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ABSTRACT

Compression garments have gained popularity in the sports world as a means to enhance athletic
performance and accelerate recovery. This study investigates the effectiveness of upper-body compression
garments and their impact on the rate of perceived exertion (RPE) during maximal isometric contractions.
Eight adult males, students of a Master's degree program in Sports Sciences, participated in the study,
conducting tests in controlled conditions at the University of Salerno. The subjects performed maximal
isometric contractions in three separate sessions, wearing compression garments (CG), traditional
sportswear (noCG), and a tight-fitting garment without compression effect, to minimize the placebo effect
(Placebo), respectively. Perceived exertion was assessed using the modified CR-10 scale. Statistical
analysis revealed a significant reduction in RPE when athletes wore compression garments compared to
other conditions, suggesting a benefit in the use of such clothing. The findings indicate that compression
garments can attenuate the perception of exertion during intense physical activities, with potential
implications for performance, comfort, and recovery. This study contributes to the existing literature by
expanding the understanding of the effects of compression clothing and highlighting the importance of further
research to optimize the use of these garments in enhancing athletic performance.
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INTRODUCTION

Compression garments are identified as a non-invasive therapeutic strategy used to apply mechanical
pressure to body tissues. This pressure is designed to compress the underlying tissues and provide stability
to limbs or targeted anatomical areas (Partsch, 2005). Initially devised for treating conditions such as
lymphedema and edemas (Moseley, Carati & Piller, 2007; Partsch, Winiger & Lun, 2004; Brennan & Miller,
1998; Foldi, 1998; Rinehart-Ayres, 1998), they have also proven effective in other clinical contexts such as
pulmonary embolism (Asano et al., 2001) and venous ulcers (O'Meara et al., 2012; Blair et al., 1988).
Compression garments are widely used to treat clinical pathologies like deep vein thrombosis, chronic venous
insufficiency, and other circulatory disorders by improving compromised hemodynamic functionality
(Galanaud, Laroche & Righini, 2013; Qaseem et al., 2011; Ibegbuna et al., 2003; Scurr et al., 2001; Amaragiri
&Lees, 2000; Agu, Hamilton & Baker, 1999; Krijnen et al., 1997; Mayberry etal., 1991). Despite the traditional
use of graduated compression garments in the treatment of vascular conditions, the sports apparel industry
has played a significant role in promoting their non-medical adoption, incorporating them into a wide array of
items such as socks, tops, and garments for the lower and upper body (Cotter et al., 2022). This trend has
led to an increased interest in scientific research in the sports domain, with a growing number of coaches
and athletes from various disciplines and competitive levels integrating these garments into their training
regimens (Stickford et al., 2015; Gupta, Bryers & Clothier, 2015; Fu, Liu & Fang, 2013; Sperlich et al., 2013;
Troynikov et al., 2013; Ali, Creasy & Edge, 2011; Dascombe et al., 2011; Ali, Creasy & Edge, 2011; Doan et
al., 2003). The exerted pressure depends on the mechanical properties of the fabric determined by its
characteristics and fit (MacRae, Cotter & Laing, 2011).

