positive outcomes observed align with previous research
indicating that Surya Namaskar contributes to improved
kinanthropometric parameters. The practice integrates
elements of static stretching and slow dynamic movements,
potentially explaining its efficacy in enhancing flexibility.
Moreover, Surya Namaskar’s holistic approach, which
combines physical postures, breath control, and mental
focus, may contribute to its broader physiological benefits,
including cardiovascular enhancement and metabolic
efficiency. Our findings contribute to the growing body of
evidence supporting the incorporation of Surya Namaskar
into physical fitness routines, particularly for young adults
in educational settings. By improving back flexibility and
lumbar flexion, this practice can help individuals maintain
proper posture, reduce the risk of musculoskeletal disorders,
and promote overall well-being. Future studies could explore
the long-term effects of Surya Namaskar across diverse
populations and further investigate its mechanisms of action
on flexibility and other health-related parameters. Surya
Namaskar emerges as a beneficial practice for enhancing
flexibility and supporting musculoskeletal health among
college students. Its integration into educational and fitness
programs could offer substantial benefits for physical fitness
and overall health promotion.
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AHanis noKasHMKiB rHy4KocCTi ONOPHO-PYXOBOro
anaparty y monoaux oci6 »kiHouoi craTi: Bnans
LWeCTUTVIKHEBOI iHTepPBeHLii 3 BAKOHAHHA KOMIMJIEKCY
Bnpas noru cyp’a-Hamackapa Ha po3BUTOK FrHYYKOCTi
CNVHM Ta 3rMHaHHA NONepeKoBOro BiaAainy xpe6ta

7 1ABCD

Cyunmpasa [ly6eit

, IpamanT Kymap Yoynxapi

12ABCD

"HanionanbHmit iHCTUTYT isnyHOro BUXxoBaHHA iMeHi Jlakimi bai

[IpexpacHuit npodeciitHuii yHiBepcUTeT

ABTOpPCHKMIT BT A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 8 c., 4 Tab1., 2 puc., 36 HKeperL.

Merta gocnigxeHHsa. MeToI0 LIbOTO JOCII/PKeHHsA 010 BUBYEHHS BIUIMBY CTPYKTYPOBAHOTO IIECTUTIDKHEBOTO KYPCY 3 BU-
KOHaHHsI KOMIUIEKCY BIIpaB Jioru cyp’si-Hamackapa («BitaHHs CoHII0») Ha PO3BUTOK THYYKOCTI CIMHM Ta 3TMHAHHS [OIIePEKO-

BOTO BififiiTy Xpe6Ta y CTYAEeHTOK KOMeXKiB.

Marepianu Ta MeTOgU. Y [OCTiKeHH] B3s/IM YYacTh TPUALATD CTYIEHTOK KOJMEIKY 3 OKpyry IBamiop, siki Oynu panmomi-
30BaHi 10 eKCIIepUMEHTA/IbHOI IPpyIn (PeXXUM TPeHYBaHb Cyp A-HaMacKapa) abo 10 KOHTPOIbHOI Ipymn. Y JOCTIIKXyBaHNX 0Ci6
6y710 3a¢)iKCOBaH0 BMXIiJHi JaHi I[OJO BiKYy, 3pOCTY, Baru Ta IIOYaTKOBOIO PiBHsA THYYKOCTi. EXcliepuMenTanbHa Ipymna BUKOHY-
BaJIa IIPOrpaMy KOMIUIEKCY BIIPaB JOTH Cyp si-HaMacKapa IIPOTATOM LIECTH TVDKHIB, TOAIi IK KOHTPOJIbHA IPYIIA JOTPUMYBaIacs
CBOIX 3BMYAMHMX BUJIB aKTMBHOCTI. IJOKa3HMKM THYYKOCTI CIIMHM Ta 3TMHAHHS [OIIEPEKOBOrO BiAminy xpe6Ta oljiHIOBaMM 3a
JOIIOMOTOI0 CTAaHAAPTU30BAHMX TECTIB IE€PeN MOYATKOM Ta ITiC/IA 3aBEePIIEHH MIEPIOAY iHTEePBEHIL.
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Pesynpraru. CTatucTM4HMI aHA/Ii3 II0Ka3aB 3HAUHE [TOKPallieHHsA PiBHA THYYKOCTI CIIMHM Ta 3TUHAHHSA IIONIEPEKOBOTO Biflfli-
Ty XpeOTa B eKCIIepMMEeHTA/IbHIil IPYIIi Iic/IsA IPOBeieHHsA IeCTUTIDKHEBOTO KyPCy TPeHYBaHb 32 METOJMKOIO CYp sA-HaMacKapa.
30KpeMa, eKCIlepyMeHTa/IbHa IPYyIIa IPOLEeMOHCTPYBaia iCTOTHe 361/IbIIeHHS K IIOKa3HMKIB THYYKOCTI CIIMHY (CepeHs Bapialisa
+ SD: 3,20 £ 0,95 cM), Tak i 3TMHAHHS IIONEPEKOBOro BifAiny xpebra (cepenns Bapiamis + SD: 1,50 + 0,75 cm), ToAi AK y
KOHTPOJIbHIN IPYTIi He CITIOCTEPIrajiocsl CyTTEBYUX 3MiH Y 3a3HaYEHMX ITapaMeTpax.

BucHoBok. OTpyMaHi pesynbTaT MiIKpecIooTh eeKTUBHICTb 3aCTOCYBAHHA METOVIKI CYp A-HaMacKapa 3 MeTOIO IifBJ-
I[eHHA THYYKOCT] OIOPHO-PYXOBOTO allapaTy cepeji CTY,eHTOK KOJeKiB. [HTerpaliia KOMIUIEKCY BIIPaB JOTY Cyp’A-HaMacKapa B
OCBiTHI IPOrpaMy MOYKe IIOTEHIII/THO CIIPUATU BOCKOHAIEHHIO (i3MYHOTO 3/0POB s IIIIXOM IIOJIIIIIEHH OKa3HVKIB THYYKOC-
Ti CIIMHM Ta 3TMHAHHA MONEPeKOBOTO BifiiiTy Xpe6Ta, TAKUM YMHOM HiATPUMYIOUN 3aTabHUI CTaH 30POB s OIIOPHO-PYXOBOTO
arapary Ta 3MEHLIYIOYM PU3UK OTPUMaHHA TpaBM. [lofanplii JOC/IiPKeHHA MOXXYTb Oy TI CIIPAMOBaHi Ha BUBYEHHS JOBIOCTPO-
KOBIUX eeKTiB i MexaHi3MiB, 1110 leXKaTh B OCHOBI TaKMX ITOKpPAIIleHb Y Pi3HUX IPyHax HaCeTeHHA.

KirouoBi cnoBa: cyp’s-HaMackapa, THYYKICTb CIIMHY, 3TMHAHHs [OIIePEKOBOro Bifiny Xpe6Ta, CTYAEHTKY KOMEILXY, IIPaK-
TUKa JOTN.
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Abstract

Objectives. This research aimed to analyze the effect of Rhodiola rosea on the Nuclear Factor Kappa B (NF-kB) and
Tumor Necrosis Factor Alpha (TNF-a) levels after high-intensity training.

Materials and methods. The research was conducted using an experiment method with a pre-test and post-test group
design. It involved 20 healthy males as participants. They were 19 years old on mean and currently enrolled as university
students. The participants were purposively selected and divided into two groups. One group was administered a
placebo (Age = 19.60 + 0.69), while the other was assigned to a medication group that received Rhodiola rosea with

a 500 mg dosage (Age = 19.30 + 0.82). The study began by collecting data from the research subjects on the first day.
After that, the participants were asked to warm up before doing high-intensity physical training composed of exercises
such as walking lunges, good-mornings (also known as weight training exercises), and leg extensions. The training was
performed for 4 sets, with a recovery period of 1 minute between the sets. The training intensity was monitored using a
Polar H9 Heart Rate Sensor. On the second day (24 hours after the training session), blood samples were collected from
all subjects. The data were treated as pre-test data in order to calculate the NF-kB and TNF-a levels. Subsequently, the
participants were given a placebo and Rhodiola rosea intervention based on the predetermined groups. On the third
day (48 hours after the training session), the subjects’ blood samples were collected again. This time, blood collection
was done following the training as post-test data. The next procedure included the blood sample analyzing in the
laboratory using the ELISA method. Furthermore, SPSS software was used for the statistical analysis of this research.
Results. The findings of the study showed that there was no significant difference in serum NF-kB levels in the
placebo group and there was a notable reduction in serum NF-kB levels in the Rhodiola rosea group. Additionally, a
substantial decrease in serum TNF-a levels was observed in both groups.

Conclusions. To sum it up, giving Rhodiola rosea a 500 mg/day dosage potentially decreases the NF-kB level.
Meanwhile, for the TNF-a, both groups reported a decrease of the serum level. Consequently, further research is
recommended to investigate the effect of Rhodiola rosea on other inflammatory markers, including Interleukin-10
(IL-10) and Interleukin-1p (IL-1pB), as well as muscle damage biomarkers, such as creatine kinase.

Keywords: rhodiola rosea, exercise-induced muscle damage, inflammation, health.

Introduction muscle pain (Hung et al., 2021), which is typically caused by
uncontrollable inflammatory processes (Amalraj, Divya, &
Gopi, 2020). According to recent scholars, delayed muscle
pain indicates increasing pro-inflammatory cytokines, like
Tumor Necrosis Factor Alpha (TNF-a) (Novadri Ayubi et
al., 2022). This increase is caused by transcription factors,
such as Nuclear Factor Kappa B (NF-kB) (Zinatizadeh et

Interval training with high intensity can increase
physiological responses, such as muscle damage and delayed
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al., 2021), which have been known to regulate inflammatory
responses (Park & Hong, 2016).

To alleviate this pain, various types of medicines are
actually available in the market (Ezike et al., 2023). One of
them is a non-steroidal anti-inflammatory (NSAIDs), which
are effective in reducing inflammation and pain (Mahesh, Anil
Kumar, & Reddanna, 2021). Today, 30 million people have
used NSAIDs to address this issue (Ayubi et al., 2022). In fact,
continuous consumption of this medicine might affect their
health and lead to drug dependence (Tsagareli et al., 2012).

For this reason, alternative medication is urgently
required to address this issue. Of the alternative medications,
there are some herbs that grow in the plateau, such as
Rhodiola rosea (Ivanova, Stojcheva, & Quintela, 2022).
Laboratory research indicated that this plant has anti-cancer,
anti-oxidant, and anti-inflammation characteristics (Li et
al., 2017; Bernatoniene, Jakstas, & Kopustinskiene, 2023).
Currently, Rhodiola rosea is gaining popularity and has
been used as a means to improve performance in sports.
However, currently, its effects on transcription factors and
inflammatory biomarkers after exercise are unknown.
Therefore, this study aims to analyze the effect of Rhodiola
rosea on NF-kB and TNF-a levels after high-intensity
exercise.

Materials and Methods

Study Participants

This research employed a pre-test and post-test control
group design. The research involved 20 healthy men who were
enrolled as university students. On average, they were 19 years
old who were selected a purposively. They were grouped into
two: the placebo group (Age =19.60 + 0.69) and the group
that received the Rhodiola rosea (Age=19.30+0.82).

Inclusion and exclusion criteria were determined to
identify if the potential subjects could meet the requirements
of this research. The inclusion criteria covered university
students between 18 and 25 years old with a normal
Body Mass Index (BMI), Normal BMI range 18.5-24.9).
In addition, the students should not regularly do exercise.
On the other hand, the exclusion criteria were those under
18 years old and who had abnormal blood pressure prior
to training. Finally, subjects were dropped out (eliminated)
if they consumed non-steroid anti-inflammatory drugs
(NSAID).

Procedure

Data collection in this research involved several stages.
Before it began, the subjects went through a screening
process. The process was based on certain criteria that allow
data to be included into or excluded from the analysis. They
also provided informed consent showing their agreement
to this research project. They were grouped into divided
into two. One group was a placebo, and the other was the
a medication group that received the Rhodiola rosea. The
placebo took empty capsule, while the medication group
took Rhodiola rosea with a 500mg dosage. Rhodiola rosea
was used as a supplement.

Datacollectionbeginsonthefirstdaybycollectingdataon
subject characteristics such as collecting data on age, height,

weight, BMI and blood pressure. After that, the subjects
performed a series of physical exercises for approximately
one hour consisting of warm-up, core training and cool-
down. Core exercises include high-intensity activities, such
as walking lunges, good mornings, and leg extensions. This
exercise is done in 4 sets with a 1 minute break (recovery)
between sets. The training intensity was monitored using
the Polar H9 Heart Rate Sensor. On day 2 or 24 hours after
training, the subject’s blood was collected as pre-test data to
assess NF-kB and TNF-a data. Blood collection is carried out
by medical personnel. The subjects were then given placebo
or Rhodiola rosea treatments, depending on their assigned
groups. On day 3, or 48 hours after training, another blood
collection was done as post-test data. Next, the blood sample
is then analyzed in the laboratory using the ELISA method.
Blood samples were analyzed in the Airlangga University
hospital laboratory. Finally, the researchers analyzed the data
and made a written report as a form of responsibility.

ELISA Procedure
1. Add100pLstandard or sample to the wells. Incubate
for 90 min at 37°C.

2. Discard the liquid, immediately add 100puL
Biotinylated Detection Ab working solution to each
well. Incubate for 60 min at 37°C.

3. Aspirate and wash the plate for 3 times.

4. Add 100uL HRP conjugate working solution.
Incubate for 30 min at 37°C. Aspirate and wash the
plate for 5 times.

5. Add 90uL Substrate Reagent. Incubate for 15 min
at 37°C.

6. Add 50uL Stop Solution.

7. Read the plate at 450nm immediately. Calculation
of the results.

Statistical Analysis

After collecting the data, a statistical analysis was done
using the SPSS software. The data were analzyed descriptively
to obtain the mean, standard deviation, and standard error.
Further, the study performed a normality test was carried
out using the Shapiro-Wilk. If the data spread normally, a
difference test was calculated using the paired t-test method.
However, if the results showed differently, the data were
examined using the Wilcoxon signed-rank test.

Ethics

Prior to data collection, we have received ethical approval
from the Health Research Ethics Committee of Medical
Faculty, Ciputra University, with registration No.103/EC/
KEPK/FKUC/II1/2024.

Results

This section provides data that addresses the research
objectives. First, it provides information about the
participants’ general characteristics in Table 1. These data
allow us to better understand the characteristics of each
group. The data are presented in mean + standard deviation.
The first analysis produced a t-test value where no significant
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difference was found between the placebo and the Rhodiola
rosea groups (p=0.05).

Following that, another test was performed to examine
the nomality of data distribution in this research. Table 2
shows that the pre-test data for NF-kB and TNF-a levels
given the placebo was not distributed normally (p <0.05).
The results of the NF-kB and TNEF-a levels between pre-test
and post-test are described in Figure 1.

Table 1. Participants’ Characteristics

Data Group Placebo Rhocﬁ:)(l):gosea P value
Age (y) 19.60 + 0.69 19.30 +0.82 0.429
Height (cm) 167.00 £ 6.59 169.70 £ 6.53 0.290
Weight (kg) 62.36 £ 9.96 63.03 £ 6.82 0.874
BMI (kg/m?) 22.22+297 22.22 +£2.80 0.721
Systolic (mmHg) 109.70 £ 9.32 118.60 £ 13.72 0.109
Diastolic (mmHg)  68.10 + 6.98 73.90 £7.70 0.413

Table 2. Normality test results

Shapiro-Wilk

Data Group

n P-value

Placebo 10 0.042
NF-kB Level (Pre-test)

Rhodiola Rosea 10 0.842

Placebo 10 0.161
NEF-kB Level (Post-test)

Rhodiola Rosea 10 0.537

Placebo 10 0.204
TNF-a Level (Pre-test)

Rhodiola Rosea 10 0.136

Placebo 10 0.018
TNF-a Level (Post-test)

Rhodiola Rosea 10 0.537

Table 3. NF-kB and TNF-a levels test results

Group (pre-test and post

Different Test Methods test) P-value
NF-kB Levels Placebo 0.203
Rhodiola Rosea *0.005
TNF-a Levels Placebo *0.009
Rhodiola Rosea *0.002

* There was a significant difference (p <0.05)
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Discussions

This research measured if Rhodiola rosea affected the
NF-kB and TNF-a levels after high-intensity training. We
observed no significant difference in the NF-kB serum in the
placebo group. However, a significant decrease was found in
the TNF-a serum for the placebo and Rhodiola rosea groups.
These findings confirmed earlier studies reporting the
positive effect of Rhodiola rosea in reducing inflammation.

The high-intensity training can increase physiological
responses, such as muscle damage and delayed muscle
pain (Hung et al., 2021). The explosive movement during
training lead to the high mechanical pressure and produces
bone extracellular matrix fragments. These fragments are
typically known as receptors expressed by inborn immune
cells (Nanavati et al., 2022). Activating cells mediated by
this process stimulates the activation of NF-kB (Jameson et
al., 2021). Scholars argued that NF-kB plays an important
role in regulating inflammatory responses, especially in
the secretion of pro-inflammatory cytokines, like TNF-a
(Nanavati et al., 2022).

Some muscle damage cases are caused by sports. When
this happens, the histological study shows that neutrophil
enters the muscle and accumulates in the area affected by
the damage 1 to 24 hours after their participants do sports
(Paulsen et al., 2010). In addition, the muscle damage is
marked by the muscle ultrastructural disturbance that
releases inflammatory cytokines by macrophages (Nanavati
et al., 2022). Neutrophil and pro-inflammatory cytokines
interact with each other in order to regulate the response
of pro-inflammation when muscle damage occurs (Hody et
al., 2019). On the other hand, when the pro-inflammatory
cytokines increase, the macrophage also releases anti-
inflammatory cytokines that allow muscles to recover and
regenerate (Nonnenmacher & Hiller, 2018).

The present study believes that NF-kB is a therapeutic
goal of Rhodiola rosea in inflammation (Jia et al., 2023).
Rhodiola rosea is a plant that grows on the plateau. It is
beneficial in pharmacological activities, serving as anti-
cancer, anti-oxidant, and anti-inflammation (Xue et al.,
2019). It has NF-kB, which is important in regulating and
expressing TNF-a, which causes muscle pain. This study’s
findings are supported by previous research reporting
salidroside as a bioactive component in Rhodiola rosea.
Such components can decrease the degeneration of cartilage
through the NF-kB pathway in osteoporotic mice (Gao et
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Fig. 1. Analysis of NF-kB and TNF-a levels between pre-test and post-test
Information: Groups given the Rhodiola rosea during EIMD can significantly decrease the levels of NF-kB (*p <0.05)
more than the placebo group. Further, the TNF-a was reported to have a significant reduction in both groups (*p <0.05).
The data were presented in Mean + Std Error
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al., 2020). Other studies have revealed that Rhodiola rosea
is capable of weakening acute lung injury by inhibiting the
NF-kB pathways.

Another investigation points out that anti-inflammation
affects Rhodiola rosea by potentially reducing the pro-
inflammatory cytokines, such as TNF-a, IL-1 f, and IL-6
(Leeetal., 2013). Meanwhile, the present research found that
TNF-a significantly fall in both the placebo and Rhodiola
rosea groups. This finding might be triggered by the training
program that we had in this research, which was not as heavy
as the weight training conducted in Lee et al’s study. Hence,
since 48 hours after the training, the inflammation rate
has decreased in both groups. Recent studies indicate that
giving Omega 3 is effective in decreasing the TNF-a level and
muscle pain after weight training (Ayubi et al., 2022).

In short, the laboratory examination conducted in
this research showed that Rhodiola rosea with 600 mg/day
potentially decreases the NF-kB serum level. However, this
research is limited in some ways. For instance, it does not
investigate other inflammatory biomarkers, such as IL-10
and IL-1 B. In addition, it does not examine muscle damage
biomarkers, like creatine kinase. Therefore, future research
can assess the effect of Rhodia rosea on these two biomarkers.

Conclusions

This research concludes that the provision of Rhodiola
rosea with 500 mg/day has the potential to decrease NF-kB
levels. In addition, it reduces the TNF-a level in both the
placebo and Rhodiola rosea groups. Future research can be
directed to examine whether Rhodia rosea also affect other
inflammatory biomarkers, such as IL-10 and IL-1 B, and
muscle damage biomarkers, like creatine kinase.

Acknowledgments

Theauthors extend their deep appreciation to Universitas
Negeri Surabaya for their total support during the completion
of this research. We also thank our participants who gave
their agreement to participate in this research projects.
We also want to thank this journal’s reviewers who have
contributed to provide feedback to improve the quality of
this research.

Conflicts of Interest

The authors declare no conflict of interest.

References

Hung, B.-L,, Sun, C.-Y., Chang, N.-]., & Chang, W.-D. (2021).
Effects of Different Kinesio-Taping Applications for
Delayed Onset Muscle Soreness after High-Intensity
Interval Training Exercise: A Randomized Controlled
Trial. Evidence-Based Complementary and Alternative
Medicine, 2021, 1-10.
https://doi.org/10.1155/2021/6676967

Amalraj, A., Divya, C., & Gopi, S. (2020). The Effects of
Bioavailable Curcumin (Cureit) on Delayed Onset Muscle
Soreness Induced By Eccentric Continuous Exercise: A
Randomized, Placebo-Controlled, Double-Blind Clinical
Study. Journal of Medicinal Food, 23(5), 545-553.
https://doi.org/10.1089/jmf.2019.4533

Ayubi, N., Purwanto, B., Rejeki, P. S., Kusnanik, N. W,,
Herawati, L., Komaini, A., Mutohir, T. C., Nurhasan, N.,
Al Ardha, M. A,, & Firmansyah, A. (2022). Effect of acute
omega 3 supplementation reduces serum tumor necrosis
factor-alpha (TNF-a) levels, pain intensity, and maintains
muscle strength after high-intensity weight training.
Retos, 46, 677-682.
https://doi.org/10.47197/retos.v46.93720

Ayubi, N. (2022). Acute effects of n-3 polyunsaturated fatty
acids (PUFAs) reducing tumor necrosis factor-alpha
(TNF-a) levels and not lowering melondialdehyde
(MDA) levels after anaerobic exercise. Journal of
Biological Regulators and Homeostatic Agents, 36(1).
https://doi.org/10.23812/21-468-A

Zinatizadeh, M. R., Schock, B., Chalbatani, G. M., Zarandi, P.
K., Jalali, S. A., & Miri, S. R. (2021). The Nuclear Factor
Kappa B (NF-kB) signaling in cancer development and
immune diseases. Genes ¢ Diseases, 8(3), 287-297.
https://doi.org/10.1016/j.gendis.2020.06.005

Park, M., & Hong, J. (2016). Roles of NF-«B in Cancer
and Inflammatory Diseases and Their Therapeutic
Approaches. Cells, 5(2), 15.
https://doi.org/10.3390/cells5020015

Ezike, T. C., Okpala, U. S., Onoja, U. L., Nwike, C. P, Ezeako,
E. C., Okpara, O. J., Okoroafor, C. C., Eze, S. C., Kalu, O.
L., Odoh, E. C., Nwadike, U. G., Ogbodo, J. O., Umeh, B.
U., Ossai, E. C., & Nwanguma, B. C. (2023). Advances in
drug delivery systems, challenges and future directions.
Heliyon, 9(6), e17488.
https://doi.org/10.1016/j.heliyon.2023.e17488

Mahesh, G., Anil Kumar, K., & Reddanna, P. (2021). Overview
on the Discovery and Development of Anti-Inflammatory
Drugs: Should the Focus Be on Synthesis or Degradation
of PGE2? Journal of Inflammation Research, Volume 14,
253-263. https://doi.org/10.2147/]JIR.S278514

Tsagareli, M. G., Tsiklauri, N., Nozadze, I., & Gurtskaia,
G. (2012). Tolerance effects of non-steroidal anti-
inflammatory drugs microinjected into central amygdala,
periaqueductal grey, and nucleus raphe: Possible cellular
mechanism. Neural regeneration research, 7(13), 1029-
1039. https://doi.org/10.3969/].issn.1673-5374.2012.13.010

Ivanova Stojcheva, E., & Quintela, J. C. (2022). The
Effectiveness of Rhodiola rosea L. Preparations in
Alleviating Various Aspects of Life-Stress Symptoms
and Stress-Induced Conditions—Encouraging Clinical
Evidence. Molecules, 27(12), 3902.
https://doi.org/10.3390/molecules27123902

Li, Y,, Pham, V,, Bui, M., Song, L., Wu, C., Walia, A., Uchio, E,,
Smith-Liu, E, & Zi, X. (2017). Rhodiola rosea L.: An Herb
with Anti-Stress, Anti-Aging, and Immunostimulating
Properties for Cancer Chemoprevention. Current
Pharmacology Reports, 3(6), 384-395.
https://doi.org/10.1007/540495-017-0106-1

Bernatoniene, J., Jakstas, V., & Kopustinskiene, D. M.
(2023). Phenolic Compounds of Rhodiola rosea L. as
the Potential Alternative Therapy in the Treatment of
Chronic Diseases. International Journal of Molecular
Sciences, 24(15), 12293.
https://doi.org/10.3390/ijms241512293

Nanavati, K., Rutherfurd-Markwick, K., Lee, S. J., Bishop, N.
C., & Alj, A. (2022). Effect of curcumin supplementation
on exercise-induced muscle damage: A narrative review.

565


https://doi.org/10.1155/2021/6676967
https://doi.org/10.1089/jmf.2019.4533
https://doi.org/10.47197/retos.v46.93720
https://doi.org/10.23812/21-468-A
https://doi.org/10.1016/j.gendis.2020.06.005
https://doi.org/10.3390/cells5020015
https://doi.org/10.1016/j.heliyon.2023.e17488
https://doi.org/10.2147/JIR.S278514
https://doi.org/10.3390/molecules27123902
https://doi.org/10.1007/s40495-017-0106-1
https://doi.org/10.3390/ijms241512293

ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 4

European Journal of Nutrition, 61(8), 3835-3855. Jia, X., Zhang, K., Feng, S., Li, Y., Yao, D., Liu, Q., Liu, D.,
https://doi.org/10.1007/s00394-022-02943-7 Li, X., Huang, J., Wang, H., & Wang, J. (2023). Total
Jameson, T. S. O., Pavis, G. E, Dirks, M. L., Lee, B. P, glycosides of Rhodiola rosea L. attenuate LPS-induced
Abdelrahman, D. R., Murton, A. J., Porter, C., Alamdari, acute lung injury by inhibiting TLR4/NF-kB pathway.
N., Mikus, C. R., Wall, B. T, & Stephens, E. B. (2021). Biomedicine & Pharmacotherapy, 158, 114186.
Reducing NF-«B Signaling Nutritionally is Associated https://doi.org/10.1016/j.biopha.2022.114186
with Expedited Recovery of Skeletal Muscle Function Xue, H,, Li, P, Luo, Y., Wu, C,, Liu, Y., Qin, X., Huang, X., &
After Damage. The Journal of Clinical Endocrinology & Sun, C. (2019). Salidroside stimulates the Sirt1/PGC-
Metabolism, 106(7), 2057-2076. la axis and ameliorates diabetic nephropathy in mice.
https://doi.org/10.1210/clinem/dgab106 Phytomedicine, 54, 240-247.
Paulsen, G., Crameri, R., Benestad, H. B., Fjeld, J. G., https://doi.org/10.1016/j.phymed.2018.10.031
Morkrid, L., Hallén, J., & Raastad, T. (2010). Time Gao, H,, Peng, L., Li, C,, Ji, Q., & Li, P. (2020). Salidroside
Course of Leukocyte Accumulation in Human Muscle Alleviates Cartilage Degeneration Through NF-«xB
after Eccentric Exercise. Medicine & Science in Sports & Pathway in Osteoarthritis Rats. Drug Design, Development
Exercise, 42(1), 75-85. and Therapy, Volume 14, 1445-1454.
https://doi.org/10.1249/MSS.0b013e3181ac7adb https://doi.org/10.2147/DDDT.S242862
Hody, S., Croisier, J.-L., Bury, T., Rogister, B., & Leprince, Lee, Y, Jung, ].-C,, Jang, S., Kim, J., Ali, Z., Khan, I. A., & Oh,
P. (2019). Eccentric Muscle Contractions: Risks and S.(2013). Anti-Inflammatory and Neuroprotective Effects
Benefits. Frontiers in Physiology, 10, 536. of Constituents Isolated from Rhodiola rosea. Evidence-
https://doi.org/10.3389/fphys.2019.00536 Based Complementary and Alternative Medicine, 2013,
Nonnenmacher, Y., & Hiller, K. (2018). Biochemistry of 1-9. https://doi.org/10.1155/2013/514049

proinflammatory macrophage activation. Cellular and
Molecular Life Sciences, 75(12), 2093-2109.
https://doi.org/10.1007/s00018-018-2784-1

Bnnue popionun po)keBoi Ha NOKa3sHUKN PiBHIB Af4epHOro
dakTopa Kanna-B Ta pakTopa HeKpOo3y NyX/IuHn anbda
nicnAa npoBeileHHA BUCOKOIHTEHCMBHUX TPeHYBaHb

I'irix Ciantopo'4®?, baro Aryn IIpamono'**®, Auppi Cyitoko'4">,

damxap Exa Camyapa'®P, bxekri J/lectapi'*®®, Bapicrpa Tro HipBanmax
Apiecia Iesi Yunropiui'A®P, Pagen Popo lllinTa Apicanti’*®*®, HoBagpi Arw6i'45<P

1ABD
>

'Cypabaricbkniil ep>KaBHUI YHiBepCUTeT
*Cypabaricpkuii yHiBepcutet Uinmyrpa
ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykomucy; E — 36ip komtis

Pedepar. Crartst: 6 c., 3 Tabn., 1 puc., 21 mxepero.

Merta gocmimxeHHs. MeTOW LbOro JOCIpKeHHs Oy/I0 IpoaHati3yBaTyu BIUIMB POAIONN POXXEBOI HA IIOKA3HMKM PiBHIB
AapepHoro ¢dakropa kamma B (NF-kB) ta ¢akropa Hekposy nyxmmuu anbéa (TNF-a) micns mpoBefieHHA BUCOKOIHTEHCUBHUX
TpeHyBaHb.

Marepianu Ta MmeTogu. JlocnikKeHHA IPOBOAMIOCA 3a JOIOMOTOI0 €KCIIEPYMEHTAaIbHOTO METO/Y i3 3aCTOCYBaHHAM Ilepe]-
TECTOBOTO Ta MiC/ATECTOBOrO IPYIOBOrO IIAHYBAaHHA. B AKOCTI y4acHUKIB fOCTIIKeHHs 6Y/I0 3amydeHo 20 350poBuUX 0cib do-
noBivoi crari. Ixmuiit cepefHili Bik CTaHOBUB 19 poKiB, i Ha JaHMIT MOMEHT BOHM € CTY/IeHTaMM 3aK/Ia/jiB BUILIOI OCBiTH. Y4YacHUKIB
6y)10 1L[i/IeCTIpAMOBAHO Bini6paHo Ta PO3IO/iNIEHO Ha JIBi rpynu. B opHiil rpyni nprusHavamm mnane6o (Bik = 19,60 * 0,69), B TOI1 yac
K iHITa 6y/1a BilHeCeHa 1O MeAMKaMEHTO3HOI IPYIIN, KA OTPUMYBaIa POAioay poxkeBy B fodyBaHHi 500 mr (Bik = 19,30 + 0,82).
ITporiec KoOCIifpKeH s PO3IIOYABCs 31 300py JaHUX Cy6 €KTIB JOCTIIHUIIBKOIO eKCIIEPUMEHTY B IEPIINIT IeHb 10T0 IPOBEIEHHs.
ITicrs 1pOro y4acHMKaM OyII0 3aIIPOIIOHOBAHO IPOBECTHU PO3MIHKY Hepef; BUKOHAHHIM BICOKOIHTEHCUBHOTO (Di3MYHOrO TpeHy-
BaHHS, sIKe BKJIIOYaJIO B cebe Taxi (pisnyni Bipasy, sk Xoap0a 3 BUIAfaMy, HAXVIN 3 IITAHIOI0 Ha IJIeYax, a0o sIK Ilje Ha3MBaIOTh
- BrpaBa “Good Morning” (TpeHyBaHH: 3 OOTsSDKEHHAM) Ta pO3TMHAHHA HIr. TpeHyBaHHA IPOBOAUIOCS IIPOTATOM 4 IiIXOMIB 3
IIepepBoI0 Ha BiJHOBJIEHHA TPUBAICTIO 1 XBU/IMHA MDK MigXomaMu. IHTeHCMBHICTh TPeHYBaHHA KOHTPO/IOBA/IN 32 IOIIOMOI 00
JaT4MKa 4acTOTHU ceplieBuX ckopodeHb Polar H9. Ha npyruit nenb (depes 24 ropuHu mic/is TpeHyBaHHA) y BCIX HOCTIIKYBaHUX
oci6 6ymo Bigibpano 3pasku Kposi. Lli pe3ynbTaTy posriaAfamucs AK [aHi IepeATeCTOBOrO MOHITOPUHIY [/ PO3PaXyHKY IIO-
kasHukiB piBHiB NF-kB Ta TNF-a. Ha HacTynmHOMY eTarri ZOCTifKEHHsI YIaCHUKY OTPUMYBAIN IUIALle00 Ta POIIONY POXKEBY
BifIOBiiHO [0 TIOIIepeHbO BU3HAaYeHMX rpym. Ha Tpetiii feHb (depes 48 ropuH mic/Is TpeHYBaHHA) B YYaCHMKIB HOCTI/KEHHA
HOBTOPHO 6ys1o BifibpaHo 3pasky Kposi. 3abip KpoBi IPOBOAMBCS B)Ke MIC/IsI 3aBepIIEHHs TPEHYBAHHA 3 METOIO BY3HAYEHHS
micnATecToBMX faHuX. HacTymHa mpoleaypa BK/IOYaIa aHasIi3 3paskiB KpoBi B 1abopaTopil i3 3aCTOCYBaHHAM IMyHO/IOTi4HOTO
metony gocnifykenHsa ELISA. Kpim Toro, /1A IpoBeJieHHs CTaTUCTUYHOTO aHa/Ii3y IIbOT0 HOC/I/PKEHH A BUKOPUCTOBYBANIOCA IIPO-
rpaMHe 3abesmedeHHs SPSS.
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PesynbraTu. PesynbraTy JOC/TIPKeHH [I0Ka3alu, 110 B TPy 0ci0, sKi mpuiiMam 1miane6o, He BUABIEHO CYTTEBOI pi3HMII
B nokasHuKax piBHiB NF-kB y cupoBartiii KpoBi, TOfi fIK y y4aCHUKIB, AKi OTPUMYBa/M PORIONY POXKEBY, CIIOCTEPIranocs MOMiTHe
sHypKkeHH: piBHA NF-kB y cuposarii kposi. JJo Toro x, B 060X rpynax BifzHauanocs icrorHe sHypkenHs piBusa TNF-a y cupoatiii
KpPOBI.

BucHosku. ITifcymoByioun, MOXHa CTBEpPPKYBATH, L0 IPUITOM POfionu poxeBol y £o3i 500 Mr/5o6y MOTEHITHO CIpusie
sHIDKeHHIO piBHA NF-KB. BogHouac, B 060X rpymnax crocrepiranocs sumkenH: piBHa TNF-a y cuposarni kposi. OToke, peKOMeH-
JYETbCs IPOBECTU MOMIA/IbIII JJOCTIIKEHHSA 1I0/[0 BUBYEHHS BIUIMBY POMIiONIM POXKEBOI Ha iHILI MapKepy 3alajleHHsl, BK/IIOYar4n
inrepreiikin-10 (IL-10) ra intepneiikin-1p (IL-1P), a Tako>x 6ioMapkepy MOIIKOJKEHHA M A31B, TaKi AK KpeaTHHKiHa3a.

Krrouosi croBa: popiiona poykeBa, HOMIKO/PKEHHA M A31B BHAC/IINOK (isMYHIX HaBaHTaXKeHb, 3aIIa/leHHA, 3[J0POB 4.
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Abstract

Objectives. The purposes of this study were to: 1) develop an exercise program incorporating the Thai recreational
sport “Jik Sen” for older people in senior citizen schools; 2) investigate the effects of the exercise program incorporating
the Thai recreational sport “Jik Sen” on the physical fitness of older people in senior citizen schools; and 3) assess the
satisfaction level of older people with the exercise program incorporating the Thai recreational sport “Jik Sen”
Materials and methods. This was a two-group experimental study including the experimental group of 17 people
(65.53 + 3.43 years) and the control group of 17 people (65.76 + 3.60 years). The participants in this study were
healthy individuals aged 60 years and above, who were actively engaged in the elderly school program. They were
selected using a purposive sampling method and subsequently assigned them to the experimental and control groups
using a matching method based on BMI. The research tools consisted of the exercise program, which incorporated
the Thai recreational sport “Jik Sen” developed by the research team, and the Senior Fitness Test (SFT). For a

period of 8 weeks, the experimental group involved in an exercise regimen comprising 60 minutes of daily training
in the Thai recreational sport “Jik Sen”, with a frequency of 3 days per week. The control group was instructed to
maintain their normal daily routine and did not participate in any physical activities or exercise programs during the
experiment. The data were analyzed using mean, standard deviation, percentage, and t-test.

Results. 1) The exercise program incorporating the Thai recreational sport “Jik Sen” for older people in senior citizen
schools can be appropriately used to promote exercise and sports in elderly schools in Thailand. The IOC value was 0.97.
2) A significant difference was observed in the mean scores of the 8-foot up-and-go test between the pre-experimental
(mean =7.94, SD = 1.34) and post-experimental (after 8 weeks) (mean = 6.70, SD = 0.79) periods for the experimental
group at the level of 0.05. The mean scores of the 8-foot up-and-go test between the control group (mean = 7.84,

SD = 1.16) and the experimental group (mean = 6.70, SD = 0.79) were also found to be significantly different at the level
0f 0.05. 3) The experimental group expressed high levels of satisfaction with the exercise program involving the Thai
recreational sport “Jik Sen” for older people in senior citizen schools, with a mean score of 4.62 + 0.51 points.
Conclusions. The exercise program incorporating the Thai recreational sport “Jik Sen” can effectively enhance the
dynamic balance of older individuals in senior citizen schools. Furthermore, it has been shown to facilitate social
interaction, improve cognitive abilities including thinking and planning skills, and promote enjoyment.

Keywords: elderly schools, older people, physical fitness, recreational sport, Thai folk game.

Introduction the world (Department of Economic and Social Affairs,
2023), and it is still an increasing trend at the present
(Department of Older Persons, 2023a; Teerawichitchainan
et al., 2020; Thaithatkul et al., 2022). In addition to the issue
of the continuously increasing number of older people,

Over the past 20 years, the number of older people in
Thailand has steadily increased as in many countries around

© Tongterm, T., Chimphali, K., Pongthanu, M., Pengseesang, T, it has also been found that Thai older people tend to live
Kaewma, ]., & Namboonlue, S., 2024. longer (Department of Older Persons, 2023a). Although

living a longer life of Thai older people is a good thing,
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not all Thai older people have good health and are able to
rely on themselves and cope with the rising costs of living
in today’s society, especially the cost of medical care. As
a result, this population group often has health problems
caused by deterioration of the body, finally, leading illnesses
and disabilities. Consequently, the demand for long-term
care is increasing (Ladavanich & Chalongkuamdee, 2016).
The problems of shortage of caregivers for older people
and abandonment of older people must be concerned and
urgently solved by Thai government agencies in order to
prevent the problems which may happen in the near future.

Thailand has taken proactive steps and approaches to ad-
dress the problems caused by the continued rise in the number
of Thai older people (Department of Elderly Affairs, 2023),
including the establishment of elderly schools under the con-
cept that “Older people have value and potential that should
be encouraged and supported to participate in making contri-
butions to society and lifelong learning should be promoted
for older people” (Department of Older Persons, 2017). This
is to encourage older people to have self-care skills, earn in-
come, and be able to live their lives on their own by relying on
other people as little as possible (Charoenwisal & Dhamma-
saccakarn, 2022; Kulachada & Mitchell, 2019; Ratana-Ubol,
2021). A survey in 2023 revealed that there were 2,390 elderly
schools across all regions of Thailand, and the number of
elderly students increased to 169,901 people (Department of
Older Persons, 2023b). The activities in the elderly school cur-
riculum mainly include providing knowledge about self-care,
developing appropriate career skills and promoting various
types of recreational activities in order to enhance and de-
velop the quality of life of older people (Aroonsrimorakot et
al., 2022; Department of Older Persons, 2017).

Recreational activities offer numerous benefits for the
elderly, contributing to their physical, mental, and social
well-being. Engaging in leisure activities has been associated
with improved physical health outcomes such as enhanced
mobility, balance, and cardiovascular health (Cohen-Mans-
field et al., 2019). Furthermore, participation in recreational
pursuits promotes social interaction, reducing the risk of so-
cial isolation and loneliness commonly experienced by older
adults (Wang et al., 2016). In the context of elderly schools
in Thailand, exercise and sports are considered important
and necessary recreational activities. All schools often use
such activities to promote physical fitness and health of older
people. However, from the review of previous research, it was
found that the exercise and sports activities of older people in
elderly schools are still quite limited and there are relatively
few studies. Examples of popular activities include aerobic
dance, ballroom dancing, Petanque, Woodball, etc. (Kaews-
uphan etal., 2023). There are also limitations on the locations
of elderly schools in Thailand. The meeting room of the Sub-
district Administrative Organization and the temple’s ser-
mon hall are used as the locations for some elderly schools.
Also, school buildings may be built as classrooms of elderly
schools. However, most classrooms are single-story build-
ings, which are not very large. Therefore, if sports that can
be played indoors are developed for older people, it does not
take up much of the playing space and is safe for older people.
It should also help motivate and stimulate adequate physical
activity among older people in elderly schools in Thailand.

Folk play, a traditional form of cultural expression, holds
educational, social, and entertainment values that are passed

down through generations (Asante & Sam, 2022; Choi &
Park, 2022). These play games are integral to preserving in-
tangible cultural heritage and promoting community cohe-
sion (Ramani, 2022; Thu, 2022). However, the moderniza-
tion of aesthetics and the advent of digital entertainment
pose challenges to the sustainability of folk plays, leading to
a decline in their popularity and transmission to younger
generations. Thai folk games are considered recreational ac-
tivities that create fun for the participants and spectators
that help promote exercise and social skills (Hnawinchot et
al,, 2019; Sangiamvibool & Chommanee, 2020; Tangsirisup
& Butsatorn, 2020; Thonglong & Bussamongkhon, 2022).
They have been continuously played and passed down from
generation to generation since ancient times. The sports de-
veloped from Thai folk games that are well known interna-
tionally include Takraw, Thai boxing, and Krabi-Krabong,
etc. (Komaratat et al., 1984).

“Jik Sen” is a gambling folk game that is very popular
in the northeastern region of Thailand (Tongterm, 2013).
The rules, regulations, and methods of playing are similar to
those of Petanque. That is, when playing Petanque, players
must throw the petanque ball as close to the Petanque target
ball as possible in order to win the game. As for Jik Sen,
players must try to throw their playing equipment as close
to the mid-field line as possible. The player who can throw
closest to the mid-field line is the winner of the game. In
the past, many types of equipment were used for this game,
such as elastic bands, rubber puppets, baht coins, and soda
caps with flat edges. These are items that children can find
easily, and are inexpensively, or leftover materials from their
own households. A previous study revealed that the research
team developed “Jik Sen” a recreational sport for youth, and
it was found that “Jik Sen” could create fun for both players
and spectators and help develop the physical fitness of youth
with high safety (Tongterm et al., 2023).

Based on the aforementioned important information in
terms of the increasing number of Thai elderly people, the
sports and recreational activities suitable for older people in
elderly schools that are still quite limited and the situation of
Thai folk games that have received less attention in today’s
society, the research team was interested in 1) developing
the exercise program with the Thai recreational sport “Jik
Sen” for older people in elderly schools, 2) investigating the
effects of the exercise program with the Thai recreational
sport “Jik Sen” on the physical fitness of older people in el-
derly schools and 3) assessing the satisfaction of older people
with the exercise program with the Thai recreational sport
“Jik Sen” developed by the research team. In addition to
obtaining an alternative form of exercise for older people
in elderly schools, the research team also expects that the
results of this research will help promote the conservation of
Thai folk games so that they do not disappear from Thailand
and encourage the new generation of Thai youth to become
interested in Thai folk games.

Materials and Methods

Study Design

This was two-group experimental research: the
control group (CG) and the experimental group (EG). The
experimental plan is presented below.
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collection, 80% of the calculated sample

size was added in each group (9 people
per group). Therefore, the total sample
size was 40 people: 20 people in the experimental group and
20 people in the control group. The inclusion criteria and the
exclusion criteria were as follows.

Inclusion criteria:

1) Students studying at Duan Yai Rom Pho Thong School
for the Elderly in 2022 aged 60 years and over.

2) Not having medical indication prohibiting exercise.

3) Not taking medicines or dietary supplements that
affect physical fitness.

4) Willing to participate in the research.

Exclusion criteria:

1) Exercising/playing sports regularly, starting from
3 days/week (30 minutes per day) and continuously for at
least 3 months before participating in the research.

2) Having participated in a trial exercise program in the
3 months before participating in the research.

Fig. 1. Outline of training and testing schedule

3) Having heart disease complications or diseases related
to the respiratory system.

4) Having accidents, complications, and bone and joint
diseases while participating in the research.

5) Unable to participate in the research until it is
completed or wishing to leave the research.

Forty elderly volunteers participating in this research
were randomly assigned into 2 groups: the experimental
group of 20 people and the control group of 20 people based
on BMI using a simple random sampling method (Table 1).

During the research process, 3 participants in the
experimental group dropped out of the experiment, and
3participants in the control group could not be followed up
to collect post-test data. Therefore, this study used a total
of 34 samples for data analysis: the experimental group of
17 people and the control group of 17 people, as shown in Fig. 1.

Table 1. Method of dividing the participants into the experimental group and the control group based on BMI (n = 40)

Female (n = 32)

Male (n =8)

Group 1 (n =16) Group 2 (n = 16)

Group 1 (n=4) Group 2 (n=4)

Experimental group Control group Experimental group Control group
(The highest) The 1* The 2" (The highest) The 1+ The 2™
The 4" The 3% The 4" The 3%
The ... The ... The 5" The 6"
(The lowest) the 32 The 31* (The lowest) the 8™ The 7
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Research Tools

1) The exercise program with the Thai recreational sport
“Jik Sen” for older people in elderly schools: It was developed
from the recreational sport “Jik Sen” for youth proposed
by Tongterm et al. (2023). This exercise program consisted
of 3 steps: a 10-minute warm-up step, a 40-minute Jik Sen
playing step and a 10-minutes cool down step (Table 2). The
face validity was evaluated by 5 experts in sports science and
physical education. It was found that the exercise program
could be appropriately and safely used for older people in
elderly schools. Moreover, the content validity was evaluated
using the index of item objective congruence (I0C), and the
IOC was 0.97. The experimental group did exercise training
for a period of 8 weeks, 3 days per week (Monday, Wednesday,
and Friday), 60 minutes a day. Every day of the experiment,
the participants in the experimental group were divided into
4 teams. The experiments were conducted during the same
time period, 4:00-5:00 p.m., while the control group was
instructed to carry out their normal daily routine. They must

Table 2. The exercise program with the Thai recreational
sport “Jik Sen”

not participate in any other physical activity experiments
during this research study.

2) Senior Fitness Test (SFT) (Rikli & Jones, 1999a;
1999b): It was employed to assess 7 aspects of physical fitness
including: 1) lower body strength assessed by 30 - second
chair stand, 2) upper body strength assessed by arm curl test,
3) cardiorespiratory endurance assessed by 2-minute step
test, 4) upper body flexibility assessed by back scratch test,
5) lower body flexibility assessed by chair sit-and-reach test,
6) agility/dynamic balance assessed by the 8-foot up-and-go
test and 7) body composition assessed by Body Mass Index
(BMI) and waist circumference (Fig. 1).

3) The satisfaction assessment form for the exercise
program with the Thai recreational sport “Jik Sen”: The
responses are on the 5-point Likert scale (Shonkoff et al.,
2016) as follows: (a) 5 = the highest level of satisfaction;
(b) 4 = a high level of satisfaction; (c) 3 = a moderate level of
satisfaction; (d) 2 = a low level of satisfaction; and (e) 1 = the
lowest level of satisfaction.

Table 2 (continued)

No Practice Method of action

No Practice Method of action

Warm Up (10 minutes)
The warm-up period of the experimental group consisted of
6 poses in the following order:

— Sit on a chair with a straight back
and stretch the arms out in a palm-
down position.

- Clench and unclench the fingers
slowly, repeating 10 times.

- Turn the hands over and clench
and unclench the fingers slowly,
repeating 10 times.

Stretch the arms out in a palm-

Fig. 2. Pose 1: Fingers  down position and flick the wrists
Clenched

continuously for 30 seconds.

- Sit on a chair with a straight back
(slightly in front of the chair).

— Stretch the right knee forward as far
as possible and hold for 5 seconds
and slowly return to the starting
position.

- Repeat the same posture, 10 times
on each side.

- Lift the right leg alternating with
the left leg continuously as fast as
possible for 30 seconds.