The beneficial effects of wearing compression garments during exercise and recovery have been the subject
of numerous scientific studies (Broatch, Bishop & Halson, 2018; Wannop et al., 2016; Driller & Halson, 2013).
Meta-analyses by Brown et al. (2017), and Marqués-Jiménez et al. (2016), have highlighted that the use of
such garments can facilitate recovery of strength and power performance after resistance training sessions,
in addition to aiding recovery during cycling exercise. These findings are further supported by the meta-
analyses of Machado et al. (2018), and Hill et al. (2014), which also identified a significant reduction in
creatine kinase (CK) levels associated with the use of compression garments, suggesting an acceleration in
muscle recovery process and a reduction in delayed onset muscle soreness (DOMS). It has been found that
the use of compression garments enhances the economy of sports movements, promotes better
management of soft tissues, reduces post-exercise limb swelling, and tends to lower blood lactate levels
during physical activity (Leabeater, James & Driller, 2022; Engel, Holmberg & Sperlich, 2016). While not
showing a significantimpact on overall endurance performance, the use of compression garments has shown
positive effects on specific sports variables, such as counter-movement jump height (Leabeater, James &
Driller, 2022). Several studies on the use of compression garments have focused on perceived exertion,
revealing, albeit modestly, a positive impact (Miyamoto & Kawakami, 2014; Rugg & Sternlicht, 2013), while
others have shown no appreciable effect (Rider et al., 2014; Venckinas et al., 2014). Despite evidence of
positive effects in many studies, the use of compression garments presents a still inconsistent picture in the
scientific literature, with some studies reporting conflicting results regarding certain benefits, highlighting the
need for further research for a comprehensive evaluation (Cotter et al., 2022; Da Silva et al., 2018; Dascombe
et al., 2013). A critical analysis of the literature on the subject has highlighted how discrepancies in the
obtained results can be attributed to various variables, including the characteristics of the subjects involved
in the studies, the exercise modalities adopted, the application of strategies to minimize the placebo effect,
the types of compression garments used, and the duration of the treatment employed (Brophy-Williams et
al., 2021; Wannop et al., 2016; Hill et al., 2015; MacRae, Cotter & Laing, 2011). In particular, discrepancies
in results between studies could be attributed to a lack of standardization of the pressure exerted by
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compression garments, underscoring the need for further understanding of optimal parameters to achieve
significant benefits in athletic performance (Brophy-Williams et al., 2021; Driller & Halson, 2013).

Given that research has mainly focused on the positive effects of wearing compression garments on the
lower limbs, with particular emphasis on the analysis of perceived exertion, this study aims to observe the
effects of using compression garments on the upper body during maximal isometric contractions. The goal
is to analyse perceived exertion (RPE) in relation to the use of such garments, taking into account the
subjects’ intrinsic ability to perceive physiological load during physical activity. The hypothesis is that
participants should indicate a lower RPE when using compression garments.

MATERIALS AND METHODS

Participants

The sample consists of eight adult males with an average age of 26.4 years (+ 2.6 years), an average height
of 172.88 cm (+ 4.5 cm), a body mass of 72.03 kg (+ 8.19 kg), and a brachial bicep diameter of 30.56 cm (+
0.90 cm), all enrolled in a Master's degree program in Sports Sciences (LM-68) at the University of Salerno
(Unisa). The sample was selected based on the following inclusion criteria: students who engage in sports
activities, with a similar brachial bicep diameter (=30 cm). Exclusion criteria included a history or reported
presence of any cardiovascular diseases, traumas that could influence the test, and current use of
medications.

Procedures and measures

Participants were asked to refrain from alcohol consumption and intense workouts, and to maintain their
normal dietary and hydration habits 24 hours before the experimental session. All participants were informed
of potential risks and provided written informed consent for participation in this study, which was conducted
in accordance with the Declaration of Helsinki. This study has been approved by the Ethical Committee of
the Department at the University (Protocol Number: 0186309). The study was designed and coordinated by
the research staff of the Laboratory for Innovative Teaching and Sports Performance Analysis at the
University of Salerno (Unisa).

Evaluations were conducted in the gym of the University Sports Center (CUS) under controlled environmental
conditions (room temperature, 22 + 2°C; relative humidity, 60% * 2%) and at a fixed time (from 9:00 to
14:00). Each participant performed the test 48 hours apart, under controlled environmental conditions and at
a fixed time.

To analyse the differences in perceived exertion related to the use of garments, sessions were conducted
with compression garments (CG), traditional sportswear (noCG), and tight-fitting non-compressive clothing
(Placebo), used to minimize the placebo effect.

Before each experimental trial, all subjects underwent a standardized warm-up consisting of three sets of
unilateral bicep curls, with six repetitions at 50% of their 1RM (Zhao, Nishioka & Okada, 2022). There was a
1-minute recovery period between sets. In each experimental session, subjects performed 3 trials of isometric
curl with both arms, maintaining a 90° elbow flexion angle, at 100% of maximum voluntary contraction for a
duration of 10 seconds (Muthalib et al., 2010). The recovery between trials consisted of a passive rest period
lasting 180 seconds (Peixoto et al., 2010). In the first session, subjects performed the trials wearing traditional
sportswear (noCG). In the second session, they performed the trials wearing a compression garment (CG)
from LB9 (®LBY9 BRAND SRR.L.).