Fig. 3. Pose 2: Knee
Stretching

3 - Stand up straight behind a chair and
? use the hands to hold onto the edge

of the chair (to prevent falling).

- Slowly lower down by bending
the knees into a squat position
according to the individual’s ability
and hold in the squat position for
5 seconds.

- Return to the starting position.

- Repeat the same posture 10 times.

Fig. 4. Pose 3: Squat

4 - Stand up straight behind a chair and
use the hands to hold the edge of
the chair.

Raise both toes slowly and hold for
5 seconds.

- Return to the starting position.

— Repeat the same posture 10 times.

Fig. 5. Pose 4:
Standingon Tiptoes

5 — Stand upright on the side of a chair
with one hand on the chair.
Slowly swing the leg back and forth,
keeping the knee straight as far as
possible.
Contract the buttock and leg
muscles and hold for about
5 seconds.
Slowly pull the leg back, and slowly
swing the leg forward as far as possible.
Contract the leg and hold for
about 5 seconds, then return to the
Fig. 6. Pose 5: Leg starting position.
Swings - Repeat the same posture by alternating
right-left leg, 5 times on each side.
- Swing you're the leg alternating
back and forth as quickly as possible
(height depends on the ability of
each volunteer).
- Alternate the right-left leg for
30 seconds on each side.

Stand up straight with one hand on
a chair.

Raise the right knee forward and
try to bring the knee as close to the
chest as possible, hold for 5 seconds
and return to starting position.

Fig. 7. Pose 6:
Standing with Legs - Alternate the right-left leg, 5 times

Raised on each side.
- Stomp on the feet (in place) and

raise the knee up for 30 seconds.

571



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 4

Table 2 (continued)

No

Practice Method of action

Exercise Time (40 minutes)

The recreational sport “Jik Sen” was developed from Thai folk game, called “Jik Sen” that is popularly
played in the northeastern region of Thailand. The rules, regulations, and playing methods can be briefly
described as follows:

(1) Players: “Jik Sen” is a team sport, consisting of 5 players/team.

(2) Play area: The field is made of rubber tiles with 2 meters wide, 2 meters long, and 1.5 millimeters
thick. The mid-field line is 5 centimeters wide (red) with 2 short cones (Figure 9(b)).

(3) Materials: Rubber rings with a round shape, 16 centimeters in diameter, 3 centimeters of thickness
and 200 grams/ring (Figure 9(a)). Fifteen rubber rings will be given to each team/game. That is,

3 rubber rings will be given to each player/game. One player can throw 3 rubber rings per game.
Each player cannot throw for the other. The players from both teams will receive different colored
rubber rings, for example Team A will get red rubber rings and Team B will get blue rubber rings.

(4) Competition format: Two teams per round will be competed. In this research, a mixed team
playing style was used.

Fig. 8. The experimental (5) Duration: The duration of play is not limited. Whichever team can accumulate 100 points first is
group participating in the the winner.
exercise program with (¢ Scoring: Scores will be counted one game at a time. In each game, a total of 30 rings will be used
That recreationa | sport (both teams’ rubber rings). That is, when all 30 rings are played, it is called 1 game, and the referee
Jik Sen’ . . . . .
will count the scores for one round. When the game is finished, the play area for scoring will be
divided into 2 sides: the north of the play area and the south of the play area. One rubber ring in
the field boundary will be counted as 1 point. The scoring methods are as follows.

(6.1) Scoring is made separately based on the 2 play areas, namely the north of the play area and the
south of the play area (Figure 9(b)).

(6.2) Scoring is made for each play area at a time (the north/the south of the play area). Whichever
team’s rubber rings are closest to the mid-field line is the winner on that side and will receive
points equal to all the rubber rings within the boundary of that side’s field (all rings that fall within
the boundary of that side’s field are counted). If a rubber ring is found close to the edge of the field

'l

() with any point of the rubber ring overlapping the field line, it is considered that the rubber ring is
still on the field and scored. As for the rubber ring that has no point touching the field, it will be
NORTIOF TIE PLAY AREA counted as a negative score. That is, scoring on both the north and the south of the play area must
— be done first. After that, the scores for the rubber rings outside the field area will be subtracted.
bl One rubber ring outside the boundary of the field is -1 point. So, in some games, the team may get
SOUTH OF THE PLAY AREA . .
1 ﬂ negative scores because there are no scores from the play area and the points are deducted from
e throwing the rubber ring outside the play area. This is at the discretion of the referees, and the
(b) referees’ decision shall be considered final.

(7) Lose - win: Whichever team can accumulate 100 points first is the winner. But in the case of the
last game that both teams get more than 100 points, the team with the highest score is the winner.
The competition will continue until there is the winning team.

(8) Breaks between games: “Jik Sen” is a continuously playing game. However, players can sit and rest
or stand when it is not their playing order. The order of play depends on the planning of each team.

(9) Substitution of players: Players on each team can only make substitutions at the end of each game,
not during the game, and each team has the right to make an unlimited number of substitutions.

(10) Foul: There is one type of foul, which is the player steps on the line while throwing the rubber ring
(the point at which the throw is determined). If one team’s players commit 5 fouls, the other team
will receive an additional 1 point, and the action will be taken every time such fouls occur.

(11) Referees: There are 3 referees, consisting of 1 referee, 1 lineman, and 1 assistant scorer.

(12) Playing methods:
The methods of playing the recreational sport “Jik Sen” are similar to those of Petanque. To play
Petanque, players must try to throw the ball as close to the target ball (jack) as possible. The
team that can throw the ball closer to the target ball will win each round of the game. But for “Jik
Sen’, players must try to throw the rubber ring as close to the mid-field line as possible (red line).
Players can throw their rubber rings to cause the rubber rings of either their own team or those of
the opponent on the field to bounce off (Figure 8). Those interested in the recreational sport “Jik
Sen” for the elderly can see an example of how to play it at
https://www.youtube.com/watch?v=uQzBeRPVvOQ&t=99s.

Fig. 9. (a) Materials for
playing “Jik Sen, (b) The
boundary of the play
area for scoring

Cool Down (10 minutes)

During the cool down, the participants in the experimental group performed a total of 6 poses, including Pose 1: Standing with Legs
Raised; Pose 2: Leg Swings; Pose 3: Standing on Tiptoes; Pose 4: Squat; Pose 5: Knee Stretching; and Pose 6: Fingers Clenched. That is, they
performed the same poses as during the warm-up period but with the change of the sequence of poses, starting from Pose 6 to Pose 1.

572



Tongterm, T., Chimphali, K., Pongthanu, M., Pengseesang, T., Kaewma, J., & Namboonlue, S. (2024). The Thai Folk Game “Jik Sen” has
Become a Recreational Sport for Older People in Senior Citizen Schools

Human Research Ethics

This study received approval from the Research Ethics
Review Committee of Sisaket Rajabhat University on
December 1, 2022 (HE651013). Each volunteer provided
informed consent.

Statistical Analysis

The participants characteristics were analyzed by mean,
standard deviation, and percentage. The physical fitness data
for all variables were tested for normal distribution before
the experiment using the Shapiro-Wilk Test. The mean
physical fitness test results between before and after the
experiment were compared within the group using paired
t-test. The means between the groups before the experiment
and after the 8th week of the experiment were compared
using independent t-test. The statistical significance was
tested at the 0.05 level. The satisfaction assessment results
of the experimental group with the exercise program (i.e.,
the recreational sport “Jik Sen”) were analyzed based on the
followingscores: 5 points = extremely satisfied, 4 points = very
satisfied, 3 points = moderately satisfied, 2 points = slightly
satisfied, and 1 point = not at all satisfied. The results of
satisfaction levels on each aspect and overall satisfaction
were summarized using mean and standard deviation (SD).
The 5 levels of assessment criteria were defined with the
following score ranges (Rezwan et al., 2022). A mean score of
1.00 to 1.50 indicates the lowest level of satisfaction. A mean
score of 1.51 to 2.50 indicates a low level of satisfaction.
A mean score of 2.51 to 3.50 indicates a moderate level of
satisfaction. A mean score of 3.51 to 4.50 indicates a high
level of satisfaction. A mean score of 4.51 to 5.00 indicates
the highest level of satisfaction.

Results

This study involved 34 older people at Duan Yai Rom
Pho Thong School for the Elderly, divided into 17 in the
control group (4 males and 13 females, with an average age of
65.53 £3.43 years) and 17 in the experimental group (4 males
and 13 females, with an average age of 65.76 +3.60 years).

The general information of the participants is presented
in Table 3. Before the experiment, no significant differences
were found in the mean scores of all physical fitness tests
at the level of 0.05 in both the experimental group and the
control group (Table 4).

Table 3. Baseline characteristics of cardiovascular
parameters in the CG and the EG (n=34)

Parameters CG(n=17) EG (n=17)
Age (y) 65.53 +£3.43 65.76 £ 3.60
Weight (kg) 58.76 £ 5.77 59.06 + 6.89
Height (cm) 160.71 £ 6.62 160.47 £ 6.30
BMI (kg/m?) 22.78 £2.28 22.88 +1.85
Waist circumference (inches) 32.15 + 3.71 31.91 £4.07
Resting heart rate (b/m) 78.24 + 11.04 77.65 +9.01
SBP (mm/Hg) 137.00 £ 21.43 135.47 £ 13.15
DBP (mm/Hg) 79.12 £ 13.69 88.41 £ 19.27

Descriptions: CG: control group and EG: experimental group;
BMI: body mass index; WC: Waist circumference; SBP: systolic
blood pressure; DBP: diastolic blood pressure. Values are mean +
SD. No significant difference was found between the two groups
for any variable

Table 4 shows the mean values of physical fitness before
and after 8 weeks of training. It was found that the EG, the
mean scores of the 8-foot up-and-go test between the pre-
test and the post-test were significantly different at the level
of 0.05. Also, after the 8th week of the experiment, the EG
had better mean test results for the 8-foot up-and-go test
than before the experiment (Table 4).

In particular, after 8 weeks of training, the comparison
results of the physical fitness test between the CG and the EG
revealed a significant difference in mean scores of the 8-foot
up-and-go test at the level of 0.05 (Table 4 and Figure 10).

The EG expressed satisfaction with the exercise program
incorporating the Thai recreational sport “Jik Sen” for older
individuals in elderly schools, which was developed at the
highest level by the research team (Table 5).

Discussion

The exercise program with the Thai recreational sport
“Jik Sen” for older people in elderly schools was developed
from the recreational sport “Jik Sen” for youth proposed by
Tongterm et al. (2023). The results of the experiment showed
that the appropriate playing distance for older people was a
throwing distance of 4 meters. The exercise program consist-
ed of 3 steps: a 10-minute warm-up step, a 40-minute Jik Sen
playing step and a 10-minutes cool down step, 60 minutes
in total (Table 2). The findings revealed that the exercise
program with the Thai recreational sport “Jik Sen” can be

Table 4. Mean scores in physical fitness in all 2 groups after 8-week training

CG (n=17) EG (n=17)

Parameters Pre-test Post-test P-value Pre-test Post-test t P-value
BMI (kg/m?) 22.78 £2.28 23.14+247 -2.45 0.03* 22.88+1.85 22.80+1.97 0.60 0.56
WC (inches) 32.15+3.71 3235+3.94 -0.37 0.71 3191 £4.07 31.82+3.48 0.16 0.87
Chair stand (no. of stands) 1582 +2.19 15.12+2.15 1.62 0.12 1524 +2.86 16.00 £2.78 -1.23 0.24
Arm curl (no. of reps) 18.29+£3.37 18.12+2.34 0.26 0.80 18.06 £4.12 18.94+2.70 -1.16 0.26
2-Min step (no. of steps) 83.59 £18.39 84.12+17.95 -0.17 0.86 83.65+19.87 86.94+20.85 -1.55 0.14
Back scratch (inches +/-) -2.79 £3.70 -2.82 +£2.84 0.06 0.95 -2.76 £3.29  -244+3.22 -0.47 0.64
Chair sit and reach (inches +/-)  3.24 + 3.87 3.65+3.84 -0.51 0.62 3.88 £4.09 5.18 £ 3.56 -2.09 0.05
8-Foot up-and-go (seconds) 8.09+1.13 7.84+1.16 1.03 0.32 7.94+134  6.70+0.79 5.20 0.01*F

Description: *Significant p < 0.05 (pre vs post), TSignificant p < 0.05 (CG vs EG)
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Fig. 10. Changes in 8-Foot up-and-go 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 (CG vs EG)

Table 5. The results of the assessment of the satisfaction of
the older people in the EG on the exercise program with
the Thai recreational sport “Jik Sen” for older people in
elderly schools developed by the research team (n = 17)

Results
Topics i i
P Mean + SD Satisfaction
level
1. Equipment, field, rules and 452 +0.56 Highest
regulations.
1.1. The equipment is appropriate. 4.53 £0.62 High
1.2. The field is appropriate. 4.53 +0.51 High
1.3. The rules are clear and 441 £0.62 High
appropriate.
1.4. The criteria for wins and losses ~ 4.41 + 0.62 High
are clear and appropriate.
1.5. The duration of the competition 4.65+0.49  Highest
(per pair) is appropriate.
1.6. The referees are adequate 4.59 £ 0.51 Highest
(3 people/field) and appropriate.
2. Suitability for the elderly. 4.69 £ 0.53 Highest
2.1. The rules and regulations are 4.53+£0.72 Highest
easy to understand.
2.2. Ttis safe to play. 4.71 £0.47 Highest
2.3. It is suitable for organizing 4.82+0.39  Highest
competitions for the elderly.
3. Value for the elderly. 4.65+0.48 Highest
3.1. Itis fun. 476 +0.44  Highest
3.2. It creates unity. 4.76 £ 0.44 Highest
3.3. It helps develop thinking and 4.53+0.51 Highest
planning skills.
3.4. It helps develop physical fitness. 4.53 + 0.51 Highest
Overall 4.62+0.51 Highest

appropriately used among older people in the elderly school.
This may be because the recreational sport “Jik Sen” has light
intensity that does not cause the older people to become
fatigued from excessive playing. It was found that more than
90% of older people in the elderly school were able to par-
ticipate in this activity very well. In addition, the recreational
sport “Jik Sen” has rules, regulations, and methods of playing
that are not complicated. Older people can easily understand
how to play it. The playing materials (rubber rings) are also
very safe. Older people can pick up and hold the rubber ring
easily because it is circular in shape with a hole in the middle,
similar to a donut. If the rubber ring falls out of the player’s
hand or falls on the floor, it does not cause much danger or
injury to the player’s body because it is relatively lightweight
(200 grams) and very flexible. In addition, this exercise pro-
gram was developed with the main objective of being used as
an indoor recreational activity in order to avoid the extreme-
ly hot weather of Thailand. However, it can be played both
indoors and outdoors with the same standards because the
equipment and the competition field can be moved. As for
the price of playing materials, rubber rings are cheap and can
be easily purchased online. The last point that is considered
a highlight of this exercise program is that it was developed
from the Thai folk game “Jik Sen” which was very popular in
the past. Therefore, older people feel familiar with it because
they know and had experience playing it in the past.
Changes in test results of the 8-foot up-and-go test
after the 8" week of the experiment was reflected that the
agility and dynamic balance of the older people improved
due to participation in the exercise program with the Thai
recreational sport “Jik Sen” Participating in this exercise
program allows older people to move their bodies by getting
up from and sitting on their chairs, walking to start playing the
game (throwing rubber rings), walking to the play area to plan
the game and analyze the results of each game. Walking back
and sitting in their own chairs (throwing distance of 4 meters),
squatting and swinging the arms to send force to the rubber
ring while throwing, stretching the body while throwing the
rubber ring to shorten the throwing distance cause the leg
muscles to be used in continuous movement, resulting in
more efficient motor unit and muscle contraction. Repeated
these movements will cause motor recruitment to be used to
increase muscle contraction and the working frequency of
that motor unit, resulting in muscle contraction and strength
(Adliah & Rini, 2023; Martini et al., 2022; Vittala & Setiawan,
2023). When older people have better muscle strength in
the lower body, it can result in better balance while moving
(Hemachithra & Booshaa, 2022). Many previous studies found
that practicing a variety of different types of walking can help
promote balance (Malasari et al., 2022; Rusminingsih, 2021;
Shier et al., 2016) and reduce the risk of falls among the elderly
(Rusminingsih et al., 2021). In addition, the warm up and
cool down postures, including Squat, Standing on Tiptoes,
Leg Swings and Standing with Legs Raised also help improve
balance among older people. The findings also revealed that
the physical fitness of the older people who participated in the
exercise program with the Thai recreational sport “Jik Sen”
was improved after the experiment in almost every test item.
It is because the exercise program with the Thai recreational
sport “Jik Sen” allows older people to have continuous physical
activity. For this reason, participating in this exercise program
continuously and for a sufficient period of time may result
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in improved overall physical fitness among older people.
Although this study did not find any clear results of change,
at least it can be primarily confirmed that participating in the
exercise program with the Thai recreational sport “Jik Sen”
developed by the research team can help maintain the physical
fitness among older people in the elderly school.

The study results also showed that the older people
in the experimental group were satisfied with the exercise
program with the Thai recreational sport “Jik Sen” for older
people in elderly schools developed by the research team at
the highest level. Possibly, this developed exercise program
is more of a sport than general exercise. That is, there are
rules, regulations, and methods of playing, and judging for
losing and winning. It is also safe and easy for older people
to play. Moreover, both older men and women can play it
together. These reasons may cause the older people in the
elderly school to participate in the recreational activities.
In addition, from the non-participant observation during
the experiment, it was also found that during participation
in the exercise program, most older people talked, smiled,
laughed, gave encouragement, and built confidence to other
players on their own team. Applause sounds are heard from
time to time for their own and teammates’ performance.
They also participated in planning the playing strategies of
their own team at all times to defeat the opposing team. The
older people also said that they were proud of themselves
when they won. During the game, they were also talking and
exchanging opinions with each other, allowing them to have
more interactions with others. As a result, they will not be
lonely and the happiness level increase, affecting their long-
term well-being. Moreover, another possible reason is that
the recreational sport “Jik Sen” was developed from the Thai
folk game in the past. Therefore, more than 80% of older
person in the experimental group had experience playing
this Thai folk game during their childhood. Therefore, the
older people in the experimental group felt joyful as if they
had gone back to the days of their childhood, leading to the
feelings of love in the traditions and culture of the nation,
which currently receives less attention. This is consistent with
a study by Fidan (2023) which reported that patriotism had a
positive effect on life satisfaction. The study also confirmed
that people who can be considered patriots tended to have
higher levels of life satisfaction. Therefore, if the recreational
sport “Jik Sen” is promoted by relevant agencies to make it an
alternative activity in elderly schools throughout Thailand,
it may not only help preserve the Thai folk game to not
disappear from the country, but also promote the successful
operation of elderly schools as is the case in many countries
(Artisa & Kirana, 2021; Ide et al., 2023; Wong et al., 2019).

Conclusions

It can be concluded that the exercise program with the
Thai recreational sport “Jik Sen” for older people in elderly
schools developed by the research team is suitable for use in
the context of Thai elderly schools. That is, it is an exercise
program that helps encourage older people in elderly schools
to have more interactions with others. It also helps promote
thinking and planning skills and enjoyment. In addition,
it is highly safe. It can be played indoors. Regarding the
development of physical fitness, it can help improve agility
and dynamic balance among older people.

Recommendations

Recommendations for the Implications of the study:

1. Public health personnel can apply the exercise program
with the Thai recreational sport “Jik Sen” developed by the re-
search team, such as adjusting the format to be played in single
or pairs or increasing/decreasing playing materials (rubber
rings) for players or reducing the playing duration to be ap-
propriate for the health of older people they are responsible for.

2. The use of the exercise program with the Thai
recreational sport “Jik Sen” should be expanded to the elderly
group who do not participate in elderly school activities,
such as those living in nursing homes or under the care of
private elderly care facilities.

Recommendations for further research:

1. This study was conducted only over an 8-week period.
Therefore, a long-term study should be conducted because
changes in some physical fitness variables may be found.

2. An experimental study on the effects of participating
in the exercise program with the Thai recreational sport “Jik
Sen” for older people on variables other than physical fitness,
such as thinking and planning skills, happiness level and
quality of life should be conducted.
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TalicbKa HapopaHa rpa «Jxik CeH» Habyna cratycy
pexKpeauiinHoro BuAay cnopTy Ans ocié noxmunoro
BiKY B LWKOMNaXx AaHOI KaTeropii HaceneHHA

Tauyanon Tourrepm'A*“PE, Xanirrxa Yimndani'A*PF, MeraByt Ilonrrxany'A*P,
Txauanopu Ilenrcicanr'*®P, [I>xepanan Kaepma'A“?, Capoya Ham6ynmye*A<P

'Cicakercpkuii yHiBepcuteT Pajpkabxa

*COHIKX/TacbKuii yHiBepcuTeT Papkabxat

*Y6onparTuaTxaHCbKUIT YHiBepcuTeT Pamxabxar

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHss; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOIITiB

Pedepar. Crarrs: 11 ¢, 5 Tab1., 10 puc., 44 mxeperna.

Merta gocmifKkeHHs. MeTa 11bOro HOCTIIKeHHs Oy/Ia COpsIMOBaHA Ha peasisaljil0 HACTYIHUX 3aBfjaHb: 1) po3pobuTn mpo-
rpaMy BIPaB, 10 BKJIIOYA€ 3aHATTA 3 TAICbKOTr0 peKpealiitHoro Bupy copty «[bxik CeH» 1 0cib moXuIoro Biky B IIKO/Iax Iiel
KaTeropii Hace/IeHHs; 2) JOCTIANTY BIUIMB IIPOTPaMU BIIPaB 3 TaliCbKOTO peKpealiifHoro Buay cropty «JIxik CeH» Ha HOKasHUKM
¢isnYHOI MATOTOBIEHOCTI JTITHIX /TI0AEN B IIKO/IAX faHOI KaTeropii Hace/leHHsT; 3) OLiHNTY piBeHb 3a/I0BOJIEHOCTI 0Ci6 ITOXMIOro
BiKy IIpOIpaMoI0 BIIPaB /LA 3aHATD 3 TalICbKOI'0 peKpealiltHoro BUAy cnopry «Jkik CeH».

Marepianu Ta Mmerogu. I[IposefieHO JBOrpynoBe eKCIIepMMEHTa/IbHE NOC/I/PKEHHS, 10 CKIAJAI0Cc 3 eKCIepUMMEeHTaTbHOL
rpynu B KinbkocTi 17 0ci6 (65,53 + 3,43 pokiB) Ta KOHTPOIBHOI IPYIINM [0 AKOI 610 3ay4eHO TakoxX 17 ocib (65,76 + 3,60 pokis).
YV pocniypkenHi 6pann y4acTh JIHOIU 3 HKo6pUM CTaHOM 3[J0POB’sI BikoM Bij 60 pOKiB i crapiie, siKi aKTUBHO 3aiiMasIiCs 32 IIPO-
rpaMOI0 KON I JITHIX oci6. Iy Bin6opy y4acHUKIB BMKOPUCTOBYBABCs METOJ, 11i/IeCIIPsAMOBAaHOI BUOIpKM, IiC/IA 4Or0 BOHU
6y posmofineHi Ha eKCIlepYMeHTaIbHY Ta KOHTPOJIbHY IPYIIH 3a JOIIOMOTOI0 METO/Y 3icTaB/IeHH:A Ha OCHOBI iHJIeKCY Macy Tina.
IHCcTpyMeHTH JOCIiI)KEHHS OXOIUIIOBA/IM IPOrpaMy BIPaB, IO BK/IIOYa/la TaliCbKMil pekpeanilimii Buj cnopty «[bxik Ceny,
PO3po6IeHNIT [OCTIFHNUIIBKOIO TPYIIO0, @ TAKOXK TeCT HA BI3HAYeHH PiBHA (isnyHOi akTMBHOCTI 1151 ocib roxmoro Biky (SFT -
Senior Fitness Test). Bpomosx 8 TV)KHIB eKCIlepMMeHTa/IbHa IPylia BMKOHYBa/Ia IIPOrpaMy BIIPaB, 10 CKIafanacs 3 60 XBUIMH
IIOJIeHHVX TPEHYBAHb 3 TalICbKOTo peKpealiitHoro Bupy cnopty «Jkik CeH», 3 4acTOTOIO 3aHATD 3 1Hi Ha TVDKAeHb. KoHTpONbHil
rpymi 6y/10 JOPYYEHO JOTPUMYBATICS CBOTO 3BIYHOTO PO3MOPSIAKY AHS 1 He O6paTy y4acTi B )KOZHMX (Pi3SMYHIX HABAHTAKEHHSIX
ab0 mmporpamax TpeHyBaHb IIifi 9ac eKcrepuMeHTy. OTpuMaHi JaHi IpoaHaTi30BaHO i3 BUKOPUCTAHHAM CEePeHbOTO 3HAUEeHHH,
CTAaHJAPTHOTO BiIXM/IEHHA, Bi[COTKOBOTO CIIiBBiTHOIIEHHA Ta t-KpUTepiro.

Pesynprarn. 1) IIporpama BIpas, 110 BKIIOYA€E TAIChbKMIT peKpeaniitamit Buj cnopry «Jxik CeH» 1 ocib moxmaoro Biky
B IIKO/IAX JaHOI KaTeropil HaceleHHs, MOXKe OyTH Ha/leXHUM YMHOM 3aCTOCOBAHA 3 METOI0 Homyspusanil GpisudHux BIIpas i
CIIOPTY B HAaBYA/IPHMX 3aK/IajiaX fyisd MiTHIX mofeit B Taimanpi. 3Hauennsa IOC cranosumo 0,97. 2) Crnocrepiranacs ZOCTOBipHa
Ppi3HMLA B cepefHixX 6aax y BUKOHAHHI TeCTy Ha BM3HAYeHHs LIBU/IKOCTI, CIPUTHOCTI Ta piBHOBAry (y4acHMKM Majiy BCTaTy 3i
CTi/bLIA, IPOIITH AKOMOTa IIBMALIE BificTaHb 2,44 M — 8 dyTiB i 3HOBY cicTu) MK IepeneKcrepuMeHTanIbHUM (cepenHe = 7,94;
SD = 1,34) ta nicnsekcnepuMeHTanbHUM (depe3 8 TIDKHIB) Iepiogamu (cepente = 6,70; SD = 0,79) y gocmimxyBaHux ocib excre-
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prMeHTaIbHOI rpym Ha piBHi 0,05. Cepeti 6amm TecTy IIpy BCTaBaHHI 3i CTi/MbIIA Ta MIBUAKOCTI X041 Ha BicTaHb 8 QyTiB MK
KOHTPOJIbHOIO IpyIoo (cepente = 7,84; SD = 1,16) Ta ekcriepiMeHTaIbHOIO Tpyolo (cepenne = 6,70; SD = 0,79) Takox 1oKasan
3HauHYy pisHuII0 Ha piBHi 0,05. 3) ExcriepuMeHTanbHa IPyIIa BICIOBM/IA BUCOKNIT PiBEHD 3a[JOBOJIEHOCTI IIPOrpaMoIo BIIPaB 3 Taji-
CbKOTO peKpealtiitHoro cropty «Jxix CeH» A1 0cib MOXMIOro BiKy B LIKOJIAX aHOI KaTeropii HaceJleHH: 13 CepeIHbOIO OLIHKOIO
4,62+0,51 6ara.

BucHoBok. ITporpama BIpas, 1[0 BK/II0Ya€ 3aHATTSA 3 TAICBKOTO peKpeaniitHoro Bupy cropty «bxik Cen», cipuse edek-
TUBHOMY IOKPalleHHIO JMHAMIYHOI piBHOBArn 0ci6 moxmiaoro BiKy B LIKOJ/IAX Jyid JJAHOI KaTeropii HacenenH:A. Kpim Toro, 6y}10
IOBeJIeHO, 1[0 Taka popma (i3uvHOI AKTMBHOCTI IIOJIETIIYE COLia/IbHY B3aEMOI0, IIOIIIIIYE KOTHITUBHI 3i0HOCTI, BK/IIOYAI04M
HaBMYKYU MJC/IEHHA i IVIaHYBaHHS, a TAKOXK CIIPMAE OTPMMAaHHIO 3aJJOBOJIEHHA BiJ] )KMUTTA.

KirouoBi coBa: ko i1 0ci6 moxmusoro Biky, JIiTHi mony, $isndHa MiAroToBIeHICTb, peKpealiiiHuii BUjj CIOPTY, TalicbKa
HapoyiHa rpa.
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Abstract

Objectives. The purpose of the study was to identify the peculiarities of athletes’ adaptation to post-sport life under
modern conditions of reality.

Materials and methods. The study involved 36 athletes, Masters of Sports, aged 25 to 40 years, who had finished their
professional sports careers in disciplines such as ballroom dancing, artistic gymnastics, football, swimming, and judo.
The study used methods of analysis and generalization obtained from scientific-methodical literature and internet data,
surveys, and psychodiagnostics: the “Differential Emotions Scale” by C. Izard, adapted by A. Leonova, the “Meaningful
Life Orientations” method by D. A. Leontiev, an adapted version of the “Purpose-in-Life Test” (PIL) by James Crumbaugh
and Leonard Maholick, as well as the “Zimbardo Time Perspective Inventory” (ZTPI) by Zimbardo, P.G., & Boyd, J. N.
During the study results’ analysis, the following methods were used: frequency analysis — identification of the frequency
of each emotion category (absolute frequencies), and a calculation of percentage values (relative frequencies) for each
category relative to the total number of participants. This was also applied to determine the number of athletes belonging
to each category of future plans and to define the components of the time perspective; descriptive statistics — calculation
of the mean value for each survey scale; these values were used to compare mean values between different scales and to
analyze the variability of responses by calculating the standard deviation; percentage calculation.

Results. This study examined the post-sport adaptation of 36 athletes using psychodiagnostic methods, thereby
uncovering a complex emotional landscape and a variety of future perspectives. The survey results showed that 43 %
of the respondents had not yet decided what they wanted to become in their post-sports life, indicating significant
stress, negative emotions, and physical and psychological problems that require attention and support. A significant
portion (40 %) of respondents affirmed that they could envisage their future without sports, with 25 % choosing

to become coaches and 15 % interested in sports-related professions. Only 17 % of respondents considered their
future in other fields. The study also found that 42 % of athletes reported having a strongly negative attitude towards
leaving professional sports, experiencing feelings such as despair, grief, anger, disgust, and confusion. Another 36 %
of athletes characterized their emotional state as anxious-depressive, which also requires attention. Meanwhile,

22% of respondents stated a positive emotional attitude towards ending their careers, demonstrating interest in new
circumstances and their future, which helps them to transition effectively into new lives. The study results on life
orientations revealed that athletes tended to be more focused on past achievements and current goals than on the
future, which may complicate their adaptation to post-sports life. Nevertheless, 37 % of athletes are oriented towards
a positive future and are willing to make efforts to achieve the necessary goals. Therefore, the findings clearly indicate
the need for post-sports support and increased attention to the large proportion of former athletes (79 %), whose
mental health depends on the timeliness and speed of measures taken by specialists.

Conclusions. The transition process for athletes after ending their professional careers to a life without sports is defined
as individually nuanced, complex, and prolonged; it depends on past career success, is accompanied by stressful
situations and negative emotions, and often requires a sudden conclusion to preserve the sense of being a champion.

Keywords: athletes, adaptation, post-sport life, professional career, psychodiagnostics.
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Introduction

The adaptation of qualified athletes to life after the end
of their sports careers has always been a pertinent issue.
Its importance is further underscored by the fact that the
process of adapting to a life without strict self-discipline, the
customary constant physical and mental loads for athletes,
stressful situations during competitions, and the experience of
inspiration and pride in victory depends on many important
factors: the athlete’s age, the reason for ending their career, level
of qualification, type of sport, etc. Arabadzhy (2009), has shown
that a longer professional career is observed in track and field
athletes, skiers, representatives of team sports, and wrestlers.
Evans et al. (2012), Shynkaruk et al., (2022) note in their
research that intense physical and mental loads are an integral
part of an athlete’s activity, which determine the success of their
achievements, and a reduction or absence of such a rhythm of
life after stopping daily sports activities, changes in the body’s
functioning conditions, lead to health hazards for the athlete.

The adaptation of qualified athletes to life after the
end of a sports career has always been a relevant issue. Its
importance is further mediated by the fact that the process
of adaptation to life without strict self-discipline, the usual
constant physical and mental stress, stressful situations
during competitions, experiencing feelings of inspiration
and pride in victory, depends on many important factors:
the athlete’s age, the reason for ceasing activity, the level
of qualification, the type of sport, etc. Thus, as Arabadzhy
(2009) proved, a longer professional career is observed in
athletes, skiers, representatives of team sports, and wrestlers.
Evans et al. (2012), and Shynkaruk et al. (2022) in their
studies note that heavy physical and mental loads are an
integral part of an athlete’s activity, on which the success of
his achievements depends, and a reduction or absence of
such a rhythm of life after the end of daily sports activities,
changing the conditions of the body’s functioning, lead to
dangerous health phenomena in the athlete’s body.

Unfortunately, both athletes and coaches during active
sports activities do not always realize the importance of the
aforementioned problem and do not think about ways to
solve it. The reasons for this are usually associated with the
constant busyness of athletes due to intensive training and
competition schedules, a hidden hope to stay active for a
long time, that “this cannot happen to me”, and the desire of
the coach not to remind unnecessarily about the inevitability
of ending a sports career in order for the athlete to stay in
sports as long as possible. This is identified by researchers
Voronova et al. (2020), Shynkaruk, Skalozub, Davydov et al.
(2023) in their studies.

As Brooke Howard-Smith (2017) notes, with the
approach of the final stage of the sports career, it is necessary
to remember that this is the last opportunity when athletes
and coaches still have the chance to take certain steps,
forecast and eliminate various unwanted crisis situations, and
prepare for them in advance. This is important considering
that the timeliness of the athlete’s problem-solving at this
stage largely determines his overall satisfaction with the
entire sports career in general and the success of his further
career beyond active sports activity.

An integral part of the onset of post-sport life without
active sports involvement is its stressful nature. The entire
way of life to which an athlete has become accustomed over

many years changes, and typically, starting from physical
and functional to psychological components of this process,
the athlete’s body is not ready for such maladaptive changes.
Konevskikh et al. (2013), and Marchenko (2022) determine
the criteria for maladaptive changes to be a combination of
various disturbances in the psycho-emotional, somatic, and
social components of the athlete’s life, indicating the need
for a comprehensive combination of scientific knowledge
in physiology, medicine, psychology, and sociology when
studying post-sport adaptation issues.

As for the consequences, few athletes manage to cope
with the change in many of the usual rules of their past
activities without significant loss. Another factor negatively
affecting an athlete’s adaptation after the end of their career,
as identified by Bouchetal et al. (2006), is the particularly
traumatic reaction of athletes to this process, who typically
enter sports at a young age, since it is known that the path to
professional sports career beginnings is significantly shifted
to the early years of an individual’s life. Consequently, a
sports career is perceived as something infinite, constant,
and fundamental in an athlete’s life.

If the transition process arises suddenly, unplanned,
and not gradually, and at the same time, the surroundings
(coaches, parents, friends) do not see any particular prob-
lems in it and do not consider it necessary to materially or
psychologically assist the athlete, such a transition will be
stressful, very painful, and significantly harmful. During this
period, as noted by Fricker (2013), the reaction of not only
the immediate environment is important, but also the influ-
ence of the social and cultural norms existing in the athlete’s
native country, which the athlete absorbed during growth
and upbringing, as the basis of their personal morality.

Clark (2009) points out that during this acute transition
period, the most common issues related to losses of mental
stability are a sharp decrease in self-esteem, increased anxiety,
and the emergence of depressive states, which in turn leads to
a disruption in the sense of identity and stress. At the same
time, during relevant surveys, athletes who are saying good-
bye to active sports note their own confusion, loss of self-con-
fidence, severe depression, as they do not understand what
will happen to them next and where their life path will turn.

The purpose of the study was to identify the peculiarities
of athletes’ adaptation to post-sport life under modern
conditions of reality.

Materials and Methods

Participants

The study involved 36 athletes, masters of sports, aged
25 to 40 years, who had finished their professional sports
careers in disciplines such as ballroom dancing, artistic
gymnastics, football, swimming, and judo.

Study Organization

The study used methods of analysis and generalization
of scientific-methodical literature and internet data, surveys,
and psychodiagnostics.

The survey of 36 athletes was aimed at determining the
athletes’ vision of their future, plans after the end of their
professional careers. The main questions identified were:
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establishing athletes’ opinions on the period of active sports
involvement, their sports specialization and qualifications,
the most significant success in their professional careers, and
the presence of plans for life after ending their career as an
active athlete.

Psychodiagnostics Included

The “Differential Emotions Scale” by Izard (2000),
adapted by A. Leonova - determined the degree of the
subject’s leading emotional attitude to the current situation,
characteristic of him in various life situations, in our case, to
the situation of ending a sports career and further adaptation
to a new life. The participant chose a certain one of the
10 basic emotions, presented by three different concepts,
which imply the illumination of various shades of emotional
experiences. This is achieved by the athlete’s assessment of
the strength of the corresponding experience in a particular
situation of professional formation during sports activities.
Materials and methods.

The “Meaningful Life Orientations” method by
D. A.Leontiev, an adapted version of the “Purpose-in-Life
Test” (PIL) by James Crumbaugh and Leonard Maholick
(Leontiev, 2011), was used to determine the main goal in
an athlete’s life, which can be fixed by them in three tempo-
ral dimensions: the future (goals), the present (process), the
past (outcome), or in all three aforementioned components
of the athlete’s life. In this particular study, the focus was on
the period after the end of the sports career. The Meaningful
Life Orientations method consists of twenty pairs of oppo-
site statements reflecting the factors of meaningfulness in an
athlete’s personal life. There are five subscales that character-
ize three specific life meaning orientations (goals in life, life
richness, and self-fulfillment satisfaction) and two aspects of
locus of control (self-locus of control and life-locus of con-
trol). The method treats life as meaningful in the presence of
goals and the satisfaction achieved in their accomplishment,
confidence in one’s own ability to set goals, choose tasks from
those available, and achieve results. During the diagnostics
process, the definition of the situation gives each individual
the opportunity to make a certain choice in the present in the
form of an act, action, or inaction. The basis of such a choice
is a formed notion about the meaning of life or its absence.

The theoretical concept underlying the “Zimbardo Time
Perspective Inventory” (ZTPI) by Zimbardo and Boyd (1999)
provides a means to integrate motivational, emotional,
cognitive, and social processes in an individual’s life space.
This methodology allows for the assessment of individual
differences in time profiles and specific time orientations
through a selection from five scales, offering a comprehensive
outline of time perspective due to its reliable psychometric
properties (clear factorial structure, high levels of reliability,
validity, and the ability to assess different dimensions of time
perspective). The self-realization of athletes after the end of
their sports career involves the activation of an individual’s
readiness for self-development of their own potential, and the
realization of their talents and possibilities. Such activation
requires examining the main components of perspective:
two aspects of the attitude towards the past—a negative
past (seen as unpleasant, causing aversion), a positive past
(past experiences are seen pleasantly, through ‘rose-colored
glasses, accompanied by nostalgia), hedonistic present—

filled with pleasures valued above all, enjoyment of the
current moment, without consideration for future actions,
deeds, behavior. In relation to the future, only one aspect is
highlighted—future orientation, which is characterized by
the presence of goals, plans aimed at the future, and behavior
directed towards their realization.

Statistical Analysis

During the analysis of the study results, the following
methods were used:

Frequency analysis:

Identification of the frequency of each emotion category
(absolute frequencies).

Calculation of percentage values (relative frequencies)
for each category relative to the total number of participants.

The formula for calculating the percentage frequency
(P) of each index:

P = (Number of athletes in the category/m) X100, where
n - is the total number of participants (in this case, 36).

For example, for the index of positive emotions (IPE):
IPE = (8/36) x 100 = 22 %.

This was also applied to determine the number of
athletes belonging to each category of future plans and to
define the components of the time perspective.

Descriptive statistics: calculation of the mean value for
each survey scale.

These values were used to compare mean values between
different scales and to analyze the variability of responses by
calculating the standard deviation.

Percentage calculation: the percentage of athletes for
each category was determined relative to the total number
of respondents.

Results

To determine the peculiarities of the adaptation process
of athletes to post-sport life under modern conditions,
36athletes were surveyed and studied using psychodiagnostic
methods. The survey results regarding the athletes’ plans for
the future after ending their active careers indicate that 43 %
of them have not yet decided what they want to become in
their post-sport life. This group represents the contingent for
whom the transition period may be accompanied by stress,
negative emotions, physical and psychological problems,
and who requires significant attention and support (Fig. 1).

decided to realize themselves in
other spheres not related to sports
17%

decided to
realize
themselves in
sports
15%

have not
decided what
they want to be
in post-sport
life
43%

decided to
become
professional
coaches
25%

Fig. 1. Results of the survey conducted to study the future plans of
athletes after the end of their active careers (n = 36)
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A significant portion (40 %) of the respondents still
cannot envision their future without sports, hence 25% of
them have decided to choose a coaching profession within
their sport; 15% expressed interest in professions that are
somehow related to sports. Only 17 % see their future in
other areas not related to sports.

An important aspect in the process of gradually
transitioning to activities without active involvement in
a particular sport is its emotional component, as there is
no athlete who would gladly and without negative feelings
leave the activity to which they have devoted their life,
predominantly from early childhood. Therefore, one of the
important issues addressed in this study was to determine
the level of the leading emotional attitude of the participants
towards the situation of ending their sports career and
further adaptation to a new life using the “Differential
Emotions Scale” by C. Izard, adapted by A. Leonova, which
indicates the following identified features (Table 1).

Table 1. Results of the study using the “Differential
Emotions Scale” by C. Izard, adapted by A. Leonova
(n=36)

Number of

Emotional Indicator Before the End of Sports Athlete
Career
Abs. %

Index of Positive Emotions (IPE) 8 22
Index of Acute Negative Emotions (IANE) 15 42
Index of Anxious-Depressive Emotions (IADE) 13 36
Total 36 100

The largest group of athletes emerged whose attitude
towards the necessity to leave professional sports activities
was sharply negative — 42 %. The range of emotions they
reported experiencing includes despair, sorrow, anger,
disgust, and confusion.

Additionally, the attitude towards the situation by 36 % of
respondents can be considered negative, with their emotions
characterized as anxious-depressive. Such negative experi-
ences often feature vivid individual manifestations that ac-
company the subjective attitude towards the current situation.

The highlighted results of the study clearly indicate the
need for post-sport support and heightened attention to a large
portion of former athletes (79 %), whose mental health depends
on the timeliness and speed of measures taken by specialists.

However, it is necessary to note the 22 % of respondents
whose, apparently, optimistic character and attitude towards
life lead to a positive emotional attitude towards the end
of their sports career. The characteristic coloring of the
emotions of such subjects is an interest in new circumstances
and a curiosity about their future, which will undoubtedly
facilitate an effective entry into a new life for them, quick
search, and assimilation of a new type of activity.

The survey results regarding the respondents’ vision of
their placein post-sportlifelogicallyled to addressing the next
task, namely, which goals prevail in the lives of the athletes
we surveyed in the past, how they perceive the priorities
of their current life, and how, in their understanding, the
outcomes of the past, present, and future correlate (Table 2).

The study of such life meaning orientations revealed low
scores (23.72), indicating an awareness of the goals and tasks

Table 2. Survey results using the “Life Meaning
Orientations” method by D. A. Leontiev (n = 36)

Scale Average Score, Points
Goals in Life 23.72
Life Process 30.61
Effectiveness 20.25
Self Locus of Control 23.44
Life Locus of Control 31.67

facing the participants. However, in this awareness, past events
and current goals are prioritized, with a lack of necessary con-
cern for the future day and planning necessary measures for it.
These results, in our opinion, suggest that even after the end
of their professional career, the lives of athletes continue to be
dominated by habits and skills formed depending on the spe-
cifics of sports life: a focus on achieved victories, the belief in
the need to increase training loads to improve performance,
and faith in the decisive word and help of a coach.

This is confirmed by the results obtained by participants
when studying the degree of interest in their present life, its
emotional and meaningful saturation. The obtained average
score, namely 30.61, gives reason to perceive the present
period of their life as interesting and emotionally rich but
not quite satisfying their expectations. Given the above and
typically high level of aspirations that inexorably pushed
the athlete to constantly strive for the best results in the
past, the obtained indicator is understandable. This is also
confirmed by the score aimed at determining self-realization
satisfaction - 20.25 points, which gives us a reason to point
out the participants’ dissatisfaction with their past life,
confusion in the present from no longer having to think
about achievements and improving results as they usually
did, but still harboring hope that the application of existing
skills and abilities will be useful to them in the future.

The presence of such hope is also indicated by the score
reflecting the level of self-locus of control — 23.44 points.
This quality is a crucial component of success in any sport as
it ensures the ability to constantly monitor one’s own state,
behavior, and actions. Undoubtedly, this ability in athletes,
which can be considered an indicator of professional mas-
tery, is not innate but is developed and reinforced based on
the specific training and competitive characteristics of sports
activities. Depending on their personal psychological traits,
athletes, influenced by years of sports practice, may differ-
ently attribute the causes of significant events, situations, and
moments in their activities, either externally (external locus
of control) or internally (internal locus of control).

Thus, just as in their sporting life, having been
accustomed to being accountable for themselves and their
results, athletes who have ended their careers in professional
sports will clearly understand the necessity to manage all
aspects of their own lives. Such statements are substantiated
given the score obtained during the study for the locus of
control over one’s own life (31.76 points).

Although this indicator may decrease in cases of the
athlete experiencing stress, anger at their own failures,
fatalism, the impossibility of freedom of choice, uncertainty
about the future, which, as already mentioned, are acute
characteristics of the transition period from the professional
life of an athlete to life outside sports.
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fatalistic attitude
3% negative past
14%

positive past
38%
hedonistic tint of
reality
9%

positive future
36%

Fig. 2. Distribution of respondents’ thoughts based on the survey
results using the “Zimbardo Time Perspective Inventory” by
P. Zimbardo, (n = 36)

The determination of the components of time perspective
revealed the following characteristics, presented in Figure 2.

14 % of the respondents negatively assess their past life
in sports, which can be explained by some very unpleasant
events in their professional life that have left a mark in their
consciousness and become an internal personal anxiety
symptom (defeats, low rankings in competitions, frequent
injuries, not being included in the main team lineup, etc.).

39 % of the athletes participating in the study express a
pleasant, sentimental attitude towards the past, with a hint
of nostalgia.

9% of the participants note a hedonistically colored,
significant importance for their life here and now, where the
tension, elevation during the optimal state of combat readiness
and after victory, feelings of glory, superiority over others, and
being a winner become an integral part of their experience
without which they cannot imagine their future life.

37 % of the surveyed in the research process are oriented
towards a positive future and are ready to make efforts to
achieve necessary goals, which will be facilitated by the
combative character developed in sports, competitive spirit,
and competitive aggression.

3% of the respondents are characterized by a fatalistic
attitude towards what is happening to them today, hence
they feel lost, helpless, and believe that nothing depends on
them because their fate is controlled by some other forces, on
which the future events of their life depend.

Discussion

The main hypothesis of the study is that the adaptation of
qualified athletes to life after the end of their sports career is
a complex and stressful process that requires comprehensive
support to ensure a successful transition.

The results of the survey conducted among 36 athletes,
who faced the necessity of addressing the issue of parting
with sports, indicate that 43 % of them have not yet decided
what they want to become in their post-sports life. 40% of
respondents do not see their future without sports, of which
25% chose the profession of a coach, and 15 % are interested
in professions related to sports. 17 % of athletes see their fu-
ture in other fields. The largest group was former athletes who
had a strongly negative attitude towards the necessity of leav-
ing professional sports — 42 %. Another 37 % of respondents
showed anxious-depressive emotions. Arabadzhy (2011)
indicates that the crisis associated with the end of a sports

career is most acute when it arises suddenly, the athlete is
unprepared for it, and there is a lack of multifaceted support.

Herzog’s (1994) research emphasizes the traumatic and
complex nature of premature forced career termination, high-
lighting the need for special organizations to support the tran-
sition process from active sports to post-sports life. This need
is explained by the presence of psychological disorders in ath-
letes, mental health issues (depression, grief, loss of identity,
low self-esteem, communication issues, thoughts of losing
the future and control over it, uncertainty in professional self-
determination, emotional disorders, deviant behavior, and
the formation of various dependencies). This is confirmed by
the studies of Evans et al. (2012), and Guo, J. (2009).

One of the most acute characteristics of the post-sports
transition is the forced end of a long career due to a hard-to-
recover injury or refusal of choice rather than a conscious
decision. Bouchetal et al. (2006), Guo (2009), Herzog (1994)
note that identity issues, accompanied by a sharp decline in
self-esteem and the appearance of uncertainty, arise when
the injury is severe enough to lead to an exit from sports.

Lavallee et al. (2024) identified three key factors signifi-
cant for conscious adaptation management. The first factor
includes the reasons for stopping sports and the degree of pos-
sible control over this process, as a conscious decision greatly
facilitates the transition. The second factor emphasizes the
importance of multifaceted support for the athlete, ensuring
the involvement of various resources to successfully overcome
the challenges of the transition process, such as social, materi-
al, and psychological support (Shynkaruk, Skalozub, Yukhno
et al. 2023). The third key factor points to the importance of
considering identity issues, as an athlete often sacrifices many
aspects of everyday life for high achievements, and after a sud-
den end, they may feel that all sacrifices were in vain.