932 | 2024 | ISSUE 4 | VOLUME 19 ©2024 ARD Asociacion Espariola



Serra, et al. / Compression garments & perceived exertion JOURNAL OF HUMAN SPORT & EXERCISE

The characteristics of the worn garment are: 60% Nylon, 40% Spandex, size M. The pressure at the wrist
measurement point corresponds to =24 mmHg, from which the pressure decreases before increasing at the
level of the brachial biceps with a pressure of ~22.7 mmHg.

In the third session, subjects performed the trial wearing tight-fitting but non-compressive clothing (Placebo).
At the end of each trial, subjects were asked to indicate the RPE value of the trial using the validated Italian
translation of the modified CR-10 scale (Foster et al., 2001; Foster et al.,1996; Borg, 1998). This scale is a
category-ratio scale ranging from 0 to 10, where each number has a verbal anchor indicating the level of
perceived exertion, ranging from "rest" (0) to "maximum" (10) (Table 1).

Table 1. Modified CR-10 Scale (Foster et al., 1996).
Rating Description
0 Rest
Very, very easy
Easy
Moderate
Somewhat hard
Hard

Very hard

OO ~NOOT P WN —

—_
o

Maximal

Analysis

From the collected data, the mean RPE values for each of the three trials were calculated for each participant.
Subsequently, the group average for each of the three conditions was determined. The statistical analysis
was conducted in MATLAB (The MathWorks, Inc., 2024). The Shapiro-Wilk test for normality was performed
for each condition to verify the distribution of the data. Depending on the nature of the data, the Friedman
test was used, being the most suitable choice for analysing differences in RPE among the three conditions.
To determine which specific pairs of conditions differed significantly, the Wilcoxon Signed-Rank test with
Bonferroni correction for multiple comparisons was utilized.

RESULTS
The RPE data, including means and standard deviations for each condition, are presented in Table 2. The
Placebo group shows the highest values, followed by the noCG group, and finally, the CG group ranks third

with the lowest values.

Table 2. RPE Means and Standard Deviation for each tested condition.

Condition RPE Means Std. Dev.
noCG 5.7 1.3
CG 4.9 1.3
Placebo 6 1.6

The Friedman test revealed significant differences in RPE between at least two of the three conditions.
Subsequently, the Wilcoxon Signed-Rank test with Bonferroni correction for multiple comparisons, the results
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of which are reported in Table 3, indicates a significant difference in RPE between the noCG and CG
conditions and between the CG and Placebo conditions. No significant difference was found between the
noCG and Placebo conditions after correction for multiple comparisons.

Table 3. Wilcoxon Signed-Rank Test results with Bonferroni correction.

Comparison Raw p-Value Bonferroni p-Value Significance

noCG vs CG 0014 .0043 Yes

noCG vs Placebo .1006 3019 No

CG vs Placebo .0001 .0004 Yes
DISCUSSION

The results of this study indicate that the participants reported significantly lower levels of perceived exertion
during the performance of maximal isometric contractions while wearing compression garments (CG)
compared to the noCG and Placebo conditions. The comparison between noCG and Placebo conditions did
not show significant differences, suggesting that, from the perspective of perceived exertion (RPE), wearing
tight-fitting garments to eliminate the placebo effect does not result in a significant change compared to
performing with traditional sportswear. The presence of significant differences in the comparisons between
noCG vs. CG and CG vs. Placebo suggests the effectiveness of compression garments in mitigating the
subjective perception of exertion during maximal isometric contractions, as assessed by the Rating of
Perceived Exertion (RPE). This observation can be interpreted through a series of physiological and
psychological mechanisms that presumably contribute to this improvement.