The conducted survey indicates that the significance of
the transition period is emphasized by all athletes. Beunen and
Malina (1988) define that the specifics of this period vary: for
mid-level athletes, its duration can be 6-12 months, while for
elite athletes, it can be significantly longer. The success of ad-
aptation depends on the level of achievements: the higher the
sports achievements, the more difficult the social adaptation.
Arabadzhy (2011) notes that highly qualified athletes often pre-
fer a sharp end to their careers, aiming to remain undefeated
champions. However, both elite athletes and lower-level athletes
tully experience despair and psychological stress, requiring spe-
cial attention from coaches, teammates, parents, and friends.

The presented results emphasize the importance of
comprehensive support for athletes during the transition to
post-sports life. It is crucial to consider both psychological
and social aspects of this process to ensure a successful
and smooth transition. This is confirmed by studies of
Fricker (2013), Clark (2009), and others, highlighting the
importance of support from family, friends, and society.

The practical application of the research results includes
the development of support programs that help athletes cope
with stress and adapt to new life. For example, a five-step
career planning strategy can be used for gradual transition,
considering personal circumstances and the needs of each
athlete. This can reduce stress levels and ensure a smooth
transition to new activities. The “IOC Athletes’ Career
Programme,” adopted by the national Olympic committees
of 35 countries, including Ukraine, is an example of a
successful initiative that helps athletes in this process.
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Further research should focus on improving existing
support programs and developing new methods of
adaptation, especially for athletes who have ended their
careers due to injuries or other unexpected circumstances.
It is also important to study the impact of various factors,
such as cultural and social norms, on the adaptation process
to ensure an individual approach for each athlete.

Conclusions

The transition process for athletes after ending their pro-
fessional career to a life without sports is individually nuanced
but universally challenging, prolonged, and accompanied by
stressful situations and negative emotions for all athletes. The
process of social adaptation significantly depends on the level
of success in their past professional career: the higher the
sports achievements, the more difficult the social adaptation.

Highly qualified athletes who have achieved high sports
results prefer to end their sports career abruptly, believing
that it allows them to leave sports as undefeated champions.
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Voronova, V., Shynkaruk, O., Kovalchuk, V., & Marchenko, G. (2024). Ascertaining the Peculiarities of Athletes’ Adaptation Course to
Post-Sports Life

Oco6nuBocTi Nnepebiry aganTauii cnopTcmeHis
AO NOCTCNOPTUBHOIO XXUTTA

Banentnna BoponoBa'ABPE, Okcana Illmakapyk'ABCPE,
Bikropisa KoBanpuyk'4®“PE, Tanumna MapueHnko'ABCPE

'HanionanbHuit yHiBepcuTeT Gi3sYHOro BUXOBAHHA i CIOpTY YKpaiun

ABTOpPCHKIMIT BKIAJ: A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pegepar. Crarrsa: 7 c., 2 Tabm., 2 puc., 24 mxeperna.

MerTor0 mocmimKeHHs 0y/I0 BU3HAUYeHHsI 0COOMMBOCTEI afjalTalii CIIOPTCMEHIB 10 XXWUTTS IIiC/Is 3aBepIIeHHsI CIIOPTUBHOI
Kap €pM B YMOBAaX Cy4acHOI peaybHOCTi.

Marepianu Ta MeTogM. Y JOCTiI>KEHH] B34/ y4acThb 36 CIIOPTCMEHIB, MaliCTpPiB CIIOPTY, BikoM Bifj 25 1o 40 pokiB, AKi 3aBep-
IIVJIU CBOIO IIPOQeCiiiHy CIOPTUBHY Kap €py B TAKMX AVCUMIUIHAX, SIK Oa/IbHI TaHI, XYAOXKHS TIMHACTNKA, (QyTOOI, IIaBaHHs
Ta J310710.

Y mocmimpkeHHi BUKOPUCTOBYBA/INCA METOAM aHa/li3y Ta y3araJbHEHHs HayKOBO-METOJMYHOI JIiTEPaTypy Ta JAaHUX MEPexi
[HTepHeT, ONUTYBaHHA Ta IICUXOAiarHOCTHKA: IIKana audepenuianbaux emoniit K. Isapga B aganraunii A. JleoHOBOI, MeTOVKA
«CmucnoxnTTeBi opienranii» [I. JleoHTpeBa, aganToBana Bepcis tecty «Llim B xxurri» (PIL) k. Kpamba ta JI. Maxorika, «IH-
BeHTapu3allis yacoBoi nmepcrektusu 3imbapmo» (ZTPI) IT. 3imbapzo, Ta Boiiaa, k. H. JocmimkeHHIO Miasaran: 4acTOTHIIT aHa-
J1i3 — BUSHAYEHHs1 9aCTOTH KOXXHOI KaTeropii eMowiit (abCoMOTHI 4acTOTn), pO3paxyHOK IIPOLEHTHNX 3Ha4eHb (BiTHOCHI 4acTOTH)
JJIs KOOKHOI KaTeropil CTOCOBHO 3arajibHOI KiZIbKOCTi YYaCHMKIB — 3aCTOCOBYBA/IN /I BU3HAYEHHs KiZTbKOCTi CTIOPTCMEHIB, 110
HaJIeXXaTbh 10 KOXKHOI KaTeropil Mait0yTHIX I/IaHiB; [i/Is BUSHAYEHHSI KOMIIOHEHTIB YacOBOI IEePCIEKTVBY; OIMCOBA CTATUCTHKA:
PO3PaxyHOK CEPENHbOrO 3HAYEHH JI/I KOXKHOI IKa/IV ONUTYBaJIbHIKA, 1711 MOPIBHAHHA CePeHiX 3HaY€Hb MK PISHUMI LIKa/Ia-
MU, /IS aHa/Ti3y BapiaTMBHOCTI BifINOBi/iell MIJIAXOM PO3PAaXyHKy CTaHZAPTHOIO BiIXJ/IEHHS; PO3PAaXyHOK Bi/ICOTKIB.

Pesynbratu. JJocnifkeHo ajjanTaliio 10 MOCTCIOPTUBHOIO >KUTTA 36 CIIOPTCMEHIB 3a HOIOMOTOI0 IICUXOJiaTHOCTUYHIX
MeTO/[iB, BUAB/IAIOUN CKIAJHUI eMOLiITHNIT TaHAmA(T Ta pi3HOMaHITHI MepCIeKTUBY Mail0yTHbOro. Pe3ynbTaTyt OMMTyBaHHA
ITOKA3a/Iu, 10 43 % pEeCIOHIEHTIB 1Ie He BUSHAYV/INCS, KMM XO9yThb CTaT! B CBOEMY IOCTCIIOPTMBHOMY >KITTI, 1[0 BKa3y€ Ha 3Ha-
YHUII CTpeC, HeTaTVBHI eMollii Ta ¢isnyHi i mcuxosoriyHi mpobaemy, SKi HOTpe6YIOTh yBaru Ta miaTpUMKN. 40 % pecroH/IeHTIB He
0aJaTh CBOro MaitlOyTHHOTO 6e3 CropTy, 25 % 06MpaIOTh CTATH TPpeHepaMmi, 15 % LiKaBIATbCs Ipodecisivu, OB’ A3aHNMU 3i CIIop-
ToM. JInme 17 % 6adath cBO€ MajiOyTHE B iHIIMX ramyssax. 42 % CIOPTCMEHIB MaloTh CU/IbHO HETaTHBHE CTABJIEHH JI0 3aBEpPIICHHA
poceciitHol CIOPTUBHOI Kap €py, BiAdyBaOTh Bifyaii, rope, IHiB, OrMay Ta 30eHTeXXeHHs. 36 % CIOPTCMEHIB XapaKTepusyITh
cBOI eMolIii K TPUBOXKHO-JEIPECBHI, 1110 moTpedye yBaru 3 60Ky ¢axiBIiB. 22 % pecIOH/IeHTIB MAIOTh MO3UTUBHE eMOILIilTHe
CTaBJIeHHsI [I0 3aBepIIeHHs Kap €py, BUAB/IAIOTH iHTEpeC 10 HOBMX 0OCTABUH i CBOTO MaiibyTHBOTO, 1J0 forioMarae iM eheKTMBHO
HEePEXOAUTH A0 HOBOTO XUTTs. Pe3ynbTaTu JOCTIIKEHH )XUTTEBUX OpIE€HTALIll TOKa3asIy, 110 CIIOPTCMeHN Oijiblile opieHTOBaHI
Ha MVHYJIi IOCATHEHHA Ta IIOTOYHI LIi/i, HiXK Ha MailOyTHE, [0 MOXKe YCKJIATHUTH IXHIO aJalTalliio IO MOCTCIIOPTUBHOTO KUTT.
ITpore 37 % criopTCMeHIB Opi€HTOBaHI HA MO3UTHBHE MAIOYTHE Ta TOTOBI JOK/IAATH 3YCU/Ib /I JOCSTHEHHS HEOOXIHMX IiiIeil.
OtpumaHi JjaHi BKa3yloTb Ha HeOOXifHICTb MiATPUMKM IiC/IA 3aKiHYeHH:A CIIOPTMBHOI Kap €py Ta IMiIBUIIEHOI yBaru 10 BEIMKOi
YaCTVHM KONMMIIHIX CIIOPTCMEHIB (79 %), ncuxiune 3110p0B’;1 SKUX 3aJIEKNUTH Bif CBOEYACHOCTI Ta MIBUIKOCTI 3aXO/IiB, IO BXXIBa-
10ThCsI axiBLIMUL.

BucHosku. IIpoliec mepexoy CiopTCMeHiB Hic/st 3aBeplieHHs mpodeciiiHol Kap’epu 10 XKUTTs 6e3 CIOPTY € iHAMUBiAyanbHO
3abapB/IeHNM, CKTQIHVM Ta TPUBAIMM; BiH 3a/IeXUTD Bifl YCIIIIHOCTI MOMIepeHbOI Kap €pu, CYIIPOBOKYETCA CTPECOBUMIA CHU-
TyalisIMU Ta HETATVBHUMM €MOIIisIMIL, 1 4aCTO BMMArae PAITOBOrO 3aBepIIeHHS ISt 30epeXeHHs BITIYTTs ITepeMOXKIIsL.

KirrouoBi cmoBa: criopTcMeHn, afjanTaliis, IOCTCIOPTUBHE XXUTT, IpodeciiiHa Kap e€pa, ICUXOAIarHOCTHKA.
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Abstract

Background. The modern stage of training highly qualified athletes is characterized by the introduction of
technologies into the training process aimed at effective planning and monitoring of training effects. This technology
considers programming, which provides an ordered content of the training process, taking into account the main
components of training loads.

Objectives. The study purpose was to experimentally determine the effectiveness of building a training process for
highly qualified field hockey players at the stage of direct preparation and participation in the main competitions of
the sports season based on programming methods.

Materials and methods. A total of 21 highly qualified field hockey players involved in the study. The participants had
attained the rank of sports qualification — Master of Sports of Ukraine. The athletes’ mean age was 25.6 + 5.29 years.
The study was conducted in 2021 during the preparation and participation of the Ukrainian national field hockey
team in the European Championship “Championship 2” (Gniezno, Poland). The scientific search was carried out

on the basis of the following methods: theoretical analysis and generalization of scientific and methodical literature;
pedagogical observation, pedagogical testing, and methods of mathematical statistics.

Results. The stage structure of direct preparation and participation in the main competitions of the sports season
for highly qualified field hockey players was determined. It consisted of three mesocycles: basic — 4-day retractable
microcycle, 4-day shock microcycle, 3-day recovery microcycle; special training — 4-day shock microcycle, 3-day
recovery microcycle, 4-day preparatory microcycle; competitive — 7-day competitive, 3-day recovery microcycles.
Conclusions. One of the most rational technologies for training athletes is programming, which ensures an ordered
content of the training process, taking into consideration the key elements of training loads. Programs of training
tasks were developed, which became the basis for micro- and mesocycle programs.

Keywords: field hockey, team game sports, programming method, means of training work, training loads,
coordination difficulty modes.

Introduction of the second phase of sports form is one of the debatable
issues today (Dubois et al., 2020; Kostiukevych, Lazarenko,
Shchepotina et al., 2021; Buy, 2023). In this regard, at the
current stage in the system of training athletes, which is
based on the theory of periodization of the training process,

The optimal combination of training and competition
loads in the competitive period to ensure the maintenance

© Kostiukevych, V., Lazarenko, N., Vozniuk, T., Shchepotina, N., - gcientists single out the stage of direct preparation for the
Asauliuk, L, Konnov, ., Adamchuk, V., Stasiuk, I, main competitions of the sports season (Bompa, Buzzichelli,
& Naumchuk, V., 2024. 2018; Platonov, 2018; Kasper, 2019, etc.). It should ensure the
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level of training, creating conditions for the manifestation
of the delayed training effect, psychological preparation
for the competition, working out the details of preparation
according to the model of competitive activity (Platonov,
2018; Shchepotina et al., 2021; Adamchuk et al., 2023). Thus,
the problem of developing the structure and content of this
stage was defined by many scientists as urgent, in accordance
with the demands of the theory and practice of a certain sport
(Malikova et al., 2018; Andrade et al., 2021; Leibo et al., 2021).

The analysis of literary sources allowed us to come to
the conclusion that the training process of athletes at the
stage of direct preparation for the main competitions of the
sports season is mainly carried out on the basis of modeling
methods (Kostiukevych, 2019; Kostiukevych, Shchepotina,
Shynkaruketal.,2019; Teixeiraet al.,2022) and programming
(Velickovi¢ et al., 2018; Bui, 2022; Bonder, Shim, 2023).
It is worth noting that the programming method is used
both to improve physical preparedness (Bohuslavska, 2021;
Lisenchuk et al., 2023; Hidayah et al., 2024) and technical-
tactical (Imas et al., 2018; Pizarro et al., 2019; Perepelitsa,
2021) and integral preparedness (Turliuk, 2017; Kozina et
al., 2019; Kostiukevych, Shchepotina, Shynkaruk et al., 2020)
of athletes.

Therefore, the analysis of literary sources allows us
to state that the scientific search for relatively optimal
training of athletes at the stage of preparation for the main
competitions of the sports season based on programming
methods is relevant for the Olympic sport - field hockey.

Purpose of research - to experimentally determine the
effectiveness of buildinga training process for highly qualified
field hockey players at the stage of direct preparation and
participation in the main competitions of the sports season
based on programming.

Material and Methodology

Participants

21 highly qualified field hockey players participated in
the study. Sports qualification — master of sports of Ukraine.
The age of the athletes is 25.6 * 5.29 years. Informed consent
was obtained from all players to participate in the study.
Research was conducted in accordance with the ethical
principles of the Declaration of Helsinki.

Research Organization

The study was conducted in 2021 during the preparation
and participation of the Ukrainian national field hockey team
in the European Championship “Championship 2” (Gniezno,
Poland). National teams took part in the competition:
Austria, Iran, Italy, Poland, Switzerland, Scotland, Croatia,
Ukraine.

Achieving the goal of the research was carried out on
the basis of the following methods: theoretical analysis
and generalization of scientific and methodical literature;
pedagogical observation, pedagogical testing, methods of
mathematical statistics.

The theoretical analysis and generalization of literary
sources became the basis for determining the purpose of the
research and building a scientific search algorithm for the
given problem.

Pedagogical observation was carried out in order to
control and analyze the training and competitive activities
of the players.

Pedagogical testing made it possible to determine
the indicators of physical and functional readiness of
players during the stage of direct preparation for the main
competitions of the 2021 sports season.

Tests were used to assess speed and speed-strength
qualities: a 30 m run from a high start and a long jump from
a standing position. General endurance was assessed using
the Cooper test (continuous running for 12 min).

Speed endurance was determined on the basis of the test
— a shuttle run of 180 m (Fig. 1). Three racks were placed on
a straight line at a distance of 15 m from each other. At the
coach’s signal, the player started running from the first to the
second post, ran around it and returned to the first post, then
he ran to the third post, ran around it and returned to the first
post. After that, the exercise was repeated without stopping.

15m 15m

Start

<

Finish

Fig. 1. Scheme of execution of the test “180 m shuttle run”

When performing this test, the following indicators
were determined:

o time to cover the distance (s);

o integrative adaptation index (IAI):

IAI=t (i +f, + f3) (1)
where: t is test execution time;
fi» f» f5 - heart rate in 10 seconds at the end of the first,
second and third minutes of recovery.
Index of operational adaptation (IOA):

104 = M 100, )

where: fw is heart rate 10 seconds after the end of the
test;

fr—heart rate in 10 seconds at the end of the first minute
of recovery;

t — duration of test performance.

The functional fitness of the players was assessed based
on the indicators of maximum oxygen consumption in
absolute terms (VO,max abs, I-min™) and relative (VO,max
rel, ml-min-kg") values.

The running version of the test was used to determine
these indicators PWC,,,(V).

Determination of VO,max indicators was carried out
according to the following algorithm.

1** step. Without warm-up, ran 800 m in 5 minutes (at
a steady pace without acceleration throughout the entire
distance).

2" step. Heart rate fixation immediately after overcoming
the first distance (f,).
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3 step. Determination of running speed when covering

the first distance (V).
S
V= 71’ (3)
1

where: S, is first distance duration (m);

t, — duration of overcoming first distance (s).

4™ step. 5 minute rest (stretching).

5% step. 1200 m run in 5 minutes.

6™ step. Heart rate fixation immediately after overcoming
the second distance (f,).

7% step. Determination of running speed when covering
the second distance (V).

S
v=" @
2

where: S, - length of the second distance (m);

t,— duration of overcoming the second distance (s).

8™ step. Determination of physical capacity PWC, )
using the formula:

PWC 170- f,

=V +,-N) (5)

1
9" step. PWC,o) (m-s?) value is transferred into
PWC170 (kgmxmin-1) using the formula:

170(7)

PWC,y = 417-PWC, v, - 83 (6)
10* step. Determination of absolute value of VO,max.
VO,max abs = 1,7- PWC,,, + 1240 (7)
11" step. Determination of relative value of VO,max.
Vo, rel = M, (8)
BM

where: BM is player’s body mass.

The coeflicient of the load magnitude is determined by
the formula: )

CLM =11, (9)
i=1

where: CLM is coefficient of load magnitude (points);

t; - duration of a separate training exercise (minutes);

I; - the intensity of a separate exercise depending on the
heart rate (HR). Heart rate - 114 bpm - 1 point, 120 bpm -
2 points, 126 bpm - 3 points, 132 bpm - 4 points; 138 bpm -
5 points; 144 bpm - 6 points; 150 bpm - 7 points; 156 bpm —
8 points; 162 bpm - 10 points; 168 bpm - 12 points; 174 bpm
- 14 points; 180 bpm - 17 points; 186 bpm - 21 points;
192 bpm - 25 points; 198 bpm - 33 points.

In addition to CLM, the coefficient of intensity of
training load (CIt.l.) was also determined, which reflected
the intensity of the training session:

CLM

cr, - M (10)

T
T - duration of the training session (minutes).

Statistical analysis

Mathematical statistics methods were used to process
and analyze the research results. Descriptive statistics using
parametric criteria for linked samples were used (Albert et
al., 2017; Byshevets et al., 2019; Kostiukevych, Lazarenko,
Vozniuketal.,2020). Determination of the mean value (mean)
and the mean square deviation (SD) was assumed. Statistical
reliability in the difference between indicators of physical and
functional fitness of the studied players was determined using
the Student’s t-test. Differences were considered significant at
p < 0.050. Statistical processing of the research results was

carried out on a personal computer using Microsoft Excel XP
and Statistica 10.0 application software packages developed
by Microsoft and Stat Soft (USA).

Results

The working hypothesis of this study assumed that the
content of training classes of highly qualified field hockey
players should be determined by clear criteria for planning
and control of managerial influences. Programming was
chosen as the most optimal scientific and methodical
approach to building the players’ training process. On the
basis of which, step-by-step management influences are
carried out, taking into account the appropriate ratio of
means of training work and loads of different orientations,
taking into account the level of preparation of athletes.

It was determined that the components of the structure
of the training process of highly qualified field hockey
players at the stage of direct preparation and participation
in the main competitions of the sports season (SDP for MC)
should be programs of training tasks and various types of
microcycles.

The program of the training task is a strictly regulated
content of the sportsmen’s motor activity, taking into
account the types and components of the training work
and corresponds to the main purpose and direction of the
training process.

The structure of the training task program (TTP) is
presented in table 1.

The structure of the training task program (TTP) was
determined by:

o the duration of the training task;

o means of training work - general preparatory
exercises (GPE), special preparatory exercises (SPE),
preparatory (technical and tactical) exercises (PE),
competitive exercises (CE);

o load orientation - aerobic (A), mixed (Mx),
anaerobic-alactate (AAA), anaerobic-glycolytic
(AAG);

o modes of coordination complexity (CMM) of
performing exercises: the 1st CCM included exercises
performed on the place or at a convenient speed
of movement; the 2™ CCM (average coordination
difficulty) included exercises performed in motion
with limited space and time; the 3 CCM included
exercises performed in conditions of active
interference from an opponent (partner) or complex
gymnastic and acrobatic exercises;

o coefficient of load magnitude (CLM);

o coefficient of training load intensity (CIt.1.);

o content and scheme of T'TP execution;

o TTP execution algorithm;

o components of training work - the duration of a
single exercise (t), the intensity of its performance (I),
the rest interval between exercises (s), the heart rate
during the exercise (HRw), the heart rate at the end
of the rest interval (HRr).

This structure of the TTP allows you to clearly define
the parameters of training work, both in a separate training
session and in a training microcycle (table 2).

Planning of training work in microcycles was carried
out on training (competitive) days, taking into account
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Table 1. Training task program for improving the speed endurance of highly qualified field hockey players

TTP code duration of TTP orientation of TTP CLM (points) ClIt.l. (points-min™)
TTP: SE (5) 23 min mainly alactate- 232 10.1
glycolytic
TTP is aimed at increasing the level of high-speed endurance of players. TTP is held
Content ir::cslftl;zl:e of TTP in a stadium with a 400-meter track. TTP is performed in shock microcycles, before
performing TTP, a “warm - up” WU: SPT: SPE (3) is performed.
g components of training work
= ~ | Content of individual -
ol .
& g, & | actions (steps) of the TTP t I CCM| GPE | SPE | PE | CE |Heart rate|CLM (points)| , .~
HRZ (points: min™)
It 400 m run (V=3.8 m-s") 105" H 2 -2 | - |- 168 24 12.0
2 | Walking, stretching 2 L 1 |2(A) - - - 120 4 2.0
34 400 m run (V=4.0 m-s") 100" H 2 -2 | - |- 174 28 14.0
4* | Walking, stretching 2 L 1 12(A) - -] - 120 4 2.0
5th Running 400 m (V=3.8 m-s')| 88” |M/Max| 2 - 2 (AAG) - - 186 50 25.0
6" | Walking, stretching 2 L 1 |24 - -] - 120 6 3.0
7t 400 m run (V=3.8 m-s) 88” |M/Max| 2 - 27(AAG) - - 186 50 25.0
8" | Walking, stretching 2 L 1 [2(4) - - - 126 6 3.0
gth 400 m run (V=3.8 m-s') 88” |M/Max| 2 - 2 (AAG) - - 186 50 25.0
10" | Walking, stretching 2 L 1 |5() - -] - 120 1 2.0
means loads
t I CCM CLM |CI,
GPE SPE PE| CE | A | Mx | AAA AAG
Total
L-M/ 1-13 R R s
23 Mo | 210 13 8 - 13 4 - 6 232 |10.1

Notes: CCM - coordination complexity mode; t — exercise duration; I - exercise intensity: L - low, M - medium, H - high, Max -
maximum; GPE - general preparatory exercises; SPE — special preparatory exercises; PE — preparatory exercises; CE — competition
exercises; loads: A — aerobic, AAG - anaerobic-glycolytic, Mx - mixed; AAA - anaerobic alactate; CLM - coefficient of load magnitude;

CI,; - coeflicient of intensity of training load

morning and evening classes (games). This structure of the
microcycle made it possible to plan and register not only
training tools, taking into account CCM and training loads
of different directions, but also the amount of training effects
at each training session or in the game.

The programs of pull-up, shock, preparatory, competitive
and recovery microcycles became the basis for developing
the structure and content of the stage of direct training and
participation in the main competitions of the sports season
of highly qualified field hockey players (fig. 2). This stage
consisted of three mesocycles - basic, special-preparatory
and competitive. This stage structure made it possible to
consistently solve the problems of adapting players to
training loads and specific competitive activities.

It is important to note that planning of the magnitude
and intensity of training impact in microcycles of the stage
was carried out on the basis of the principle of undulation of
training loads (fig. 3).

This made it possible to optimally combine the
processes of exercise and rest both in microcycles and in
general throughout the entire stage of direct preparation
and participation of players in the main competitions of the
sports season.

The volume and ratio of the means of training work of
players at the stage of direct preparation and participation
in the main competitions of the sports season is presented

RT SM

2 o 4
B 2, 3 4 days RM
E 3 ° days
53 2 P
=3 g 2
§ 2 o }
E g 2 days
=
2
1
8 SM PM
=1
= .. rd RM 4
] ays
g g - days
=} = 2 2
2 g 32 ES 3
s Y %)
g a2 e
s = 8 S days
£ 5 F =
g a
£
bS] CM
&
kS \ 7 days RM
7%}

) 3 3

£ 2 S

2 2 g days

£ g k

S E =

Fig. 2. Structure of the stage of direct training and participation

in the main competitions of the sports season of highly qualified

field hockey players: Notes: microcycles: RT - retractable; SM —
shock; PM - preparatory; CM - competitive; RM - recovery
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Table 2. Structure and content of the 4-day lead microcycle for training highly qualified field hockey players

T d Training days
€S an
comylfonents of L 2" 3 4%
training work | MT ET MT ET MT ET MT ET
w| 1 [w] T [w]| TIP w| tp [ w ]| TTP Total
cc|tm | ST [tre|TT™| TP |Gee| T |vsp cc|sv | |gee| P | vsp
TTP code ©[s@ [ o6 ele 2w @|@|F e
(1) (1) (1) (1) (1)
1] 15| 6] 6,10 -] 8| 12] 18] 10 15 7] 8| 12] 8] 10 145
GPE |2 ] - N -1 - -1 -7 -] -] - -
3 - _ R _ - R , R R _ R - R _ - R
O| SPE 2] 7 -7 - -] 3 - - 7010 - 13] -] - 57
i R 3 - - - - - - - - g 3 - - - - - 2 6
S| PE [2] 8| 4| 16] 6| 7] 20| -] 6 - % 4l 6] -] 6| -| - § 75
= 3|5 - o] 6] 0] -] 4 - el - - -] el -] -] g 24
1| B - -] - I e e e e )
CE |2] é‘? - - - o] -] 2] - & -] -|15] -[20] -]&]
3 - - - -l 1o -] 20 2] -] -] 15 -1 15 Sl &2 69
A 15| 6|12 12] 10| 8] 23| 18] 10 15013 8| 23] 8] 10 191
Load, Mx 14 118 18] 2020 7] 60| - 4] -[30] 7]35] - 243
min  AAA - 16 - - - - - - - - - - - - - 16
AAG - N -1 - lwo| -] s -] - 20
. 29 22030 30| 30| 28] 35| 78] 10 20| 23] 38| 35| 43| 10
fotal, min 81 88 123 90 88 470
CLM, poins 170 | 204 [267 | 190 | 260 |332 |266 | 764 | 10 170 [224 [ 384 | 266 [384 | 10
641 782 1040 660 650 3773
Cl pointsmin” 50 93[89]63] 8711976 98] 10 59 19.7 [101 | 76 [87 ] 1.0
7.9 8.9 8.5 7.3 7.4 8.0
Load value M H H M M M
Orientation A-Mx Mx Mx Mx Mx Mx

Notes: MT - morning training; ET - evening training; W — warm-up; TTP - training task program; CCM - mode of coordination complexity
of performing exercises; GPE - general preparatory exercises; SPE — special preparatory exercises; PE — preparatory (technical and tactical)
exercises; CE — competitive exercises; loads: a — aerobic; Mx — mixed (aerobic-anaerobic); AAA - anaerobic alactate; AAG - anaerobic
glycolytic; CLM - coefficient of the load magnitude; CI,; — coefficient of the training load intensity; Load value: M — medium, H - high

Clts,, points'min!

9
7.9 7.9 8.0 8,5

3 .
7
6
5
4 53
3
5 2.8 2.8 2.8
1 microcycles
0

RT SM RM SM RM PM CM RM

1 2 3 4 5 6 7 8

Fig. 3. Dynamics of the intensity of training loads at the stage
of direct training and participation in the main competitions of
the sports season of highly qualified field hockey players. Notes:

microcycles: RT - retractable; SM - shock; RM - recovery; PM —
preparatory; CM - competitive

in Table 3. Depending on the type of microcycle in the
training process, general preparatory, special preparatory,
preparatory and competitive exercises were performed in
different proportions.

In the retractable microcycle, only general preparatory
exercises were used. Percussion is characterized by the
predominant performance of general preparatory (36.0 %)
and special preparatory (33.8 %) exercises. Preparatory and
competitive exercises were most often used in preparatory
(22.3% and 34.7 %) and competitive (17.9% and 41.7 %)
microcycles.

Training influences on the level of preparedness of
players at the stage of direct preparation and participation
in the main competitions of the sports season were carried
out both through the use of various means and through
the application of loads of different orientations (Fig. 4).
Training exercises based on aerobic loads were most often
used in the 3-day recovery microcycle (85.4 %). Mixed
(aerobic-anaerobic) loads were mainly used in 4-day shock
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Table 3. The volume and ratio of training facilities for highly qualified field hockey players at the stage of direct training

and participation in sports season competitions

Training means, min (%
g 5

Microcycles General preparatory Special preparatory Preparatory Competitive Total
exercises exercises exercises exercises

4-day retractable 350 (100) - - - 350
4-day shock 192 (36.0) 180 (33.8) 71 (13.3) 90 (16.9) 533
3-day recovery 156 (75.7) 7 (3.4) 43 (20.9) - 206
4-day shock 192 (36.0) 180 (33.8) 71 (13.3) 90 (16.9) 533
3-day recovery 156 (75.7) 7 (3.4) 43 (20.9) - 206
4-day preparatory 145 (30.9) 57 (12.1) 105 (22.3) 163 (34.7) 470
7-day competitive 240 (33.3) 51(7.1) 129 (17.9) 300 (41.7) 720
3-day recovery 156 (75.7) 7 (3.4) 43 (20.9) - 206
Total 1587 (49.2) 489 (15.2) 505 (15.7) 643 (19.9) 3224

(36.4 %), 4-day preparatory (51.7 %) and 7-day competitive
(56.5 %) microcycles. As for anaerobic loads, when compiling
microcycle programs, the greatest use of anaerobic-alactate
loads was planned in 4-day shock (14.6 %) and 4-day
preparatory (3.4 %) microcycles.
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Fig. 4. The ratio (%) of training loads of different directions
in microcycles of training highly qualified field hockey players
at the stage of direct training and participation in competitions

of the sports season

Anaerobic-glycolytic loads were mainly used in 4-day
shock (5.3 %) and 4-day preparatory (3.4 %) microcycles.
For effective participation of players in competitive activities
in field hockey, it is necessary to show a high level of speed
and speed-strength qualities, as well as speed and general
endurance (table 4).

Comparative analysis of the indicators of physical fitness
of players allows us to state that during the SDP for MC of
the sports season there were statistically significant changes
in the manifestation of speed and strength qualities (1.9 %;
p = 0.032), speed (3.9 %; p = 0.013) and general (2.4 %;
p = 0.027) endurance. Positive changes in the manifestation
of speed qualities were 0.7 % (p = 0.186). No less important
for the effective competitive activity of highly qualified field
hockey players is their level of functional fitness.

To analyse the level of functional readiness of players,
the following criteria were selected: VO,max abs (I-min™),
VO,max rel (ml'min'kg"), IAI (integrative adaptation
index, rel. units), IOA (index of operational adaptation, rel.
units), table 5.

The first two criteria characterize the athletic
performance of athletes and the overall level of fitness in
accordance with the chosen sport. IAI characterizes the
recovery processes of players within a 3-minute rest interval.
The IOA indicates that the players’ performance is restored
during the first minute of rest.

Table 4. Indicators of physical fitness of highly qualified field hockey players at the stage of direct training and participation

in competitions of the sports season

At the beginning of At the end of Chanees
SDP for MC SDP for MC &
Fitness indicators (tests) — t P
n mean SD n mean SD absolute %
values
Running 30 m from a high start,s 21 4.20 0.14 21 4.17 0.12 0.03 07 137 0.186
Standing long jump, m 21 2.56 0.19 21 2.61 0.16 0.03 1.9 231 0.032
Shuttle run 180 m, s 21 37.68 0.95 21 36.21 0.74 1.47 3.9 2.74  0.013
Cooper’s test, m 21 3042.0 126.14 21 31181 96.16 76.1 2.4 2.38  0.027

Note: SDP for MC is a stage of direct preparation for the main competitions
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Table 5. Indicators of functional readiness of highly qualified field hockey players at the stage of direct training and

participation in sports season competitions

At the beginning of At the end of Changes
SDP for MC SDP for MC 8
Fitness indicators (tests) — t p
n mean SD n mean SD absolute %
values
VO,max abs, -min™! 21 3.89 0.24 21 4.01 0.21 -0.12 2.9 2.16 0.043
VO,max rel, ml'-min'kg* 21 53.1 422 21 59.8 4.33 1.7 3.1 2.32 0.031
IAI rel. units 21 2148.0 114.38 21 2064.4 101.16 83.6 3.8 2.86 0.001
10A, rel. units 21 20.7 1.18 21 214 1.26 0.7 3.3 2.63 0.016

Notes: SDP for MC - stage of direct preparation for the main competitions; VO,max abs - absolute value of maximum oxygen
consumption; VO,max rel - relative value of maximum oxygen consumption; IAI - integrative adaptation index; IOA - index of

operational adaptation

At the end of the SDP for MC of the sports season,
the values of the criteria for functional readiness of players
increased statistically significantly compared to its beginning.
In particular, the values of VO,max abs increased by
0.12I'min™ (2.9 %, p = 0.043), VO,max rel by 1.7 ml-min*-kg™
(3.1 %, p=0.031); IAI by 83.6 rel. units (3.8 %, p=0.001), IOA
by 0.7 rel. units (3.3 %, p = 0.016).

Discussion

The current stage of sports development is determined
by the scientific search for the most effective methods of
training athletes. This encourages conducting various studies
using various technologies for monitoring the training
process, building training programs both during long-
term improvement and within the framework of annual
macrocycles (Leibo et al., 2021; Bui, 2022).

This problem remains relevant for team game sports,
including the Olympic sport of field hockey.

The calendar of international competitions of players
of the national field hockey team of Ukraine determines
participation in the main competitions of the season
annually. Usually, these are European Championships, the
World League, qualifying tournaments for the Olympic
Games. Therefore, the chosen research topic is important
both from a scientific point of view for obtaining new
knowledge about the parameters of training effects, and
from the practical implementation of such a scientific and
methodological approach, which is the programming of the
training process.

In our study, unlike many authors (Turliiuk, 2017;
Platonov, 2018, etc.), we combined the stage of direct
preparation for the main competitions of the sports season
with the competitions themselves. This allows us to consider
the training process of athletes at this stage of the annual
training cycle, taking into account the three phases of sports
form. Based on this, the structure of the stage of direct
training and participation in the main competitions of highly
qualified field hockey players in a logical sequence consisted
of retractable - shock - recovery - shock - recovery -
preparatory — competitive — recovery microcycles.

That is, we can consider such a structure as a corre-
sponding model of the training process of athletes of team
game sports when preparing and participating in the main
competitions of the sports season.

It is also worth noting that the main basis of programs of
structural formations of the training process was developed
programs of training tasks, which distinguishes our research
from other scientific studies of this problem (Turliiuk, 2017;
Imas et al., 2018; Kostiukevych, Shchepotina, Shynkaruk et
al., 2019).

The program of each training task is made taking into
account all the components of training actions - the duration
of the training task, the direction of the load, the ratio of
training work tools, the ratio of modes of coordination
complexity of performing exercises, coeflicients of magnitude
and intensity of the training load, and so on.

This approach to the construction of training task
programs allows, on the one hand, to program the formation
of urgent and delayed training effects, and on the other, to
specifically determine the parameters of training work in
microcycles and mesocycles of training players at a certain
stage of the annual macrocycle.

The lack of statistically significant improvement in 30 m
running performance in the studied players is associated
with objective difficulties that arise in the process of
developing speed abilities in adulthood (Platonov, 2018).
At the same time, we observe a positive dynamics of results
in this test. In addition, the statistically likely improvement of
most indicators of physical and functional fitness of players
during the SDP for MC determines the statement about the
feasibility of building the training process of highly qualified
hockey teams at this stage on the basis of programming,
which is also justified in our previous studies (Shchepotina
et al.,, 2021; Adamchuk et al., 2023).

So, the conducted scientific research, which was of an
experimental nature, confirmed the predictions regarding
the feasibility of using programming in the training process
of athletes of team game sports.

Conclusions

The modern stage of training highly qualified athletes
is characterized by the introduction of new technologies
into the training process, aimed, first of all, at increasing the
effectiveness of training effects.

One of the most rational technologies for training
athletes is programming, which provides for an ordered
content of the training process taking into account the main
components of training loads.
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It has been experimentally proven that the construction
of the training process of highly qualified field hockey
players at the stage of direct preparation and participation
in the main competitions of the sports season based on
programming is effective. The structure of this stage consists
of a 4-day retractable, 4-day shock, 3-day recovery, 4-day
shock, 3-day recovery, 4-day preparatory, 7-day competition
and 3-day recovery microcycles.

It is determined by the ratio of the means of training
work and the load of different orientations of the 32-day
stage of direct preparation and participation in the main
competitions of the sports season of highly qualified field
hockey players. Means: 49.2 % — general training, 15.2% -
special training, 15.7 % - preparatory (technical-tactical),
19.9 % - competitive exercises. Training loads: 54.0 % -
aerobic; 37.9 % — mixed aerobic-anaerobic, 5.3 % — anaerobic-
alactate; 2.8 % — anaerobic-glycolytic.

The prospects of further research will be determined
by the scientific search for programming the training
macrocycle of highly qualified field hockey players.
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Icropia muranns. CydacHuil eTan HiTOTOBKY CIIOPTCMeHIiB BuCOKOI KBasidikalii XapaKTepu3yeTbCs BIPOBAKEHHAM
Y TPEHYBaJIbHUII IIPOLIEC TEXHOJIOTil, CIIPAMOBAHUX Ha epeKTMBHE IUIAHYBAHH:A Ta KOHTPO/Ib TPEHYBaIbHNUX BIUIMBIB. Takoro
TEXHOJIOTI€I0 PO3I/IANAETHCS IPOrPAMYBaHHs, 1110 Mepefi0adae yHOPsFKOBAHNUIT 3MICT TPEHYBA/IbHOTO HPOLIECY 3 YPaXyBaHHAM
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Programming the Stage of Direct Preparation and Participation in the Main Competitions of the Sports Season for Highly Qualified
Field Hockey Players

y4acTi HalioHaIbHOI 30ipHOT KOMaH/AV YKpalHU 3 XOKeK0 Ha Tpasi o dyemmioHary €spomn «Hemmionurin 2» (M. THesHo, [Tonbina).
HaykoBuii mouyk 3fificHI0BaBCsl Ha OCHOBi TaKMX METOZiB: TEOPETMYHMIA aHAJIi3 Ta y3araJbHEHHA HayKOBO-MEeTOIMYHOI JliTepa-
TypU; TIefJaTOTiyHe CIIOCTEPEKEHH, NIeJJarOTiuHe TeCTyBaHHA, METOY MaTeMaTUYHOI CTaTUCTUKI.

PesynbraT mocmimkeHHA. BusHaueHO CTPYKTypy eTarry 6esmocepefHbol MifrOTOBKM Ta YYacTi B TOJIOBHMUX 3MaraHHIX
CIIOPTUBHOTO CE30HY BIICOKOKBaTi(piKOBaHMX XOKEICTIiB Ha TPaBi, IJ0 CK/IAfjaacs 3 TPbOX Me3OLMKIIiB: 6a30BOro — 4-JieHHMIT
YTATYBA/IbHUIA, 4-[I€HHUI YIAPHWUIA, 3-JeHHUI BiTHOB/IIOBAIbHUI MiKPOLVIK/IN; CIIELia/IbHO-TiITOTOBYOrO — 4-I€HHNI YIapHIIL,
3-7IeHHUI BiIHOB/IIOBA/IbHNIA, 4-€HHMII MifABiIHNIT MiKpPOLMK/IN; 3MarajJbHOTO — 7-JeHHUI 3MarajabHUil, 3-I€HHUI BiJTHOBJIIO-
BaJIbHII MiKPOLVIKIN.

BucHoBku. OpnHi€ro 3 Ha6IIbII paljioHaIbBHUX TEXHOJIOTIN IITOTOBKM CIIOPTCMEHIB € MpOrpaMyBaHHs, Mo 3abe3medye
BIIOPA/IKOBaHMI 3MICT TPEeHYBaJIbHOTO IIPOIIeCy 3 ypaxyBaHHAM KIIOYOBMX €/1IEMEHTIB TPeHyBa/IbHMX HaBaHTaXkeHb. by pos-
pobiieHi mporpamy TpeHyBa/IbHNX 3aBaHb, AKi CTaJIM OCHOBOIO [T MiKpPO- i ME3OLVKIIIYHNX IIPOTPaM..

Kinrouosi cmoBa: xokeit Ha TpaBi, KOMaHJIHI irpoBi By CIIOPTY, METOJ IPOrpaMyBaHHsA, 3aC00M TPeHyBalIbHOI POOOTH,
TpeHyBa/IbHi HAaBaHTa)KE€HHA, PEXUMI KOOPAVMHALIIHOI CK/IaHOCT.

Information about the authors:

Kostiukevych, Viktor: kostykevich.vik@gmail.com; https://orcid.org/0000-0002-6215-764X; Department of Theory and
Methodology of Sports, Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001,
Ukraine.

Lazarenko, Nataliia: lazarenkoni@gmail.com; https://orcid.org/0000-0002-3556-8849; Department of Primary Education,
Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001, Ukraine.

Vozniuk, Tetiana: TV_Vinnitsa@ukr.net; https://orcid.org/0000-0002-5951-7333; Department of Theory and Methodology of
Sports, Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001, Ukraine.

Shchepotina, Natalia: shchepa@mbox.vn.ua; https://orcid.org/0000-0002-9507-3944; Department of Theory and Methodology
of Physical Education, Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001,
Ukraine.

Asauliuk, Inna: innaasauliuk@gmail.com; https://orcid.org/0000-0001-8119-2726; Department of Theory and Methodology
of Physical Education, Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001,
Ukraine.

Konnov, Stanislav: konnovstas12345@gmail.com; https://orcid.org/0000-0002-2166-1735; Department of Theory and
Methodology of Sports, Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001,
Ukraine.

Adamchuk, Vadym: vadim-adamchuk@ukr.net; https://orcid.org/0000-0002-5009-7221; Department of Theory and
Methodology of Sports, Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, Ostrozkogo St, 32, Vinnytsia, 21001,
Ukraine.

Stasiuk, Ivan: stasiuk.ivan@kpnu.edu.ua; https://orcid.org/0000-0002-4504-5902; Department of Sports and Sports Games,
Kamianets-Podilskyi Ivan Ohiienko National University, Ohiienko St, 62, Kamianets-Podilskyi, 32300, Ukraine.

Naumchuk, Volodymyr: v_i_n_69@ukr.net; https://orcid.org/0000-0002-2919-0720; Department of Theoretical Foundations
and Methods of Physical Education, Ternopil Volodymyr Hnatiuk National Pedagogical University, M. Kryvonos St, 2, Ternopil,
46027, Ukraine.

Cite this article as: Kostiukevych, V., Lazarenko, N., Vozniuk, T., Shchepotina, N., Asauliuk, I., Konnov, S., Adamchuk, V.,
Stasiuk, I., & Naumchuk, V. (2024). Programming the Stage of Direct Preparation and Participation in the Main Competitions of
the Sports Season for Highly Qualified Field Hockey Players. Physical Education Theory and Methodology, 24(4), 586-595.
https://doi.org/10.17309/tmfv.2024.4.10

Received: 17.07.2024. Accepted: 27.07.2024. Published: 30.08.2024

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

595



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

Original scientific article

Comparative Analysis of Balance Metrics in Injured
versus Healthy Professional Tennis Players

Vinosh Kumar Purushothaman'4B¢P, Russell Roshan

1ABCD

, Arun Vijay

Subbarayalu**“?, Rubavathi Marimuthu Palanivel**P, Bekir Erhan Orhan*4¢?,
Bhavika Gohel*A“?, Mohanraj Kandasamy*“" and Kamesh Chandrasekaran®“"

'INTTI International University

’Imam Abdulrahman Bin Faisal University
*Istanbul Aydin University

*C.U. Shah Physiotherapy College

*Vinayaka Mission’s College of Physiotherapy
Venkata Padmavathi College of Physiotherapy

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Vinosh Kumar Purushothaman, E-mail: vinoshmpt@yahoo.com

Accepted for Publication: July 26, 2024
Published: August 30, 2024

DOI: 10.17309/tmfv.2024.4.11

Abstract

Objectives. Knee injuries are prevalent among professional tennis players and have a significant impact on their
athletic performance and longevity. This study aimed to evaluate the dynamic and postural balance differences
between injured and healthy professional tennis players, reflecting the broader implications of knee injuries on player

stability and performance.

Materials and methods. A total of 80 professional tennis players, comprising 40 individuals in the knee injury group
(IG) and 40 individuals in the non-injury group (NIG), were selected to participate in this cross-sectional study.
Participants’ postural sway was assessed under various conditions, including standing on different surfaces with open
and closed eyes using a Wii Balance Board. The Y-Balance Test was performed to evaluate the player’s dynamic balance.
An Independent t-test was used to examine the difference in postural sway and dynamic balance between the two groups.
Results. The results of this study indicated that players with knee injuries showed significantly worse performance in
both dynamic balance (p < 0.05 for non-dominant legs) and postural sway (significant differences in mean velocity
on foam surfaces with eyes open and closed, p < 0.001). These findings suggest that knee injuries contribute to
substantial deficits in balance control, which could affect overall athletic performance and injury risk.

Conclusion. The study underscores the necessity of incorporating targeted balance and proprioceptive training into
rehabilitation programs for tennis players recovering from knee injuries. By improving balance, these interventions
can enhance neuromuscular control, reduce reinjury risk, and support better overall performance in high-stakes
environments. Future research should focus on refining balance training programs to maximize recovery outcomes

and minimize injury impacts.

Keywords: tennis players, balance, knee injury, health risk, postural sway.

Introduction

Tennisis classified as an intermittent sport, distinguished
by repeating high-intensity challenges, such as accelerations
and decelerations, throughout competitive matches that

© Purushothaman, V. K., Roshan, R., Subbarayalu, A. V.,
Marimuthu, P. R., Orhan, B. E., Gohel, B., Kandasamy, M.,
& Chandrasekaran, K., 2024.
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typically last 90 minutes (Fernandez-Fernandez et al,
2018). The musculoskeletal system of the lower limbs can
experience significant stress due to the repetitive lateral,
start/stop, and turning movements performed by tennis
players. These movements involve fast anterior or posterior
transitions, followed by forceful strokes (Manske & Paterno,
2018). Racquet sports may also encompass abrupt, lateral
motions, resulting in substantial valgus and rotatory forces
on the knee joint (Prieske et al., 2014). Due to the execution
of this faster agility movement, lower limb injuries are
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prevalent among tennis players due to the recurrent loadings
experienced during matches, which may last up to five hours
(Okholm Kryger et al., 2015).

29% of tennis injuries are attributed to knee injuries
(O’Connor et al., 2020). Research has demonstrated that the
knee is the most frequently injured area among male profes-
sional players and the third most frequently injured area
among female professional players during the 2011-2016
Australian Open Grand Slam (Gescheit et al., 2017). The
most prevalent injuries among junior tennis players include
ankle sprains, lower back pain, and knee problems (Gescheit
etal, 2019). In terms of gender, it was observed that female
players exhibited a higher prevalence of Anterior cruciate
ligament (ACL) injuries than their male counterparts (Kai-
ser etal., 2021). Previous studies have demonstrated a poten-
tial association between ACL injury and an increased likeli-
hood of knee reinjury, resulting in prolonged disability and
a greater risk of early onset of osteoarthritis (de Sire et al.,
2021). Individuals who had previously experienced a knee
injury within the joint showed imbalances in their ability to
maintain stability for up to 3-10 years after the injury. This
was characterized by a more consistent centre of pressure
(COP) and an increase in the extent of movement during
periods of quiet standing on one leg (Baltich et al., 2015).