From a physiological perspective, compression garments may reduce muscle oscillations during exercise,
promoting greater stability and control, reducing the sensation of fatigue, perceived exertion, and structural
damage to the muscles (Valle et al., 2014; Duffield, Cannon & King, 2010; Kraemer et al., 2010; Bringard,
Perrey & Belluye, 2006; Doan et al., 2003). Additionally, it is plausible to consider that the positive effect of
compression garments on RPE could be mediated by improved lymphatic drainage, which reduces muscle
swelling, and by improvements in blood flow to the limbs, leading to greater muscle oxygenation (Faulkner
et al., 2013; Kraemer et al., 2010; Kraemer et al., 2001). These physiological aspects provide a solid
foundation for understanding the relationship between the use of compression garments and the perception
of exertion during physical exercise.

From a psychological viewpoint, it is reasonable to hypothesize that the comfort derived from the use of
compression garments may have a significant impact on athletes' perception of exertion (Rugg & Sternlicht,
2013), contributing to performance improvement (Wannop et al., 2016). This aspect could be crucial in
understanding the perceptual improvements observed in our study. The combination of these factors might
contribute to reducing the perception of exertion during physical exercise, allowing athletes to maintain higher
activity intensities or complete a greater volume of work during training (Loturco et al., 2016). It is important
to consider that the results obtained in this study are consistent with other studies in the scientific literature
that have reported improvements in muscle pain perception, RPE, and/or fatigue with the use of compression
garments during physical exercise (Engel, Holmberg & Sperlich, 2016; Rugg & Sternlicht, 2013; MacRae,
Cotter & Laing, 2011). However, there are also studies that report contrasting results (Mizuno et al., 2017;
Venckinas et al., 2014; Del Coso et al., 2014; Houghton, Dawson & Maloney, 2009; Bringard, Perrey &
Belluye, 2006).
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The potential role of the placebo effect in research on compression garments should also be considered, as
knowledge of the purported benefits can influence individuals' expectations and thus the outcomes. The
nature of compression garments, which involves a perceivable pressure on the body, makes them inherently
difficult to test under blind experimental conditions (Driller & Halson, 2013; MacRae, Cotter & Laing, 2011).
However, it is important to note that in the present study, a tight-fitting sports shirt was used as a control to
minimize the placebo effect, which may have contributed to the robustness of the results obtained.

CONCLUSIONS

The perception of one's state of comfort and well-being during physical activity might play a significant role
in determining athletic performance. Therefore, in addition to physiological aspects, the perception of exertion
during exercise emerges as one of the factors that could impact sports performance (Duffield & Portus, 2007).

This study highlighted how the attire worn during the execution of a maximal isometric curl can significantly
influence athletes' perception of exertion. Specifically, the use of a compression garment appears to reduce
the RPE compared to other conditions, suggesting a potential beneficial effect on the perceived exertion
experience during exercise. These findings provide important insights for athletes and coaches regarding the
choice of clothing during training and competition, with potential implications for comfort, exertion perception,
and performance.

As suggested by MacRae, Cotter & Laing (2011), the fundamental characterization of the garment and fabric
provides useful information that allows for comparison between different studies.

In this study, it was possible to identify both the composition of the compression garment through the analysis
of the materials used, and the pressure exerted by the garment on the affected body area, through specific
measurements.

In conclusion, it is widely recognized in the scientific literature that any variation in the perception of exertion
during physical activity can act as an ergogenic mechanism contributing to improved performance, regardless
of the presence of direct physiological effects (Born, Sperlich & Holmberg, 2013). Therefore, the observed

reduction in RPE with the use of compression garments could have significant implications for enhancing
athletic performance.
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The effect of 10-week wholebody calisthenics training program
on the muscular endurance of untrained collegiate students

RAMON CARLO E. MASAGCA

College of Sports, Exercise, and Recreation. Bulacan State University. Philippines.

ABSTRACT

The study aimed to investigate the effects of calisthenics exercise on muscular endurance by implementing a 10-week
whole-body calisthenic training program on 183 randomly selected untrained collegiate students (108 females, 75
males). A two-group pretest-posttest design was employed (Control group = 88; Experimental group = 95),
accompanied by three muscular endurance field tests—the one-minute push-up test, planking test, and wall sit test—
to thoroughly observe the probable effects of the training program on this fithess component. The pretest involved
administering fitness tests, followed by the 10-week training program for the experimental group. The control group
was instructed to engage in one hour of preferred physical activity three times a week for 10 weeks. Post-testing was
completed by administering the same fitness tests. The normality of the data was assessed using the Shapiro-Wilk
test. For intragroup comparison, the Wilcoxon signed-rank test was used, while for intergroup comparison, the Mann-
Whitney U test was employed. Among females in the Controlled Group, the One Minute Push-up Test showed a
significant improvement from a mean of 10.80 (£7.18) to 13.97 (£7.53) (p < .00001*), while the PT increased from
68.83 (£37.80) to 78.79 (x41.50) (p = .00036%), and the Wall Sit scores rose from 48.90 (£27.04) to 65.59 (£31.86) (p
<.00001*). In males, the Wall Sit demonstrated a significant improvement from 58.15 (£26.47) to 83.88 (£50.28) (p =
.00022*). Conversely, the Experimental Group exhibited significant improvements in all three tests for both females
and males. Inter-group comparisons revealed the Experimental Group's significantly higher mean scores in the One
Minute Push-up Test (24.50 vs. 18.17, p =.00494%), PT(107.87 vs. 79.85, p = .01044* for males), and Wall Sit (112.34
vs. 83.88, p =.01255%). Both female and male participants in the Experimental Group showed significant improvements
in the One Minute Push-up Test, Planking Test, and Wall Sit compared to the Control Group, with consistently higher
mean scores across all tests. The study recommends testing more muscle groups, like those involved in pulling and
hip movements, to better understand calisthenics' impact on overall endurance and suggests additional field tests for
a more complete evaluation.
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INTRODUCTION

Muscular endurance denotes the ability of a muscle to repeatedly generate force, sustaining contraction over
a defined duration (Hockey, 1973). This attribute is distinctive for each muscle group in the human body
(Radovanovi¢, 2013). Characterized by the capacity of a muscle group to endure repeated force application
against resistance, muscular endurance is a crucial fitness component (Priya & Devi, 2023). Within the
context of fatigue, it manifests as the performance of repetitive body actions (Kevic et al., 2013). Beyond its
role as a health-related fithess component, muscular endurance serves as a negative predictor for Body
Mass Index (BMI) (Ding & Jiang, 2020; Garcia-Hermoso et al., 2019) and the risk of obesity (Garcia-Hermoso
et al., 2019). Furthermore, elevated levels of this parameter are associated with reduced all-cause mortality
and a decreased risk of cardiovascular diseases (Corder et al., 2019). As a vital health-related fitness
component necessitating maintenance and enhancement, muscular endurance contributes significantly to
weight management and disease prevention.

Despite its health-related significance, low muscular endurance may engender challenges in an individual's
athletic, physiological, and psychological domains (Walker et al., 2017). Research indicates that diminished
muscular endurance, even within the context of health-focused considerations, significantly impacts athletic
performance and heightens the risk of injuries (Ambegaonkar et al., 2012). Moreover, it is associated with
metabolic risk factors such as triglycerides, HOMA index, and inflammatory markers (Cohen et al., 2014).
Cardiovascular diseases, including those of a metabolic nature, exhibit correlations with low muscular fitness
(Artero et al., 2012). The ramifications extend beyond physical health, impacting psychological well-being.
Individuals with lower muscular fitness are susceptible to anxiety (Kandola et al., 2020), while adolescents
and middle-aged women with insufficient levels of this fitness component face an increased risk of psychiatric
conditions such as schizophrenia and depression (Ortega et al., 2012; Ganasarajah et al., 2019). Premature
mortality is a noteworthy concern, particularly in the context of an elevated risk of suicide before the age of
55 (Ortega et al., 2012). Thus, beyond serving as a health-related fithess component, low muscular
endurance harbours alarming implications across athletic, cardiovascular, and mental health domains.