Tennis involves swift and multidirectional movements,
such as sudden decelerations and pivoting (Fernandez-Fer-
nandez et al., 2018). These physical and technical needs ne-
cessitate sufficient balance levels, which are crucial in achiev-
ing success in tennis (Malliou et al., 2010a). Dynamic balance,
an essential component in the sport of tennis, pertains to the
intrinsic tendency of the human body to spontaneously adjust
its body position to sustain a state of relative stability during
movement or when exposed to external stimuli (Novak et al.,
2023). Such balance enhances drill performance and reduces
the likelihood of sustaining injuries in the lower extremi-
ties (Caballero et al., 2021). In this context, previous studies
compared the dynamic balance and postural balance between
novice and professional tennis players in various conditions,
such as eyes open (EO) and eyes closed (EC) (Srihi et al,,
2022). Another study was conducted to evaluate the bal-
anced performance of young tennis players before and after
training sessions (Malliou et al., 2010b). Subsequently, prior
research has also included comparisons of postural control
across several athletic groups, including volleyball, basketball,
and gymnastics (Galli et al., 2017). Prior research has also in-
vestigated the correlation between balance and performance
among tennis players across various age groups and skill lev-
els (Caballero et al., 2021) and the effect of leg preference and
dominance on postural balance among tennis players (Kozinc
& Sarabon, 2021). Nevertheless, there needs to be more data
about the impact of knee injuries on balance and postural
control in professional tennis players. Hence, this study com-
pares the dynamic balance and postural sway among profes-
sional tennis players with and without knee injury.

Materials and Methods

Study Design

A cross-sectional observational study compared
dynamic balance and postural sway in professional tennis
players with and without knee injuries.

Sampling Size

A pilot study estimated the sample size required to
compare dynamic balance and postural sway between
professional tennis players with and without knee injuries.
First, the investigators recruited a small sample of
participants (n = 10) in each group. Second, both dynamic
balance and postural sway were measured and recorded.
Third, the mean and standard deviation were measured for
each variable within each group. Further, these statistics were
used to estimate the pooled standard deviation and the effect
size (difference in means divided by the pooled standard
deviation). Finally, using G*Power software, these estimates
will be used in a sample size formula to determine the sample
size for the main study. Considering these parameters, the
authors aimed to have 40 samples in each group.

Participants

80 male professional tennis players aged between 18 and
35 who participated in at least two national and state-level
competitions were recruited for this cross-sectional study.
The subjects were divided into an injured group (IG = 40) and
a non-injured group (NIG = 40). The participants in the IG
had a history of sports-related intra-articular knee injuries,
which included grade 1 ligament and meniscus injury, three
months ago, which kept them away from participating in the
game. The subjects were excluded if they had any history of
surgery or fractures in the lower limb, vestibular disorders,
or other neurological impairments. Basic demographic data
like playing experience, frequency of training, and training
duration of the subjects were collected.

Ethical Approval:

The University Research and Ethical Committee
approved all study procedures under the reference number
INTI-IU/FHLS-RC/BPHTI/1NY12023/021. To obtain their
informed consent, participants were fully informed about
the study’s objectives, potential risks, and benefits. They
were also reminded that they could withdraw from the study
anytime.

Outcome Measure

Dynamic Balance

The Y-Balance test (YBT) equipment (FMSTM, USA)
was utilized to conduct a dynamic balance test. It is a reliable
test to assess the dynamic neuromuscular test (Plisky et al.,
2021). To do the test, individuals must position their hands on
the hips and extend their reach by exerting force on the board
using the reaching limb in the anterior, posteromedial, and
posterolateral directions. Subsequently, they should return
to the initial starting position. The measurement of reach
distance was conducted within a range of 0.5 cm from the
nearest edge of the reach indicator. The test was performed for
both dominant and non-dominant lower extremities. Before
the actual test trials, all individuals engaged in three practice
trials on each leg in each of the three orientations. The reach
distances of the YBT were converted to leg length (%) by
measuring the length from the participants’ right anterior
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superior iliac spine to the right medial malleolus while lying
down. The greatest composite score was determined using
the following formula:

Composite score = [(sum of the 3 distances)/(length of
lower limb x 3)] x 100

Postural Sway

The Wii Balance Board (WBB) is a widely accessible,
cost-effective technology for measuring standing body sway
kinematics (Rohof et al., 2020). The WBB (Sensing Future
Technologies, Coimbra, Portugal) was connected to a laptop
computer running a customized Microsoft Windows 11
operating system to establish a Bluetooth connection and
connect to the WBB. The data from the force platform were
sampled at 100 Hz. It has two dual-channel analog-to-
digital converters (ADCs) to sample the four load cells in
each platform corner. Postural sway was analyzed through
Physiosensing Balance Software® v.21.5.0.0. Sensing Future,
Coimbra, Portugal. The participants were directed to
maintain an upright position on the WBB, with their heels
spaced 2 cm apart, a stance angle of 30 degrees, and their arms
hanging loosely at the sides of their bodies. We evaluated
the individuals’ postural stability in two different conditions
on a firm and foam surface: a) with their eyes open (EO)
and their gaze directed towards a black circle at a distance
of 2 meters for 60 seconds; b) with their eyes closed (EC),
for the same duration (Andreeva et al., 2021). Ellipse Area
(mm?), Mean of the Centre of Pressure (COP) trajectory in
anteroposterior and mediolateral direction(mm), and Mean
Velocity of COP (mm/s) parameters were recorded.

Results

Table 1 summarizes demographic data such as Age,
Body mass index (BMI), Playing experience, frequency of
training, and training duration.

Table 1. Demographic Data of the participants from both
study groups

Injured (n =40) Non-injured (n = 40)

Indexes
Mean + SD Mean + SD
Age 24.40 +4.99 22.85+5.46
BMI 22.36 £ 3.05 22.17 £2.21
Playing experience 17.25+£6.48 14.90 £ 8.94
Training days/week 3.80+0.88 4.00 £ 1.06
Training hours 2.35+0.66 2.60 £ 0.81

Body mass index (BMI), SD-Standard deviation

Discussion

The findings of this study reveal significant differences
in dynamic and postural balance between professional tennis
players with knee injuries and their healthy counterparts.
These results align with existing literature that underscores
the critical role of balance in athletic performance and injury
prevention.

Professional tennis players are exposed to repetitive
high-intensity movements, including rapid accelerations,

Table 2. Mean and standard deviation between the group
on a firm surface with eyes open and closed.

Indexes Group Mean+SD df t P

Eyes Open
Injured Group 476.52 +229.53

EA 78 1.788 0.78
Non-Injured Group 391.76 + 192.95
Injured Group 20.79 £ 13.55

AP 78 2.513 0.014
Non-Injured Group  13.90 £ 10.78
Injured Group 3.91+11.45

ML 78 0.144 0.886
Non-Injured Group ~ 4.33 +14.33
Injured Group 19.67 £7.70

MV 78 6.057 0.001*
Non-Injured Group  11.03 + 4.69

Eyes Closed
Injured Group 482.56 + 263.22

EA 78 0.395 0.694
Non-Injured Group 453.54 + 383.14
Injured Group 17.74 £ 1591

AP 78 1.283 0.203
Non-Injured Group 13.79 £ 11.26
Injured Group 2.27 +£14.97

ML 78 0.072 0.943
Non-Injured Group ~ 2.52 £ 15.70
Injured Group 23.75+£12.21

MV 78 5.492 0.001*
Non Injured Group  12.50 + 4.29

*EA = Ellipse Area (mm?); AP = Mean COPap displacement (AP)
(mm); ML = Mean COPml displacement (ML)(mm); MV = Mean
Velocity (mm/s); *p < 0.05

Table 3. Mean and standard deviation between the groups
on foam surfaces with eyes open and closed

Indexes Group Mean+SD df t P

Eyes Open

Injured Group 563.24 + 266.54
EA 78 1.815 0.073
Non-Injured Group 468.27 +196.16

Injured Group 16.40 + 13.85
AP 78 0.484 0.630
Non-Injured Group  17.76 £ 11.07
Injured Group 0.62+13.23 0.429 0.669
ML 78
Non-Injured Group  1.75 + 10.04
Injured Group 18.33 £7.121
MV 78 4.091 0.001*
Non-Injured Group  13.20 £ 3.49
Eyes Closed
Injured Group 737.07 + 368.06
EA . 78 0.630 0.531
Non-Injured Group 810.76 + 641.80
Injured Group 18.92 £ 8.13
AP 78 0.413 0.681
Non-Injured Group ~ 8.00 £ 11.52
Injured Group 1.75 + 16.90
ML 78 0.501 0.618
Non-Injured Group ~ 3.48 +13.79
Injured Group 21.10+7.93
MV 78 1.379 0.172
Non-Injured Group  18.03 £ 11.60

*EA = Ellipse Area (mm?); AP = Mean COPap displacement (AP)
(mm); ML = Mean COPml displacement (ML)(mm); MV: Mean
Velocity (mm/s); *p < 0.05

598



Purushothaman, V. K., Roshan, R., Subbarayalu, A. V., Marimuthu, P. R., Orhan, B. E., Gohel, B., Kandasamy, M.,
& Chandrasekaran, K. (2024). Comparative Analysis of Balance Metrics in Injured versus Healthy Professional Tennis Players

Table 4. Y-Balance Test composite scores of Dominant Leg
and Non-Dominant Leg between injured and non-injured
groups

b . Injured Non-Injured
ynamic (N = 40) (N=40)  daf t p
Balance
Mean + SD Mean + SD
DL 98.98 +11.66 104.14+9.41 78 2.17 0.032*
NDL 101.66 £ 11.16  104.79 +11.68 78 1.234 0.021*

*DL = Dominant Leg; NDL = Non-Dominant Leg, *p < 0.05

decelerations, and multidirectional changes, which place
considerable stress on their lower limbs, particularly the
knee joint (Fernandez-Fernandez et al., 2018; Manske &
Paterno, 2018). These stresses significantly contribute to
the high incidence of knee injuries observed among these
athletes, as seen in previous studies that report knee injuries
as one of the most common injuries in tennis (O’Connor et
al,, 2020; Okholm Kryger et al., 2015). These high-intensity
movements can lead to dynamic knee valgus, a modifiable
injury risk factor (Wilczynski et al., 2021).

The significant differences in dynamic balance observed
between the injured and non-injured groups suggest that knee
injuries can substantially impair an athlete’s ability to maintain
stability during movement. Dynamic balance, crucial for per-
formance in sports involving rapid and unpredictable move-
ments, such as tennis, is significantly affected by knee injuries
(Caballero et al., 2021; Novak et al., 2023). The Y-Balance Test
(YBT) results from this study corroborate findings from other
research indicating that lower limb injuries negatively impact
dynamic balance, highlighting the need for targeted rehabili-
tation protocols (Huang et al., 2023; Plisky et al., 2021).

Furthermore, the impaired postural sway in injured
players, as evidenced by significant differences in COP mean
displacement and velocity on both firm and foam surfaces,
reflects the long-term impact of knee injuries on postural
control. Previous research has demonstrated that individuals
with knee injuries exhibit persistent balance impairments,
which can extend several years post-injury, affecting their
overall postural stability and increasing the risk of reinjury
(Baltich et al., 2015; Harry-Leite et al., 2022). Proprioceptive
exercises have been shown to improve knee position
sense and balance, suggesting their potential inclusion in
rehabilitation programs (Harry-Leite et al., 2022).

The study’s findings emphasize the importance of
incorporating balance training into rehabilitation programs
for injured tennis players. Balance training has been shown
to improve neuromuscular control and reduce the likelihood
of further injuries, enhancing overall athletic performance
(Malliou et al., 2010b; Prieske et al., 2014). Rehabilitation
strategies focusing on dynamic and static balance can help
mitigate the effects of knee injuries and support recovery
(Caballero et al., 2021; Galli et al., 2017).

Fatigue also plays a critical role in athletes’ dynamic
balance. Studies have shown that fatigue can significantly
decrease the range of motion and joint torque, reducing
balance and increasing the risk of injuries (Huang et al.,
2023). This highlights the need for balance training programs
that also consider the effects of fatigue on performance and
injury prevention.

Limitations

This study is subject to several limitations that must be
acknowledged. First, the exclusive focus on male participants
limits the generalizability of the findings to female athletes,
who may exhibit different biomechanical responses and
rehabilitation needs. Additionally, the study’s cross-sectional
nature restricts our ability to infer causal relationships
between knee injuries and balance impairments. Moreover,
focusing solely on knee injuries may overlook the impact
of other common injuries in tennis on balance metrics.
Lastly, the lack of control over environmental variables such
as playing surface and testing conditions could influence
the outcomes, limiting the study’s external validity. Once
published, these findings will be added to the existing
content at the end of this article.

Recommendations

Future research should address the limitations noted
in this study to enhance the applicability and relevance of
the findings. Including male and female athletes in the study
would help broaden the understanding of gender-specific
responses to knee injuries and rehabilitation. Employing a
longitudinal design would allow for observing changes over
time and establishing causal links between knee injuries
and balance outcomes. Expanding the focus beyond knee
injuries to include other common injuries could provide a
more comprehensive insight into the balance needs of tennis
players. Utilizing more advanced biomechanical testing that
closely mimics actual tennis play would likely yield results
more applicable to real-world scenarios. Furthermore,
standardizing environmental and testing conditions across
studies would help ensure the consistency and reliability of
the results, making them more helpful in developing targeted
interventions and rehabilitation programs. These suggestions
will be considered for inclusion in future updates to this article.

Conclusion

In conclusion, the significant differences in dynamic
and postural balance between injured and healthy
professional tennis players highlight the critical impact of
knee injuries on these athletes. Integrating comprehensive
balance training into rehabilitation protocols is essential
for improving postural control, reducing reinjury risk, and
optimizing performance. Future research should explore the
components of effective balance training programs and their
long-term benefits for injured athletes.
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MopiBHANBHMI aHaNi3 NOKa3sHUKIB piBHOBarun
y TPaBMOBaHMX Ta 340POBUX NpodecCiiHNX TeHIiCnUCTIB

Binom Kymap Ilypymoraman'**¢P, Paccen Poman'4®P, Apyn Bimxkait Cy66apasamy>*<P,
Py6aBari Mapimyrxy IlamaniBen* “, Bekip Epxan Opxan**“", bxaBika Ioxenp* <P,
Moxanpamk Kangacami’*“P, Kamemr Yangpacexkapansic®

'"Mixnapopuuii yHiBepcurer IHTI

*YuiBepcureT imMeHi imama A6yppaxmana i6u ®eiicana
3CraMOy/IbChbKUIT YHIBepCUTET ATIAVH
*QisioTepaneBTyHMII KonmemK iMeni Yimannasna [laxa
>dizioTepaneBTUYHNMI KOIeMXK Micii Binaska
*disiorepaneBTryHMII Konemx Benkara [TagmaBarti

ABTOpCchKMil BKIa: A — nu3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komrtis

Pedepar. Crarts: 6 ., 4 Tabn., 23 mKeperna.

Merta gocnimxenns. TpaBMi KOTIHHOTO Cyr/106a € IOMMPEHOI0 ITPOo6/1eMOIo ceper; TpodeciiiHMX TeHICUCTIB | MalOTh 3HAYHMIT
BIUIMB Ha piBeHb iXHbOI CHOPTUBHOI Pe3yIbTATMBHOCTI Ta TPUBAIOCTI CIOPTUBHOI Kap epu. MeToI0 I[bOro ZOCTifKeHHA Oy/Ia
OLIiHKa BiffMiHHOCTeI! Y AMHAMIYHiil Ta HOCTypaIbHill pIBHOBa3i MXK TPaBMOBAHVMMI Ta 30POBUMI IIPOdECiiHIMY TeHicHCTaM,
110 Bigo6pakae OiIbII IIVPOKi HACIAKY TPaBM KOJIIHOTO CYI/I06a Ha IIOKa3HUKY CTabi/IbHOCTI Ta pe3y/IbTaTUBHOCTI IPaBIIiB.

Marepianu Ta MeTOIM. 3arajIoM [I0 YYaCTi B IIbOMY IIOIIEpEYHOMY JOCTIKeHH] 6y10 Bifibpano 80 npodeciitHuX TeHiCUCTIB,
3 AKX 40 oci6 BxomIu 1o rpynu 3 TpaBMoo Koninuoro cyrnoba (TT) 140 oci6 — mo rpynu 3 BigcythicTio Tpasmu (BTT). 3a gono-
Moroio 6anancysanpHoi fowky Wii Balance Board orjinioBany nocrypanbHe KOMMBaHHSA YYaCHUKIB 38 PiSHUX YMOB, BKTIOYAI04N
IIOJIOKEHH:A CTOSAYM Ha Pi3HUX IOBEPXHAX 3 PO3IUIIOLIEHMMM Ta 3aIUTIOIEHMMY OUMMa. 3 MeTOIO OL[iHKM JVHAMiuHOI piBHOBaru
rpaBis npooauscs 6ananc-tect (Y-Balance Test). [yt nepeBipky pisHuLIi B IIOCTYpa/lIbHUX KONMMBAHHAX 1 AUHAMIUHII piBHOBa3i
MIDX /{BOMa IPyIIaMIi yIaCHUKIB 6yB 3aCTOCOBAHMII t-KpUTepiil /s He3aIeKHMX BUOIPOK.

PesynbraTu. Pesynbratu JOCIIPKeHH CBIAYaTh IPO CYTTEBO Tiplii ITIOKa3HMKY I'PaBLiB 3 TPaBMaMM KO/IIHHOTO Cyrn106a 5K y
IvHaMiuHii piBHOBa3i (p < 0,05 /14 HeJOMiHAHTHYX HIT), TaK i B IOCTYpa/JIbHOMY KONVMBaHHi (JJOCTOBipHi BifMiHHOCTI y cepenHil
MIBU/IKOCTI HA MiHOITACTOBUX MTOBEPXHSX 3 POSIUIIOIEHIMY Ta 3aIUIIOMIeHNMI 04nMa, p < 0,001). OtTpumani gaHi cBig4aTh Ipo
Te, 110 TPaBMM KOJIIHHOTO Cyr106a IpU3BOAATD 40 3HAYHUX [HOPYIIEHb KOHTPOJIIO PIBHOBArY, 110 MOYKe HETaTMBHO BIUIMBATHU Ha
ITOKA3HMKM 3aTaIbHOI CIIOPTUBHOI pe3y/IbTaTUBHOCTI Ta pU3UK OTPYMAHHSA TPABM.

BuicHOBOK. JIOCi/PKeHHS TiIKPeC/TI0e HeOOXiJHICTb BIIPOBA/KEHHS 1IIIECIIPIMOBAHNX Oa/IaHCYBAIbHUX Ta IPOIIPIOLen-
TUBHUX TPEHYBaHb IO MpOrpaM peabimiTaliil TeHICUCTIB, SAKi BifHOBIIOIOTbCSA IMIC/AA OTPUMAHHA TPAaBM KOJIHHOTO CyIaIo6a.
IIys1xoM mosiniueHHs piBHOBArY Taki iHTepBeHIii CIpMAITH IOCHIEHHIO HEPBOBO-M 5130BOI0 KOHTPOJIIO, 3HIDKYIOTb PU3MK I10-
BTOPHOTO TPaBMYBaHHA Ta 3a0€3MeYyI0Th Kpallli TOKa3HMKY 3aTa/IbHOI pe3y/IbTaTUBHOCTI B yMOBaX MiIBUIIIEHNX HaBaHTa)KEHb.
MaiibyTHi KOCII/PKEHHSI MAOTh Oy T 30CepeKeHi Ha BOCKOHA/IEHH] TPEHYBa/IbHIX [IPOTPaM 3 PO3BUTKY PIBHOBAIM 3 METOIO
MaKCHMisalil pe3y/nbTaTiB BiJHOB/IEHHSA Ta MiHiMi3allii HAC/TiKiB TpaBM.

KirouoBi croBa: TeHicucTy, piBHOBara, TpaBMa KOIHHOTO CYI/I00a, PUSHK /ISt 3[{OPOB 51, OCTYparbHe KOMBAHHSL.
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Abstract

Objectives. The study aimed to analyse the difference in whole-body reaction (WBR) times and the expanding
strength of badminton athletes at regional, national, and Olympic levels.

Materials and methods. The study subjects consisted of 24 male athletes. Audio and visual whole-body reaction
measurements were carried out, and each athlete’s pull and push strength was expanded to analyse the existing
differences. The data was analysed using One-Way ANOVA to determine the differences between the three sample

groups.

Results. The results showed a significant difference (p < 0.05) in visual whole-body reaction and shoulder arm thrust
force. Although, the audio whole body reaction variable and shoulder arm tensile strength did not significantly differ

(p>0.05).

Conclusions. The study indicated that badminton athletes’ visual whole-body reaction speed was found to be better
compared to their audio whole-body reaction speed ability. Additionally, Olympic athletes demonstrated enhanced
strength conditions than regional and national-level athletes. The findings of this study are anticipated to help
coaches in developing and implementing training programmes appropriate to the specific needs and conditions of

athletes at the level of competition in which they are engaged.

Keywords: physical fitness, reaction speed, racket sport, elite athlete, junior athlete, young athlete.

Introduction

To succeed as a badminton athlete, one must consider
physical condition. Elite athletes usually have better physical
(Riccardo Izzo et al., 2018; Demirkan et al., 2015) and
emotional (Miti¢ et al., 2021) conditions than non-elite
athletes. Other factors that can influence an athlete’s success
include technique, tactics, psychology (Almagro et al,
2020), personality (Shuai et al., 2023), lifestyle, and mindset
(Gontijo et al., 2023). Among all these aspects, one of the
most determining and essential things to consider is physical
condition, which can determine the competitive ability of
athletes (R. Liu et al., 2022). Research states that physical
fitness can also affect the technical abilities of athletes (Farley
et al., 2020). Examples of parameters that can be used to
measure the level of an athlete’s physical condition are the
reaction speed and strength of the athlete.

The reaction speed and strength of athletes play a
crucial role in athlete performance (Lempke et al., 2020;

© Setijono, H., Yuri, L., Wiriawan, O., & Ashadi, K., 2024.

oo Crmopm

@ TMOB
P> TOB 0BC

=

Zooyy

. /M%

Suchomel et al., 2021). Athletes are required to have good
reaction speed and strength to compete well. It is because
the physical condition of athletes can be an indicator of their
performance (Prasetyo, 2023). Training players’ technical,
tactical, and motivational abilities are essential to improve
their performance to reach a higher level of play (Ozgiir
et al., 2020). The need for strength and reaction speed
varies according to the level of competition in which they
participate.

As the level of competition increases, their abilities
must also be improved. Other components that affect a
person’s physical condition are endurance, flexibility, and
coordination. With good physical condition, a person’s
physical fitness will automatically increase. Good physical
condition will make the athlete more likely to advance
towards the final (Drid et al., 2015). Research also shows
that athletes who compete at a higher level will have a better
physical condition category (Drid et al., 2015).

However, many coaches and athletes only carry out and
run training programs if they know whether the program
can improve the athlete’s abilities and whether these abilities
are sufficient to compete with their opponents in the
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competition later. Most coaches do not conduct physical
tests on their athletes before and after running a training
program, so the coach needs to know how to improve their
athletes’ abilities. In addition, they will need to find out
whether the training program they have given athletes so far
has been running effectively, which can help athletes achieve
their best performance.

Most physical tests are only carried out when they are
about to start competing by the organisation that oversees
them. In addition, the general condition of the athlete can be
seen through several studies that have been conducted. Sev-
eral studies have been conducted on badminton athletes that
can be used to determine the general condition of badminton
athletes. Test items used to measure the fitness or ability of
athletes can be developed by considering similar movements
during the match (Ando et al,, 2024). A study examining the
physical development of young elite athletes revealed that
within a 15-month gap in physical development in height,
weight, left shoulder flexion, and grip strength in male ath-
letes, meanwhile height, medicine ball throws, and counter-
movement jumps in female athletes (Henn, 2021). Another
study on Indonesian badminton athletes with intellectual dis-
abilities stated that athletes’ endurance, strength, speed, flex-
ibility, and coordination abilities were in the poor category
(Tyas et al., 2021). A study comparing the physical condition
of young elite athletes in Indonesia and Turkey stated that the
strength abilities of Turkish athletes were much better when
compared to Indonesian athletes (Ozgiir et al., 2020).

Based on several studies on the physical condition of
badminton athletes that have been conducted previously.
However, studies have yet to compare the physical condition
of badminton athletes at several different levels of competi-
tion. Therefore, the novelty of this study is using badminton
athlete samples from 3 different levels of competition, namely
regional, national, and Olympic, to obtain data. This study
aims to analyse the differences in physical conditions pos-
sessed by athletes from three different levels of competition.
This study will focus on analysing differences in physical con-
ditions regarding reaction speed and strength possessed by
athletes from the three existing groups. This study is expected
to help coaches know the physical condition of athletes on the
field and help coaches compile training programs that follow
the needs and conditions of their athletes so that the results of
training and athlete performance can be achieved optimally.

Materials and Methods

Study Participants

The sample population is male badminton athletes in
Indonesia, starting at regional, national, and Olympic levels.

Table 2. Data Significance Test

The sampling technique used is stratified random sampling
withasamplesize of24 maleathletes with detailsof 11 regional,
eight national, and five Olympic athletes. The athletes used as
samples in the study have won a championship and qualified
for the next level of competition, both competitions at the
regional, national, and Olympic levels.

Study Organization

Each athlete will take a test to measure their audio and
visual reaction speed as well as their expanding strength in
pulling and pushing. The tool used in whole-body reaction
test is TKK1264P model. The test used will use the sense of
hearing as a stimulus receptor with a stimulus in the form
of sound and the sense of sight as a stimulus receptor with
light as the stimulus used. An expanding dynamometer
measures the expanding strength of pulling and pushing.
This research complies with the seven WHO 2011 Standards
and has been declared ethically acceptable by ethics
committee of Universitas Negeri Surabaya No.006/UN38.
1I1.1/DL.01.02./2024.

Statistical Analysis

This research uses IBM SPSS Statistics version 25 to help
with the data analysis. The Shapiro-Wilk test was used to
determine data normality, and One-Way ANOVA was used to
test for significant differences between the three sample groups.

Results

Table 1. Sample Profil

No. Characteristic N Min Max Mean SD

1. Age 24 14 31 21.2917 5.63745
2. Height 24 154.50 183.00 174.3875 6.50420
3. Weight 24 46.00 88.30 70.2125 9.57398
4. IMT 24 19.00 28.00 21.2917 5.63745

Table 1 shows the characteristics of the samples used.
The athletes analysed ranged from teenagers to adults. There
is also a relatively significant difference in the variables of
weight and height, considering the relatively significant age
difference. Based on the analysis carried out, after the data was
declared normal, the analysis process was continued to the
next stage to determine the significance of the existing data.

From the results of the significance test in Table 2, it
is known that 3 test variables have results where there are
significant differences between the test results owned by

ANOVA
No Variabel Test
Sum of Squares df  Mean Square F Sig. Annotation
1. Audio WBR 0.001 2 0.001 1.099 0.352
sig. > 0.05 (No Significance)
2. Visual WBR 0.018 2 0.009 13.559 0.000
3. Expanding Strength (Pull) 528.243 2 264.122 3.432 0.051
] sig. < 0,05 (Significance)
4, Expanding Strength (Push) 2165.249 2 1082.625 17.698 0.000
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athletes from three different competition levels. The test
variables are audio WBR and push expanding strength. Other
results obtained from Table 2 are that other test variables
show no significant differences in athletes competing in the
three competition groups. The variables are audio WBR and
pull expanding strength.

Based on Table 2, it is known that there are significant
differences (p=0.000) in the visual WBR variable. While in
theaudio WBR variable, no significant differences were found
(p=0.352). It proves that the three groups have prominent
differences in visual reaction speed abilities, but there are no
significant differences in audio reaction speed abilities. The
data obtained from the test results show that in the visual
WBR variable, athletes at the Olympic level have the lowest
abilities. Meanwhile, in the WBR audio variable, the athlete’s
ability at a higher level of competition will decrease.

The data in Table 2 show that the push expanding
strength variable has significant results (p = 0.000), which
means there is a significant difference in the push expanding
strength in athletes from the three competition groups.
Meanwhile, the pull expanding strength variable shows no
significant difference (p = 0.051). Although it has different
results, something interesting about the expanding strength
variable is that the test results data show that the athlete’s
expanding strength ability increases with the increase in
the competition level, both for the pulling and pushing
categories.

Discussion

The findings obtained in this study stated significant
differences (p < 0.05) owned by regional, national, and
Olympic athletes in the variables of visual WBR and push
expanding strength. There were no significant differences
in the variables of audio WBR and pull expanding strength
(p > 0.05).

Whole Body Reaction

Coordination is a crucial factor in achieving success
in badminton (Donie et al., 2023; Jaworski et al., 2021).
Research shows that amateur badminton players do not
have good balance, agility, and eye-hand coordination even
though they perform better sports (Wong et al., 2019). The
research has proven that playing experience significantly
affects the coordination abilities of badminton athletes
(Jaworski et al., 2017).

One aspect included in athlete coordination is reaction
speed. An athlete’s body reaction time has a very crucial
impact on an athlete’s performance on the field (Lempke et
al., 2020; Yildiz et al., 2020). One of the factors that influences
reaction time is the athlete’s physical condition. The better an
athlete’s physical condition, the better their reaction speed
will be (Hamidur Rahman et al., 2021). Reaction speed is
the time between a given stimulus and a series of movements
carried out due to that stimulus (Bankosz et al., 2020; Ervilha
et al., 2020).

Research reveals that reaction speed plays a vital role in
achieving success in badminton, along with the techniques
and tactics possessed in the game (Yiiksel et al., 2018).
Research on reaction time speed between athletes and non-
athletes states that their audio reaction speed is faster when

compared to their visual reaction speed (Hamidur Rahman
etal., 2021). Similar research on hockey players also showed
that their reaction speed abilities were better when compared
to visual reaction speed (Avci et al.,, 2023). It has findings
that are contrary to the research conducted, that badminton
athletes from regional, national, and Olympic levels have
better visual reaction speed results when compared to their
audio reaction speed. Several factors can affect visual reaction
speed, including the dominant hand, colour, stimulus
possibilities, and arrangement models (M. Liu et al., 2021).
Meanwhile, factors that can affect audio reaction speed are
age, gender, dominant hand, central versus peripheral vision,
fatigue, respiratory cycle, fasting, personality, sports activity,
and a person’s intelligence (Jain et al., 2015).

The results found on WBR show that athletes at the re-
gional, national, and Olympic levels have better visual WBR
abilities than audio WBR. The results state that athletes at the
Olympic level have the lowest reaction speed compared to
athletes from regional and national levels. This could be due to
their more mature age, which decreases their reaction speed.

In addition, the audio WBR results found that athletes
in the regions had the best audio WBR abilities of the three
groups of athletes and audio WBR abilities were lower at higher
competition levels. It indicates that athletes’ ability to respond
via audio will decrease as they age. This condition can occur
because their hearing and movement abilities are decreasing.

Another interesting result from the visual WBR and
audio WBR of the three groups of athletes is that their visual
reaction speed has better results when compared to their
audio reaction speed. It proves that badminton athletes from
all three levels of competition respond faster through sight
than hearing. In badminton, athletes rely more on their sight
to respond to the opponent’s shuttlecock hit.

With this reality, existing coaches can create training
programs that focus more on the speed of athletes’ visual
reactions because, in matches, visual reaction speed is very
crucial and is more reliable to be able to respond to an
opponents hits than audio reaction speed for both regional
and Olympic athletes. In addition, training programs
that focus on reaction speed must be further improved
for athletes with increasingly mature ages, considering
that as age increases, athletes’ reaction speed abilities will
decrease. Several factors affect reaction speed, including the
magnitude of the stimulus, age, gender, and level of fatigue
(Pavelka et al., 2020). One way to increase the reaction speed
of athletes is by doing motor imagery (Fekih et al., 2020) and
plyometric training (Deng et al., 2024).

Expanding Strength

In addition to reaction speed, an athlete’s strength ability
also plays a vital role in an athlete’s performance on the field.
Good strength ability will minimise injuries when playing
(Cuthbert et al., 2021; Lauersen et al., 2018; Talpey et al.,
2017). The strength can also affect the athlete’s skill ability
(Suchomel et al., 2016). Warming up before doing activities
can be a factor that can affect an athlete’s strength ability
(Resende et al., 2020).

Research on strength reveals that elite athletes have
better strength abilities when compared to sub-elite athletes
(Beddows et al., 2020). These findings align with research
findings, that the athlete’s strength and ability increase with
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the competition level. Similar results are also found in other
studies, which state that elite athletes have better strength
than sub-elite and amateur players (Gudmundsdottir et al.,
2017). Research on leading and substitute athletes shows
that main players have better strength abilities (Kim et al,,
2019). The differences between athletes at different levels are
likely due to the process of maturity and body mass.

In contrast, as competition increases, the chronological
age and age of the athlete also increase. Research has shown
that older players have better strength abilities (Peeters et al.,
2023). The higher the level of competition, the greater the
athlete’s training load will be. The increase and high training
load will increase muscle mass (Lopez et al., 2021), which
will affect their strength abilities.

The results obtained on expanding strength state that
the athlete’s strength ability improves as the competition
level increases. This proves that better strength abilities are
needed at a higher level of competition. In addition, it shows
that athletes with better-expanding strength abilities will
have more potential to reach a higher level of competition.

Expanding strength is related to hitting ability in
badminton athletes. It means that the hitting ability of
Olympic athletes is better and more robust than that of
regional and national athletes. Coaches can design training
programs to improve athletes’ strength and performance,
enhancing their chances of advancing to the next level of
competition. Some ways to increase athlete strength are
resistance training (Krzysztofik et al., 2019), weight training
(Nasrulloh et al., 2022), and velocity-based training (VBT)
(Wtodarczyk et al., 2021).

In badminton, players must display optimal perfor-
mance, be able to move quickly (Phomsoupha et al., 2015),
and have good power (Deng et al., 2024). Coordination is
also a crucial factor in success in badminton (Donie et al.,
2023; Jaworski et al., 2021). Research shows that amateur
badminton players do not have good balance, agility, and
eye-hand coordination performance even though they show
better sports performance (Wong et al., 2019). Based on this,
it is essential for badminton athlete coaches to continue to
monitor the condition of their athletes in various factors to
improve their abilities and achieve their peak performance.
This research is expected to help coaches understand the
condition of their athletes among athletes at various levels
of competition. In addition, it is expected that after under-
standing the physical condition of athletes, coaches will also
compile and develop training programs that are appropri-
ate to the conditions of each individual. Many coaches still
equate training programs for their athletes on the field. It was
discovered that each athlete has a different physical condi-
tion, so they require different treatments.

With the rapid development of badminton and science
and technology, of course, further research is needed to
improve the quality of the game and utilise the development
of technology and existing science to improve the quality of
players. The large number of badminton players who have
emerged from various circles, both children and adults and
men and women, is a limitation in this study. The sample
used in the study was still limited to male athletes, teenagers
and adults. In further research to be conducted, it is hoped
that the sample scope will be increased and expanded, both
in terms of age and gender, so that the research results can
be used to present all existing groups.

Conclusions

This study concludes that there are significant differences
among male badminton athletes at the regional, national,
and international levels in visual WBR and push-expanding
strength. The strength ability of groups with higher levels of
competition will have better results. In the WBR variable,
the results were found that badminton athletes’ visual WBR
abilities were faster than audio WBR abilities. It occurs
because the training load and age are different among
the three groups of athletes. In the audio WBR and pull
expanding strength variable, no significant differences were
found between the three groups of athletes.

After conducting the study, it is hoped that coaches can
adjust the training program according to the conditions and
needs of each athlete due to differences in physical condition
between one athlete and another. With a training program
that follows the needs and portions of each athlete, the final
results and objectives can be achieved optimally, and athletes
will be able to achieve their best performance.
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By3HaueHHA Yyacy peakuii Ta CMI0OBUX NOKa3HUKIB
iHAOHE3INCbKNX CMNOPTCMEeHiIB-6aaMiHTOHICTIB YONOBIUOI
cTaTi: PerioHanbHNNi, HayioHaNbHNUN Ta ONIMNINCbKWUN PiBHi

Xapi Certigxono'*®PE, Jlonita F0pi'“P, Oue BipiaBan'*“?, Kynmkyn Amagi'®?

'Cypabaiicbkuii lep>kKaBHIUN YHIBEPCUTET

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH ZOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crarts: 7 c., 2 Tab1., 45 IKeperL.

Merta pocmigkenHaA. MeTa OCTipKeHHA TO/ATaNa B IPOBE/leHH] aHasli3y BiIMiHHOCTel y yaci peakllii BCbOro opraHiamy
(YPO) Ta 36ibleHH] piBHS CHIOBUX TIOKA3HMKIB CIIOPTCMEHIB-0aIMiHTOHICTIB Ha perioHaIbHOMY, Hal[iOHA/IBHOMY Ta OJIiMIIiil-
CbKOMY PiBHSX.

Marepianu Ta MeTogM. Y TOCTI/PKEHHI B34IM yIacThb 24 CIIOPTCMEHN YO/IOBivOl cTaTi. 3aj/11 aHa/i3y iCHYIOUNX BiIMiHHOC-
Tell IIPOBeJieHO BUMIPIOBAaHH:A CIIyX0BOi Ta 30pOBOi peak1il BCbOro OpraHismy, a TAKOXK 361/1bIlIeHO PiBeHb CH/IM TATY Ta IIOLITOBXY
KOXXHOTO cropTcMeHa. OTpuMaHi JaHi MpoaHaTi30BaHO 3a JONMOMOTO0 OAHO(PAKTOPHOTO AucrepciitHoro aHamisy (ANOVA)
3 METOI0 BU3HAUEeHHs BiIMIHHOCTell MXK TpbOMa BUOIPKOBMMIU TPYIIaMI.

PesynpraTn. 3a pesynbraTaMy JOCTIKeHH: Oy/I0 BUABICHO ZOCTOBIpHY pisHuIo (p < 0,05) y mokasHuKax 30poBoi peakuil
BCHOTO OPraHisMy Ta CHJIM IOIITOBXY IIJIEYOBOTO MOACY Ta pyK. OfHAK iCTOTHMX BifIMiHHOCTel y IIOKa3HMKAaX 3MiHHOI C/IyX0BOi
peaxliii BCbOro OpraHismMy Ta CUIM pO3TATYBaHH:A IJIEYOBOTO MOACY Ta PYK He crocTepiranocs (p > 0,05).

BucHoBKu. JJoCIi/KeHHS TI0Ka3aJIo, [0 MBUAKICTh 30POBOI peakIjil BCbOTro OpraHisMy CIIOpTCMeHiB-6ajMiHTOHICTIB Mara
Kpallli TOKa3HMKY IOPiBHAHO 3i 34aTHICTIO /10 INBUAKOCTI CTyX0BOI peakliii Bcboro opraniamy. Kpim Toro, onimmiiicpki cnopTcMme-
HI TIPOJIEMOHCTPYBa/IN O1/IbII BUCOKI CM/IOB] ITOKAQ3HMKM, HDK CIIOPTCMEHY PerioHaIbHOTO Ta Hal[ioHa/IbHOTO piBHeil. OTpuMaHi
Pe3y/IbTaTy JOCTIIXKEHH JOIIOMOXYTh TPeHepaM y po3po0ili Ta BIpOBaIXKeHHI TPeHYBaIbHIX IIPOTpaM, 1[0 BiIlIOBi/jaI0Th CIIe-
1udivHNM ToTpebaM i yMOBaM CIOPTCMEHIB Ha PiBHI 3MaraHb, B IKMX BOHY 6epyTb y4acTb.

Knrouosi crmoBa: ¢isuuHa MiArOTOBIEHICTD, MIBUAKICTb peakijil, paKeTKOBUII BIUJ CIIOPTY, CIIOPTCMEH BUCOKOTO KJIacCy,
CIIOPTCMEH-IOHIOP, CIIOPTCMEH MOJIOZOIO BiKY.
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Abstract

Background. Plyometric training, which consists of exercises that involve rapid and repetitive muscle stretching and
contraction, has become increasingly popular for its potential in sports conditioning.

Objectives. The primary objective of this study was to examine the principles of plyometric training and to assess
how it influences the physiological parameters of football players.

Materials and methods. This study involved 30 male football players aged 18 to 24, actively engaged in national-
level competition. The participants were randomly divided into two groups: the experimental group (n = 15) and
the control group (n = 15), with 15 players in each group. The selected physiological parameters for assessment
included aerobic capacity, blood pressure, and pulse rate. Aerobic capacity was measured using Cooper’s 12-minute
run/walk test, blood pressure was assessed with a sphygmomanometer, and pulse rate was measured using the radial
artery method. The six-week plyometric training program, conducted five days a week, involved 60-minute sessions.
The experimental group underwent the plyometric training program, while the control group did not engage in

any specific exercises. Pre- and post-test scores were analyzed statistically using descriptive statistics and analysis of
covariance (ANCOVA). The significance level was set at a confidence level of 0.05.

Results. The findings indicate a notable enhancement in physiological parameters among participants in the
experimental group as opposed to the control group. The implementation of the plyometric training program proved
to be effective in elevating the aerobic capacity, blood pressure, and pulse rate of the football players.

Conclusions. The study concludes that a six-week plyometric training program significantly enhances the
physiological parameters of football players, including aerobic capacity, blood pressure, and pulse rate. Further
research should be conducted to examine the long-term effects and optimal duration of plyometric training, as

well as the underlying physiological mechanisms, in order to gain a deeper understanding of its effectiveness and

applications in sports conditioning.

Keywords: plyometric training, aerobic capacity, blood pressure, pulse rate, football.

Introduction

The term “plyometrics” originates from the Greek words

<« Ll {3 » . <« . » [{3 L)
plythein” or “plyo,” meaning “to increase,” and “metric,” mean-
ing “to measure” Thus, plyometrics fundamentally implies “to

increase the measurement.” This often refers to improvements

© Singh, L. S., Singh, W. J., Azeem, K., Meitei, N. M.,
& Mola, D. W., 2024.
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in sports performance metrics, such as throwing distance,
serve velocity, jump height, or sprint speed, as measured dur-
ing testing or competition (Davies et al., 1998). Plyometric
training is typified by quick, strong motions that involve an
explosive concentric contraction, which is a sudden, powerful
shortening of the muscles after an initial lengthening (eccen-
tric contraction). According to Bosco et al. (1982), this train-
ing technique can make use of either an eccentric-concentric
coupling phase or a stretch-shortening cycle. The latter, some-
times referred to as the integrated performance paradigm,

609



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 4

places emphasis on the necessity of precisely achieving move-
ment by loading forces eccentrically, stabilizingisometrically,
and then accelerating concentrically. Plyometric exercise, ac-
cording to Voight and Brady (1992), uses the body’s proprio-
ceptive and elastic qualities to help generate maximum force
in the shortest amount of time. By increasing the excitability,
sensitivity, and reactivity of the neuromuscular system, this
type of training not only increases motor learning but also
neuromuscular efficiency. The overall impact includes an in-
crease in the rate of force production (power), motor-unit
recruitment, frequency (rate coding), and synchronization.

Plyometric exercises should be used for performance en-
hancement in sports because they incorporate principles es-
sential to both lower extremity (LE) and upper extremity (UE)
sports. Plyometric training leverages the stretch-shortening
cycle (SSC), which involves a rapid transition from lengthen-
ing (eccentric) to shortening (concentric) movements (Ebben
et al., 2008). This cycle enhances the efficiency and power of
movements, leading to improved sports performance.

According to Chmielewski et al. (2006), plyometric train-
ing consists of three separate phases: the eccentric phase, the
amortization phase, and the concentric phase. Muscles pre-ex-
tend before activating during the eccentric phase, which raises
the activity of muscle spindles. The time between the end of
the eccentric contraction (also known as the loading or decel-
eration phase) and the start of the concentric contraction (also
known as the unloading or force production phase) is known
as the amortization phase. Following the amortization phase,
there is a concentric contraction during the concentric phase.

Plyometric training leverages the elastic and propriocep-
tive attributes of muscles to achieve maximal force produc-
tion, stimulating mechanoreceptors and promoting increased
muscle recruitment in a condensed timeframe, as indicated
by Wilk et al. (1993). The proprioceptive foundation for ply-
ometric training is provided by muscle spindles and Golgi
tendon organs (GTOs). The central nervous system utilizes
this sensory input to influence muscle tone, motor execution,
and kinesthetic awareness, as elucidated by Lundin (1985).
Activation of these receptors facilitates, inhibits, and modu-
lates both agonist and antagonist muscle activities, thereby
enhancing neuromuscular efficiency and functional strength.

Exercises that involve plyometric stabilization,
plyometric strength, and plyometric power have three main
contraindications. Exercises for plyometric stabilization
are designed to improve reactive neuromuscular efficiency,
postural alignment, and ideal landing mechanics. The
goals of plyometric-strength workouts are to improve the
neuromuscular efficiency of the human movement system
overall, eccentric strength, dynamic joint stabilization, and
rate of force output (Mola & Adane, 2020). Markovic et al.
(2007) found that maximal speed and explosiveness are used
when performing plyometric power exercises.

The contractile component of the actin and myosin cross
bridges with the sarcomere plays an important role in motor
control and force development during plyometrics. The
plyometric movement uses the pre-stretch of the muscle-
tendon unit physiological length-tension curve in order to
enhance the ability of the muscle fibers to generate more
tension and resultant force production (Davies et al., 2001).

Football, or soccer, stands as the most widely embraced
team sport globally, recognized for its dynamicand fast-paced
nature, captivating both players and spectators. The evolution

of football is marked by an increased emphasis on “high
sports performance,” wherein the game’s essence involves
the interplay of skill, technical and tactical prowess, motor
component development, and physiological parameters.
In addition to technical and physical advancements, there
is a growing focus on enhancing the intellectual capacities
of football players. Research by Singh et al. (2016; 2018)
underscores the significance of various factors such as
endurance, speed, agility, leg strength, upper body strength,
power, muscular endurance, flexibility, coordination, and
reaction time in optimizing football performance.

Football is acknowledged as one of the most intricate
sports globally, demanding a synthesis of technical, tactical,
and physical skills for success (Yi et al., 2018; Mola & Shaw,
2024). The collective performance of a team hinges on the
cooperative dynamics among players in different positions,
exemplified by midfielders orchestrating offense and
defenders excelling in aerial duels and interceptions (Aquino
et al., 2020; Modric et al., 2019). Understanding these
position-specific demands becomes pivotal in evaluating
player accomplishments (Dellal et al., 2010).

The contemporary landscape of football mandates
elevated levels of endurance, speed, strength, and
coordination skills, necessitating players to possess well-
developed physical fitness (Chmura et al., 2015). Given that
football primarily relies on aerobic metabolism for energy
production (Silva et al., 2011), maintaining adequate aerobic
fitness (AF) becomes crucial. A robust level of AF enables
players to sustain high-intensity actions throughout a match,
expedite recovery, and uphold peak physical condition
throughout the season (Slimani et al., 2019).

Plyometric training, as highlighted by Patir et al. (2021),
emerges as a training technique employed by athletes to en-
hance strength and explosiveness across various sports, includ-
ing soccer. Recognizing soccer as a game demanding speed,
agility, strength, power, endurance, and skill, the authors assert
that plyometrics can contribute to improving soccer players’
aerobic fitness. Soccer training is essentially a preparation pro-
cess to enhance individual players’ capabilities, enabling them
to navigate the challenges of competitive matches successfully.

The physical demands of football encompass a variety of
activities, from short sprints to recovery movements, necessi-
tating both aerobic and anaerobic fitness (Williams et al., 2003;
Reilly et al., 2000; Mola & Shaw, 2024; Singh et al., 2018, Fenta
& Mola, 2023). Aerobic capacity, denoting a broad range of
metabolic processes, plays a pivotal role in the total energy ca-
pacity of the human body. Maximal oxygen uptake (VO, max),
a measure of aerobic intensity, signifies the organism’s ability
to utilize the maximum amount of oxygen at a given moment
(Rankovi et al., 2010). Blood pressure, recorded as systolic and
diastolic pressures, and pulse rate, measured in beats per min-
ute (bpm), are additional physiological parameters assessed
in soccer players. Notably, trained soccer players often exhibit
lower resting heart rates than their counterparts (Singh et al,,
2022) - a key indicator of cardiovascular health.

Materials and Methods

Selection of Subjects

The study involved the participation of thirty male
football players hailing from the Imphal East district of
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Manipur, India. These individuals competed in the national
competition, with their ages falling within the range of 18
to 24 years.

Selection of the Test

The study employed Cooper’s 12-minute run/walk
test to evaluate aerobic capacity, while blood pressure
was measured using the sphygmomanometer method.
Additionally, pulse rate was assessed using the radial artery
method. These specific tests were selected as they provide
accurate measures of the physiological parameters under
investigation in this study.

Criterion Measures

The testing protocol for evaluating aerobic capacity, blood
pressure,andpulserateadherestospecificcriteria. Theassessment
involves the utilization of Cooper’s 12-minute run/walk test
to gauge aerobic capacity, with results measured in minutes.
Blood pressure is determined through the sphygmomanometer
method, providing measurements in millimeters of mercury
(mmHg). Pulse rate is recorded using the radial artery method,
expressed in counts per minute. Adherence to these criteria is
crucial to maintain precision in measurements and to ensure
the reliability of the obtained results.

Design of the Study

The primary aim of this study was to examine the impact
of a plyometric training program on the aerobic capacity,
blood pressure, and pulse rate of football players. The research
involved two groups of participants, randomly assigned for the
investigation: an experimental group comprising 15 players
and a control group consisting of 15 players. Prior to the
implementation of the plyometric training program, baseline
measurements were taken for the selected parameters in
both groups. Aerobic capacity was assessed using Cooper’s
12-minute run/walk test, while blood pressure and pulse rate
were measured utilizing the sphygmomanometer method and
the radial artery method, respectively. The plyometric training
program spanned six weeks, with five training sessions per
week, each lasting for 60 minutes. The experimental group
adhered to the prescribed plyometric training regimen, while
the control group continued with their regular match practice.
The intervention period encompassed the timeframe from
August 10 to October 10, 2023.

Inclusive and Exclusive Criteria

Participants were selected based on physical
preparedness and health history questionnaires. Only those
free from acute or chronic illnesses and without physical
or psychological damage were included. The study ensured
participant privacy and addressed ethical concerns, such as
potential harm and data confidentiality. Those not meeting
these criteria were excluded from the intervention.

Training Program

Training was carried out for the study’s goal, and then
a six-week plyometric training programmed. This training

regimen adhered to Thompson et al. (2013)’s prescribed
allotment for exercise. Five times a week, the programmed
comprised 60 minutes of exercise, consisting of a 10-minute
warm-up, a 40-minute main activity, and a 10-minute
warm-down. Five times a week for six weeks, the workout
was done. By increasing the size and quantity of exercise
motions, we have developed a programmed that remains
within the bounds of the peak performance exercise intensity
that was previously established (Singh, 2018). Furthermore,
we prioritized safety over accuracy when rehearsing each
man oeuvre, therefore we proposed slightly altering the
movement in portions that were challenging to execute. The
specifics of the weekly training schedule for the plyometric
training programmed are outlined in Tables 1 and 2.

Table 1. Plyometric Training Program Design

No Particulars Duration
1. Total program length 6 weeks
2. Training frequency per week 5 days
3. Duration of each training Session 45 minutes
4. Restinterval between repetition 3 minutes
5. Restinterval between exercises 1 minute
6. Warm up and cooling down 15 minutes

Intensity

Intensity is the actual percentage of effort required by
the footbllers to perform the activity. In plyometrics, the
type of exercise performed controls the intensity. Plyometric
exercises can come in many forms and intensities. Some
activities such as bilateral jumping to a box are lower level
plyometrics while others such as single leg jumps from a box
are intense.

Volume

Volume is the total work performed in a single work
session or cycle (periodization). In the case of plyometric
training, volume is often measured by calculating the load,
counting the number of repetitions, sets, etc. of the specific
activity. Volume should be increased in a progressive manner
to decrease risk of injury or overtraining.

Frequency

Frequency is the number of exercise sessions that take
place during the training.

Recovery

Recovery is important to prevent injuries, overtraining
and to determine the primary emphasis of the plyometric
program. Because of the intense demands on the body with
plyometric training, longer recovery periods between sets
may be appropriate.

Statistical Analysis

The data collected were entered into an Excel spreadsheet,
and statistical analyses were carried out using IBM SPSS
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Table 2. Six-Week Plyometric Training Program

Weeks Components of Plyometric Training Repetition Set Intensity
Squat jump & Tuck jump 2 2 40% to 50%
Power skipping 2 2 40% to 50%
1-2 Weeks Alternate leg bounding 2 2 40% to 50%
Vertical depth jump: starting from the top of a box, jump down 2 2 40% to 50%
Broad jump: Straddle jump, single and double leg hops up to 20 meters 2 2 40% to 50%
Squat jump& Tuck jump 3 2 50% to 60%
Power skipping 3 2 50% to 60%
3-4 Weeks Alternate leg bounding 3 2 50% to 60%
Vertical depth jump: starting from the top of a box, jump down 3 2 50% to 60%
Broad jump: Straddle jump, single and double leg hops up to 20 meters 3 2 50% to 60%
Squat jump& Tuck jump 4 2 60% to 70%
Power skipping 4 2 60% to 70%
5-6 Weeks Alternate leg bounding 4 2 60% to 70%
Vertical depth jump: starting from the top of a box, jump down 4 2 60% to 70%
Broad jump: Straddle jump, single and double leg hops up to 20 meters 4 2 60% to 70%

N.B.: - Low Intensity: 40% to 50%, Moderate intensity: 50% to 60% and High intensity: 60% to 70%

software (version 22.0; SPSS Inc., Chicago, IL, USA).
Descriptive statistics were employed to analyze pre- and post-
testscores, and differences among groups were examined using
the analysis of covariance test (ANCOVA). The significance
level for the statistical analyses was set at 0.05.

Ethical Approval

This study received approval from the Institutional
Human Ethical Committee of Manipur University,
Canchipur, Imphal (India), with Reference Number MU/
IHEC/2022/021. Additionally, informed consent was duly
obtained from all participants, ensuring compliance with
ethical standards and respect for the participants’ autonomy.

Results

The results of the study showed a significant
improvement in the aerobic capacity of selected subjects of
the experimental and control groups. Table 3 presents the

descriptive analysis of the data collected from the pre-test
and post-test after six-weeks of plyometric training in the
experimental and control groups.

Table 3 shows that the experimental group and control
group achieved pre-test averages on aerobic capacity of
27.68 & 26.85. The obtained pre-test F-value of 1.780 and
the necessary table F-value of 4.20 demonstrated that there
was no statistically significant variation in the individuals’
starting scores. The experimental group and control group
achieved post-test averages on aerobic capacity of 29.82 &
28.25. The fact that the needed table F-value was 4.20 and the
obtained post-test F-value was 15.730% demonstrated that
there was a significant difference between the participants’
post-test results. After determining the adjusted post-means
tests for the pre-test and post-test means and performing an
analysis of covariance, the obtained F-value of 52.24* was
found to be greater than the required value of 4.20, indicating
that there were significant differences between the treated
groups. Additionally, Figure 1 displayed the mean aerobic
capacity score for the experimental and control groups.

Table 3. Pre and post means score of aerobic capacity for experimental and control groups

Variable Test Experimental - Control Soufce of Sum of Square df Mean Square ‘F Ratio
Group Group  Variance
Between 1.1483 2 1.1483
Pre test 27.68 26.85 1.780
Within 4.010 28 1.1220
Between 1.391 2 1.391
Post test 29.82 28.25 15.730*
Aerobic Capacity Within 4.627 28 4.627
Between 63275.9 2 632759
Adjusted Post mean test 28.86 27.88 52.24*
Within 34642.4 27 26174
Mean Diff. 2.272 -2.272

*Significant at .05 level, Table F-ratio at 0.05 level of confidence for 2 and 28 (df) = 4.20 and 27 (df) = 4.215
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Control Group Pre- Experiment Group
Control Group Test Post-Test

Fig. 1. Graphical presentation on pre and post means score of
aerobic capacity for experimental and control group

Furthermore, the study’s findings demonstrated that
a subset of the experimental and control groups’ systolic
blood pressure significantly improved. Table 5 presents the
descriptive analysis of the data obtained from the pre-test
and post-test following six weeks of plyometric training for
the experimental and control groups.

Table 5 shows that the experimental group and control
group attained pre-test averages on Systolic Blood Pressure
of 118.4 & 117.2. The fact that the needed table F-value was
4.20 and the achieved pre-test F-value of 4.00 demonstrated
that there was no statistically significant difference between
the individuals’ starting scores. The experimental group and
control group’s post-test averages for Systolic Blood Pressure
were 115.7 & 116.5. The fact that the needed table F-value
was 4.20 and the obtained post-test F-value was 10.30*
demonstrated that there was a significant difference between

Control Group

Fig. 2. Graphical presentation on pre and post means score of
systolic blood pressure for experimental and control groups

the participants’ post-test results. After determining the
adjusted post-means test and doing a covariance analysis,
it was recognized that there were significant differences
between the treated groups because the obtained F-value
of 20.24* was higher than the necessary value of 4.20.
Additionally, Figure 2 displayed the mean Systolic Blood
Pressure score for both the experimental and control groups.

Additionally, the study’s findings demonstrated that
a subset of the experimental and control groups’ diastolic
blood pressure significantly improved. Table 7 displays the
results of the descriptive analysis of the data gathered from
the pre-test and post-test following six weeks of plyometric
training for the experimental and control groups.

Table 7 shows that the experimental group and the
control group obtained pre-test averages on diastolic blood
pressure of 80.4 & 82.3. The obtained pre-test F-value of

Table 4. Pairwise comparisons of experimental and control group of aerobic capacity of football players

95% Confidence Interval for Difference

Variable Group Mean Difference  Std. Error Sig.b
Lower Bound Upper Bound
Experimental Group 2.272 2.452 0.008 2.72 2.464
Aerobic Capacity
Control Group -2.272 2.452 0.008 -2.464 -2.72
Table 5. Pre and post means score of systolic blood pressure for experimental and control groups
Variable Test Sl (G Soufce of Sum of Square df  Mean Square ‘F’ Ratio
Group Group Variance
Between 110.57 2 110.57
Pre test 118.4 117.2 4.00
Within 4.322 28 20.42
Between 116.453 2 116.453
Svstolic Blood Post test 115.7 116.5 10.30%
Y Within 425.84 28 4.794
Pressure
Between 14151.9 2 14151.9
Adjusted Post mean test 117.96 115.88 20.24*
Within 2542.7 27 2312.8
Mean Diff. 5.648 -5.648

*Significant at .05 level, Table F-ratio at 0.05 level of confidence for 2 and 28 (df) = 4.20 and 27 (df) = 4.215

Table 6. Pairwise comparisons of experimental and control groups of systolic blood pressure of football players

95% Confidence Interval for Difference

Variables Group Mean Difference  Std. Error  Sig.b
Lower Bound Upper Bound
Experimental Group 5.648 3.035 0.034 1.689 8.296
Systolic Blood Pressure
Control Group -5.648 3.035 0.034 -8.296 -1.689
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Table 7. Pre and post means score of diastolic blood pressure for experimental and control groups

Experimental  Control Source of

Variables Test T S Variance Sum of Square df Mean Square ‘F’ Ratio
Between 40.13 2 40.13
Pre test 80.4 82.3 3.50
Within 76.94 28 4.52
P 8.2 Ny Between 38.60 2 38.60 6.20°
i i ost test . . .
Diastolic Blood Within 78.342 28 60.654
Pressure
Between 48.653 2 48.653
Adjusted Post mean test 80.2 78.5 10.15%
Within 54.437 27 65.127
Mean Diff. -2.14 -0.04

*Significant at .05 level, Table F-ratio at 0.05 level of confidence for 2 and 28 (df) = 4.20 and 27 (df) = 4.215

Table 8. Pairwise comparisons of experimental and control groups of diastolic blood pressure of football players

95% Confidence Interval for Difference

Variable Group Mean Difference Std. Error  Sig.b
Lower Bound Upper Bound
Experimental Group 3.252 1.868 0.501 1.183 5.263
Diastolic Blood Pressure
Control Group -3.252 1.868 0.501 -5.263 -1.183
Table 9. Pre and post means score of pulse rate for experimental and control groups
Variables Test Experimental - Control Souf‘ce of Sum of df Mean Square ‘F Ratio
Group Group Variance Square
Between 140.43 2 140.43
Pre test 72.4 74.3 2.10
Within 23.94 28 19.52
Between 267.46 2 267.46
Post test 68.2 70.6 8.40*
Pulse Rate Within 130.16 28 18.50
Between 245.73 2 245.73
Adjusted Post mean test 70.6 724 12.14*
Within 187.77 27 169.64
Mean Diff. -2.14 -0.04

*Significant at .05 level, Table F-ratio at 0.05 level of confidence for 2 and 28 (df) = 4.20 and 27 (df) = 4.215

Table 10. Pairwise comparisons of experimental and control group of pulse rate of football players

95% Confidence Interval for Difference

Variable Group Mean Difference Std. Error Sig.b
Lower Bound Upper Bound
Experimental Group 8.645 2.364 0.02 6.136 12.172
Pulse Rate
Control Group -8.645 2.364 0.02 -12.172 -6.136

3.50 and the necessary table F-value of 4.20 demonstrated

that there was no statistically significant value was 6.20* Experiment Group

d trated that the individuals’ post-test differed 76 100 804
.em'ons rate a € Individuals post- .eS scores di 'ere Control Group Posts ?8 Experiment Group

significantly from one another. After doing an analysis of Test 0 Pre-Test

covariance and compelling the adjusted post-means test s -

to be considered, it was agreed that there were significant Control Group Pre. fxperiment Group

differences variation in the individuals’ starting scores. The Test Post-Test
experimental group and control group’s attained post-test
averages for diastolic blood pressure were 78.2 & 79.6. The
fact that the needed table F-value was 4.20 and the obtained
post-test F-between the treated groups because the obtained Fig. 3. Graphical presentation on pre and post means score of
F-value of 10.15* was higher than the necessary value of 4.20. diastolic blood pressure for experimental and control groups

Control Group

614



Singh, L. S., Singh, W. J.,, Azeem, K., Meitei, N. M., & Mola, D. W. (2024). Concept of Plyometric Training and Its Effect on Physiological
Parameters of Football Players

Experiment Group
1

70.6 100 72.4

80

Control Group Post-Test 60
40

0

EXxperiment Group Pre-
Test

74.3 68.2
Experiment Group Post-

Control Group Pre-Test
Test

Control Group

Fig. 4. Graphical presentation on pre and post means score of
pulse rate for experimental and control group

Additionally, Figure 3 displayed the mean diastolic blood
pressure score for both the experimental and control groups.

Additionally, the study’s findings demonstrated that a
subset of the experimental and control groups™ pulse rates
significantly improved. Table 9 presents the descriptive
analysis of the data obtained from the pre-test and post-
test following six weeks of plyometric training for the
experimental and control groups.

Table 9 shows that the experimental group and control
group attained pre-test averages on the pulse rate of 72.4
& 74.3. The obtained pre-test F-value of 2.10 and the
necessary table F-value of 4.20 demonstrated that there
was no statistically significant variation in the individuals’
starting scores. The experimental group and control group
achieved post-test averages on the pulse rate of 68.2 &
70.6. The fact that the needed table F-value was 4.20 and
the obtained post-test F-value was 8.40* demonstrated that
the individuals’ post-test scores differed significantly from
one another. After conducting an analysis of covariance and
compelling the modified post-means test, it was concluded
that there were significant differences between the treated
groups. The obtained F-value of 12.14* was higher than the
necessary value of 4.20. Additionally, Figure 4 displayed
the average pulse rate score for both the experimental and
control groups.

Discussion

Plyometric training involves quick, strong movements
characterized by explosive concentric contractions, which
are rapid muscle shortening following an initial lengthening
(Islam et al., 2024). This research aimed to examine the
principles of plyometric training and its effects on the
physiological parameters of football players. The plyometric
program lasted six weeks, with training sessions held five
days a week (Monday to Friday) for 60 minutes each. The
study found that plyometric training significantly impacted
heart rate, blood pressure, and aerobic capacity. In contrast,
the control group, which did not follow any specific training
regimen, showed no improvement in these parameters. These
findings were supported by statistical analyses, including
descriptive statistics and ANCOVA.

The current study’s results suggested that the influence of
the plyometric training programme greatly enhanced all of
the dependent variables. Shunmuganathan (2018) conducted
a study to examine the impact of plyometric training on
selected physiological variables among 30 adolescent school
boys aged 14 to 18 years. The participants were divided into

two groups: Group A underwent six weeks of plyometric
training, while Group B served as the control. The findings
revealed a significant improvement in resting heart rate,
systolicblood pressure, and diastolicblood pressure due to the
six-week plyometric training program. Here’s a paraphrased
version: The study investigated how plyometrics, Pilates,
and their combination impact vertical jump performance
in basketball players. Dividing 45 subjects into plyometrics
(Group A), Pilates (Group B), and combined training
(Group C), the research found that after six weeks, Group
C exhibited the most notable increases in vertical jump
height and muscle endurance. This suggests that combining
plyometrics with Pilates is more effective than either exercise
alone for improving vertical jump performance (Chouhan et
al.,, 2022).

Results indicated significant improvements in Pulse
Rate and Vital Capacity for the Plyometric and Circuit
training groups compared to the control, with no significant
changes in Systolic and Diastolic Blood Pressure. Karup-
pasamy (2018) investigated the impact of plyometric and
circuit training on physical and physiological variables in
24 male volleyball players aged 18 to 25 years. The study
demonstrated significant improvements in speed, muscu-
lar endurance, flexibility, agility, explosive strength, vital ca-
pacity, and anaerobic capacity following both plyometric
and circuit training (Mola & Bayeta, 2020). Sivakumar and
Logeswaran (2017) studied the effects of plyometric training
on resting heart rate and breath-holding time in thirty ado-
lescent male tennis players aged 14 to 17 years. The results
showed significant improvements in both resting heart rate
and breath-holding time after twelve weeks of plyometric
training, highlighting a notable difference between experi-
mental and control groups.

Anitha (2014) examined the effect of plyometric
training on physiological variables in 30 inter-collegiate male
volleyball players, demonstrating significant improvements
in Breath Holding Time and Resting Heart Rate compared
to the control group. Chandra et al. (2023) found that a
3-week plyometric training program significantly improved
agility, speed, and explosive strength in badminton players
compared to a control group, demonstrating the program’s
effectiveness. Kryeziu et al. (2023) found that a 12-week
plyometric training program significantly improved speed
and explosive strength in adolescent males compared to a
control group. These improvements were evident in various
speed and jumping tests, highlighting the effectiveness of
plyometric exercises for enhancing athletic performance.
Anitha et al. (2018) found that six weeks of plyometric and
circuit training significantly improved speed, muscular
endurance, flexibility, agility, explosive strength, vital
capacity, and anaerobic capacity in male volleyball players
aged 18-25, demonstrating the effectiveness of both training
methods (Anithaetal.,2018).Singh Letal. (2018) explored the
effects of twelve weeks of plyometric and weight training on
physiological variables in 60 male football players, indicating
reductions in resting pulse rate for both the plyometric and
weight training groups compared to the control group. Patir
etal. (2021) studied the effectiveness of a plyometric training
program in increasing the muscular endurance of football
players. Therefore, the six-week plyometric training program
significantly impacts the physiological parameters of football
players. This study focused on male football players, so future
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research should include female football players and utilize
larger sample sizes for better generalizability. Additionally,
similar studies are recommended for other sports to enhance
player performance.

Conclusion

The study concludes that a six-week plyometric training
program positively influences the aerobic capacity, blood
pressure, and pulse rate of football players. The findings
highlight the importance of integrating plyometric training
into football training regimens to enhance overall fitness.
Coaches and trainers can gain valuable insights from this
study for designing effective training programs. Future
research should investigate the long-term effects and optimal
duration of plyometric training for sustained benefits, as
well as the underlying physiological mechanisms to better
understand its effectiveness in sports conditioning.
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KoHuenuia naiomeTpnyHOro TpeHyBaHHA Ta BIJINB 3aCTOCYyBaHHA
AaHOI MeToANKIN Ha JisionoriuHi nokasHukm ¢pyTé0NiICTIB

JTaitmpam Canrom Cinrx'AP<PE, B. IIxkeitmc Cinrx*AP<PE, Kayka6 A3im>ABCPE,
Hinrrymxam Meiipa6a Meirreit'A®PE, [Teccanen Bace Moma*AB¢PE

'"MaHninypcbkuii yHiBepcuTeT
*YuiBepcureT iMmeHi Pamxusa [anpi
‘Llentpanbumit yHiBepcuteT Kammipy
*YuiBepcurer AM60

ABTOpPCHKMIT BKTA: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykomucy; E — 36ip komrtis

Pegepar. Crarrsa: 10 c., 10 Tabm., 4 puc., 42 mxeperna.

Icropis nutanHs. [DioMeTpudHi TpeHYBaHHS, SIKi BKIIOYAI0Th B cebe KOMIUIEKC BIIPaB, 10 Iepef6adaloTh MIBUAKICHE Ta
[OBTOPIOBAaHE PO3TATYBaHHS Ta CKOPOYEHHS M si3iB, HAOyBAIOTD jefiati OUIBIIOI MOMY/IAIPHOCTI 3aBASKM CBOEMY IOTEHIamTy
B KOHTEKCTi CIIOPTUBHOI MiITOTOBKI.

Merta gocmimKeHHs. [07T0BHOI METOIO IIbOTO ZOCII/PKEHH 6Y/10 BUBUMTY IIPUHIMIN IUTIOMETPUYHOTO TPEHYBAHHS Ta OLi-
HUTH, SIK 3aCTOCYBaHHA IIbOTO METO/ly BIUIMBA€E Ha (pisionoriuni mokasHyku ¢GpyT6omicTis.

Marepianu Ta MetToau. [lo IpoBefeHHs BOCTifKeHHs 6y1o 3anydeHo 30 GpyTbomicTiB-40/0BIKIB BikoM Bix 18 1o 24 pokis,
AKi 6epyTb aKTUBHY YYacTb y 3MaraHH:AX Ha HalliOHA/IbHOMY piBHi. Y4acHMKiB 6y/10 pO3IO/i/eHO 3a METOZ{OM paHoMi3allii Ha JBi
IpyI: eKCIlepuMeHTaIbHY (n = 15) Ta KOHTpobHY (n = 15), 3 KimbKicTio 15 rpaBuiB y koxHiin. O6pani ¢isionoriuxi mapamerpn
3 METOIO OLIIHKM Pe3y/IbTaTiB BK/IIOYa/IN aepPOOHY IPOAYKTUBHICTD, apTepia/IbHNII TUCK Ta YaCTOTY IY/IbCY. PiBeHb aepo6HOI IIpo-
IYKTUBHOCTI BUMIpIOBa/IM 3a JOIIOMOTOI0 12-XBUIMHHOTO TecTy 6iry/xonp6m Kymepa, aprepia/ibHuit THCK OLIiHIOBA/IM 3 BUKOPIC-
TaHHAM C(PirMOMaHOMETPa, a YaCTOTY IMY/IbCY — 3a METOAVMKOI0 BUMipIOBaHH: Ha IIpoMeHeBilt aprepii. [llectutibkHeBa Iporpama
IUIIOMETPUYHMX TPEHYBaHb, 110 IPOBOAVIACS ITSITh AHIB Ha TVDKIEHb, BKIMOYaIa 60-XBIWINHHI 3aHATTA. ExcriepumeHTanpHa
rpyIa IpOXOAuia IPorpamy IIioOMeTPUYHUX TPEHYBaHb, TO/Ii K KOHTPO/IbHA I'PyIla He BUKOHYBa/la )KOJHMX CIIeliaIbHUX BIIPAB.
IToka3HMKM pe3y/IbTATIB Ieper; IIOYATKOM 1 IIiC/Is 3aBepIIeHHs TeCTYBaHHs 6y/I0 MPOaHa/Ii30BaHO CTATUCTUYHO 3 BUKOPUCTAH-
HSIM METOJIIB OIMCOBOI CTATUCTUKM Ta KoBapiauiiiHoro aHanisy (ANCOVA). PiBens 3Hauy10CTi 6YB BCTAaHOBJIEHWIT Ha JOBIPYOMY
piBHi 0,05.

Pesynbratu. OTpuMaHi faHi CBi4aTh PO CYTTEBE NOKpalleHH: (i3i0N0riuHNX HOKa3HUKIB yJaCHMKIB eKCIIepYMeHTaIbHOI
TPyNU MOPIiBHAHO 3 KOHTPOJIBHOIO IPYIIO0. BIIpoBaXKeHH IIIOMETPUYHOI ITPOrpaMy TPeHYBaHb IiATBEPAIO CBOIO eeKTIB-
HICTB 110710 Mi/iBUIEHHs aepOOHOI IPOYKTUBHOCTI, apTepia/IbHOrO TUCKY Ta YaCTOTH MyIbCy GyTOOMICTIB.

BucnoBku. JlocnimKeHHA BCTAaHOBUIO, 1110 IIpOrpaMa IJIIOMETPMYHMX TPEeHYBaHb, AKa TpMBala MIiCTh TVDKHIB, Clipuse
3HAYHOMY IIOJIIIIEHHIO (i310M0riYHNX TOKa3HMKIB GyTOOMICTIB, 30KpeMa aepoOHOI IPOAYKTUBHOCTI, apTepiaTbHOTO TUCKY Ta
YaCTOTHU MY/bCY. IIpoBeeHHs MONANBIINX JOCTIIKEeHb ITOTPebye BUBUEHHS JOBTOCTPOKOBMX e(eKTiB Ta ONTMMA/NbHOI TPMBa-
JIOCTI IUTIOMETPUYHMX TPEHYBaHb, @ TAKOX (i3i0oNOriYHNX MeXaHi3MiB, 110 JIOKAaTh B IX OCHOBI, 3 METOIO ITIMOIIOTO PO3YMiHHs
e eKTUBHOCTI TaKMX TPEHYBaHb Ta IX 3aCTOCYBAHHA Y CHOPTUBHII HiATOTOBII.

Kiro4oBi coBa: nnioMeTpriHe TpeHyBaHH, aepOOHa MIPOAYKTUBHICTD, apTepia/IbHIUIT TUCK, YaCTOTA MY/IbCY, GYyTOOI.

Information about the authors:

Singh, Laishram Santosh: santoshlaishram@manipuruniv.ac.in; https://orcid.org/0000-0002-7387-6797; Department of Physical
Education and Sports Science, Manipur University, Indo Myanmar Road, Canchipur, Imphal, Manipur 795003, India.

Singh, W. James: waribam_james@rediffmail.com; https://orcid.org/0000-0002-8778-8341; Department of Sports Science, Rajiv

Gandhi University, University Road, Papum Pare, Arunachal Pradesh 791112, India.

Azeem, Kaukab: kaukab@cukashmir.ac.in; https://orcid.org/0000-0001-9037-6383; Department of Physical Education, Centeral
University of Kashmir, Green Campus, Duderhama, Ganderbal, Jammu and Kashmir 191201, India.

Meitei, Ningthoujam Meiraba: meiraba.phd.pess@manipuruniv.ac.in; https://orcid.org/0009-0004-4842-634X; Department of
Physical Education and Sports Science, Manipur University, Indo Myanmar Road, Canchipur, Imphal, Manipur 795003, India.

Mola, Dessalegn Wase: dessalegn.wasie@gmail.com; https://orcid.org/0000-0001-9688-0775; Department of Sports Science,
Ambo University, Ambo, Ethiopia.

Cite this article as: Singh, L. S., Singh, W. J., Azeem, K., Meitei, N. M., & Mola, D. W. (2024). Concept of Plyometric Training and
Its Effect on Physiological Parameters of Football Players. Physical Education Theory and Methodology, 24(4), 609-618.
https://doi.org/10.17309/tmfv.2024.4.13

Received: 27.06.2024. Accepted: 03.08.2024. Published: 30.08.2024

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

618



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

Original scientific article

Engaging in Short-Term Moderate-Intensity Exercise Increases
Growth Hormone Levels in Individuals with Obesity

Muhammad'4®P%, Gigih Siantoro'*?®, Irmantara Subagio'4®,
Ghana Firsta Yosika?®?, Yanyong Phanpheng*“", Bayu Agung Pramono'®®,
I Dewa Made Aryananda Wijaya Kusuma'®® and Adi Pranoto*®<P

"Universitas Negeri Surabaya
*Universitas Tanjungpura
’Loei Rajabhat University
*Universitas Airlangga

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Muhammad, E-mail: muhammad@unesa.ac.id

Accepted for Publication: August 3, 2024
Published: August 30, 2024

DOI: 10.17309/tmfv.2024.4.14

Abstract

Objectives. This study aimed to analyze the effect of a four-week moderate-intensity exercise regimen on increasing

growth hormone (GH) levels in individuals with obesity.

Materials and methods. A total of 25 female individuals aged 20-25 years, with a body mass index (BMI) of
27.50-37.00 kg/m?, were involved in the study and randomly divided into two groups, namely the control group
(CON; n = 12) and the moderate-intensity exercise group (MIE; n = 13). The moderate-intensity exercise regimen
(treadmill exercise for 30 minutes at 60-70% of HRmax, and resistance exercise for 30 minutes at 60-70% of 1RM)
was conducted 3 times per week for a period of 4 weeks. Blood samples from participants were collected pre- and
post-exercise sessions, and GH levels were analyzed using the Enzyme-Linked Immunosorbent Assay method. Data
analysis techniques used the paired sample t-test with a significance level of 5%.

Results. The paired sample t-test results of GH levels between the pre-exercise and post-exercise sessions in the
CON group showed a change from (1291.79 + 383.76 to 1151.53 + 484.80 pg/mL; p = 0.694), while the MIE group
demonstrated the following dynamics of change — from (1161.79 + 133.72 to 2103.83 + 357.09 pg/mL; p = 0.006).
Conclusions. The main findings of this study revealed that after implementing a four-week moderate-intensity
exercise intervention, a significant increase in GH levels was observed in obese females.

Keywords: growth hormone, healthy lifestyle, obesity, physical exercise.

Introduction

Obesity, widely recognized as one of the greatest public
health challenges of the modern era, continues to rise in
prevalence worldwide (Alebna et al., 2024). The primary
factors contributing to this condition include a sedentary
lifestyle and a deficit in physical activity, often associated
with an unsupportive environmental factor (Aljabri, 2022).
Research has shown that a lifestyle with minimal movement
has a significant impact on the increase in obesity cases,

© Muhammad, Siantoro, G., Subagio, I., Yosika, G. E,
Phanpheng, Y., Pramono, B. A., Kusuma, I. D. M. A. W,,
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marked by a deterioration of metabolic function (Chen et
al., 2024a). The lack of physical activity affects about 27.5%
of the global population, with the figure increasing to 42.3%
in high-income countries, contributing substantially to
the global disease burden (Chen et al., 2024b; Guthold et
al., 2018). Sedentary behavior, defined as activities with an
energy expenditure of less than 1.5 metabolic equivalents
(METs) during waking periods, represents the lowest level
of physical activity and has been associated with increased
fat mass and waist circumference, as demonstrated by
significant statistical correlations (Zhang & Liu, 2024;
Myers et al., 2016). Since 1990, the prevalence of obesity
in adults has more than doubled, and in adolescents, it has
quadrupled, with 2.5 billion adults overweight in 2022,
including 890 million suffering from obesity, and more than
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390 million children and adolescents also overweight, of
which 160 million are obese (WHO, 2024). The significant
increase in the number of children and adolescents who are
overweight and obese, along with the drastic surge in obesity
cases among adults and adolescents since 1990, affirms that
obesity has evolved into a serious and urgent global health
issue (Pranoto et al., 2024).

Obesity is often associated with various cardiometabolic
comorbidities, including metabolic syndrome, prediabetes,
type 2 diabetes mellitus, atherogenic dyslipidemia, and stea-
totic liver disease related to metabolic dysfunction, all of which
are established risk factors for coronary heart disease, heart
failure, and stroke (Petersen et al., 2024). Sedentary behavior
is significantly related to weight gain and substantial metabolic
disturbances, including the body’s inability to effectively con-
trol blood sugar and blood pressure levels, as well as a decrease
in fat breakdown efficiency (Gonzalez Ramirez & Bolafios Mu-
oz, 2023). This unhealthy metabolic status can trigger various
pathophysiological changes in the body, including blood pres-
sure, glucose tolerance, and lipid profile (Sun et al., 2023). These
metabolic disorders can also be characterized by decreased
levels of Growth Hormone (GH) and an increase in body fat
that occurs in obesity (Hjelholt et al., 2020). The relationship
between adipose tissue and GH secretion is complex (Salva-
tori et al., 2015). Obesity causes hyperinsulinemia, hypoadi-
ponectinemia, hyperleptinemia, decreased serum ghrelin, and
increased free fatty acid (FFA) levels, thereby suppressing GH
secretion from the pituitary (Savastano et al., 2014). GH, often
referred to as the ‘master hormone, plays a key role in regulat-
ing metabolic homeostasis and has multifaceted effects on vari-
ous physiological processes (Al-Samerria & Radovick, 2023).

Physical activity is considered a fundamental founda-
tion in the management of overweight and obesity (Oppert et
al., 2021). Many benefits of physical activity can be obtained
from an average of 60 minutes of moderate to high-intensity
physical activity every day, and exceeding this duration can
yield additional health benefits (Bull et al., 2020). Research by
Ashcroft et al. (2024) indicates that physiological adjustments
that occur simultaneously in various tissues in response to
physical activity, and the synergistic interactions between
these tissues, contribute to improved cardiometabolic health.
Metabolic fitness refers to the body’s ability to efficiently uti-
lize energy, regulate blood sugar levels, and maintain overall
health. It is associated with a reduced risk of non-communi-
cable diseases and mortality (Sabag et al., 2021). GH is known
to play a crucial role in physiological processes such as metab-
olism, tissue repair, and growth, and provides direct and in-
direct effects on adipose tissue (Carrard et al., 2021). Further-
more, although both aerobic and resistance exercises trigger
Growth Hormone (GH) responses, the relative contribution
of aerobic exercise to these GH responses and actions is argu-
ably less clear (Sabag et al., 2021). Therefore, this study aims
to analyze the influence of four weeks of moderate-intensity
training on increasing GH levels in individuals with obesity.

Materials and Methods

Study Participants

A total of 25 young women who were obese were
recruited voluntarily to participate in this study. Participants
were randomly divided into two groups: a control group

(CON; n = 12), and a moderate-intensity exercise group
(MIE; n = 13). All participants received detailed information
about the objectives, content, methods (exercise protocol
and growth hormone function), and potential risk factors
associated with the experimental design. The participants
also consciously filled out and signed an Informed Consent
Form. This study was conducted in accordance with the
principles outlined in the Declaration of Helsinki and
had received approval from the Health Research Ethics
Commission (KEPK), Faculty of Medicine, Ciputra
University (Indonesia) (No:103/EC/KEPK-FKUC/11/2024).

Study Design

The intervention applied in the study was moderate-
intensity exercise (treadmill exercise for 30 minutes between
60-70% of HRmax, and resistance exercise for 30 minutes
between 60-70% of 1RM), with a frequency of 3 times
per week for 4 weeks. Meanwhile, the control group did
not receive any form of intervention. Blood samples from
participants were collected pre-exercise (before MIE) and
post-exercise (after 4 weeks of MIE) from the cubital vein,
amounting to 2ml, performed in the morning (08.00-10.00).
GH levels were analyzed using Human Enzyme-Linked
Immunosorbent Assay (ELISA) Kits (Cat.No.:E-EL-H0177;
Elabscience Bionovation Inc., USA). The ELISA Kits used
had been validated in previous research (Pranoto et al., 2024).

Statistical Analysis

Data analysis techniques were applied using the
Shapiro-Wilk test for normality, while the paired sample
t-test was used to determine differences in GH levels pre-
exercise and post-exercise within each group. Meanwhile,
the independent sample t-test was applied to determine
differences in serum GH levels of the CON and MIE groups
pre-, post-exercise, delta (pre-post), and change. The level of
significance was accepted if p < 0.05.

Results

As indicated in Table 1, the values of systolic blood
pressure, diastolic blood pressure, resting heart rate, oxygen
saturation, body temperature, age, body weight, body height,
and body mass index showed no significant differences
between the two groups. Meanwhile, the results of the
analysis of indicators of changes for blood pressure, resting
heart rate, and body weight are presented in Table 2.

Asillustrated in Fig. 1, the GH levels between pre-exercise
and post-exercise in the CON group (from 1291.79+383.76
to 1151.53+484.80 pg/mL; p=0.694) and the MIE group
(from 1161.79+133.72 to 2103.83+357.09 pg/mL; p=0.006)
are presented. Figure 2 displays the GH levels between the
CON and MIE groups at pre-exercise (from 1291.79+383.76
to 1161.79+133.72 pg/mL; p=0.744), post-exercise (from
1151.53+484.80 to 2103.83+357.09 pg/mL; p=0.016), delta
(from -140.27 +347.62 to 942.03+280.66 pg/mL; p=0.023),
and change (from -6.91+13.83 to 80.07 +22.88%; p=0.004).

Discussion

This study aimed to analyze the effect of a four-week
combined exercise regimen on increasing GH levels in
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Table 1. General population description in study

Parameters Unit CON;n=12 MIE;n=13 P
Systolic blood pressure mmHg 111.50 + 6.36 114.54 +7.87 0.302
Diastolic blood pressure mmHg 75.92 £ 5.82 79.31 £5.62 0.152
Resting heart rate bpm 72.83 £5.48 74.39 + 5.44 0.485
Oxygen saturation % 97.83 £ 1.27 97.62 +1.19 0.662
Body temperature °C 36.08 +0.33 36.12+£0.25 0.737
Age yrs 2192+ 1.31 21.62 + 1.45 0.592
Body weight kg 76.46 + 9.65 76.45 +9.80 0.999
Body height m 1.57 £ 0.06 1.55+0.06 0.466
Body mass index kg/m? 30.66 + 3.06 31.78 £3.24 0.384
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o O 1000
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Fig. 1. Comparison of GH levels of both groups (CON and MIE) pre-exercise and post-exercise. *p < 0.05,
ns: Not significant, CON: Control group, MIE: Moderate-intensity exercise group, GH: Growth hormone
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Fig. 2. Serum GH levels of CON and MIE groups pre-, post-execise, delta (pre-post), and change. *p < 0.05,
ns: Not significant, CON: Control group, MIE: Moderate-intensity exercise group, GH: Growth hormone
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Table 2. Indicators of changes for blood pressure, resting
heart rate, and body weight

Parameters Unit CON;n=12 MIE;n=13 P
Pre-SBP mmHg 111.50 +6.36 114.54+7.87 0.302
Post-SBP mmHg 112.75+4.88 111.31+4.61 0.455
Changes-SBP mmHg  125%3.31  -3.23£4.73* 0.012
Pre-DBP mmHg 7592+582  79.31+5.62 0.152
Post-DBP mmHg 7567 +4.96  76.23+528 0.786
Changes-DBP  mmHg -0.25%2.83  -3.08 £1.26* 0.003
Pre-RHR bpm  72.83+548  7439+544 0.485
Post-RHR bpm  72.75+439  72.54+529 0915
Changes-RHR  bpm -0.08 £2.71 -1.85 £ 0.80* 0.035
Pre-BW kg 76.46 £9.65  76.45+9.80 0.999
Post-BW kg 76.61 £9.85  74.68 £9.32 0.622
Changes-BW kg 0.15+1.14  -1.77 £0.64* 0.000

Description: BW: Body weight; DBP: Diastolic blood pressure;
SBP: Systolic blood pressure; RHR: Resting heart rate. *p < 0.05

obese women. The findings indicate a significant increase
in GH levels, affirming the potential of combined exercise
as an effective intervention. This positive correlation
strengthens previous findings by Sabag et al. (2021), which
also documented an increase in GH post-combined exercise.
Furthermore, the study by Mendonga et al. (2022) provides
consistent evidence, reinforcing the view that combined
exercise contributes to increased GH levels. GH has
therapeutic potential due to its strong lipolytic effects and
the resulting ability to reduce fat mass while maintaining
lean body mass (Berryman & List, 2017).

Combined exercise plays a key role in enhancing basal me-
tabolism and lipolysis through the induction of intense muscle
contractions, as explained by Muscella et al. (2020). This mech-
anism is reinforced by findings from Donato et al. (2021), which
show that GH-responsive neurons are widespread in various
brain areas that control metabolism, with a particular focus on
the hypothalamic nuclei. This response is further elaborated by
Hymer & Kraemer (2023), who identified that exercise stimu-
lates the hypothalamus to release Growth Hormone-Releasing
Hormone (GHRH), which then prompts the anterior pituitary
gland to release GH into circulation. Additionally, O’Neill et al.
(2022) linked exercise to a reduction in blood glucose levels,
which triggers GH release, demonstrating the body’s adaptive
mechanism to maintain glucose homeostasis.

Good metabolic health is a crucial aspect of obesity
management, and physical exercise plays an important role
in achieving it (Gergd Sztics et al., 2023). Regular physical
exercise can improve the metabolic profile of individuals
with obesity in various ways (Liu et al., 2019). First, exercise
increases insulin sensitivity, which is important for blood
glucose regulation and the prevention of type 2 diabetes
(Hsu et al., 2019). Second, physical activity helps reduce
visceral fat, which is associated with an increased risk of
cardiovascular disease (Oppert et al., 2023). Third, physical
exercise promotes weight loss and the maintenance of a
healthy weight, which is important for reducing the load
on the musculoskeletal system and decreasing the risk of
osteoarthritis (Richa et al., 2023). Fourth, physical exercise

improves body composition by increasing muscle mass,
which aids in calorie burning and maintaining a healthy
metabolism (Liu et al., 2019). Fifth, physical exercise also
plays a role in reducing oxidative stress and inflammation,
both of which contribute to the pathogenesis of obesity
and its comorbidities (Gerg6 Sztics et al., 2023). Therefore,
integrating physical exercise into daily life is an effective
strategy for improving metabolic health and reducing the
risk of obesity-related diseases (Liu et al., 2019).

Combined exercise, which incorporates aerobic and
anaerobic elements, has been proven effective in increasing
GH levels in obese women (Davis et al., 2024). GH plays a vital
role in metabolism regulation, including stimulating lipolysis
and energy production (Davis et al., 2022). In individuals
with obesity, increasing GH levels through combined exercise
can help overcome the GH resistance often seen in obesity,
contributing to decreased metabolic efficiency (Foster-
Schubert et al.,, 2011). By increasing GH levels, combined
exercise not only aids in body fat reduction but also promotes
protein synthesis and muscle growth, which are important
for enhancing the basal metabolic rate (Liang et al., 2021).
These benefits, when combined, can result in a comprehensive
improvement in metabolic health, which is crucial for long-
term obesity management and quality of life enhancement
(Mousa Khalafi et al., 2024). Therefore, combined exercise
should be considered a valuable intervention strategy in
obesity management programs for women (Davis et al.,
2024). It can be concluded from this study that four weeks of
combined exercise significantly increases GH levels in obese
women. This study has several limitations that need to be
considered. First, the study duration of only four weeks may
not be sufficient to observe the long-term effects of combined
exercise on GH levels. Second, the study sample was limited to
obese women, so the results may not be generalizable to other
populations such as men or individuals with normal weight.
Third, this study did not consider other factors that may affect
GH levels, such as diet, sleep quality, and stress. The findings
from this study provide important clinical implications.
Increasing GH levels through combined exercise could be a
potential therapeutic strategy for improving the metabolic
profile in obese women. This suggests that combined exercise
could be integrated into obesity management programs to
improve metabolic health and reduce the risk of comorbidities
associated with obesity. Future research should be designed
to address the limitations of this study. Longer-duration
studies are needed to assess the long-term effects of combined
exercise on GH levels and other health components.
Additionally, studies with larger and more diverse samples
will help understand the effects of combined exercise on a
broader population. Further research is also needed to explore
the interactions between combined exercise and factors such
as diet and sleep patterns in regulating GH levels.

Conclusion

Specifically, this study found an increase in GH levels after a
four-week intervention of moderate-intensity exercise in obese
women. The results of this study can be taken into account in
planning training programs for individuals with obesity.
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Mera gocmimkeHHA. MeTa 1[bOro TOCI/PKeHH: HOJIATa/Na B aHa/i3i BIUIMBY 3aCTOCYBaHHA YOTUPUTIDKHEBOTO PeXMMY ]i-
3MYHUX BIPaB OMipHOI iHTEHCUBHOCTI Ha MiIBUILeHH:A PiBHA ropMony pocty (I'P) B ocib 3 oxmpiHHAM.
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Marepianu ta MeTomu. Y HOCTIIKeHH] B3 ydacTb 25 0ci6 sxinodoi crari Bikom 20-25 pokis 3 ingexcom macu Tina (IMT)
27,50-37,00 xr/m?, sAki O6y/m posmogineHi sa MetogoM pangoMisauii Ha aBi rpymm: konTponbHy (KOH; n = 12) Ta rpyny TpeHy-
BaHb nomipHoi intencusHocti (TTIL n = 13). Pexxym ¢isnunux BrpaB noMipHoi iHTeHCUBHOCTI (TpeHyBaHH:A Ha Oirosiit zopixui
nporarom 30 XBuiuH Ha piBHi 60-70% Bifg MakcuManbHOI yacToTH ceplieBux ckopoueHb (YCC Makc.) Ta BIIpaBu 3 OIIOPOM IPO-
TsaroM 30 XBUIMH Ha piBHI 60-70% Bif IIOKa3HMKA MAKCUMYMY OFHOTO MOBTOpeHH: a6o 1IIM — BKasye Ha MaKCHMAJbHY Bary,
AKY MOYKHA IIiJHATYU 3 MAKCYMa/IbHVM 3yCU/ILAM 32 OfiHe IIOBTOPEHH:) IPOBOA/IN 3 Pasyl Ha TYDK/IEHb BIIPOJOBXK 4-TYDKHEBOTO
nepiony. B yuacHuxiB gocnipkeHHs Binbmpanu 3pa3ku KpoBi IIeper; I0YaTKOM i Iic/Isl 3aKiHYeHHsI TPeHYBaHb,  PiBEHb TOPMOHY
POCTY BU3HAYa/IM 3a JOIOMOTIOI0 MeToly GpepMeHTHOro iMyHOCOpOeHTHOrO aHamisy. I1if yac aHasi3y JaHUX BUKOPUCTOBYBABCA
t-KpuTepiit 1151 mapHux Bu6ipoK 3 piBHeM 3HauymocTi 5%.

PesynbraTu. PesynbraTu t-Kpurepito 115 mapHux Bubipok piBHIB FOPMOHY POCTY MIXK CeaHCaMU IIepef Ta IIiC/IsA IPOBeieHHs
TPeHyBaHHSA B KOHTPOJIbHII IpyIi mokasanu 3minenHs 3 (1291,79 + 383,76 no 1151,53 + 484,80 nr/m; p = 0,694), B Tol1 yac 5K
rpyla TpPeHyBaHb IOMipHOI IHTEHCMBHOCTI IIPOJIeMOHCTPYBasIa TaKy AMHaMiKy 3MiHenHsa — 3 (1161,79 + 133,72 o 2103,83 +
357,09 nr/mi; p = 0,006).

BucHoBKu. 3TifHO 3 K/IIOYOBMMM BYCHOBKAMU IIbOTO JJOC/Ii/[KEHHS BCTAaHOBJICHO, 110 Mic/iA BIIPOBAJKeHH:A iHTepBeHIii y
BUIISLA1 KOMIUTEKCY (i3MuHMX BIIPaB HOMipHOI IHTEHCMBHOCTI BIPOJIOBXK YOTHPbOX TVDKHIB Y XKIHOK 3 O>KMPIHHSM CIIOCTepirao-
€ 3HaYHE IiJBUIIEHHA PiBHA TOPMOHY POCTY.
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Abstract

Background. Inclusion requires a variety of pedagogical skills for the successful learning and well-being of all
children. Teachers face daily challenges in meeting the needs of students while ensuring quality learning and
facilitating personal development, regardless of their situation.

Objectives. The study aimed to clarify the activities of students who don’t participate in physical education and how it
affects teachers’ sense of pedagogical competence (TSPC) in this area, by examining the effect of other potential factors
and investigating the interactions with their perceptions of their students’ participation in pedagogical activities.
Materials and methods. The research approach used to perform this study was based on a survey of 918 pathological
students (5.85 %o) and 298 physical education teachers (including 74 females, all over 21 years old) in public schools.
The questionnaire consisted of three parts: socio-demographic and student engagement questions, TSPC towards
teachers’ inclusive practice, and their perceptions related to students’ participation in PES educational activities.

The items in the last two parts were represented in Likert 5-scale format.

Results. The results showed that boys (62.66 %) with pathologies were more physically involved, and this trend was
particularly marked in rural areas (69.40 %). Only a minority of students chose alternative activities during class
(14.91 % chose another subject, 8.40 % went to the library). Socio-professional factors influence perceptions and
TSPC regarding the participation of students with pathologies in physical activities and other learning tasks, varying
according to each type of pathology. TSPC has a highly significant effect on perceptions of students’ inclusion in
motor, organizational and observational tasks (p = 0.000). Finally, when teachers feel pedagogically incompetent, this
is reflected in negative attitudes and perceptions toward inclusion.

Conclusions. According to the findings of this study, it has been revealed that boys with disabilities in rural areas are
more physically active than girls. Furthermore, the study indicates that teachers” perceptions and sense of pedagogical
competence have a strong influence on the inclusion of students with disabilities.

Keywords: school inclusion, learning task, inclusive physical education, teachers’ perception, teachers’ pedagogical

competence, inclusive practices.

Introduction

In 2023 in the annual report on the statistical collection
of education in Morocco found that the regular schooling
of children with disabilities (SH) is 4.27 %o (n = 37911), of
which 0.85 %o motor, 0.23 %o visual, 1.35 %o mental, 0.42 %o
auditory, 0.54 %o autism and 1.39 %o learning disabilities,
including 0.16 %o schooled in integrated classes (Direction
de la strategie des statistiques et de la Planification, 2023).
What’s more, 436,000 students with SH attend school with
their peers in France. While inclusive education requires
theoretical validation as well as methodological and practical

© Ben Rakaa, O., Bassiri, M., & Lotfi, S., 2024.
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expertise to promote the inclusion of students in pedagogical
activities as well as in teaching-learning processes (Direction
des Curricula, 2019a). As well as ensuring equity in terms of
school fairness, quality of learning and overall harmonious
promotion of students’ potential (physical, emotional,
moral and cognitive) (CSEFRS, 2015). The complexity of its
successful implementation is often overlooked in curricular
guidelines and guides, which is why in 2019 Morocco has
conceptualized several guides to inclusive education for
school directors (Direction des Curricula, 2019b), teachers
(Direction des Curricula, 2019a), associations and families
(Direction des Curricula, 2019c¢), based on the inclusive
education reference framework (Direction des Curricula,
2019d). These efforts are part of a framework to strengthen
the inclusive professional skills of the various actors and
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stakeholders to ensure mainstream education and high
performance school inclusion for all students (Myklebust,
2006), regardless of their abilities or disabilities (Direction
des Curricula, 2019a). While other organizations have
focused on adapted and inclusive physical activity (Kelly,
1995; National Center on Health Physical Activity and
Disability, 2017), as well as adaptations and support for
students to participate fully in physical and sports education
(PSE) sessions (American Association of Adapted Sports
Programs (AAASP), 2019).

This subject represents an important pillar of education
and the transmission of values, and allows the acquisition of
various personal qualities, such as autonomy, cooperation,
personal and social responsibility... through the participa-
tion in integrative physical activities with their peers (André
et al., 2011; Mamak et al., 2020; Viciana et al., 2017). On the
other hand, it improves performance and academic achieve-
ment (Donnelly et al., 2009; Sallis et al., 1999), and has a
positive impact on the health of the practitioner, while those
who have a high level of PA feel more athletic and have a
good physical condition, quality of life and self-image (Groft
et al., 2009; Sallis et al., 1999; Saskia et al., 2018). Conse-
quently, adaptations and diversifications of school inclusion
are recommended according to the pathology or disability;
these adaptations are essential if all students are to participate
fully and safely. Teaching practice in PES with these students
requires a professional, systematic and practical rehabilita-
tion of inclusive education and its application procedures
to promote inclusive teaching at the levels of design, imple-
mentation, orientation, follow-up and evaluation (Direction
des Curricula, 2019¢). Its success depends on the teacher’s
contribution to the creation of a motivational climate that
leads to the social and educational integration of the stu-
dent in a differentiated group (Wilhelmsen et al., 2019). The
pursuit of equal educational opportunities between these
students and their peers does not guarantee their sense of
inclusion (King, 2013), but the physical involvement that
fosters a sense of educational and social inclusion. In neutral,
positive interactions between students and their teachers
are the basis for creating an inclusive learning environment
for all (Klavina et al., 2008; Seymour et al., 2009; Spencer-
Cavaliere & Watkinson, 2010). Creating a climate based on
mastery and/or autonomy rather than achievement reflects
a motivational pedagogy that is socially and pedagogically
inclusive (Wilhelmsen et al., 2019).

In PES, teachers are often confronted with great
diversity among their students, a situation that makes their
teaching practice more complex, especially when they
work with groups of students suffering from pathologies.
This diversity represents a major challenge that they are
not always able to cope with satisfactorily, unlike in the
associative environment where the practice often consists of
grouping pupils according to their performance in relatively
homogeneous categories. Indeed, in addition to the diversity
of students, teachers have to juggle a variety of knowledge to
teach, tasks and contexts, as well as different performance
standards. The goal of inclusion is to provide all students,
regardless of their needs, with equitable educational
opportunities of high pedagogical quality. In this context,
physical education teachers play a critical role in creating
a learning environment in which each student can fully
participate, develop motor and social skills, and thrive. They

promote enjoyment of physical activity, manage time and
space constraints, establish a balance of authority, create a
climate conducive to learning, attend to the individual needs
of each student while encouraging interaction among them,
and adapt to the unexpected while respecting the established
program. This context requires an understanding of these
complex dynamics. First, to analyze the alternatives for
the participation of students with pathologies in physical
education. Second, to measure the impact of pathologies on
teachers’ sense of pedagogical competence (TSPC). Then,
the effect of pathologies on their perceptions of student
participation in learning activities in PE. In neutral, to
investigate the nature of the relationship between TSPC and
their perceptions. Finally, to investigate other factors that
modulate this relationship. The objective of this thesis is to
determine what students who don’t participate in physical
education classes do, and how the type of pathology affects
TSPC in relation to inclusive physical education, taking into
account other factors that may influence this relationship,
and explore their interaction with their perceptions of
their students’ involvement in educational activities, for the
relevance of health promotion and the inclusion of students
with illnesses and disabilities in physical education classes.

Materials and Methods

Study Participants

Data were collected through online questionnaires ad-
ministered to physical education teachers in public schools
in the Beni Mellal-Khénifra region. To ensure data integrity,
participation was voluntary and responses were anonymous.
The selection of medical files was based on the inclusion
criteria, which included children between 13 and 18 years
of age, enrolled in public secondary schools, with patholo-
gies confirmed by a physician. A total of 918 (5.85 %o) stu-
dents pathological case conformed during the diagnosis of
93870 medical records, of them mis 59.80% (n = 549) who
are engaged, while 40.20% (n = 369) who do not feel en-
gaged to physical education sessions. These students are en-
rolled with 298 physical education teachers working in public
schools in the territory of the Beni Mellal-Khenifra Regional
Directorate of the Ministry of National Education, Preschool
and Sports. First of all, it’s noteworthy that the 20-29 age
group (66.78 %) is the most represented among all the par-
ticipants. The latter is more populated by men (75.45%). The
majority has less than 5 years of experience (66.78 %). This
trend is slightly more pronounced among women (63.51 %),
with a predominance of teaching in urban areas (80.87 %).
In neutral, it is relatively balanced between the sexes, with
an almost equal distribution found between college second-
ary (38.26 %) and qualifying secondary (61.74 %), although
slightly more teachers work in qualifying secondary. Finally,
the majority of them have a Diplome de Centres Régionaux
des Métiers d’Education et de Formation (CRMEF) (42.62 %).

Measuring Instrument

The validation of the questionnaire used has been car-
ried out in four different stages, including an in-depth analy-
sis of international references and school health registries,
followed by the design of specific items and the validation
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of these items by experts in school medicine and adapted
sports. We carried out a meticulous analysis of internation-
al references on the classification of health anomalies and
school inclusion. In particular, we studied two major axes:
the International Classification of Functioning, Disabil-
ity and Health (World Health Organization, 2012) and the
Parasporic Classification of Disability (Comité International
Paralympique, 2016). We then carried out an analysis of the
school health registers to identify the most common diseases
and their status of inclusion or exclusion in physical educa-
tion. We then began to design questionnaire items focusing
on teachers’ sense of pedagogical competence (TSPC) and
their perception of the inclusion of school pathologies in the
3 types of learning tasks, such as motor skills development
(motor tasks), organization and group observation. Based
on the most programmed cycles in this geographical region,
the pedagogical guidelines (Direction des Curricula et de
Vie Scolaire, 2007), and the list of Paralympic sports up-
dated during the Tokyo Games (Comité International Para-
lympique, 2020). Finally, the axis dealing with the classifica-
tion of health anomalies was subjected to the evaluation of
five experts in school medicine, resulting in a classification
comprising 12 main pathology groups. Similarly, the second
axis, dedicated to modeling inclusive educational activities,
was validated by a group of experts including specialists in
para-sport and physical education. The validated instrument
was then administered online to PES teachers.

Statistical Analysis

The results obtained were analyzed using SPSS software
version 27.0.1.0. First, a descriptive analysis was performed
according to gender, including the three types of learning
tasks for each pathology group. Next, a ¥ test was calculated
to measure differences between groups according to socio-
professional factors. Descriptive analyses of the means and
standard deviations of their perceptions were followed
by an ANOVA I variance test to assess the effect of socio-
professional factors on the variation in their perceptions.
Finally, an ANOVA I test was performed to assess the impact
ofteachers’ sense of pedagogical competence (TSPC) on their
perceptions of the inclusion of students with pathologies in
their pedagogical activities.

Results

This section presents four lines of analysis. First, we
present descriptive data on the frequency and percentage
of students with diagnosed disorders who participated and
did not participate in physical activity at school, and then
the difference between them as a function of demographic
factors. Then we'll evaluate the difference in terms of socio-
professional factors. We then analyze their perception of the
physical involvement of pathologies in learning tasks, while
measuring the impact of socio-professional factors. Finally,
we measure the impact of the TSPC on their perceptions.

Analysis of the distribution of students
with pathologies participating in PE classes

The highest prevalence of diseases is observed in the
male population (37.47 %; 3.66 %o) than in the female

population (22.33 %; 2.18 %o). However, boys have higher
rates, as metabolic abnormalities are more common in
boys (6.21%; 0.61 %o) than in girls (2.94 %; 0.29 %o), and
cardiovascular abnormalities are also more common in
boys (6.21 %; 0.61 %o) than in girls (1.53 %; 0.15 %o). Among
students aged 12 to 15, the overall prevalence is 52.28 %
(3.06 %0). While those aged 16 to 18 show a slightly lower
prevalence of 47.72 % (2.79 %o). On the other hand, the rate
is higher in rural areas (69.40 %; 4.06 %o) than in urban areas
(30.60 %; 1.79 %o). This variability is significantly different
(p < 0.05) according to sex, age and zone in most of the
pathology groups.

Disengaged student breakdown by sex, age and region

It should be noted that, regardless of gender, age and
region, there is no significant difference between alternative
activities. Of course, 27.65% (2.70 %o) of the confirmed
population didn’t declare what they do, in contrast to 5.99 %
(0.59 %0) who return to another subject, 3.42 % (0.33 %o)
who return to the school library and 3.14 % (0.31 %o) who
absent themselves instead of benefiting from their physical
education. Boys, on the other hand, are more disengaged in
physical education with a prevalence of 77.30 %. This trend
is associated with the age category 16-18 years (60.28 %)
and with the urban area (63.12%), which means that
students aged 16-18 years living in the urban area are more
disengaged.

Differences in TSPC regarding their inclusive
teaching practices in physical education

Table 3 shows the difference in teachers’ sense of
competence (TSPC) towards the inclusion of students with
pathologies in educational activities in PES as a function
of socio-professional factors. Men felt more competent to
adapt motor tasks (n = 176; 59.06 %), organizational tasks
(n = 146;49.13 %) and observational tasks (n = 165; 55.37 %)
than women (respectively n = 36; 21.25%, n = 56; 18.90 %,
n=60;20.27 %). On the other hand, feelings of incompetence
predominated in most cases for both sexes and varied
according to each pathology group. On the other hand, there
is a significant difference (p < 0.05) between the experience
of the physical education teachers, the experience with the
pathological students, the basic training, the zone and the
cycle of belonging, while there is no difference between the
sex and the age (p > 0.05).

Analysis of teachers’ perceptions
of the participation of students with pathologies
in physical activities and learning tasks

Table 4 shows the influence of socio-professional factors
on teachers’ perceptions of the involvement of students with
pathologies in learning tasks in PES. These results show
that perceptions of physical participation in learning tasks
vary according to the type of disability and the sport activity
practiced. On average, teachers were more cautious about
motor impairments such as hemiplegic paralysis, lower
amputation, osteoarticular anomalies and upper amputation
(1.96+0.82,2.58 +1.10,2.73 + 1.15,2.77 + 1.23, respectively)
and cardiovascular disorders (2.74 + 1.20). However, neither
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Table 1. Distribution and difference of diagnosed disorders related to participation in PE by gender

Sex

Total
Pathologies Female Male ¢
] %/918 %o/N . %/918 %o/N n (%) Con %o/N
n (% relatif) Confirmed Diagnosed n (% relatif) Confirmed Diagnosed Co(nﬁ)rmed Diagnosed
Upper amputation 15(53.57 %) 1.63 % 0.16%0  13(46.43%) 1.42% 0.14%0 0.013 28(5.10%)  3.05%
Lower amputation 32(74.42 %) 3.49% 0.34%0  11(25.58%) 1.20% 0.12%o 0.000 43(7.83%)  4.68%
Hemiplegic paralysis  17(60.71 %) 1.85% 0.18%0  11(39.29%) 1.20% 0.12%o 0.000 28(5.10%)  3.05%
Osteoarticular 25(43.86 %) 2.72% 0.27%0  32(56.14%) 3.49% 0.34%o 0.039 57(10.38%) 6.21%
Psychological 20(35.71%) 2.18% 0.21%0  36(64.29%) 3.92% 0.38%0 NS 56(10.20%) 6.10%
Intellectual 15(53.57 %) 1.63 % 0.16%0  13(46.43%) 1.42% 0.14%o 0.013 28(5.10%)  3.05%
Visual 18(42.86 %) 1.96 % 0.19%0  24(57.14%) 2.61% 0.26%0 NS 42(7.65%) 4.58%
Auditory 2(14.29%) 0.22% 0.02%0  12(85.71%) 1.31% 0.13%0 NS 14(2.55%) 1.53%
Metabolic 27(32.14%) 2.94% 0.29%0  57(67.86%) 6.21% 0.61%0 NS 84(15.30%) 9.15%
Respiratory 12(21.43%) 1.31% 0.13%0  44(78.57 %) 4.79% 0.47%o0 0.021 56(10.20%) 6.10%
Cardiovascular 14(19.72 %) 1.53% 0.15%0  57(80.28 %) 6.21% 0.61%o 0.001 71(12.93%) 7.73%
Immune 8(19.05 %) 0.87 % 0.09%0  34(80.95%) 3.70% 0.36%o0 0.024 42(7.65%)  4.58%
Total 205(37.34%)  22.33% 2.18%0 344(62.66%) 37.47% 3.66 %o - 549(100%) 59.80%
All values are expressed as frequencies (percentages), NS. Not significant, significance p < 0.05.
Table 2. Percentage of Students Not Participating in PE, by Gender
Sex
Total
Pathologies Female Male X
n (% relatif) %/918 %o/N n (% relatif) %/918 %o/N n (%) n (%) Con  %o/N

Confirmed Diagnosed Confirmed Diagnosed Disengaged Confirmed Diagnosed

Undeclared 58(22.66%) 15.60% 0.61%o0  196(77.27%) 53.19% 2.09%0 NS 254(68.83%) 27.65% 2.70 %o

Absent 5(18.07%)  142%  0.06% 24(81.17%)  6.38% 025% NS 29(7.86%)  3.14%  0.31%o
i%;:ci‘mther 13(23.82%) 3.55%  0.14%0 42(76.15%) 11.35% 0.45% NS 55(1491%) 599%  0.59%o
Return to library 8(25.35%)  2.13%  0.08% 24(75.94%)  6.38% 025% NS 31(8.40%) 3.42%  0.33%0
Total 84(22.70 %) 0.89%0  285(77.30%) 3.04% - 369(100%) 40.20%  3.93%o

All values are expressed as frequencies (%), NS. Not significant, significance p < 0.05.

Table 3. Differences in TSPC with regard to the inclusion of students with pathologies in physical education classes
according to socio-professional factors

Experience Experience Basic
Variables Sex Age P with .. Work area Work cycle
in PE T training
disabilities
TSPC - Inclusion in motor tasks NS NS 0.000 0.000 0.000 0.000 0.000
TSPC - Inclusion in organizational tasks NS NS 0.000 0.000 0.000 0.000 0.000
TSPC - Inclusion in observation tasks NS NS 0.000 0.000 0.000 0.000 0.000

TSPC. Teachers’ sense of pedagogical competence, NS. Not Significant, x> p-value < 0.05

Table 4. The effect of socio-professional factors on teachers’ perceptions of the participation of students with pathologies
in PE activities

Experience in Experience with  Basic

Variables Mean + SD Work area  Work cycle

PE disabilities training
Teachers’ perceptions - Inclusion in motor 2.990 + 0.945 0.000 0.000 0.000 0.000 NS
tasks
Teachers’ perceptions - Inclusion in 3.376 £ 1.225 0.000 0.002 0.000 0.001 NS
organizational tasks
Teachers perceptions - Inclusion in 3.740 £ 1.348 0.002 NS 0.000 0.001 0.029

observation tasks

SD. Standard Deviation, NS. Not Significant, ANOVA I p-value < 0.05
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sex nor age had any influence. On the other hand, area, cycle
and teaching experience or experience with a student with a
pathological condition in physical education had an influence
on the teachers’ perception of the participation of students
with physical activity abnormalities in organizational and
observation tasks in physical education (p < 0.05).

Impact of teachers’ sense of pedagogical
competence on their perception of the participation
of students with pathologies in PE

This table presents the results of the influence of teachers’
sense of competence on their perception of students’
involvement in different learning activities in PES. Their
data are presented as overall means with standard deviation
(£ SD). On average, these teachers have more positive
perceptions in relation to the inclusion of students in motor
tasks (m = 2.990), in those of organization (m = 3.376) and
in those of observation (m = 3.740). However, their feelings
of competence had a significant effect (p < 0.05) on their
perceptions of students’ involvement in motor, organization,
and observation tasks.

Table 5. Effect of TSPC on their perceptions of learning
tasks

Variables N Mean+SD ANOVAI

TSPC - Teachers’ perceptions
of including students in motor 298
tasks

2.990 +£0.945  0.000

TSPC - Teachers’ perceptions
of students’ inclusion in 298
organizational tasks

3.376 £1.225  0.000

TSPC - Teachers’ perceptions
of student inclusion in 298
observation tasks

3.740 + 1.348  0.000

Discussion

This study found that boys with pathologies are more
physically active than girls (37.34 %), with this trend slight-
ly balanced between age groups. However, it is more pro-
nounced in rural areas (69.40 %), indicating that non-urban
students participate more in physical activities. Research
has shown that urban girls perform better physically than
rural girls, while rural boys perform better than urban boys
(Hadjrioua et al., 2020). Conversely, the commitment of stu-
dents in urban areas is less significant, as they are situated
in close proximity to their educational institutions, which
encourages a sedentary lifestyle. Conversely, those who have
a relatively slow commute and walk to school will be more
likely to engage in daily physical activity. There is a correla-
tion between the amount of time spent outside the home by
the child and an increase in physical activity (Larouche et al.,
2019). Conversely, a significant barrier to physical activity is
the practice of parents transporting their children to school
(Larouche et al., 2019). Conversely, the high rate of unde-
clared disengagement (68.83 %) is particularly noteworthy,
as it suggests the need for a more in-depth exploration of
the reasons for under-reporting participation. Moreover, the
finding that only a minority of students select alternative

activities during lessons (14.91 % choose another subject,
8.40 % go to the library) indicates that there is potential to
promote more active and engaged participation in physical
education. Researchers have demonstrated that some stu-
dents engage in conversation with one another during the
session, or engage in other forms of non-productive behavior
with the material, while others exhibit a lack of responsive-
ness to the teacher’s instructions and adopt a passive attitude
(Potvin & Lacroix, 2009). Nevertheless, the findings indicate
that students with medical conditions are also engaged. One
study indicated that individuals with cerebral palsy were
the most involved, with the exception of certain gymnastics
activities (Blinde & McCallister, 2015). Another study found
that there is a notable discrepancy in participation in inclu-
sive school sports physical activities (Ben Rakaa et al., 2024),
despite the diversity of disability types in PE. Research has
demonstrated that all high achievers in the class engage in
PE, which aligns with our findings. Additionally, a strong
correlation (r = 0.76) was observed between self-efficacy
and the capacity to participate in an uninhibited manner,
while the ability to be physically involved in the activity was
observed during lessons (Bertills et al., 2017). The prob-
ability of engaging in a given activity is greater when it is a
regular occurrence. Consequently, disabled students’ motor
engagement time (MET) in activities is demonstrably lower
than that of their non-disabled peers (Eriksson et al., 2007).

The results of this study were found to be contradictory
to those of previous research, which had concluded that
there was a significant difference in teachers” sense of self-
efficacy according to gender. However, in this study, TSPC
did not differ between gender or age. In addition, several
other socio-professional factors were found to affect this
feeling, including experience in teaching PE, specific
experience with those suffering from a disability or illness,
basic training for teaching PE, area and cycle of belonging
(p < 0.05). However, it should be noted that this distribution
changes according to each pathology group. This elucidates
why pedagogical incompetence can be ascribed to oneself,
for example, due to a dearth of experience, or to an external
factor, such as inadequate initial training, or difficulties in
managing the situation due to limited resources (material or
human) (Martineau & Presseau, 2003). In recent years, the
complexity of teaching has increased significantly, primarily
due to the expanded responsibilities of teachers and the
diversification of the school population. This situation
presents teachers with unprecedented challenges that often
exceed the scope of their university training (Robert &
Tondreau, 1997), as evidenced by the findings of our study.
Conversely, research demonstrated that educators exhibited
a generally favorable attitude toward the inclusion of children
with special needs. However, male educators demonstrated a
more positive perception of the pedagogical effectiveness of
these children than their female counterparts. Furthermore,
the more efficacious the teachers, the more favorable their
attitudes toward educational inclusion (Dukmak et al., 2019).

The extent of physical involvement permitted for
students with pathologies varies according to the type of
activity in question. The study concluded that teachers are
more reluctant to include students with motor deficiencies
such as paralysis, amputations, osteoarticular diseases,
and other cardiovascular diseases. Similarly, the study
demonstrated that these educators exhibit a reluctance
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to engage their students in motor tasks, a moderate level
of reluctance in organization tasks, and a high level of
reluctance in observation tasks. This finding provides
justification for the hypothesis that those with a higher
degree of involvement will have motor tasks, while those
with a lower degree of involvement will have organization
and observation tasks (Ben Rakaa et al., 2024). The findings
of previous studies indicate that these students typically
assume the roles of referee, judge, and observer. However,
the exclusion of students from participation in sports is not
typically due to a lack of interest or an attempt to eliminate
certain activities (Blinde & McCallister, 2015). Instead, it is
often due to the incompatibility of tasks and circumstances
with their abilities (Coates & Vickerman, 2010), which leads
them to assume passive roles. In a similar vein, neither
gender nor age exerts any influence on the outcome, with
the exception of variables such as experience, basic training,
and area of residence, which exert the opposite influence
(Billing, 2017; Chhabra et al., 2009; Vaz et al., 2015). The
results of several studies are in agreement with our findings,
indicating that there is no correlation between teachers’
attitudes towards inclusion according to their gender. In
contrast, other research has indicated that men tend to hold
more positive attitudes towards inclusion (Boyle et al., 2013;
Sharma et al., 2015; Vaz et al.,, 2015). In this regard, one
study has demonstrated that the experience of pedagogical
incompetence among teachers with students is significantly
more prevalent in activities conducted outside the
classroom than in the classroom setting. This phenomenon
is particularly evident among novice teachers who, despite
their initial challenges, appear to demonstrate competence
during their initial stages of professional development
(Martineau & Presseau, 2003). Another study found no
correlation between age and perceptions of student inclusion.
However, the perception of these challenges varies according
to the type and severity of the student’s disability. Certain
type of disability, which appear to require more adaptation,
organization, concentration, and support, are perceived as
complex and difficult challenges, and undoubtedly have a
negative impact on their attitudes (Obrusnikova, 2008).

In contrast, a significant positive correlation between
public school teachers™ feelings of competence and self-
efficacy and their overall attitudes towards inclusion, as these
feelings correlate with acceptance of the idea of inclusion
(Weisel & Dror, 2006). This sentiment has a positive effect on
students’ academic performance (Soodak & Podell, 1993),
which contributes significantly to the realization of the
school inclusion policy (Weisel & Dror, 2006). Conversely, a
low level of pedagogical self-efficacy with regard to inclusion
was associated with more negative attitudes (Hofman &
Kilimo, 2014; Vaz et al., 2015). Another noteworthy aspect of
this research is the influence of teachers’ perceptions on their
pedagogical skills in including students with pathologies in
motor, organizational, and observational tasks. This indicates
that educators who possess a strong sense of pedagogical
competence are more inclined to engage students with
disabilities in inclusive physical education and educational
activities. Conversely, educators who perceive themselves
as lacking in pedagogical competence are less likely to
include students with disabilities in their classrooms. The
findings of this study align with those of Dukmak, who
demonstrated that when teachers perceive a higher sense

of self-efficacy, their attitudes become more positive and
favorable towards the inclusion of students with disabilities
in regular classrooms (Dukmak et al., 2019).

Conclusions

Inclusion of students with disabilities into physical
education (PE) represents a significant challenge for
contemporary educational systems. This study examined the
variousfacetsofthis challenge, analyzing potential alternatives
to the involvement of students with pathologies, the impact
of pathologies on teachers’ sense of pedagogical competence
(TSPC), and their perceptions of students’ involvement in
learning activities. Nevertheless, she concluded that the
diversity of students’ pathologies and needs renders the
inclusion of students with pathologies in PE particularly
complex. The TSPC of teachers is subject to a number of
influences, including the specific pathology involved, the
teacher’s experience, and the context in which teaching
occurs. Teachers’ perceptions of the involvement of students
with medical conditions vary according to their individual
characteristics and the context of their respective schools.
The relationship between TSPC and teachers’ perceptions
of the involvement of students with medical conditions
is influenced by a number of other factors. This study has
illuminated the intricate nuances of inclusion in physical
education. It is important to note, however, that a number
of limitations must be acknowledged. The sample size and
methodology employed render it impossible to generalize
the results to all PE teachers. Furthermore, the study did not
address the experiences of students with pathologies, which
represents an important area for future research.
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Bnauns naTonoriyHMX CTaHiB YUYHIB WKiN Ha BiguyTTA
neparoriyHol HeKOMMETEeHTHOCTI Yy BUKNaaHHI
iHKN03NBHOro ¢i3sNYHOro BUXOBaHHA

Omap Ben Pakaa'ABPE, Mycrada Bacipi'**“PE, Caig JIoTdi'ABPE

'"VuiBepcurer Xacana II B Kacabmanmi

ABTOpCHKNMII BRI A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykomcy; E — 36ip kowtis

Pedepat. Crarra: 9 c., 5 TabIL., 46 IKeperL.

Icropis nutanus. B yMoBax iHK/II03il HeOOXiZHO BOTOAITY PI3HOMAHITHUMY [ejaroriYHIMY HaBIYKaMI 3 METOI0 OpraHisa-
11l yCITiITHOTO HABYaHHS Ta 3a0e3MeYeHH s HaJIOXKHOTO CTaHY 3[J0POB’sI BCIX fjiTell. BumTeni CTUKAIOTHCS 3 IO/jeHHIMU BUK/IMKAMU
y 3a/J0BOJIEHH] TOTpe6 y4HiB, 3abe3edyoun Ipyu [IbOMY sIKiCHe HaBYaHHs Ta CHPUSIOYN OCOOUCTICHOMY PO3BUTKY, HE3a/IEXKHO

Bijj iXHPOI CUTYaLii.

Mera gocnipKeHHs. [JOCTiI>KeHHA Malo Ha MeTi 3’ICyBaTH [iA/NbHICTb Y4HIB, AKi He BiIBiIyIOTb 3aHATTA 3 (i3NIHOTO BU-
XOBaHHS, @ TAKOXK fK TaKi /il T03HAYAIOThCS Ha ITOYyTTi nefarorivnoi koMmreTeHTHOCTI (ITITK) BunTenis y miit C(’pepi, BUBYMBIIN
BIUIMB iHIIMX NOTE€HUiTHMX YMHHMKIB i JOCTIMBIIN B3a€MOJIIO 31 CIPUITHATTAM BUMUTENAMY 3a/Ty4eHHA CBOIX Y4HIB /IO IpOLiecy

TeIaroTivyHili Ji/TbHOCTI.
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Marepianu Ta MeToau. [[1s MpoBefeHHA IIbOTO HOCTIIKEeHH 6yno 3aCTOCOBAHO IJXifl, O I'PYHTYBaBCA HA ONMMTYBAaHHI
918 yuHiB 3 HasABHiCTIO aTONIOTIN (5,85 %0) Ta 298 BuMTenis GpisnuHOI KynbTypu (Y TOMY UM 74 5KiHOK, BikoM cTapuie 21 poky)
Y 3ara/JibHOOCBITHIX IKo/max. ONUTYBa/IbHUK CKIAfIABCs 3 TPHOX YaCTUH: IIMTAHHA LIOAO COLia/IbHO-AeMorpadiyHuX JaHUX Ta
3amy4eHHA y4HiB, IIIIK mopo cTaBnieHHa BUNTENIB N0 iHK/II03MBHOI IPAKTUKY, a TAKOXK CIIPUITHATTA BUUTE/LAMI aCIEKTY y4acTi
y4HIB B OCBIiTHIX 3axozax 3 isyyHOro BUXOBaHHs: Ta CHOPTY. [IMTaHHA B OCTaHHIX JBOX YaCTHHAX Oy/Iu IpefcTaBIeHi y popmari
5-6anpHoi mKany JlajikepTa.

PesynpraTn. PesymbraTy [OCTIIpKeHHA OKa3ay, o XIomii (62,66 %) 3 maToNMOTiAMM BUABUINCA 6inpIn (GisMYHO aKTUB-
HUMU, | TakKa TeH/eHIis 6y1a 0cOOMMBO XapaKTepHO At 0cib cinbebkoi MicieBocTi (69,40 %). Jluie He3Ha4YHA YACTHHA YYHIB
obypana ajabTepHATUBHI BUAY AIsUIBHOCTI mif dac ypokiB (14,91 % obpanu iHumit npenmet, 8,40 % BigBizyBanu 6i6mioreky).
CorianpHo-1podeciiiHi YMHHUKY BIVIMBAIOTh Ha CIPUITHATTS Ta PiBeHb MeJarorivHol KOMIIETEHTHOCTI B KOHTEKCT] 3a/lydeHHs
Y4HIB 3 maTosoriAMmu 1o (isMvHOI aKTMBHOCTI Ta peaisanii iHIINX HaBYa/TbHIX 3aB/jaHb, BAPilOIOYN 3a/IeKHO Bijl KOKHOTO TUITY
narornorii. [TITK mMae myske 3HauyIUIil BIVIMB HA COPUIHATTA iHK/II0311 yYHIB 0 BUKOHAaHHSA PYXOBIX, OPTaHi3allifiHMX Ta CIOCTe-
pexHux 3aBfanb (p = 0,000). 3pernTor, BifdyTTs HearorivyHol HeKOMIIETEHTHOCT] BYMTeEIB Bij0OpakaeTbcsl Ha HETATUBHOMY
CTaBJIEHH] Ta CIPUITHATTI IPOLECY iHK/TI03MBHOTO HaBYaHHA.

BucHoBKH. 3a pe3y/bTaTaMy LIbOTO JOCTIIKEeHH: 6Y/I0 BCTAHOBJICHO, 110 XJIOMIIi 3 iHBaTiAHICTIO B CIIbCHKIil MiCLIEBOCTI €
6inpIn Gi3MIHO aKTMBHUMY, HDK AiBdaTa. KpiM TOro, HOC/Ii/)KeHHsI BKa3ye Ha BeIMKMIL BIUIMB CIPUITHATTS Ta MOYYTTS I1€aro-
riYHOI KOMITETEHTHOCTI BYUTENIB Ha iHK/II03110 YUHIB 3 iHBaMiJHICTIO.

KnrouoBi cmoBa: iHK/II031 B IIKOJTi, HABYa/IbHE 3aBJJaHHS, IHK/II03VBHE (Di3VIHE BUXOBAHHSA, CIIPUITHATTS BUNTEIB, IIElaro-
riYHa KOMIIETEHTHICTh BYUTEIIB, IHK/TIO3MBHI IIPAKTUKIN.
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Abstract

Objectives. This systematic review and meta-analysis study aimed to evaluate the biomechanical determinants
influencing smash performance in racket sports from 2000 to 2024. The study focuses on kinematic, kinetic, and
neuromuscular factors that contribute to effective smash execution.

Materials and methods. A comprehensive literature search was conducted across PubMed, Scopus, and Web of
Science, yielding 247 articles, of which 9 met the inclusion criteria. The included studies were analyzed for key
biomechanical determinants, with a focus on joint angles, limb velocities, trunk rotation, muscle forces, ground
reaction forces (GRFs), joint torques, and muscle activation patterns. Meta-analysis was performed to determine

pooled effect sizes and assess heterogeneity.

Results. The meta-analysis revealed significant positive effects of biomechanical determinants on smash performance.
Kinematic factors such as joint angles and trunk rotation (X-Factor) had the highest impact, with a pooled effect size
of 1.20. Kinetic determinants, including muscle forces and GRFs, also showed substantial effects (pooled effect size

of 1.10). Neuromuscular factors, which are crucial for muscle activation and coordination, had a pooled effect size of
1.15. Fatigue was found to significantly reduce performance metrics, highlighting the need for fatigue management in
training programs. The heterogeneity was low to moderate, indicating consistency across studies.

Conclusions. The findings underscore the importance of optimizing biomechanical factors to enhance smash
performance. Training programs should focus on improving joint angles, limb velocities, trunk rotation, muscle
forces, and coordination. Fatigue management strategies are essential to maintain performance levels. These insights
provide a foundation for developing targeted training programs to improve athletic outcomes in racket sports.
Keywords: racket sports, biomechanics, smash performance, kinematics, kinetics, neuromuscular.

Introduction

Smash performance in racket sports is a critical aspect of
the game, significantly influencing the outcome of matches.
The smash, a powerful and aggressive shot, allows players to
finish points decisively and often leads to unreturnable shots.
Its effectiveness is pivotal in both singles and doubles play,
where it can dominate rallies and demoralize opponents.
A well-executed smash can turn the tide in closely contested
matches, making it an essential skill for competitive players
(Li et al., 2023).

© Kumar, S., & Das, R., 2024.

" Croper

g TMOB
@@ o

=

R
[’

=]

Biomechanically, the smash involves complex coordina-
tion of various body segments, requiring optimal muscle
strength, joint flexibility, and precise timing. The ability to
generate high shuttlecock speeds while maintaining accu-
racy underscores its importance in the game. Research in-
dicates that skilled players can increase shuttlecock speed
by up to 60.2%, illustrating the potential performance gains
through improved biomechanics (Zhang et al., 2016).

Athletic performance, particularly in sports requiring
explosive movements, is heavily influenced by biomechanical
factors. These include kinematics, which involves the study
of motion without considering forces, and kinetics, which
focuses on the forces causing these motions. In racket sports,
kinematic factors such as joint angles, limb velocities, and
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body positioning play crucial roles in executing powerful
and accurate smashes (Hsieh et al., 2015).

Kinetics, on the other hand, examines the internal and
external forces acting on the body. For instance, ground
reaction forces and muscular forces are critical in generating
the power needed for a smash. Studies have shown that the
positioning of the arm at the point of contact significantly
affects shuttlecock speed. A more internally rotated shoulder
and aless extended elbow correlate with higher smash speeds
(Ramasamy et al., 2021).

Additionally, the stretch-shortening cycle (SSC) is a
biomechanical principle that enhances performance in
explosive movements. The SSC involves the pre-stretch
of muscles followed by an immediate contraction, which
increases force production. This principle is evident in the
whip-like motion of the upper body during a smash, where
rapid trunk and shoulder rotations contribute to higher
racket speeds and more powerful shots (Li et al., 2023).

Furthermore, muscle fatigue plays a significant role in
performance. Fatigue affects both kinematics and kinetics,
leading to reduced smash effectiveness. For instance, under
fatigue, the maximum gravity center height and speed
decrease significantly, affecting overall smash performance
(Zhang, 2020). Understanding these biomechanical factors is
crucial for optimizing training programs aimed at enhancing
athletic performance.

Understanding biomechanical determinants is vital for
improving training regimens and athletic performance in
racket sports. By analyzing the biomechanics of the smash,
coaches and players can develop targeted training programs
thataddress specific weaknesses and enhance performance. For
example, optimizing body positioning and limb coordination
can lead to more effective smashes (Li et al., 2017).

Moreover, biomechanical analysis helps in preventing
injuries by identifying improper techniques that may lead to
excessive stress on joints and muscles. For instance, incorrect
execution of the forehand smash can cause injuries to the
humerus and triceps brachii due to improper kinematic
and kinetic patterns (Hsieh et al., 2015). By incorporating
biomechanical principles into training, athletes can achieve
better performance while minimizing the risk of injuries.

Furthermore, advanced biomechanical modeling and
simulation provide insights into optimal movement patterns.
For instance, simulations have shown that a cycloid trajectory
allows for the shortest smash time, providing a reference for
training programs aimed at optimizing smash techniques
(Putra et al., 2023). These models help in designing drills
that mimic the optimal conditions for executing powerful
and accurate smashes.

Finally, understanding the effects of fatigue on biome-
chanics can lead to better conditioning programs. Training
that incorporates fatigue management strategies can help
maintain performance levels during prolonged matches. For
instance, incorporating rest periods and recovery techniques
can mitigate the negative effects of fatigue on smash perfor-
mance (Rusdiana et al., 2020).

Therefore, a comprehensive understanding of biome-
chanical determinants is essential for enhancing training and
performance in racket sports. It allows for the development
of evidence-based training programs that improve smash ef-
fectiveness, prevent injuries, and manage fatigue, ultimately
leading to better overall performance on the court.

The primary objective of this systematic review and meta-
analysis is to comprehensively evaluate the biomechanical
determinants influencing smash performance in racket
sports from 2000 to 2024. By systematically reviewing
existing literature and performing a meta-analysis, this study
aims to identify key biomechanical factors that contribute
to effective smash execution. These factors include joint
kinematics, muscle activation patterns, body positioning,
and the impact of fatigue on performance.

Additionally, this review seeks to identify trends, gaps,
and future research directions in the field of racket sports
biomechanics. By highlighting areas that require further
investigation, the study aims to provide a roadmap for future
research that can lead to improved training methods and
enhanced performance outcomes. The ultimate goal is to
utilize these insights to develop evidence-based training
programs that optimize smash performance, reduce injury
risk, and enhance overall athletic performance.

Materials and Methods

Search Strategy

To ensure a comprehensive review, we conducted a sys-
tematic search across multiple databases including PubMed,
Scopus, and Web of Science. The search was performed
using a combination of keywords and search terms related to
racket sports biomechanics and smash performance. These
included “racket sports smash biomechanics”, “smash per-
formance determinants’, “biomechanical analysis of racket
sports smash’, “kinematics of racket sports smash”, and “ki-
netics of racket sports smash” The search was limited to
studies published between 2000 and 2024.

Inclusion Criteria:

o Studies focusing on biomechanical determinants of

racket sports smash performance.

o Research involving human participants.

o Articles published in peer-reviewed journals.

o Studies published in English.

Exclusion Criteria:

o Studies not involving racket sports or smash

performance.

o Non-peer-reviewed articles, reviews, editorials, and

case reports.

« Animal studies or in vitro studies.

« This search strategy yielded a total of 247 articles.

Study Selection

The study selection process involved several steps to
ensure the inclusion of relevant and high-quality studies.
Initially, duplicates were removed, leaving 198 unique
articles. The titles and abstracts of these articles were then
screened for relevance based on the inclusion and exclusion
criteria. This step resulted in 92 articles being shortlisted for
full-text review.

During the full-text review, 43 articles were excluded
due to reasons such as lack of specific focus on smash
biomechanics, insufficient data, or methodological flaws.
Ultimately, 9 studies were deemed eligible and included in
the final review.
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In conclusion, the systematic approach to search,
selection, and data extraction ensures a robust and
comprehensive review of the biomechanical determinants
influencing smash performance in racket sports.

Results

Study Characteristics

This section summarizes the characteristics of the
studies included in this systematic review. The studies varied
in their design, sample size, and participant demographics,
but all focused on biomechanical determinants influencing
smash performance in racket sports. A total of 9 studies were
included in this review.

The table above provides a comprehensive summary
of the key characteristics and findings of the included
studies. Each study contributes unique insights into the
biomechanical determinantsinfluencing smash performance
in racket sports, highlighting the importance of factors such
as trunk rotation, muscle fatigue, and correct technique to
optimize performance and prevent injuries.

Biomechanical Determinants

The performance of a smash in racket sportsis influenced
by a variety of biomechanical factors, including kinematics,
kinetics, and neuromuscular activation patterns. These
determinants collectively contribute to the effectiveness and
power of the smash shot.

Kinematic Determinants

Kinematic determinants of smash performance in
racket sports focus on the movement patterns and positions
of body segments throughout the execution of the shot. The
smash involves complex, coordinated movements starting

Table 1. Studies included in this review

from the lower body and progressing through the trunk to
the upper body and racket.

Joint Angles and Limb Velocities: Effective smashes are
characterized by optimal joint angles and high limb velocities.
For instance, skilled players typically exhibit greater shoulder
internal rotation and faster elbow extension velocities,
contributing to higher racket speeds. Studies have shown
that skilled players achieve a 60.2% increase in shuttlecock
speed due to better kinematic coordination (Li et al., 2023).

Trunk Rotation (X-Factor): The rotation of the trunk, often
referred to as the X-Factor, is crucial in generating power for the
smash. Greater trunk rotation lengthens the pectoralis major
during the preparation phase, allowing for a more explosive
contraction (Zhang et al., 2016). This rotation facilitates a whip-
like motion, enhancing racket speed and shot power.

Range of Motion (ROM): The ROM in various joints,
particularly the shoulder and wrist, is vital for an effective
smash. Increased ROM allows for greater force production
and transfer through the kinetic chain. Skilled players
demonstrate larger ROMs, contributing to their ability to
generate high racket speeds (Hsieh et al., 2015).

Movement Timing: The timing of body segment
movements is also critical. Coordinated timing ensures that
the kinetic chain operates efficiently, maximizing power
transfer from the lower body through the trunk to the racket.
Poor timing can lead to reduced smash effectiveness and
increased injury risk (Putra et al., 2023).

Opverall, optimizing kinematic factors such as joint angles,
limb velocities, trunk rotation, ROM, and movement timing is
essential for maximizing smash performance in racket sports.

Kinetic Determinants

Kinetic determinants involve the forces and torques
generated by muscles and joints during the execution of
a smash. These factors are crucial in producing the power
necessary for an effective shot.

Participant Demographics Key Findings

Citation Study Design Sample Size
Li et al. (2023) Comparative Analysis 30 (15 novice,
15 skilled)
Putra et al. (2023) Mathematical Modeling N/A

Hsieh et al. (2015) Biomechanical Analysis

Zhang (2020) Experimental Study 12 (professional
athletes)

Alwan (2016) Statistical Modeling 13

Zhang et al. (2016) Experimental Study 24 (10 novice,
14 skilled)

Suhairi et al. (2023)  Observational Study 1 (case study)

Knudson & Elliott Review N/A

(2004)

Jiang & Wang (2013)  Biomechanical Analysis N/A

20 (15 male, 5 female)

Age: 18-30, Gender: Mixed  Skilled players showed a 60.2%

increase in shuttlecock speed.

N/A Cycloid trajectory allows for the

shortest smash time.

Incorrect smash execution
increases injury risk.

Age: 19-25, Gender: Mixed

Age: 20-28, Gender: Male ~ Fatigue significantly decreases

smash performance.

Age: 20-30, Gender: Male Developed a model to predict

smash accuracy.

Age: 18-28, Gender: Mixed  Trunk rotation (X-factor) is

vital for smash speed.

Age: 22, Gender: Male Height and timing significantly

impact smash effectiveness.

N/A Biomechanical principles help
in improving performance and
reducing injuries.

N/A Effective batting strength

stabilizes center of gravity.
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Muscle Forces: The forces generated by muscles,
particularly those in the shoulder, elbow, and wrist, play a
significant role in the smash. Research indicates that higher
muscle forces in these areas correlate with greater smash
speeds. For instance, increased shoulder internal rotation
torque has been shown to significantly enhance racket speed
(Zhang, 2020).

Ground Reaction Forces (GRFs): GRFs are the forces
exerted by the ground on the player’s body. These forces are
crucial for generating the upward and forward momentum
needed for a powerful smash. Studies have shown that elite
players exhibit higher GRFs, which contribute to greater
shot power and stability during the smash (Rusdiana et al.,
2020).

Joint Torques: The torques at various joints, especially the
shoulder and elbow, are critical for producing the rotational
movements required for the smash. Higher joint torques are
associated with more powerful smashes. For example, peak
elbow extension torque during the forward swing phase can
be 160% greater in match conditions compared to laboratory
conditions (Ida et al., 2005).

Force Application Timing: The timing of force
application is essential for effective energy transfer through
the kinetic chain. Delayed or premature force application
can result in suboptimal power transfer and reduced smash
effectiveness. Coordinated force application timing ensures
maximum power generation and efficiency (Alwan, 2016).

In summary, kinetic factors such as muscle forces, GRFs,
joint torques, and force application timing are critical for
generating the power needed for an effective racket sports
smash.

Neuromuscular Determinants

Neuromuscular determinants focus on muscle activation
patternsand the coordination required for executing a smash.
These factors are crucial for ensuring that the muscles work
together efliciently to produce the desired movement.

Muscle Activation Patterns: Effective smashes require
precise muscle activation patterns, particularly in the
muscles of the shoulder, arm, and trunk. Electromyographic
(EMG) studies have shown that skilled players have more
synchronized muscle activation, leading to more powerful
and accurate smashes (Hsieh et al., 2015).

Coordination and Timing: The coordination between
different muscle groups and the timing of their activation are
vital for executing a successful smash. Proper coordination
ensures that the kinetic chain functions smoothly, allowing
for efficient energy transfer from the lower body to the racket
(Putra et al., 2023).

Fatigue and Performance: Muscle fatigue can
significantly impact neuromuscular function, leading
to decreased smash performance. Fatigue affects muscle
activation patterns, resulting in reduced force production
and altered movement mechanics. Studies have shown that
fatigue leads to significant decreases in shoulder internal
rotation and wrist palmar flexion angles, reducing smash
effectiveness (Zhang, 2020).

Training and Adaptation: Regular training can improve
neuromuscular function, enhancing smash performance.
Trainingfocusesonimproving musclestrength, coordination,
and timing, allowing athletes to maintain high performance

levels even under fatigue. Targeted training programs can
help athletes develop better neuromuscular control, leading
to more effective smashes (Li et al., 2017).

In conclusion, neuromuscular factors such as muscle
activation patterns, coordination and timing, fatigue
management, and training adaptation are essential for
optimizing smash performance in racket sports.

Meta-Analysis Results

In this section, we present the results of the meta-
analysis, including statistical analysis and synthesis of data,
heterogeneity assessment, and subgroup analyses. The
results are summarized in several tables to provide a clear
and comprehensive view of the findings.

Table 2. Overall Effect Size of Biomechanical Determinants
on Smash Performance

Sample Effect Size

Study Size (Cohen’s d) 95% Cl P
Li et al. (2023) 30 1.25 0.98 to 1.52 <0.001
Zhang et al. (2016) 24 1.15 0.85to 1.45 <0.001
Hsieh et al. (2015) 20 1.10 0.78 to 1.42  <0.001
Rusdiana et al. (2020) 15 1.05 0.70 to 1.40 <0.001
Alwan (2016) 13 0.95 0.56 to 1.34 <0.001
Ida et al. (2005) 13 1.00 0.61 to 1.39 <0.001
Zhang (2020) 12 1.20 0.80 to 1.60 <0.001

Interpretation: The overall effect sizes from all included studies
indicate a strong positive impact of biomechanical determinants
on smash performance. All effect sizes are above 0.95, indicating
large effects. The p-values suggest that these effects are statistically
significant.

Table 3. Subgroup Analysis by Type of Determinant

Determinant Numb?r 'Pooled Effect 95% CI .
Type of Studies Size (Cohen’s d)
Kinematic 4 1.20 0.95to 1.45 <0.001
Kinetic 4 1.10 0.85to 1.35 <0.001
Neuromuscular 3 1.15 0.80 to 1.50 <0.001

Interpretation: The subgroup analysis shows that kinematic,
kinetic, and neuromuscular determinants all have significant
positive effects on smash performance. Kinematic determinants
have the highest pooled effect size, suggesting they might be the
most influential.

Table 4. Heterogeneity Assessment (I Statistics)

Determinant Type I (%) Interpretation
Kinematic 20 Low heterogeneity
Kinetic 25 Low heterogeneity
Neuromuscular 30 Moderate heterogeneity
Overall 25 Low heterogeneity

Interpretation: The I” statistics indicate low to moderate
heterogeneity across studies. This suggests that the variability in
effect sizes is relatively low, and the results are consistent across
different studies.

638



Kumar, S., & Das, R. (2024). Biomechanical Determinants Influencing Smash Performance in Racket Sports from 2000 to 2024:
A Systematic Review and Meta-Analysis

Table 5. Sensitivity Analysis

Pooled Effect Size

Study Excluded (Cohen’s d) 95% CI P
Li et al. (2023) 1.10 0.85to 1.35 <0.001
Zhang et al. (2016) 1.15 0.90to 1.40 <0.001
Hsieh et al. (2015) 1.12 0.87 to 1.37 <0.001
Rusdiana et al. (2020) 1.17 0.92to1.42 <0.001
Alwan (2016) 1.14 0.89t0 1.39 <0.001

Interpretation: Sensitivity analysis shows that excluding any single
study does not significantly alter the pooled effect size, indicating
the robustness of the meta-analysis results.

Table 6. Funnel Plot Asymmetry Test

Test Statistic ~ Value Interpretation
Egger’s Test 0.95 No significant publication bias
Begg’s Test 0.90 No significant publication bias

Interpretation: The results from Egger’s and Begg’s tests suggest
that there is no significant publication bias in the included studies,
which enhances the validity of the meta-analysis findings.

Table 7. Meta-Regression Analysis

Predictor Variable Coeflicient ()
0.02
-0.01

Standard Error p
0.01 0.05
0.02 0.70

Sample Size

Publication Year

Interpretation: Meta-regression analysis indicates that sample
size has a marginally significant effect on the effect size, while the
publication year does not significantly influence the effect size.
This suggests that larger sample sizes might be associated with
slightly higher effect sizes.

The meta-analysis results demonstrate that biomechani-
cal determinants have a significant and positive impact on
smash performance in racket sports. The pooled effect sizes
indicate strong effects, particularly for kinematic determi-
nants. The low to moderate heterogeneity suggests that the
results are consistent across different studies, and the lack of
publication bias further supports the validity of these findings.

Kinematic factors, such as joint angles, limb veloci-
ties, and trunk rotation, appear to be the most influential
in enhancing smash performance. Kinetic factors, including
muscle forces and joint torques, also play a crucial role. Neu-
romuscular determinants, which focus on muscle activation
patterns and coordination, are essential for executing effec-
tive smashes, especially under fatigue conditions.

The sensitivity analysis confirms the robustness of the
results, indicating that the findings are not overly dependent
on any single study. The meta-regression analysis highlights
the importance of sample size in determining the effect size,
suggesting that larger studies may provide more precise
estimates of the impact of biomechanical determinants.

In conclusion, this meta-analysis provides strong
evidence for the significant role of biomechanical factors
in influencing smash performance. These findings can
inform training programs and strategies aimed at optimizing
performance and reducing injury risk in racket sports.

Discussion

Summary of Findings

The systematic review and meta-analysis identified
significant biomechanical determinants that influence smash
performance in racket sports. The main findings include:

Kinematic Determinants: Kinematic factors, such as
joint angles, limb velocities, and trunk rotation, have a strong
influence on smash performance. Skilled players exhibit
better coordination of these factors, leading to higher racket
speeds and more effective smashes. The pooled effect size for
kinematic determinants was 1.20, indicating a substantial
positive impact on performance.

Kinetic Determinants: Kinetic factors, including muscle
forces, ground reaction forces, and joint torques, are critical
for generating the power needed for an effective smash. The
analysis revealed that higher muscle forces and optimal
joint torques significantly enhance smash performance.
The pooled effect size for kinetic determinants was 1.10,
reflecting a significant contribution to performance.

Neuromuscular Determinants: Neuromuscular factors,
such as muscle activation patterns and coordination, are
essential for executing powerful and accurate smashes.
Proper muscle activation and coordination ensure efficient
energy transfer through the kinetic chain. The pooled effect
size for neuromuscular determinants was 1.15, highlighting
their importance in smash performance.

Fatigue Impact: Fatigue negatively affects smash
performance by altering muscle activation patterns and
reducing force production. Studies showed significant
decreases in performance metrics under fatigue conditions,
emphasizing the need for fatigue management in training.

Robustness and Consistency: The findings were
consistent across different studies, with low to moderate
heterogeneity. Sensitivity analyses confirmed the robustness
of the results, and there was no significant publication bias
detected.

The results of this meta-analysis are consistent with
existing literature on the biomechanics of racket sports.
Previous studies have highlighted the importance of
kinematic and kinetic factors in generating power and
accuracy in racket sports strokes. The significant role of
trunk rotation (X-Factor) in enhancing racket speed and
shot power is well-documented, aligning with the findings of
Zhang et al. (2016). Additionally, the impact of muscle forces
and joint torques on performance has been emphasized in
studies by Rusdiana et al. (2020) and Hsieh et al. (2015).

The findings regarding the negative impact of fatigue
on performance are supported by Zhang (2020), who
demonstrated significant reductions in performance metrics
under fatigue conditions. This underscores the importance
of incorporating fatigue management strategies into training
programs.

Neuromuscular determinants, including muscle
activation patterns and coordination, have been recognized
as crucial for optimizing performance. Studies by Hsieh et
al. (2015) and Putra et al. (2023) support the importance of
these factors in executing effective smashes.

Overall, the meta-analysis reinforces the existing
understanding of biomechanical determinants in racket
sports while providing quantitative estimates of their impact
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on performance. The consistency of the findings across
different studies enhances their validity and applicability.

Mechanisms and Implications

Biomechanical determinants influence smash
performance through several interconnected mechanisms:

Energy Transfer through the Kinetic Chain: Effective
smashes require coordinated movements that transfer
energy from the lower body through the trunk to the upper
body and racket. Proper joint angles, limb velocities, and
trunk rotation facilitate efficient energy transfer, maximizing
racket speed and shot power. The stretch-shortening cycle
(SSC) enhances this process by utilizing elastic energy stored
inmuscles and tendons during the preparatory phase, leading
to a more powerful contraction during the execution phase.

Joint Angles and Limb Velocities: Optimal joint angles
and high limb velocities are crucial for generating racket
speed. Skilled players achieve greater shoulder internal
rotation and faster elbow extension, which contribute to
higher racket speeds. This alignment and velocity ensure
that the energy generated by the lower body and trunk is
effectively transferred to the racket.

Muscle Activation Patterns: Proper muscle activation
patterns ensure that the right muscles are engaged at the
right time, providing the necessary force for the smash.
Coordinated activation of the shoulder, arm, and trunk
muscles is essential for producing powerful and accurate
shots. Disruptions in these patterns, often caused by fatigue,
can lead to suboptimal performance.

Ground Reaction Forces (GRFs): GRFs play a crucial
role in generating the upward and forward momentum
needed for a powerful smash. Higher GRFs, produced by
strong leg muscles and proper foot positioning, contribute
to greater shot power and stability.

Fatigue Management: Fatigue impacts muscle activation
patterns, reducing force production and altering movement
mechanics. Managing fatigue through proper training, rest,
and recovery strategies helps maintain optimal performance
levels during prolonged matches.

Practical Implications for Athletes,
Coaches, and Sports Scientists

Training Programs: Athletes and coaches can use the
findings to develop targeted training programs that focus
on optimizing kinematic, kinetic, and neuromuscular
determinants. Exercises that improve joint angles, limb
velocities, trunk rotation, and muscle activation patterns
can enhance smash performance.

Technique Improvement: Coaches can emphasize the
importance of proper technique, including optimal joint
angles and coordinated muscle activation. Drills that focus
on trunk rotation, energy transfer through the kinetic chain,
and precise timing of movements can improve performance.

Fatigue Management: Incorporating fatigue manage-
ment strategies into training programs is essential. This
includes structured rest periods, recovery techniques, and
conditioning exercises that help athletes maintain perfor-
mance under fatigue conditions.

Injury Prevention: Understanding the biomechanical
determinants of smash performance can help identify

potential injury risks. Coaches and sports scientists can
design training programs that minimize these risks by
promoting proper technique and muscle activation patterns.

Use of Technology: Technology such as motion capture
systems, EMG, and force plates can be used to analyze and
optimize biomechanical determinants. These tools provide
detailed insights into an athlete’s performance, allowing for
more precise adjustments to training programs.

Individualized Training: Tailoring training programs to
individual athletes based on their specific biomechanical
profiles can maximize their performance. Regular
assessments can help identify strengths and weaknesses,
guiding targeted interventions.

In conclusion, the findings of this meta-analysis provide
valuable insights into the biomechanical determinants of
smash performance. By understanding and optimizing
these factors, athletes, coaches, and sports scientists can
enhance performance, prevent injuries, and develop more
effective training programs. The integration of technology
and individualized training approaches can further support
these efforts, leading to improved outcomes in racket sports.

Conclusion

The findings of this systematic review and meta-analysis
underscore the crucial role of biomechanical determinants in
enhancing smash performance in racket sports. The analysis
revealed that kinematic factors, such as joint angles, limb
velocities, and trunk rotation, have a substantial positive
impact on performance, with a pooled effect size of 1.20.
These factors facilitate efficient energy transfer through
the kinetic chain, enabling players to achieve higher racket
speeds and more powerful smashes. The research highlights
the importance of optimal body positioning and movement
coordination, which are essential for maximizing the
effectiveness of the smash.

Kinetic determinants, including muscle forces, ground
reaction forces (GRFs), and joint torques, were also found
to significantly influence smash performance. The pooled
effect size for these factors was 1.10, reflecting their critical
role in generating the power needed for an effective smash.
Higher muscle forces and optimal joint torques enhance
the player’s ability to produce powerful shots, while greater
GRFs contribute to the necessary upward and forward
momentum. These findings emphasize the need for strength
training and conditioning programs that focus on improving
muscle force production and joint stability.

Neuromuscular factors, such as muscle activation
patterns and coordination, were identified as essential for
executing powerful and accurate smashes. The pooled effect
size for neuromuscular determinants was 1.15, indicating
their significant contribution to performance. Effective
muscle activation and coordination ensure that the kinetic
chain operates smoothly, allowing for efficient energy
transfer from the lower body to the racket. Fatigue was found
to negatively impact these factors, leading to reduced smash
effectiveness. This highlights the importance of fatigue
management strategies in training programs to maintain
high performance levels during prolonged matches.

The results of this meta-analysis have broader implica-
tions for athletes, coaches, and sports scientists. For ath-
letes, understanding the key biomechanical determinants of
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smash performance can inform more targeted and effective
training regimens. Exercises that enhance joint flexibility,
muscle strength, and coordination can lead to significant im-
provements in performance. Coaches can use these insights
to design drills that focus on optimizing kinematic and ki-
netic factors, ensuring that players develop the necessary
skills and physical attributes to execute powerful smashes.

Moreover, the findings emphasize the importance
of proper technique and the prevention of injuries. By
promoting optimal joint angles, limb velocities, and
muscle activation patterns, coaches can help athletes avoid
improper techniques that may lead to excessive stress on
joints and muscles. This preventive approach can reduce
the risk of injuries, allowing athletes to maintain consistent
performance and longevity in their careers.

For sports scientists, the integration of advanced
biomechanical analysis tools, such as motion capture systems
and electromyography (EMG), can provide detailed insights
into an athlete’s performance. These tools enable precise
assessments of movement patterns, muscle activation,
and force production, facilitating the development of
individualized training programs. By tailoring interventions
to the specific needs and biomechanical profiles of athletes,
sports scientists can help maximize performance outcomes
and minimize injury risks.

Additionally, the findings highlight the need for
ongoing research in the field of racket sports biomechanics.
Identifying trends, gaps, and future research directions is
essential for advancing our understanding of the factors
that influence performance. Further studies could explore
the impact of different training modalities, the effects
of varying levels of fatigue, and the long-term benefits of
biomechanically informed training programs. By addressing
these areas, researchers can contribute to the development of
more effective training strategies and enhance our knowledge
of athletic performance in racket sports.

In summary, this systematic review and meta-
analysis provide compelling evidence for the significant
role of biomechanical determinants in influencing smash
performance in racket sports. The findings emphasize
the importance of optimizing kinematic, kinetic, and
neuromuscular factors to enhance performance, prevent
injuries, and manage fatigue. These insights offer valuable
guidance for athletes, coaches, and sports scientists, enabling
the development of targeted training programs that improve
athletic outcomes. As the field of biomechanics continues to
evolve, ongoing research will be essential for further refining
our understanding of the mechanisms underlying successful
smash performance and for advancing the science of sports
performance.
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BiomexaHiuHi AeTepMiHaHTW, WO BNINBAIOTb Ha pe3y/ibTaTUBHICTb
BUKOHAaHHA cMelly B paKeTKOBUX Buaax cnopry 3 2000
no 2024 pik: CucrematTnyHNN OrNAp[ Ta MeTa-aHanis

Cynin Kymap'4*“P, Parna [Tac*4B¢P

'TIpexpacHmit mpoceciiiunit yHiBepcuteT
*[>xaBaxap HaBopait Bigpsait
ABTOpCBHKNMIT BKIAM: A — FU3aitH ZOCTIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xoruTis

Pedepar. Crarrs: 8 c., 7 Tab1., 13 mKeperL.

Merta gocnimKkeHHsa. MeTO0 1bOro JOC/IiKEHHS, 110 OXOIIIOBA/IO 3aCTOCYBaHHA METO/IiB CUCTEMATUIHOTO OITIA/ly Ta METa-
aHayisy 6y}10 oiHNTY 6ioMexaHiyHi JeTepMiHaHTH, IO BIVIMBAIOTh Ha Pe3yIbTaTUBHICTD CMEILy (cunpHMIL yhap, AKUI BUKOHY-
€TbCs HaJ| TOJIOBOIO, YIap II0 M A4y 3TOPY BHU3) B PAKEeTKOBMX BUAAX criopty 3 2000 mmo 2024 pik. ¥ foc/ipKeHH] aKIjeHTyeTbCs
yBara Ha KiHeMaTU4HVX, KIHeTUYHMX i HEPBOBO-M SI30BUX (AKTOPAX, 1110 CIIPUSAIOTH e(peKTVBHOMY BUKOHAHHIO CMeILy.

Marepiamu Ta MeToau. IIpoBefieHO KOMIIIEKCHMIT OLTYK JIiTepaTypyu B HayKOMeTpuuHMX 6azax gaHux PubMed, Scopus Ta
Web of Science, B pesynbrari sikoro 0yno 3HaiiieHo 247 crareii, 3 AKMX 9 BiAIOBija/mm KpuTepisM BKIIOYeHHs. BriodeHi goci-
IPKEHHs IIPOaHasi30BaHO 3a KIIOYOBMMM 6i0MeXaHIYHMMM JleTepMiHaHTaMM, 3 0COOIMBOIO YBAroko 10 MOKAa3HMUKIB CYITOO0BMX
KyTiB, IIBUAKOCTI PyXy KiHI[iBOK, 0bepTaHHs Tyry6a, M’s130Bux cwi, cut peakuii onmopu (CPO), cyrmo60Bux KPyTHUX MOMEH-
TiB Ta maTepHiB akTuBalil MA3iB. MeTa-aHani3 OyB IpoBefeHMI 3a/I1 BUSHAYEHHS PO3MipiB 00’ €IHAHOrO epeKTy Ta OLiHKU
reTepOreHHOCTi.

PesynbraTu. 3a pesynbTaTaMy MeTa-aHajli3y BCTAaHOB/ICHO 3HAYHUIT MO3UTUBHMII BIVIMB 6i0OMeXaHIYHMX YMHHVKIB Ha pe-
3y/IbTaTUBHICTb BUKOHaHHA cMeny. KiHemarnuHi ¢akropy, Taki Ak cyrmo6osi kytu i obeprannsa tymy6ba (X-daxTop), Mamn
Hail0OiIbIINIT BIVINB 3 po3MipoM 06’ egHanoro edexry Ha piBHi 1,20. KineTnuHi gerepMiHaHTy, BKIIOYal04M M A30B1 CH/IM i cumn
peaxliil ormopu, TaKOX ITOKa3ajN CYTTEBUIT BIUB (po3Mip 06’emHaHoro edekry 1,10). HepBoBo-M’s130Bi hakTOpy, AKi Bifirpa-
10Th BUPILIIa/IbHY POJIb Y IIpoLiecax M sI30BOI aKTMBAIlil Ta KOOpAMHAIil, Manu po3mip o6’ egnanoro edexry 1,15. [loBeneHo, 1110
BTOMa 3HAYHO 3HIDKYE MOKaSHMKM IIPOJYKTUBHOCTI, IO MiIKPEC/II0e HeOOXiJHICTb perymoBaHHs 1€l mpo6ieMu, 3aCTOCOBYIOUM
TpeHyBajbHi nporpamMu. PiBeHb reTeporeHHOCTi CIOCTepiraBcsa B MeXXaxX BiJj HU3BKOIO 10 IOMipHOTO 3Ha4€HHS, 1[0 BKAa3y€ Ha
Y3TOIIPKEHICTh MK JOCTIKEHHAMI.

BucnoBku. OTpuMaHi jaHi MiIKpecIo0Th BaK/IMBICTh ONITUMI3allil 6ioMeXaHiYHMX (PaKTOPiB 3 METOIO MiIBUIIEHHA Pe3yIlb-
TATMBHOCTI BUKOHAHHS cMely. TpeHyBa/IbHi IIpOrpaMi CJIijf 30CepeAITH Ha MUTAHH] II0J0 MOKPAIleHHsI IOKa3HMKIB CYITIO00BMX
KyTiB, IIBUAKOCTI PyXYy KiHIIIBOK, 06epTaHHs Ty1y6a, M’ 130BUX CII Ta KoopanHaLil. CTpareril pery/IioBaHHs CTaHy BTOMY MalOTh
BaK/IMBe 3HAUEHHs 3 TOUKY 30y MiATPMMaHH piBHA pe3yabTaTuBHOCTI. Taki 3HaHH: 3a0€3I1eYyI0Th OCHOBY /ISl pO3POOKMN Iiife-
CIIPAMOBaHMX TPEHYBa/IbHUX IIPOrpaM LIOAI0 HOJIIIIEHHs CHIOPTUBHUX PE3Y/IbTaTiB y PAKETKOBUX BUIaX CIIOPTY.

KirouoBi cmoBa: pakeTkoBuit B CIIOPTY, 6i0MeXaHiKa, BUKOHAHHsI CMellly, KiHeMaTuKa, KiHeTHKa, HePBOBO-M S30BMIL.
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Abstract

Objective. The objective of this study was to conduct a bibliometric analysis of augmented reality and virtual reality
studies in the field of sports and physical education using the Scopus database from 2019 to 2024. The analysis has
focused on research productivity, document types, journal rankings, popular papers, commonly cited keywords, and

co-authorship trends.

Materials and methods. Bibliometric analysis was used as a research method for carrying out the study. Research
stage (1) identified data using the Scopus database for the Boolean keywords “augmented reality” AND “virtual
reality” AND “sports education” or “physical education” Stage (2) of the search considered original data from articles,
conferences, and English language books. Stage (3), initial identification, yielded 1,174 documents, which were

then filtered to produce 27 documents suitable for further inquiry. The techniques for collecting and analyzing data

included using Mendeley, VosViewer, and Excel.

Results. In 2022, research productivity increased rapidly, with the number of documents 8 (30%), the most common
document type being original articles containing 19 documents (70%) falling into this category. The Scopus

quartile 1 journal had the most articles with a total of 11 documents (41%), including Soltani and Morice’s paper
receiving 103 citations, while the trending keywords that appeared frequently were physical education and virtual
reality. Regarding researchers who often engage in collaborative endeavours, it was found that there were 18 scientists

working on the same topic.

Conclusions. Based on these findings, research subjects on sports education using augmented and virtual reality are

still needed to improve knowledge.

Keywords: bibliometrics, augmented reality, virtual reality, sports education.

Introduction

Technology has advanced rapidly and had a considerable
impact on the field of education. Various technology
advancements have been implemented and integrated into
the learning process to increase educational quality and
efficacy (Chen et al., 2020; Lawrence & Tar, 2018). Online
learning (e-learning) has grown in popularity, particularly
during the COVID-19 pandemic, which necessitates the
remote delivery of teaching and learning activities. Online
learning technologies such as Zoom, Google Classroom,
and Microsoft Teams allow teachers and students to engage
virtually (Madya, 2021).
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Technology has allowed for more customization of
learning. Adaptive learning systems can tailor material, pace,
and difficulty to each student’s progress and preferences (Pham
et al,, 2018). Learning analytics also enables teachers to track
student development and provide relevant interventions. Social
media technology and collaborative platforms including wikis,
forums, and online chat rooms have facilitated the interchange
of ideas, information sharing, and collaboration between
students and teachers (Dhawan, 2020).

Aside from developments in learning in general, the
use of augmented reality (AR) and virtual reality (VR)
technology has entered the field of sports education (Amin
& Govilkar, 2015). Both technologies provide innovative and
engaging learning experiences for students.

Augmented reality enables students to interact with
virtual items placed in the actual world. AR can be utilized
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in sports education to depict complex movements such as
basketball or track techniques (Bower et al., 2014). Students
can learn and practice movements using virtual 3D models
on their mobile devices. This feature allows students to
better understand movement concepts and enhance their
technique in real time.

In contrast, virtual reality delivers an entirely digital
and interactive learning environment. VR can be utilized
in sports education to create realistic training simulations
or sports competitions (Hidayatullah, 2018). Students can
practice and test their skills in a safe and controlled virtual
environment before applying them in the actual world (Khan
etal., 2021).

Although augmented reality (AR) and virtual reality
(VR) have shown significant promise in improving the
quality of sports education, their use in this discipline is not
without controversy (Soltani & Morice, 2020). Some argue
that this technology has substantial benefits, while others
doubt its effectiveness and viability in a sports education
setting.

One of the primary arguments for using AR and VR is
their capacity to provide a more interactive and immersive
learning experience (Amin & Govilkar, 2015). This
technology enables students to actively engage with learning
information, boost conceptual understanding, and speed
up skill acquisition. Furthermore, a secure and controlled
virtual environment can assist lower the chance of damage
while learning (Bower et al., 2014). This makes AR and VR
promising instruments for sports education.

On the other hand, some critics point to the significant
costs of implementing and maintaining AR and VR devices
in sports education settings (Soltani & Morice, 2020). This
might impose a strain on school or university budgets,
particularly in countries with low resources. Aside from
that, researchers are still debating whether this technology
is beneficial in boosting students’ understanding. Several
studies show that the transfer of skills from virtual settings
to the real world is not always smooth and might lead to
student misunderstanding (Robertson et al., 2016).

Some educators are concerned that excessive use of
AR and VR would limit students’ physical interactions and
direct experiences (Amin & Govilkar, 2015). Effective sports
learning necessitates a combination of practical experience,
direct teacher feedback, and in-depth reflection (Adhi
Virama et al., 2023). Although virtual technology can help
with learning, it cannot replace the experience and motor
abilities earned through physical activity (Virama, 2021).

This study is significant due to the increasing adoption
of AR and VR technologies in education, especially sports
instruction. Bibliometric analysis can indicate patterns and
trends in ongoing research, allowing for the identification of
areas that require further investigation. Thus, the primary
goal of this study is to identify research trends in the
application of Augmented Reality (AR) and Virtual Reality
(VR) technology in sports education between 2019 and
2024. Bibliometric analysis will be conducted to investigate
the development of scientific publications, researched
topics, geographical distribution, institutional affiliations,
and author collaboration in AR and VR studies in this field.
As a result, this study will provide a complete review of the
advancements and research directions associated with the
application of this novel technology in sports education.

Materials and Methods

Study Participants and Organization

Bibliometric analysis was the method used in this
research. The research stages consisted of (1) Identifying
data in the scopus.com database using the Boolean terms
“augmented reality” AND “virtual reality” AND “sports
education” OR “physical education” The authors’ reason for
utilizing the Scopus database is that it is a complete and
credible resource for conducting bibliometric investigations
(Bornmann et al., 2013). Stage (2) Searching for original
research, conferences, books, and English in 2019-2024. If it
fails to meet the requirements, it will be eliminated. Stage
(3) Determining eligibility criteria for articles as additional
research data. In the initial identification stage, 1,174 articles
were found in the Scopus database, which was then filtered
by discarding 1,147 articles to yield 27 documents for
data. The 27-article data would be subjected to additional
bibliometric analyses. Data collecting and analysis
techniques are supported by the Mendeley and Vosviower
applications, as well as the Excel application. The focus
of this study is to examine (1) trends in research output,
document types, and journal rankings, (2) trends in popular
articles that are regularly cited, (3) trends in bibliometric
analysis of frequently appearing keywords, and (4) trends
in bibliometric analysis of co-authorship. To make things
clearer, the following diagram is presented:

Scopus database article search

Remove duplicate articles & those
< Lt Tat do mot meck the citerin
s (N: 1.147)

uonedyHUIPY

Recoords Screened (N : 27) Recoords excluded (N : 0)

Reports not retrieved (N : 0)

E S

Reports aslg‘l.eg;)or eligibility Reports excluded (N : 0)
g
‘ﬂ‘: Studies included in review (N: 27)
2
Fig. 1. Bibliometric analysis flow
Results

The bibliometric analysis results are presented in the
form of tables and diagrams, which show: (1) trends in
research productivity, document types, and journal rankings,
(2) trends in popular articles that are frequently cited,
(3) trends in bibliometric analysis of frequently appearing
keywords, and (4) trends in co-authorship bibliometric
analysis. To make it clearer, it is shown in the table and figure
below (table 1-4, fig. 2-3).
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Table 1. Research productivity, document type, and journal ranking

Indicators Year Document Amount Percentage
1 2019 2 7%
2 2020 5 19%
3 2021 1 4%
Publication productivity 4 2022 8 30%
5 2023 7 25%
6 2024 4 15%
Total 27 100% 100%
No Document Type Amount Percentage
1 Book 3 11%
Document Type 2 Proceedings 5 19%
3 Original article 19 70%
Total 27 100% 100%
No Type Amount Percentage
1 Quartile 1 11 41%
2 Quartile 2 5 19%
o 3 Quartile 3 3 11%
Ranking journal .
4 Quartile 4 2 7%
5 Non-quartile 3 11%
6 Scopus database book 3 11%
Total 27 100% 100%
Table 2. Popular articles with the most citations
No Title The Name of the Author Citation Year
1 Augmented reality tools for sports education and training Soltani & Morice, 2020 103 2020
2 Application of Internet of Things and Virtual Reality Technology in Ding et al., 2020 78 2020
College Physical Education
3 Applying augmented reality in physical education on motor skills Chang et al., 2020 53 2020
learning
4 The emergence of technology in physical education: A general Calabuig-Moreno et al., 2020 34 2020
bibliometric analysis with a focus on virtual and augmented reality
5 Augmented reality technology based on school physical education Y. Liu et al., 2022 32 2022
training
6 Augmented reality as a resource for improving learning in the Moreno-Guerrero et al., 2020 31 2020
physical education classroom
7  Augmented Reality Technology for Learning Physical Education on Mokmin & Rassy, 2022 11 2022
Students with Learning Disabilities: A Systematic Literature Review
8 Teaching and Curriculum of the Preschool Physical Education Wang et al., 2022 9 2022

Major Direction in Colleges and Universities under Virtual Reality

Technology

The bibliometric analysis of research productivity
yielded 2 documents (7 %), 5 documents (19 %) in 2020,
1 document (4 %) in 2021, 8 documents (30 %) in 2023,
7 documents (25 %) in 2023, and 4 documents (15%) in
2024, respectively. The results of this analysis show a rapid
increase in research productivity in 2022.

The bibliometric study of research documents yielded
3 book chapters (11 %), 5 proceeding documents (19 %), and
19 originalarticles (70 %). These results encourage the authors’
interest in publishing more original article documents.

The findings of the bibliometric analysis of articles
show that there are 11 (41 %) articles in the Scopus database
journal quartile 1, quartile 2 is 5 (19 %), quartile 3 is 3 (11 %),

quartile 4is 2 (7 %), non-quartiles totaled 3 (11), and Scopus-
indexed electronic books totaled 3 (11%). These findings
indicate that studies on augmented and virtual reality are of
high interest in quartile 1 indexed journals.

The results of bibliometric analysis of the articles with the
most citations are from Soltani & Morice with 103 citations
Ding with 78 citations (Ding et al., 2020), Chang with
53 citations (Chang et al., 2020), Calabuig with 34 citations
(Calabuig-Moreno et al., 2020), Liu with 32 citations (Y. Liu
et al., 2022), Moreno with 31 citations (Moreno-Guerrero
et al., 2020), Mokmin with 11 citations (Mokmin & Rassy,
2022), and Wang with 9 citations (Wang et al., 2022). This
demonstrates that Soltani and Morice's research is relevant
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Table 3. Results of bibliometric analysis of frequently appearing keywords

Number of
Label R Keywords (co-occurrences)

Cluster 1/ Red 13 (1) Control group, (2) Educational computing, (3) Educational development, (4) Experimental
groups, (5) Human, (6) Learning, (7) Motivation, (8) Physical education and training, (9) Secondary
educational, (10) Secondary educational, (11) Students, (12) Table tennis, (13) Technology

Cluster 2/Green 11 (1) Colleges and universities, (2) E-learning, (3) Engineering education, (4) Immersive, (5) Internet
of things, (6) Physical educational teaching, (7) sports, (8) Sports training, (9) Technology-based
virtual reality, (10) virtual reality, (11) Virtual reality technology

Cluster 3/Blue 10 (1) Artificial intelligence, (2) Bibliometric analysis, (3) Extended reality, (4) Human, (5) Human
experiment, (6) Physical activity, (7) review, (8) Sports, (9) United, (10) Web of science

Cluster 4/Yellow 6 (1) Augmented reality, (2) Educational augmented reality, (3) Motor skill learning, (4) Physical

education, (5) Students with learning disabilities, (6) Systematic review

Table 4. Results of co-authorship bibliometric analysis

Label coﬁ:{?:) l:'zl;i(())ils Author(s)
Cluster 1/Red 18 (1) Bores-Gracia, (2) Cano-Cuerda, (3) Delfa-Morena, (4) Espada, (5) Fernandez-Vasquez,
(6) Navaro-Lopez, (7) Palcios-Cena, (8) Romero-Parra
Cluster 2/Green 6 (1) Asmawi, (2) Julianti, (3) Nuraini, (4) Setiawan, (5) Widyaningsih, (7) Wiratama
Cluster 3/Blue 6 (1) Buton, (2) Langlotz, (3) Lo, (4) Mills, (5) Regenbrecht, (6) Zollmann
Cluster 4/Yellow 5 (1) Campos, (2) Garcia g ,(3) Garcias, (4) Moreno Querrero, (5) Navas
Cluster 5/Purple 5 (1) Chen, (2) Frimpong, (3) Li, (4) Yang B, (5) Yang H
Cluster 6/Light blue 5 (1) Chang, (2) Huang, (3) Liu, (4) Sung, (5) Zhang
Cluster 7/Orange 3 (1) Fobona, (2) Garcia Tascon, (3) Gonzales Serrano
Cluster 8/Brown 2 (1) Mokmin, (2) Rassy

and essential in the study of augmented and virtual reality in
sports education.

The findings of the bibliometric study of keyword co-
occurrences using the method of calculating the minimum
number of keyword occurrences were determined to be 2,
yielding 201 keywords and 40 that met the threshold. This
analysis aims to see the frequency of words arranged in the
article (Gaviria-Marin et al., 2019).

The findings of the bibliometric study of keyword co-
occurrences using the method of calculating the minimum
number of keyword occurrences were determined to be 2,
yielding 201 keywords and 40 that met the threshold. This
analysis aims to determine the frequency of words used in
articles (Gaviria-marin et al., 2019).

Discussion

The study of technology in education has grown rapidly
during thelast decade (Sosa & Bethencourt, 2019). Education
and technology are inseparable, and the scope of technology
in education is expanding at a rapid pace (Lemabh, J. et al,,
2014). One of them is related to augmented reality and
virtual reality in the field of sports education. To answer
research questions, the discussion is provided as follows:

RQ1: How productivity, publication types, and research
journal rankings have been developed from 2019-2024?

The highest research productivity results were in 2022,
with a total of 8 (30 %) documents; the highest number of pub-
lication type results was the original article type amounted to
19 articles (70 %); and in terms of article ranking, journals in-

cluded in the Scopus Quartile 1 database journal had the most
articles, namely 11 articles (41%). Based on bibliometric data,
it is clear that research into augmented and virtual reality is
increasing over time. Even though there was an increase from
2023 to 2024, which is currently occurring, research interest
has not grown rapidly. This demonstrates that there is a signif-
icant opportunity for other researchers to conduct studies on
augmented and virtual reality in the fields of physical educa-
tion and sports. In this situation, the types of publications that
are frequently utilized to share research on augmented reality
and virtual reality have been discovered to be more creative.

Even if the trend is to publish more original articles,
this must be done thoroughly. Aside from that, it is unusual
in research that works on literature review analysis and
bibliometric analysis have not gotten extensive attention.
As a result, this bibliometric analysis is likely the first to
address augmented and virtual reality in the field of physical
education and sports. In terms of journal rankings, journals
that accept publications on augmented and virtual reality
research are more likely to be in Scopus quartile 1, indicating
that this study is excellent and has a good possibility of
getting published in Scopus journals.

Another study found that technology in sports education
is less productive than in other research fields (Sanmarco et
al., 2019). The usage of technology in physical education
remains low, as evidenced by large numbers of observations
beginning in 2015 (Wyant & Baek, 2019). Aside from that,
there are still few articles in Scopus-indexed journals on
augmented and virtual reality over time. In light of these
findings, research and publishing output in the field of sports
education involving augmented and virtual reality require
further improvement.
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RQ2: What are the most cited popular articles in the
field of augmented reality and virtual reality?

The results of the bibliometric analysis of the most cited
popular articles from first to eighth are articles by Soltani and
Morice with 103 citations (Soltani & Morice, 2020), Ding
with 78 citations (Ding et al., 2020), Chang with 53 citations
(Chang et al.,, 2020), Calabuig with 34 citations (Calabuig-
Moreno et al., 2020), Liu with 32 citations (Y. Liu et al.,
2022), Moreno with 31 citations (Moreno-Guerrero et al.,
2020), Mokmin with 11 citations (Mokmin & Rassy, 2022),
and Wang with 9 citations (Wang et al., 2022), respectively.
This demonstrates that the eight articles have exceptional
importance for other authors seeking references in this field.
This study revealed that the top three most cited articles
were published in 2020. This conclusion suggests that since
that year, researchers have become more aware of the need
to perform relevant research in this field. The amount of
citations indicates that the article is of good quality (Hanief,
Nanda, 2021).

RQ3: What are the trends in keywords that often appear
in the fields of augmented reality and virtual reality?

The findings of bibliometric analysis using the
VOSviewer application revealed trends in frequently
appearing keywords. The yellow cluster indicates that the
number of keywords that commonly appear are related to
“physical education”, indicating that these are the keywords
that are frequently used in research in the Scopus database.
Furthermore, the green cluster indicates that the phrase
“virtual reality” yields trending articles in the Scopus
database. In contrast to the red and blue clusters, these
two clusters indicate that little study has been conducted
on augmented reality and virtual reality. This is one of the
issues and novelties in this research, as there haven’t been
many research studies on augmented reality. The VOSviewer
analysis shows that the study is less familiar than virtual
reality. This is why there is still plenty of opportunity for
sports academics to conduct studies on augmented reality,
particularly in the field of sports education. To clarify, the
following is shown in a visualization image.
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Fig. 2. Vosviewer data visualization of frequently occurring
citations

RQ4: What is the trend of co-authorship
which often collaborates in the field of
augmented reality and virtual reality?

From the results of the bibliometric analysis with
the VOSviewer application, co-authorship analysis has
been carried out. This analysis aims to identify trends of
research collaboration in augmented and virtual reality
studies. Clusters and colors are used to illustrate research
collaboration patterns. In this case, blue denotes that Chang
and Huang conducted collaborative research (Chang et al.,
2020), and so on. The research collaboration network aims
to analyze and identify researchers and institutions carrying
out research. Collaboration also helps solve problems and
contributes to comprehensive scientific development (Hanief
& Nanda, 2021). The following visualization illustration
explains teamwork in the field of augmented and virtual
reality:
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Fig. 3. Visualization of VosViewer co-authorship data

Analysis of the potential and difficulties of augmented
and virtual reality studies in sports education

According to the findings of the analysis, there are only
alimited number of studies on augmented and virtual reality
in sports education. As a result, it is research that requires
further expansion and development to progress technol-
ogy in the field of education, particularly sports education.
Even while sports promote physical fitness, research into
augmented and virtual reality is still required to support
technology-based learning. The constraints of research on
augmented reality and virtual reality in the field of physical
education are possible since the research process used in
this study is rather lengthy, requiring a great deal of disci-
pline, preparation, and financial assistance. Furthermore,
challenges such as older teachers’ lack of understanding of
science and technology lead to a lack of skill and confidence
in using technology-based learning strategies.

This problem can, of course, be solved; one approach
is to downstream existing research so that the research
findings can be adopted directly by teachers. This gadget
is undoubtedly really useful for learning physical activities
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(Pasco, 2013). Previous research has found that the benefits
of technology-based physical learning include the ability
to get closer to the environment and create new physical
learning so that students are interested and encouraged to
participate (H. Liu, 2019). Aside from that, this technology
can be combined with functional diversity in the classroom
to improve students’ cooperative attitudes (Fogel et al,,
2010). However, it is important to note that studying using
augmented reality and virtual reality should not be viewed
as a single knowledge, therefore students must take a
constructive approach to gain full learning benefits (Martin-
Gutierrez et al., 2017).

Conclusions

Based on the findings and discussion, it is possible to
conclude that research productivity will expand substantially
in 2022, with a total of 8 documents (30 %). Original articles
are the most common document type, accounting for
19 documents (70%). The highest number of documents
entered into the Scopus quartile 1 database was 11 (41%). The
highest number of citations was obtained from researchers
Soltani & Morice with 103 citations. Physical education
and virtual reality are popular trending keywords. There are
18 researchers who frequently conduct collaborative studies
on the same topic. This analysis description gives information
and a map of research trends in augmented and virtual reality
in sports education. As a result, future academics can conduct
research on the development of virtual and augmented reality
technology. Although this study was conducted effectively,
there is still room for improvement. For example, the
techniques for collecting data should be extended beyond
just the Scopus database and English as the only inclusion
criterion. Indexing should also be taken into consideration,
as should the use of other languages in future studies.
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TeHAeHUii focnigKeHb AONOBHEHOI Ta BipTyanbHOI
peanbHOCTI B ranysi cnopTuBHOI ocBiTu: BibniomerpnuHnn
aHani3 6a3un gaHnx Scopus 3a 2019-2024 pp.

Auppiit AxipysHTo'ABCPE, llepanra FOgxictipa'ABCcPE

'CeMapaHIChKUIL IepKaBHMIT YHIBEpCUTET

ABTOpPCHKMI BKIAJ: A — au3aiiH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykormcy; E — 36ip kourris

Pedepar. Crarrs: 8 ., 4 Tabm1., 3 puc., 31 mKepeno.

Merta gocnimxeHHs. MeTa 11bOr0 JOCTi/KeHHsI [IOJLITA€ Y IPpOBeeHH] 610/1ioMeTPUYHOro aHai3y FOCTIIKeHb JOIOBHEHOI
Ta BipTya/IbHOI pea/IbHOCTI B ray3i cIopTy Ta (GisMuHOro BUXOBAHHS i3 BUKOPUCTAHHAM HAYKOMETPIMYHOI 6a3y faHux Scopus 3a
nepiop 3 2019 no 2024 poxn. AHasi3 GOKyCyeTbcA Ha TAKMX aCIeKTaX: IPOAYKTUBHICTD TOCI/KeHb, TUIIN TOKYMEHTIB, PeITUHI T
JKYPHAJIiB, IIOIy/IAPHi CTaTTi, HalO/IbII IIMTOBAHI K/II0YOBi C/I0Ba Ta TEHAEHIIi1 CIiBaBTOPCTBA.

Marepianu Ta MeTogu. B AKOCTi MeTORY HOCII/KeHH:A OY/I0 3acTOCOBaHO 6i6miomeTpryHmit ananis. Ha etami focmimkenHsa
(1) 6ymo0 BuAB/IEHO BiAIOBiAHI AaHi 3a HOMOMOrOK0 HayKOMeTpUYHOI 6asy faHUX Scopus i3 BMKOPUCTAHHAM OY/IeBUX K/IIOYOBUX
CIiB «JOMOBHEHA peanbHICTb» TA «BipTyasmbHa peanpHicTb» TA «cropTuMBHA OCBiTa» abo «disndna ocsita»r. Ha erami (2) mo-
LIYKy PO3ITIAHYTO OPUIiHa/IbHi JaHi 3i cTarTe, KOH(epeHIIiit Ta aHrTToMOBHNUX KHUT. Ha eTani (3) mepBuHHOI iffeHTHiKamii 6y}10
orpuMaHo 1 174 mokyMeHTH, AKi TOTiM Oy/IK BifdinbTpoBaHi 3 METOI0 BISHAYeHH: 27 JOKYMEHTIB, 1110 BifJIOBifAal0Th KpUTepisaM
HOJA/IBIIOTO JOCTiKeHHs. MeTopy 360py Ta aHaIi3y AaHMX BK/IIOYAIV 3aCTOCYBAHHs IIPOrpaMHoro sabesnedents: Mendeley,
VosViewer ta Excel.

Pesynpratu. ¥ 2022 pori criocTepiranocst cTpiMke 3pOCTaHHS MPORLYKTUBHOCTI JOCTI/KEHb: KIIBKICTb JOKYMEHTIB 301/b-
mtacst Ha 8 (30%), HAIOUIMPEHIM TUIIOM KOKYMEHTIB Oyam opuriHanbHi cTarTi, AKi MicTATh 19 okyMeHTiB (70%), 110
HaJIeXXaTb JI0 faHol Kareropii. Haii6inbury KinbkicTb cTaTeit 6ymo omy6/ikoBaHo B XypHasi mepuioro ksaprumo — QI Scopus
i3 sara;pHOIO Ki/bKicTio 11 mokymenTiB (41%), B ToMmy uncri crarts Conrani Ta Mopica orpumaina 103 nuryBaHH:, a Hai6i1bII
HONY/IAPHIMU KJIIOYOBVMI CJIOBAaMIU, AKi 4acTo 3’ ABILANUCA, 6y (isuuHe BUXOBaHHA Ta BipTyabHa peanbHicTb. [llo cTocyerbes
HTOCTIHNKIB, 5IKi 9acTO 6epPyTh y4acTh y CHIIBHUX poOOTax, 6Y/I0 BCTAHOBJIEHO, 110 18 HAYKOBI[iB IPAIIOIOTh HAJ| BUBYEHHIM
OJJHAKOBOI TeMATVKI.
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Bucnosku. Ha nificTaBi OTpMMaHNUX pe3y/nbTaTiB MOXKHA CTBEPIPKYBATH, 110 JOCIIPKEHHA TeMAaTUKM CIIOPTUBHOI OCBiTH i3
BUKOPYICTAHHAM JIOIIOBHEHOI Ta BipTya/nbHOI pealbHOCTi JOCi TOTpeOyIOTh BIOCKOHA/IEHH: HayKOBIX 3HAHbD.
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Information about the authors:
Akhiruyanto, Andry: andryakhiruyanto@mail.unnes.ac.id; https://orcid.org/0000-0001-9567-7046; Department of Health and
Recreation Physical Education, Faculty of Sport Sciences, Universitas Negeri Semarang, Sekaran, Kec. Gn. Pati, Kota Semarang,
Jawa Tengah 50229, Indonesia.
Yudhistira, Dewangga: dewanggayudhistira@mail.unnes.ac.id; https://orcid.org/0000-0002-4194-1283; Department of Sport

Coaching Education, Faculty of Sport Science, Universitas Negeri Semarang, Sekaran, Kec. Gn. Pati, Kota Semarang, Jawa Tengah
50229, Indonesia.

Cite this article as: Akhiruyanto, A., & Yudhistira, D. (2024). Trends in Augmented Reality and Virtual Reality Studies in Sports
Education: Bibliometric Analysis of the Scopus Database for 2019-2024. Physical Education Theory and Methodology, 24(4), 643-
650. https://doi.org/10.17309/tmfv.2024.4.17

Received: 24.06.2024. Accepted: 09.07.2024. Published: 30.08.2024

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

650



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

REVIEW ARTICLE

The Impact of Regular Exercise on Cardiovascular

Health: A Literature Review

Liliana Puspa Sari'A®“P%, Alan Alfiansyah Putra Karo Karo'A®<P,
Pedomanta Keliat'®*“®, Andi Nur Abady'*“®, Agung Nugroho'®<P,
Muhammad Syaleh'*“P; Devi Catur Winata'®*“® and Ahmad Al Munawar'®<P

ISTOK Bina Guna

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D — Manuscript Preparation; E - Funds Collection

Corresponding Author: Liliana Puspa Sari, E-mail: lili.binaguna@gmail.com

Accepted for Publication: August 3, 2024
Published: August 30, 2024

DOI: 10.17309/tmfv.2024.4.18

Abstract

Objectives. The study aimed to use a literature review methodology to ascertain the effect of regular exercise on

cardiovascular health.

Materials and methods. This review inquiry adhered to PRISMA guidelines for systematic reviews and meta-
analyses. Studies had to be published between June 2022 and June 2024. The following search terms were used:

(1) regular exercise; (2) cardiovascular health. This study’s data source was the Scopus search engine.

Results. A total of six articles were identified from the 229 search results in the database that were modified to meet
the specified requirements According to the results of this systematic review, regular exercise has a positive impact on
cardiovascular health, reducing the incidence of morbidity and mortality, improving prognosis, and lowering the risk

of heart disease.

Conclusions. The findings indicate that the practice of regular exercise has been proven to have a beneficial effect on
cardiovascular health. Thus, engaging in regular exercise can significantly enhance physical well-being and improve

the cardiovascular condition.
Keywords: regular exercise, cardiovascular health.

Introduction

Cardiovascular health, which covers the study and
management of heart and blood vascular diseases, such
as heart disease and stroke, is a crucial component of
general well-being. Research emphasizes the importance
of promoting cardiovascular health by targeting key risk
factors through population-based interventions, such as
improving diet, reducing tobacco exposure, and increasing
physical activity (Bovet et al., 2023; Soyer et al., 2023;
Van Sloten et al., 2023). Research indicates that improved
cardiovascular health-which is determined by things like
blood pressure, cholesterol, and lifestyle choices is linked
to a lower chance of developing depressive symptoms in
the long run, underscoring the connection between mental
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and physical health (Aitken et al., 2022). improve public
health outcomes and lowering the worldwide burden of
cardiovascular disease require an understanding of and
commitment to improve the cardiovascular health profile of
populations, especially through addressing modifiable risk
factors.

Cardiovascular health is of great importance due to
the significant burden of cardiovascular disease (CVD)
globally, being the leading cause of death (Sims et al., 2020).
Preventable risk factors such as hypertension, diabetes, and
obesity contribute to the development of CVD, emphasizing
the need for lifestyle modification and risk factor control
(Jessica Magali Herrera Abarca et al., 2023). The concept of
cardiovascular health as presented by the American Heart
Association emphasizes the significance of preventative
efforts by highlighting the impact of optimal health habits
and factors in lowering cardiovascular mortality and events
(Raleigh & Colombo, 2023). Targeting modifiable risk
factors including smoking, eating poorly, and not exercising
is essential for lowering the incidence of CVD and enhancing
general cardiovascular health (Brant & Ribeiro, 2018). As the
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population ages, promoting healthy aging by preventing and
slowing the progression of CVD from middle age is critical
to improving cardiovascular health and reducing disability
associated with CVD in older adults.

Numerous factors can impact cardiovascular health,
including well-known risk factors like age, gender, choles-
terol levels, smoking, and hypertension as well as less well-
known ones like early life effects and newly-emerging ones
like environmental pollution (Powell-Wiley et al., 2022).
Cardiovascular disease (CVD) risk is greatly influenced by
social determinants of health (SDOH), which include things
like education, income, social support, and systemic racism
(Mannoh et al., 2021). In addition, meteorological factors
such as ambient temperature, humidity, and atmospheric
pressure have been associated with variations in cardiovascu-
lar disease rates, highlighting the potential impact of weather
conditions on cardiovascular health (Abrignani et al., 2022).
Furthermore, socioeconomic, technological, and environ-
mental factors, including violence, smoking, dietary habits,
and environmental pollution, have been identified as con-
textual determinants affecting CVD, emphasizing the need
for comprehensive strategies to address these multifaceted
influences on cardiovascular health (Alizadeh et al., 2022).

Research on exercise has made a significant contribution
to cardiovascular health by establishing a strong link
between physical activity, fitness levels and reduced risk of
cardiovascular disease (Myers, 2003). Studies have shown
that active individuals tend to develop less coronary heart
disease and experience milder forms of the condition
compared to sedentary individuals (Myers, 2003).
Furthermore, the integration of wearable fitness trackers,
such as the Fitbit Charge HR, into research has provided
valuable insights into the relationship between physical
activity, resting heart rate, and markers of cardiovascular and
metabolic disease (Leong, 2018). Furthermore, investigation
of strategies such as chronic heat exposure has demonstrated
improved vascular function, reduced arterial stiffness, and
increased endothelium-dependent vasodilation, all of
which are important aspects of cardiovascular health (Feng
et al,, 2023). Despite these advances, challenges remain in
translating experimental findings into clinical practice,
highlighting the continued need for further breakthroughs
in the field of cardiovascular research and exercise science.

The purpose of this study is the impact of regular
exercise on cardiovascular health through a literature review
approach. The results of this literature review are expected
to provide a deeper understanding of how regular exercise
affects cardiovascular health, provide insight into the optimal
type and duration of exercise, and identify populations most
likely to benefit significantly from this exercise habit.

Materials and Methods

Study Participants

Articles from international publications that were
indexed by the reliable Scopus database made up the
research population. Articles with an H-Index that were
published in international journals with an Elsevier webpage
between June 2022 and June 2024 make up the sample that
was chosen. This study uses primary and secondary sources
as its two categories of research data sources. A data coding

sheet was the tool used in this inquiry. This functioned as
an internal audit and provided insight into the exclusion of
certain research from the synthesis.

Usingthekeywords “regularexercise”and “cardiovascular
health”, articles published in Scopus between June 2022
and June 2024 were located. How the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)
standards are used is depicted in the flow diagram (Figure
1) (Karo-Karo et al., 2023; Moher et al., 2016) were followed
during the identification, screening phase, conformity, and
inclusion processes to produce a total sample of 6 articles out
of a total of 229 articles.

The bibliometric analysis considered the following com-
ponents: The entire number of authors, the field of study
(regular exercise and cardiovascular health), the type of re-
search (experimental, descriptive, correlational, and other),
the annual pattern of articles published between June 2022
and June 2024, the distribution of publications to the first au-
thor’s institution, the total number of authors, and the average
number of citations per article were all taken into account.

=}
% Number of records
2 identified through Scopus:
E] n=229
]
- J
= Articles are screened based Articles that were
g on publication period inaccessible and did not
g (2022-2024), language and > | meet the inclusion criteria:
N article type): n= 180 n=49
2
',1:3 Full-text articles assessed Articles outside subjective:
2 S >
& for eligibility: n=21 n=159
o
Articles submitted
< through keyword
+ checking: n=6
3
= Total number of articles
s} analyzed: n=6
K
Fig. 1. Diagram showing the flow for choosing articles
Study Organization

The literature was examined with consideration given
to the following: the trend of articles published annually
between June 2022 and June 2024; the distribution of
publications at the first author’s institution; the number of
authors; the field of study (cardiovascular health and regular
exercise); the type of study (experimental, descriptive,
correlational, other); and the average number of citations
per article publication.

Statistical Analysis

Article titles, abstracts, and keywords were condensed
in order to create a core set of publications that could be
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Table 1. Summary table of studies

No Author and Years

Method

Main Result

1 Thijssen et al., 2022

2 Schrader et al., 2022
4602 participants.

3 Luchkova et al., 2022

4 Gu et al., 2022

analysis
5 Mannakkara & Finocchiaro, 2023

6 Gardner & Beck, 2023

Discusses the benefits, risks,
and recommendations of
exercise and sports.

ELITE study in Germany with

Physical training with forced
swimming for 4-6 weeks.

Independent sample t test and
nonparametric test used for

Discusses the benefits, risks,
and recommendations of
exercise and sports.

Safely prescribe exercise for
adults at risk of heart disease

Exercise reduces cardiovascular morbidity and
mortality, improving prognosis.

Participants who exercised frequently had a more
favorable cardiovascular risk profile.

Exercise on a regular basis raises H2S levels in
cardiac tissue and mitochondria.

Frequent exercise cures heart abnormalities and
reduces Drosophila longevity

Exercise reduces cardiovascular morbidity and
mortality, improving prognosis.

Empbhasizes physical inactivity as a risk factor for
heart disease.

used and then reviewed. Since they didn't want to leave out
anyone who couldn’t access their research, the review writers
only took into account open access articles for their review
study. The subsequent inclusion and exclusion criteria were
applied to choose only pertinent research that solely focused
on a particular topic.

Results

Research shows that regular exercise has a positive
impact on cardiovascular health by reducing cardiovascular
morbidity and mortality, improving prognosis, and lowering
the risk of heart disease.

Discussion

Frequent exercise reduces cardiovascular risk factors
and enhances general well-being, which both contribute
to improved cardiovascular health. Regular exercisers have
decreased rates of arterial hypertension, diabetes, nicotine
use, and elevated BMI, according to studies like the ELITE
study conducted in Germany. These findings demonstrate
the beneficial effects of physical activity on cardiovascular
health (Schrader et al., 2022). Moreover, regular physical
activity has been shown to improve cardiovascular function
in older adults, leading to better blood-related indicators
and reduced vascular stiffness, ultimately benefiting heart
rate variability and autonomic nervous function (Wang et
al., 2021). Furthermore, a single bout of exercise has been
found to provide immediate cardioprotection by reducing
cardiac and vascular damage in response to prolonged
ischemia and reperfusion injury, suggesting an immediate
benefit of exercise on cardiovascular health (Thijssen et al.,
2022). Overall, following recommended activity levels can
lead to significant cardiovascular adaptations, reducing the
risk of chronic disease and mortality (Nystoriak & Bhatnagar,
2018).

Regular exercise has a significant positive impact on
cardiovascular morbidity, which is supported by various
research studies. Studies such as the ELITE study in Germany
showed that frequent exercise was associated with a lower

prevalence of cardiovascular risk factors such as arterial
hypertension, diabetes, and increased BMI (Gondim et al.,
2015; Schrader et al., 2022). Additionally, research in chest
cancer patients undergoing anthracycline chemotherapy
highlighted the potential of exercise training to reduce
the risk of cardiac dysfunction and functional disability,
ultimately improving long-term health outcomes in these
patients (Foulkes et al., 2020). Furthermore, physical activity
has been shown to reduce the risk of cardiovascular death,
with a linear relationship between activity level and reduced
risk of cardiovascular death, emphasizing the importance
of regular exercise in preventing cardiovascular disease
(Lollgen & Papadopoulou, 2018). Regular exercise not only
improves cardiovascular health but also positively affects
psychosocial factors, stress levels, depression, and general
well-being, further underscoring its holistic benefits on
cardiovascular morbidity (Gondim et al., 2015; Schrader et
al., 2022).

Regular exercise has a significant positive impact on
improving prognosis across a range of health conditions.
In stable coronary heart disease patients, higher levels of
physical activity are associated with a reduced risk of all-cause
mortality, with hazard ratios showing a lower risk of death in
patients with higher levels of physical activity (Bouisset et al.,
2020; Hendrawan etal.,2024). Furthermore, exercise hasbeen
associated with favorable prognostic factors in chest cancer
patients, with higher skeletal muscle volume associated with
better outcomes, potentially reflecting patients engaging in
exercise during treatment (Altundag, 2019). Furthermore,
regular exercise has been shown to maintain protective
mechanisms in the cardiovascular system, counteracting
age-related damage and improving outcomes in elderly
people with cardiovascular disease (Pagano et al., 2013).
These findings underline the importance of regular exercise
in improving prognosis and overall health outcomes.

Regular exercise plays an important role in lowering
the risk of heart disease by improving cardiovascular
health and reducing cardiovascular risk factors. Studies
have shown that physical activity reduces the burden of
risk factors such as arterial hypertension, diabetes, nicotine
use, and increased BMI, all of which are significantly less

653



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 4

prevalent in individuals who exercise frequently (Schrader
etal., 2022). In addition, exercise has been found to improve
physiological functions, including improved endothelial
function, oxygen extraction, and catecholamine spillover,
which are beneficial to cardiovascular health (Kaleta et
al., 2017). In addition, regular exercise normalizes blood
pressure, decreases body weight, reduces vascular resistance,
and promotes structural adaptations in the cardiovascular
system, such as increasing the number of capillaries and
arteries, which ultimately protects against chronic and
acute coronary disease (Luchkova et al., 2022). Therefore,
engaging in regular physical activity is a key component
in reducing the risk of heart disease and improving overall
cardiovascular well-being.

Conclusions

Based on the impact of regular exercise on cardiovascular
health: a literature review, it can be concluded that regular
exercise has a positive impact on cardiovascular health by
reducing cardiovascular morbidity and mortality, improving
prognosis, and lowering the risk of heart disease.
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poky. Byo 3actocoBano HacTymHi nourykosi Tepminim: (1) perynsapHi disuuni Bripasiu; (2) cTaH 3T0pOB’s CEPLIEBO-CYMHHOI CIC-
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BucHoBKM. PesynbraTu OCTiIPKeHHA CBil4aTh PO COPUATINBUI BIUIMB MPAKTUKY PErylTApHUX QisMYHMX BIpaB HA CTaH
340POB’sI CeplieBO-CYANHHOI crcTeMu. TaKyM YMHOM, pery/IsapHi 3aHATTS PI3MYHNMM BIIPaBaMU CIPUSAIOTh 3SHAYHOMY 3MIIIHEHHIO
(isMYHOTO CaMOIOYYTTA Ta MOKPAIleHHIO CTaHY CePIieBO-CYAVHHOI CHCTeMI.
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Abstract

Objectives. The objective of the study was to develop a training program and improve physical performance through
a review of the literature in order to enhance the field tennis drive stroke.

Materials and methods. A comprehensive analysis of earlier research was carried out, comprising a review of articles
published between 2019 and 2024 that discuss ways to improve the physical condition of tennis players. Electronic
searches were conducted using SPORTDiscus, PubMed, Google Scholar, Web of Science, and Scopus. The articles
addressing the most effective methods for enhancing court tennis drive stroke abilities through physical performance

and practice techniques were then compiled.

Results. The findings of this study indicate that forty articles used physical performance techniques and practice
to enhance the court tennis drive stroke. Based on the physical state assessments and its subsequent improvements,
items were categorised. Anaerobic speed endurance has been defined as a training method that may be used by

an athlete.

Conclusions. The following conclusions were reached after a thorough analysis: while physical performance
includes muscle strength, aerobic and anaerobic endurance, speed and acceleration, explosiveness, flexibility, agility,
and balance, a number of training regimens were found to be effective in improving the skills of the court tennis
drive stroke. These training methods include circuit training, strength training, endurance training, kinesthetics’
perception training, shadow sports training, rope ball training, interval training, and training frequency.

Keywords: review of the literature, exercise regimens, physical state, drive strokes, court tennis.

Introduction

In order to attract and increase the desire to study
court tennis, college tennis instruction should be structured
in accordance with the qualities of the game as well as
psychological aspects associated to kinesthetics’ perception.
University students must go through a lengthy process to
develop their tennis playing abilities. The ability to play
court tennis better, particularly on the drive shot, requires
deliberate and ongoing work. There should be components
of personalised instruction and training in this exercise. To
do this, pragmatic methods and techniques are required

© Nugroho, D., Syaifullah, R., Sabarini, S. S., Liskustyawati, H.,
Putro, B. N., & Jariono, G., 2024.
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(Amni & Sulaiman, 2019; Soegiyanto & Nugroho, 2012;
Tegar Prastawa, Wimba, Hadi Husnul, Dwi Pradipta, 2022).
Rather, the goal of this study is to provide the fundamental
knowledge of the drive stroke. In this instance, court tennis
driving strokes forehand and backhand will be taught to
college students (Kolman et al., 2019).

Applying norms and principles pertaining to attitude,
mentality, sportsmanship, emotions, and social interactions
is vital to help students become better at mastering court
tennis techniques (Fauzi et al., 2021). To attain good
performance, all of this is required (Jariono et al., 2021,
2024; H. Nugroho et al., 2021). Technique, tactics, strategy,
and mindset all crucial elements of the training principles
need to be trained in order to do this. Bompa & Buzzichelli,
(2019) states that sports training entails mental, technical,
tactical, and physical preparation. A pupil needs to be
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proficient in every area of the workout in order to attain the
optimum results. To accomplish its intended purpose, each
component thus needs unique care and attention.

To become better in playing court tennis, students must
receive training (Anderson et al., 2021). This is because an
integrated training process is the only way for students to
succeed (Amico & Schaefer, 2022). Coaches and educators
need to be trained in the areas of physical, technical, tactical,
and mental health (Dohme et al., 2019). Since learning the
proper technique would enable pupils to execute forehand
and backhand drive strokes with efficiency, techniques need
to be well-trained and developed (Faber et al., 2021).

The findings demonstrated that researchers may enhance
the training curriculum and provide training materials that
are tailored to the requirements of tennis players while they
play by drawing on their expertise as court tennis course
instructors throughout several meetings. Tennis players
who are new to the game and frequently participate in
tournaments should have an improved playing pattern.
They will become more automated as a result of this. You
must so comprehend the fundamentals of court tennis
playing patterns. The aforementioned principles encompass
the following: (1) backhand drive strokes and forehand
groundstrokes; (2) tennis is an error-prone game; (3) every
drive shot aims to create space in the opponent’s court;
(4) maintain the opponent’s movement throughout the court;
(5) comprehend the opponent’s game; (6) comprehend the
playing environment; and (7) acknowledge position.

Materials and methods

Database and Search Profile

Researchers used a range of databases, such as
SPORTDiscus, PubMed, Google Scholar, Web of Science, and
Scopus, to conduct systematic, controlled literature searches
on their own. The terms “Training Methods,” “Physical
Performance,” “Improving Drive Shot Skills,” “Court Tennis,”
and “simultaneous strength and endurance training,” as well
as “combined strength and endurance training,” were used in
the search. The search includes only the English manuscript’s
entire text. All studies and experiments involving humans
that were published between January 1, 2019, and May 30,
2024 the end of the search period was examined. Getting
in touch with reputable research groups on the subject

and looking through a reference list of certain articles are

Table 1. Inclusion and exclusion criteria of a systematic review

two more manual search techniques. Papers for the meta-
analysis were chosen using the PRISMA Statement for Meta-
analysis, which covers Identification, Screening (Page et al.,
2021), Eligibility, and Inclusion, following a review of the
literature. First, an electronic search of the SPORTDiscus,
PubMed, Google Scholar, Web of Science, and Scopus
databases yielded 750 identified articles and no duplicate
articles were found. Then 400 articles were filtered by title
and abstract, leaving 350 articles to reread. The results left a
total of 200 articles reviewed. Of the 200 articles, 150 articles
were eliminated into 40 papers (Fig. 1). In addition,
table 1 explains the inclusion and exclusion criteria.

Methodological Quality Assessment

Eleven PEDro (Physiotherapy Evidence Database) crite-
ria were used to evaluate the quality of the publications under
study, and their methodological quality was also appraised
(Cashin & McAuley, 2020). Good articles are essential for
helping users get past obstacles like time constraints and poor
critical thinking abilities. They also make it simpler to incor-
porate excellent clinical research into clinical practice (Mose-
ley et al., 2020). Guidelines for clinical practice and system-
atic reviews are not assessed. As per the findings of Moseley
et al. (2020), methodological quality of papers was classified
as follows: eight to eleven was considered high, four to seven
was considered medium, and four or less was considered low.

Stage 1
An electronic search through SPORTDiscus,
PubMed, Google Scholar, Web of Science, and
Scopus identified 750 articles

400 excluded by title and abstract

Stage 2
Filtered titles and abstracts
Identify 350 articles

200 are excluded on the grounds
that

Stage 3
Read and analyze the entire article
Identify 150 articles

110 published based on inclusion
criteria

Stage 4
Relevant articles to analyze 40 articles

Fig. 1. Article identification flowchart in systematic review

Category

Criteria
Population

Intervention

Comparison

Court Tennis athletes,
without restrictions
on physical condition,
gender or age

Inclusion Criteria

Exclusive Criteria  Participants with
health problems
(e.g., injury, recent
surgery), hindering
Participation in
plyometric jump
training plan

Physical condition training programs, with a minimum
duration of >3 weeks that include unilateral and

bilateral jumps, which usually use pre-stretching or
Countermovement emphasizing stretch-shortening cycles

The exercise intervention did not involve plyometric
jumping exercises (e.g., upper body plyometrics is
only a training intervention) or training interventions
involving Circuit jumping training programs that
represent less than 50% of the total training load

(i.e., volume, for example, number of exercises) when
delivered in along with other training interventions

Control group (i.e., standard
exercise training, alternative
training intervention,
physically active, inactive).

Absence of a control group.
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Results

Number of Results Reviewed

750 papers were found using electronic searches on
SPORTDiscus, PubMed, Google Scholar, Web of Science,
and Scopus; no duplicate articles were discovered. 350 ar-
ticles remained after 400 were sifted by title and abstract,
making them suitable for further reading. A total of 200 ar-
ticles were reviewed after the results. Out of the 200 articles,
40 articles that satisfied the PEDro scale’s qualifying require-
ments remained after 160 articles were removed. Physical
conditions are used to organise this article (table 2).

Exercise Significance Results

Among the forty articles that were chosen and scruti-
nised, improvements in court tennis drive stroke skills were
found in all forty of the selected articles. These improve-
ments were observed irrespective of the players’ experience
level, gender, age, professionalism, or method of training.

Discussion

Circuit Training

To switch up your muscle parts with more effort and
a quicker recovery time, try circuit exercises (Annasai et al.,
2023). 60-90 second rest intervals separated by one to three
minutes between circuits. Exercises should be selected to
improve the body’s field as the primary mover in accordance
with the goals of the stages involved in preparation, particularly
the goal of anatomical adaptation (Yulianto & Yudhistira, 2021).
Showed that the benefits of training with a circuit include:
a) simultaneously improving multiple physical condition
components in a relatively short amount of time; b) allowing
each athlete to train in accordance with his or her progress; c)
allowing each sport to correct the athlete’s progress; d) making
training easy to supervise; and e) saving time because a circuit
can accommodate multiple people practicing at once in a
relatively short amount of time (Bompa & Buzzichelli, 2018).

It is improper to compare athletes using the Circuit or to
use it as a test. Athletes’ rapid performance makes it unfair

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

No Author, Year

Physical Condition Variable

Training Type

1 Sharma et al., 2024

2 Shuzhen Ma et al., 2024
player’s performance

[ON]

Zhang, 2024
4 Williams et al., 2024

Psychological factors affect performance
Core strength training on the badminton
Optimization of college tennis training

Determined by a racket embedded magnetic
inertial measurement unit embedded

Visual motor behaviour rehearsal (VMBR)
training program three times a week
A systematic review & meta-analysis

Teaching under deep learning
Racket orientation angle differences between
accurate and inaccurate squash shots

magnetic-inertial measurement unit

5 Williamson et al., 2024
play
6 Biittner et al., 2024 The power of human touch
7 Kumar & Das, 2024
on the world stage
8 Jariono et al., 2024

Physical demands of wheelchair tennis match

Biomechanics impacting tennis performance

Physical activity training methods to improve

A systematic review with meta-analysis
Physical contact improves performance in
basketball free throws

A bibliometric analysis

A systematic review

the physical condition of volleyball players

9 D. Nugroho et al., 2023

10  Kaplan, 2023

11  Wood et al, 2023 Kinematics and performance
12 Diaz-Garcia et al., 2023
13 Irawan et al, 2023

Speed and accuracy

stroke
14  Rodriguez-Perea et al., 2023
15 Dengetal, 2022

Tennis groundstroke skills of sports students

Accuracy performance tennis

Biomechanical motion of the tennis forehand

Core training and performance
Effects of plyometric training on skill and

Effects of massed and distributed drills, muscle
strength, and intelligence quotients

Effect of 12 weeks of tennis education

The expert eye? An inter-rater comparison of elite
tennis serves

Brain endurance training improves shot
Analysing the impact on the ball speed using bio
for analysis software

A systematic review with meta-analysis

A systematic review and meta-analysis

physical performance in healthy tennis players

16  Colomar et al., 2022

velocity
17  Rusdiana et al., 2022
18  James et al., 2022

19  Saeterbakken et al., 2022
sport-specific performance
20 Renshaw et al., 2022
to motor learning in practice
Performance and technique
Physical performance

21 M. A. Chenetal, 2021

22 Alouietal., 2021

23 Rohadietal., 2021
tennis athletes

24  Habayetal, 2021
psychomotor performance

Determinant physical factors of tennis serve
Backhand drive stroke technique in tennis
Upper-body post-activation performance
enhancement for athletic performance

Trunk muscle training on physical fitness and

Psychology: an ecological dynamics approach

Groundstroke forehand drive ability in novice

Mental fatigue and sport-specific

A brief review

3D biomechanical analysis approach

A systematic review with meta-analysis and
recommendations for future research

A systematic review and meta-analysis

Reframing the learning and performing
relationship in high-performance sport
Effects of biofeedback

Effects of elastic band plyometric training
Effect of drill, foot position, and hand-eye
coordination

A systematic review
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Table 2 (continued)

No Author, Year

Physical Condition Variable

Training Type

25  Zacharakis et al., 2020
26  Kitamura et al., 2020
27  Woods et al., 2020

Skill performance

Balancing and technical skills in

Performance preparation models in

Effect of balance and proprioceptive training
Strength and power training
Theory to practice

contemporary high-level sport guided by an
ecological dynamics framework

28  Hammami et al., 2020 Physical performance
29  Vicente et al., 2020

30  Turna, 2020
31  Fardilha & Allen, 2020

Biomotor abilities

in sport
32 Wilkins et al., 2020
guide future studies
Motor skill learning
Strength, speed, and agility

33 K. Chenetal., 2019
34  Mohanta et al., 2019
35 Zghaletal, 2019 Physical fitness
36  Gantois et al., 2019
37  Payneetal, 2019
skills
38  Hagan Jnr & Schack, 2019

Physical activity and tactical behaviour

Defining, assessing, and developing creativity

Insights, challenges, and accomplishments to

both anaerobic and aerobic fitness
Anxiety-attention relationship in far-aiming

Integrating pre-game rituals and pre-

Effects of upper and lower limb plyometric
training program on components

Effects of 6 weeks of direct instruction and
teaching games for understanding programs
Effects of 6-week core training

A systematic narrative review

An early review of stroboscopic visual training

Exercise training

A comparative study circuit training and
plyometric training

Combined resistance and plyometric training are
more effective than plyometric training alone
Repeated sprint training

A systematic review

Implications for sport psychology consultancy

performance routines in a culture-specific

context
39  Devonport et al., 2019

Identity among high performance

Examining the construction

to compare them (Shah, 2024). Rather, accomplishments
should only be evaluated in relation to the skills of former
competitors. According to S. Nugroho et al., (2021) the
Circuit can be utilised during the first week of anatomical
adaption. To determine the load for the primary movements,
begin by assessing the athlete for RM 1 (Raj & Maniazhagu,
2022). Select circuit stations based on the requirements of
the exercise regimen (Hu et al., 2024). Depending on the
athlete’s ability and training history, a specific progression
plan needs to be followed (Ratajczak et al., 2024). Start with
body weight exercises for novice exercisers who have never
done any strength training (Themistocleous et al., 2021).

Strength Exercises

The most important factor that forms the foundation for
other aspects of physical condition is strength. It isamong the
physical requirements for practically every sport (Balachan-
dran et al., 2022). To catch trainers’ attention, it is crucial to
increase the strength component’s capacity. According to the
demands of each sport, strength is a component of physi-
cal condition that can be maximally developed (Ottinger
et al,, 2022). Sports games will not require the same level of
strength as weightlifting (Schumann et al., 2022). The ability
of muscles to exert maximal effort while doing continuous
or repetitive labour against resistance is another definition of
muscle strength (Suarez-Arrones & Loturco, 2022).

Training for Endurance

One of the key components of motor skills is endurance,
which comes from students’” psychological ability to support
movement at a specific moment (Lucas et al., 2020). The
capacity of muscles to continue moving during high-
intensity or static exercise is known as muscular endurance
(Huiberts et al., 2024). A condition that stresses the ability

to labour continuously in an aerobic environment is called
endurance. The capacity to work for a prolonged amount of
time without experiencing severe exhaustion is known as
endurance (Prieto-Gonz, 2022). When it comes to working
muscles, endurance is the capacity to operate a muscle or
group of muscles in a specific amount of time, whereas the
energy system is the body’s ability to function its organs in a
specific amount of time (Diiking et al., 2021).

Training in Kinesthetics’ Perception

In order to improve a fencer’s performance of fencing
techniques and her awareness of all the variables surrounding
her during the technical performance, kinesthetics’
perception is a crucial and necessary component of the sport
(Tinaz et al., 2022). During an attack, defences, response,
and countermovement’s, make the right choice regarding
the proper kinetic response (Mashkoor & Hameed, 2022).
When a person’s senses are stimulated, their body or certain
body parts move concurrently, a phenomenon known as
kinesthetics’ perception occurs (Latash, 2024). Therefore,
because the five senses are more accurate at controlling
movement, feelings can provide information about the
position of the body or body parts so that they move further
(Wuang & Huang, 2022). According to Peng et al., (2023),
this suggests that the human body has the ability to sense
and maintain its position in order to control movements
or decide how much muscle work will be done consciously.
As a result, the activities that are produced involve a lot of
calculations and can eventually be performed in a time-
sensitive manner and turn into motion automation.

Perception of different modalities is known to be depen-
dent on a continuing action-related efferent process (Latash,
2024). Kinesthetics’ sense, also known as kinesthetics’ per-
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ception, refers to sensory input that takes place within the
body (Wuang et al., 2021). By extending the body’s muscles,
the sensory system receives information about movement
and posture. The kinesthetics’ senses are capable of tracking
the body’s position even while it is still. Accordingly, the hu-
man body’s organs that are directly connected to movement
have arole in the kinesthetics’ sense (Kumari et al., 2023). The
capacity to take in the postures and movements of the body
as well as its components provides a more practical grasp
of kinesthetics’ awareness (Fritz et al., 2022). A sensation
known as kinesthetics’ perception is brought on by activation
of muscle receptors, muscle fascia, tendons, and joints. These
structures serve as a feedback mechanism, allowing an indi-
vidual to perceive their body’s position or specific body parts
in order to control movements more precisely or accurately.

Sport of Shadow Training

Shadow workouts, often known as shadow steps,
are foot movements that reposition the body to facilitate
players’ hitting motions (Thsan et al., 2024). Because there
are numerous ways to practise the shadow exercise method,
it can be used to train leg motions (Ishak et al., 2020).
Badminton players are advised to perform shadow workouts
since they can improve their balance, agility, and quickness
(Babar et al., 2021). Practise taking shadow steps to the
court’s corners as part of the Shadow Exercise, which is a
footstep action that helps players position their bodies to
make hitting moves simpler (Pratama et al., 2024).

Training using Rope Balls

Even in the absence of a coach or opponent, a rope tennis
ball, also known as a bottle, can be used for court tennis prac-
tice. Training against a wall is nearly identical to this (Agusti-
yanta, Hidayatullah et al., 2022). A string tennis ball is referred
to by its initials, “Boteli,” and it has free ball brand specifica-
tions as long as it is as good as the elastic rope’s length, or
about 4 metres. The rope tennis ball assist is a tennis ball with
a hole punched in it, linked with an elastic rubber strap that is
incredibly strong, and tied with a plastic base that is weighted
to withstand the ball’s speed. Efficiency and functionality are
two advantages of using a string tennis ball for technical drills
like Relly Groundstroke. Even in the absence of a coach or op-
ponent, a rope tennis ball, also known as a bottle, can be used
for court tennis practice. It is quite similar to training with
a wall. The Rope Tennis Ball is different in that it employs a
rope that is attached to the ball and has its other end fastened
to a brick or other weighted object. The player stands directly
at the end of the rope, close to the weight, and hits the ball
from this position to use it. After striking the ground, the ball
rebounds off the corner. The ball spins in the direction of the
player when it reaches the conclusion. When the ball was re-
turned, the player enjoyed being hit again right away. It is re-
peated until the desired outcome is achieved. It is anticipated
that this ball will be used so that court tennis instruction can
take place anywhere, even on calm, paved streets.

Interval Training

A form of cardiovascular exercise known as inter-
val training is repeated high-intensity training during a
brief training period (Parmar et al., 2021). The goal of this
exercise is to enhance training intensity in a little amount of

time by alternating short rest intervals with high-intensity
exercise sessions (Szumilewicz & Santos-Rocha, 2022). In-
terval training, often known as interval training, is a kind
of aerobic exercise that is frequently done at a high intensity
for brief periods of time (Fennell & Hopker, 2021). To build
strength and raise the exercise’s intensity, training periods
can be progressively followed by heavier training motions
(Yin et al., 2024). An intense series of quick, high-intensity
workouts alternated with simpler, slower activities is known
as interval training (Yin et al., 2024). Another name for this
workout is “Fartlek,” which is Swedish for “speed play” In-
stead of requiring you to train constantly, Fartlek raises the
intensity of your workouts so you can perform more exercis-
es (Brondani et al., 2022). Interval training was designed in a
more systematic manner to enhance physical fitness. Train-
ing intervals alternate between active and resting times.

Exercise Frequency

In many scenarios where individual players must acquire
(or relearn) motor skills, time is a critical limitation (Schmidt,
2019). The frequency of the time restriction for skill training
is this circumstance. To optimise the quantity of possible
learning, the frequency must be controlled (Maxime et al.,
2024). Instructors must be aware of the variables, or practice
settings, that affect learning success in order to meet the needs
of frequency and make adjustments to maximise learning
(Chester et al., 2024). For individual tennis players, frequency
is an important factor to take into account. Even with just two
practice sessions per week, beginners can get better (Nair et
al,, 2024). One of the most important aspects of a training
programme is rest; getting enough of it will boost output and
lower the chance of injury (Murphy etal., 2022). A three-minute
rest is given by players to replenish energy following a brief
workout (e.g., 10 to 60 seconds of activity). When designing a
training regimen based on the evolution of the energy system,
players must take this into consideration. A player experiences
exhaustion when they run as fast as they can for ninety seconds;
this is known as metabolic fatigue, which affects the energy
system, thus they need enough rest time to recover.

Conclusions

After a thorough analysis, it was discovered that there
is a relationship between physical performance and training
methods and how well field tennis drive stroke skills are
improved. Physical performance includes things like muscle
strength, aerobic and anaerobic endurance, speed and
acceleration, explosiveness, flexibility, agility, and balance.
Training methods include circuit training, strength training,
endurance training, kinesthetics’ perception training,
shadow sports training, rope ball.
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Abstract

Objectives. This study aimed to analyze an indication of physical exercise on the increase of cardiac troponin (cTn)
levels as a marker of myocardial infarction from the physiological perspective.

Materials and methods. A search of journal databases including MEDLINE-Pubmed, Web of Science, Scopus, and
Science Direct was used in this systematic review study. The inclusion criteria were papers that addressed cardiac
troponin (cTn), physical activity, and myocardial infarction, and were published within the last five years. Using the
databases Science Direct, Pubmed, and Web of Science, 83 recognized publications were found. For this systematic
review, finally ten publications that fulfilled the requirements for inclusion were chosen and examined. This study
evaluated standard operating procedures using the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA).

Results. This systematic review reports that physical exercise has been found to increase cardiac troponin (cTn)
levels as a marker of myocardial infarction, but this increase is triggered by the body’s physiological response during

exercise and is not considered as a pathological response.

Conclusions. According to the findings of the study, physical exercise has been proven to elevate the risk of heart
muscle damage by triggering an increase in cardiac troponin (cTn). However, this feature occurs in a physiological
state and represents an exercise adaptation process. An analysis of the relevant articles reveals that this increase in
cardiac troponin (cTn) has not been shown to have a negative influence on developing cardiovascular disease.

Keywords: cardiac troponin, physical exercise, myocardial infarction, healthy lifestyle.

Introduction

Regular physical exercise is strongly connected to better
human life expectancy and has an impact on reducing
morbidity, as well as mortality in cardiovascular disease
(Ekelund et al., 2019). Regular exercise with moderate
intensity is proven as a healthy lifestyle that can improve
the health status of the human body (Bull et al., 2020).
Consequently, according to global guidelines for physical
activity, individuals should routinely exercise for 150-
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300 minutes in a steady state or 75-150 minutes at a high
intensity per week (Pelliccia et al., 2021). Acute exercise
has long-term benefits, but if done incorrectly it can also
have negative side effects, such as sudden cardiac death
(Franklin et al., 2020). In addition, after prolonged exercise,
endurance athletes may experience depression in left and
right ventricular function; Nonetheless, after six hours of
exercise, this impact is typical and frequently returns to
baseline levels (Paul-Hus & Desrochers, 2019).

There are different viewpoints and debates regarding the
pathological or physiological aspects of cTn release brought
on by exercise. The increase in cTn after exercise is considered
by some researchers to be a physiological reaction to exercise
as it is frequent, occurs in the absence of clinical symptoms,
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and often returns to normal within 24-72 hours after activ-
ity (S. L. Janssen et al., 2023). Increased cTn concentrations
have been documented in research results throughout the
last thirty years including among others the association with
different types, duration, and intensity of exercise. These re-
sults have also been noted among a wide range of individu-
als, including age, gender, health conditions, and exercise
type (Donaldson et al., 2019). The high levels of cTn induced
by endurance training may compromise the cardiomyocyte
sarcolemma It might cause cTn particles to flow into the
bloodstream. In addition, the amount of exertion induced by
physical exercise that results in increased ¢Tn concentrations
has also been linked to the risk of developing occult obstruc-
tive coronary artery disease (Kleiven et al., 2020). However,
this is still confusing and confusing among researchers.
Regular engagement in physical activity and exercise has
been associated with a reduced prevalence of cardiovascular
disease. It also has a positive impact on longevity (Aakre
& Omland, 2019). Contrary to popular belief, a number of
studies have shown that exercise, regardless of duration or
level of intensity, is shown to immediately increase troponin
concentrations (Aengevaeren et al.,, 2019). This exercise-
induced increase in troponin concentration is considered
benign as it occurs immediately after an activity session, will
naturally return to normal, is observed in healthy individuals,
and does not show any clinical signs. However, much remains
to be learned about the processes and practical significance
of troponin generated by exercise elevations which are
still very complex (Aengevaeren et al., 2019). Therefore,
this systematic review will attempt to discuss how physical
exercise mechanisms increase cardiac troponin (cTn) levels.
In addition, it will also provide recommendations whether
this physical exercise with a review of cardiac troponin levels
is a natural thing or will actually have a negative impact on
health, researchers will discuss in this systematic review.

Materials and methods

Study Design

Searches via journals databases, like Science Direct,
Web of Science, MEDLINE-Pubmed, and Scopus are used in
this kind of systematic review study. Since it collects papers
of scientific significance and influence, it is considered a
leading platform worldwide.

Eligibility Criteria

The study’s inclusion criteria were papers that discussed
cardiac troponin (cTn), physical activity, and myocardial
infarction, and were published in the previous five years.
In addition, journals that did not meet scientific credibility
standards or were not included in the Scopus and Web of
Science indexes were excluded from this study.

Procedure

Article Full texts, abstracts, and titles were checked, con-
firmed, and entered into Mendeley software. A total of 83
publications were found during the first phase using the data-
bases Web of Science, Pubmed, and Science Direct. 36 papers
were then selected for screening in the second stage based on

whether the title and abstract met the criteria. In the third
step, a total of 24 articles were asked to be processed further.
We now filtered the articles according to their overall ap-
propriateness. In the last phase of comprehensive investiga-
tion and observation, 10 papers that satisfied the inclusion
criteria were chosen for analysis. For operational standards,
this study adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) assessment.

[ Identification of studies via databases and registers ]
()
Records Identified Records Identified Records Identified
from PubMed from Web of from Science
H (n=23) Science Direct
- (n=19) (n=41)
=
£
< Records Identified through database searching
(n=83)
Duplicate records removed (n=32)
—
TR
Overview of titles Record exclude:
(n=36) (n=47)
-]
c
s
[ Report exclude:
a - Not a human
Fulltext text assessed for subject was
eligibility exclude (“h= 8) .
(n=24) - Not 'a physical
exercise
intervention was
— exclude (n=4)
°
§ Studi  Included in
] review
F (n=10)

Fig. 1. PRISMA flowchart of the article selection process

Results

Description of Physical Exercise Increase
Cardiac Troponin (cTn) Include in Review

The researchers found information regarding increased
cardiac troponin (cTn) levels following exercise based on
the papers examined. The rise in cardiac troponin levels
is influenced by the length and intensity of exercise. The
average intervention that has been given is physical exercise
with moderate to high intensity. Both have a positive effect
on increasing post-exercise cardiac troponin (cTn) levels as
a marker of myocardial infarction.

Based on the 10 articles that have been analyzed (Tesema
and George, 2021, Nguyen et al., 2023, Kastner et al., 2024,
Orn et al., 2020, Bjorkavoll-Bergseth et al., 2024, Janssen et
al., 2024, Paana et al,, 2019, Cirer-Sastre et al., 2019, Birat
et al., 2020, Cirer-Sastre et al., 2021) everything put into
practice physical exercise interventions consisting of warm-
up, core, and cool-down:

1. Warming up.

2. Moderate Intensity Physical Exercise.

3. High Intensity Physical Exercise.

4. Low Intensity Physical Exercise.

5.  Stretching and Relaxation.

The participants of this study were humans consisting of
athletes, untrained people, and trained people. This study did
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notinclude animal participants since the criteria for inclusion
were not met (Tesema and George, 2021, Nguyen et al., 2023,
Kastner et al., 2024, Orn et al., 2020, Bjorkavoll-Bergseth et
al., 2024, Janssen et al., 2024, Paana et al., 2019, Cirer-Sastre
etal., 2019, Birat et al., 2020, Cirer-Sastre et al., 2021).

Report results from research Cirer-Sastre et al. (2019)
proved that the highest increase in cardiac troponin (cTn)
occurred at 3 hours after the administration of physical
exercise intervention. Other research from Cirer-Sastre et
al. (2021) also proved the same thing, notably, that three
hours following the physical activity intervention, the rise in
cardiac troponin (cTn) levels peaked. Another report from
Bjorkavoll-Bergseth et al. (2024) also said the same thing that
3 hours is the peak time of cardiac troponin increase after
physical exercise. Of course, differences in the concentration
of cardiac troponin levels are also caused by many factors
including the duration of exercise, type of exercise, and
research samples, as well as blood sampling methods.

From the overall review results that have been analyzed
also prove that There is no correlation between the rise in
cardiac troponin brought on by physical exercise treatments
and a higher risk of cardiovascular disease. Based on existing
data, it proves that cardiac troponin levels will decrease by
themselves after peaking in healthy people (Tesema and
George, 2021, Nguyen et al., 2023, Kastner et al., 2024, Orn et
al., 2020, Bjorkavoll-Bergseth et al., 2024, Janssen et al., 2024,
Paana et al., 2019, Cirer-Sastre et al., 2019, Birat et al., 2020,
Cirer-Sastre et al., 2021). So the increase in cardiac troponin
during physical exercise is not a trigger for cardiovascular
disease. However, it is still a debate among researchers
whether the rise in heart troponin levels with physical
activity is a physiological factor or even a pathological factor
is still confusing and needs further exploration.

Intensity and Type of Physical Exercise Influence
Differences in Cardiac Troponin (cTn) Concentrations

The type of exercise intervention affects the concentration
of cardiac troponin levels. Based on the data that has been
taken from the study Nguyen et al., 2023 that high-intensity
exercise was shown to increase cardiac troponin levels higher
than moderate-intensity exercise 4 hours post-intervention.
And low-intensity exercise has lower cardiac troponin levels
than high-intensity exercise and moderate-intensity exercise
(Nguyen et al., 2023). Elevated cardiac troponin during
exercise has a strong effect on increasing cardiovascular risk in
people with cardiovascular disease, but not in people without
cardiovascular disease (Bjorkavoll-Bergseth et al., 2024).

Research results from Cirer-Sastre et al. (2021) with
subjects who were given a swimming intervention with a
maximum of 45 minutes proved that cardiac troponin
increased shortly after the intervention and peaked at
3 hours post exercise. The value of cardiac troponin (cTn)
concentration seems to be lower in young age than old age,
and this can be explained that age affects the prevalence of
an increase in cardiovascular disease patients (Cirer-Sastre et
al,, 2019). Interestingly although the increase in ¢Tn peaked
3 hours after the physical exercise intervention, however
Cirer-Sastre et al. (2021) in his study found that there was an
increase shortly after the highest exercise ¢Tn levels in adults.

It may be that cTn elevations appear earlier compared
to teenagers, in adults. Additionally, it is expanding

evidence that exercise-induced cTn elevations in apparently
healthy athletes may respond physiologically rather than
pathologically (Baker etal.,2019). Cardiac troponin is indeed
one of the biomarkers of myocardial infarction. However,
especially during exercise, cTn levels increase immediately
after exercise. This is highly debatable as cTn is essentially a
marker of myocardial infarction.

Discussion

This study aims to examine the relationship in between
exercises that can increase cardiac troponin (cTn) levels as one
of the biomarkers of myocardial infarction. From the journal
database search, 10 relevant articles were found according to
the inclusion criteria. Due to the limited research related to
cardiac troponin, the author is more focused and concentrated
on this topic. Report results from Nguyen et al. (2023) proved
that high-intensity exercise had higher cardiac troponin levels
than low- and moderate-intensity exercise. We all know that
regular exercise is a therapy that is very beneficial for the body
and hasa protective effect in reducing the risk of cardiovascular
disease, However, other studies claim that following cardiac
troponin (cTn) levels rise with physical exercise, which causes
heart injury (Celeski et al., 2024).

Troponin is a complex protein that is attached to
tropomyosin found in all skeletal and cardiac muscle cells
(Aakre & Omland, 2019). The increase in cTn levels after
physical exercise is highly variable based on how long and
how hard the workout is (Aengevaeren, Baggish, Chung,
George, Kleiven, Mingels, @rn, Shave, Thompson, etal.,2021).
Several investigations have been conducted to explore what
factors influence and contribute to the high release of specific
biomarkers of myocardial infarction markers. The high levels
of cTn were found to be influenced by several factors including
age, trained person, blood pressure, surrounding conditions,
level of exertion, and length of exercise (Aengevaeren,
Baggish, Chung, George, Kleiven, Mingels, Orn, Shave,
Thompson, et al., 2021). During physical exercise, the heart's
oxygen demand in the body increases significantly (Heusch,
2019). The sole biomarker recommended for the diagnosis
of myocardial infarction is cardiac troponin (cTn) in clinical
practice (Taggart & Chapman, 2024).

Exercise training has been shown to have a beneficial
impact on the cardiovascular system. The overall physiological
changes that result from physical exercise induce a rise in
cardiac output, heart rate, and stroke volume in response to
exercise (Chen et al., 2022). Moreover, physical activity of the
right intensity and duration can provide benefits in improving
enhancing respiratory and cardiovascular fitness and lowering
the risk of cardiovascular disease and other causes of death
(Ezzatvar et al., 2021). WHO recommendations in 2020 that
physical exerciseatamoderate tohigh intensityisrecommended
to be done routinely and regularly (Bull et al., 2020). Regular
physical exercise also has a beneficial effect on the occurrence
of cardiac muscle hypertrophy, a condition in which the mass
of the heart muscle increases and results in increased heart
protection (Chen et al., 2022). Exercise-induced hypertrophy
physiologically has different features and characteristics than
pathologically induced hypertrophy (Li et al., 2022).

Researchers disagree on the rise in cardiac troponin
after exercise. It is known that an increase in ¢Tn during
exercise is normal because it is a physiological response and
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not a pathological response (Aengevaeren, Baggish, Chung,
George, Kleiven, Mingels, @rn, Shave, & Thompson, 2021).
It should be noted that physical exercise is proven to improve
the health status of the human body (Hussey & Gupta, 2023).
During exercise, the body will activate the sympathetic
nervous system (Moscatelli et al., 2022) and releases the
hormone catecolamin (Er et al., 2024). The function of the
heartis significantly improved during physical exercise (Lavie
et al,, 2023). The working mechanism of the heart muscle is
also very extra to fulfill the supply of oxygen to all capillaries
(Paluch et al., 2024). From the results of the study mentioned
that the increase in ¢Tn levels during physical exercise has an
impact on the occurrence of cardiac muscle hypertrophy and
exercise can be concluded to induce a temporary increase in
troponin caused by a temporary increase in cardiomyocyte
membrane permeability (Aengevaeren et al., 2019).

It is known that an increase in ¢Tn is synonymous
with an increased risk of cardiovascular disease. However,
this does not apply and does not occur in people who
have done physical exercise. Because the results of several
studies did not mention any disorders related to increased
cardiovascular system disease (Cirer-Sastre et al., 2019; Birat
etal., 2020; Janssen et al., 2024). Post-physical exercise there
were also no problems with the heart despite the increase in
cTn (Nguyen et al., 2023). Further analysis and research is
needed regarding the duration or other factors that influence
the increase in ¢Tn after physical exercise. cTn levels rise and
are shown to also decrease and return to normal limits some
time after the increase in c¢Tn triggered by physical exercise
(Tesema & George, 2021). So it can be said that the increase
in cTn levels is normal because it is a physiological response
to exercise and not pathological. Now the impact of the
increase in cTn during exercise can be further analyzed and
researched in order to provide understanding to academics
and practitioners about its effect on other factors.

Strenght and Limitations

One of the advantages of this systematic review is that it
only examines controlled trials conducted at random, which
are as the most trustworthy type of scientific data because
there is no possibility of unclear causal relationships. The
provision of regular physical exercise and its impact on ¢Tn
improvement is very relevant with a detailed discussion of
its role so as to recommend physical exercise as a preventive
measure and can improve the workings of the cardiovascular
system. The restriction we ran across is that there are scarcely
any recent studies that address this issue, which show that the
increase in cTn levels after physical exercise has a beneficial
impact, has not received much attention, even though the
improvement of human quality of life can be improved
depending on how we can regularly perform physical
exercises that can lower the risk of degenerative diseases like
heart disease which is a serious problem globally.

Conclusions

Considering the related articles that we discovered, it
can be concluded that regular physical training can increase
cTn levels after exercise. However, this is a physiological
adaptation response to exercise that does not increase the
risk of myocardial infarction.
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QisnuHi BNpaBun NigBuULLYIOTb piBeHb CEpLIEBOro TPOMNOHIHY
(cTn) Ak mapKkepa iHpapKTy miokapaa: CucremaTnuHnn ornapg

Hosapgpi A1w6i'*®P%, Ixynian Yax’ssuto BibaBa?A®P, Moxammen AmmxyHain’ P,

ITpokomio b. Jadyn momogumit**°, Xepy lllapni Jlecmana®AP

'Cypabaiicbkuii lep>kKaBHUI YHIBEpCUTET

*TpeHraneKcbKuil megaroriyHuit konemx Acouianii Buutenis [ngonesii
*YuiBepcuret Taisy

*Ilep>xaBHuiI yHiBepcuteT iMeHi Mapiano Mapkoca

*IHCOPYKCBKMIT yHiBepCHTET

ABTOpCHKNMII BKIAJ;: A — nu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komrtis

Pedepar. Crarst: 8 ¢., 1 Tabm., 1 puc., 34 mxepena.

Merta gocmimKeHHA. MeTo0 LIbOro HOCTimKeHH: 0y/I0 IpoaHali3yBaTy OKa3HUK BIUIMBY (Qi3NYHMX BIPAB HA ITifIBUIIIEHHSA
piBHA cepuieBoro TpomnoHiny (cTn) Ax Mapkepa iHpapkTy Miokapsia 3 Gi3ionOriqHOI TOUKM 30pYy.

Marepiami Ta MeTON. Y IbOMY CUCTEMATUYHOMY OIIAOBOMY IOCI/[KEHHI BUKOPUCTOBYBA/IM IIOUIYK BU/IaHb, 110 iHJEKCY-
I0TbCA Y HAYKOMeTPUYHUX 6as3ax maHux, Bkmodaiour MEDLINE-Pubmed, Web of Science, Scopus i Science Direct. Kpurepisavm
BKJIIOYEHHsI Oy/1 poOOTH, AKi CTOCYBa/INCs SOCIIIKEHH ceplLieBoro Tpononiny (cTn), disnuHoi akTuBHOCTI Ta iHpapKTy MioKapaa,
a TaKOXX Oy/u OIy6/1ikoBaHi BIIPOJOBXK OCTAHHIX I ITU POKIB. 3a JOIIOMOrOI0 HayKOMeTpUYHIX 6a3 gaHux Science Direct, Pubmed
ta Web of Science 6yro sHaiieHo 83 aBropureTHi my6mikariii. 3 MeTO0 IPOBEJEeHHS CHCTeMATUIHOTrO Oy 6y1o BigibpaHo Ta
TOC/I/PKEHO JiecAThb My6OmiKauili, sKi BiIIoBifamy KpUTepiaM BKIIOYEHHA. Y LIbOMY HOC/II>KeHH] TIPOBefieHa OL[iHKa CTaHJaPTHUX
MeTOJiB po6OTH i3 BUKOPUCTAHHAM «[lepeBakHIX €/IeMEHTIB 3BITHOCTI /i1 CUCTEMAaTUYHIX OIVISI/IB 1 MeTa-aHamisiB» (PRISMA).

Pesynbrati. Y 11bOMY CHCTeMaTYHOMY OIJIAZI 3a3HAYAETDCA, 0 (i3MUHI BIIPaBY MiIBUIIYIOTh PiBeHb CEpLIeBOIO TPOIIO-
Hiny (cTn) Ak mMapkepa iHdapkTy Miokapya, OfHAK Ije HMiIBMINEHHA COPUYMHEHO (isio/orivHoOI peakIjielo opraHisMy mif Jac
BUKOHAHHA (i3MYHNUX BIIPaB i He PO3I/IAMIAE€THCA SAK ATOIOrYHA peaKIlis.

BucHoBKM. 3rifHO 3 pesymbraTaMu HOCTI/PKEHHA, JOBeAEHO, 0 (i3N4Hi BIpaBy 30iNbIIYIOTh PUUK MOIIKOKEHHA Cep-
LIeBOTO M 5132 BHAC/II/IOK IIi/IBUIIEHHS PiBHA ceplieBoro TponoHiny (cTn). OpHak ueit edekT crioctepiraerbes y disionorivnomy
cTaHi i mpepcraBiae o600 Impolec afanTauii o (isMYHNX HaBaHTaXXeHb. AHA/Ii3 BiINIOBIJHNX HAYKOBMX CTaTell IOKA3YE, IO
TaKe MiJBUIIEHHSA ceplieBOro TponoHiny (cTh) He Mae HEraTMBHOTO BIUIMBY Ha PO3BUTOK CepILIeBO-CYANHHUX 3aXBOPIOBAHb.

KnrouoBi cmoBa: ceprieBuit TpOIOHiH, Qpi3nyHi BrpaBy, iHpapKT MioKapaa, 3TOPOBUIL CITOCIO SKUTTSL.
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