Body weight exercises and calisthenics

Bodyweight exercises involve utilizing the exerciser's body weight as resistance, performed without additional
equipment such as free weights or machines (Chaves et al., 2020; Punia & Kulandaivelan, 2019; Ebert et al.,
2018; Ebert et al., 2017). Positioned as an alternative to resistance training with equipment (Stephenson &
Swank, 2004), bodyweight exercises are deemed joint-friendly and widely accessible, often considered a
cornerstone in training regimens (Klisaric’ et al., 2021). Functioning as closed-chain exercises, they engage
multiple joints with resistance either distanced away from or toward the body part, connecting to a surface
(Karp, 2008). Research affirms their positive impact on various fithess components, including
cardiorespiratory endurance, muscle fitness, balance, flexibility, body composition, posture (Cigerci et al.,
2020; Archila et al., 2021; Thomas et al., 2017), and exercise economy (McDaniel et al., 2020). Beyond
serving as a training modality, bodyweight exercises find application in rehabilitative settings (Comfort et al.,
2015; Ryan et al., 2021). Consequently, bodyweight exercises present themselves as a viable alternative to
traditional resistance training, contributing to physical fithess enhancement and rehabilitation interventions.

Effectiveness of body weight training on muscular endurance

Body weight training, or calisthenics, emerges as a viable and effective approach to improving body
composition (Thomas et al., 2017; Cigeri & Genc, 2020; Poti, K., & Upadhye, 2019), even in athletic
populations (Bayrakdar et al., 2019). Its utility extends to physical education programs, where it enhances
muscular endurance of the core and upper extremities (Guerra et al., 2019). Noteworthy gains in flexibility
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are observed among elderly individuals (Farinatti et al., 2014; Pinar et al., 2014), school-aged boys
(Srivastava et al., 2013), and combative athletes, particularly in hip and trunk flexibility (Marwat et al., 2021;
Esan & Okebiorun, 2015). The components of muscular fitness, encompassing both strength and endurance,
are believed to be positively influenced by calisthenics (Faraley et al., 2020; Kotarsky et al., 2018; Pinar et
al., 2014; Marwat et al., 2021). In addition to health-related fithess components, improvements in sports-
related fitness components, such as balance (Genc, 2020) and coordination (Marwat et al., 2021), are
documented outcomes of this training approach. Importantly, bodyweight training is found to positively
influence exercise economy in conditions such as chronic obstructive pulmonary disease (Basso-Vanelli et
al., 2016), demonstrating efficacy comparable to cycle exercise training and traditional resistance training
(Duruturk et al., 2016; Greulich et al., 2014). The benefits extend to individuals with diabetes, where similar
significant effects are noted (Nordin & Zainuddin, 2019; Kimura et al., 2020; Kong et al., 2022). While existing
literature establishes the efficacy of bodyweight training across various fitness components and rehabilitative
contexts, limited attention has been dedicated to investigating its specific impact on the muscular endurance
of the upper extremities.

The outcomes of this study are anticipated to contribute valuable insights into the effects of calisthenics on
human well-being. In the realm of fitness, the findings may propose a targeted program for enhancing the
muscular endurance of the upper extremities among students. Additionally, the study promotes an alternative
avenue for achieving muscular fitness, alleviating the constraints associated with equipment-dependent
regimes.

METHODOLOGY

Research design

The investigation employed a true experimental design, specifically a two-group pre-test post-test design, to
assess the impact of a 10-week whole-body calisthenic program on muscular endurance. The study
encompassed an initial phase wherein selected muscular endurance tests were administered as pre-tests,
followed by the implementation of a structured 10-week calisthenic training program. Subsequently, the study
concluded with the administration of the same fitness tests to evaluate potential changes in muscular
endurance.

Participants and sampling method

The study included 183 collegiate students selected through random sampling, with 95 assigned to the
experimental group and 88 to the control group. Originally, the participants were 200 but five participants
from the experimental group and 12 from the control group withdrew from the study.

Sex profile of the participants

Table 1 exhibits the random designation of the participants to either the Controlled Group or the Experimental
Group, with a focus on sex distribution. The control group consisted of 24 male participants and 64 female
participants, while the Experimental Group comprised 51 male participants and 44 female participants.

Table 1. Distribution of the sex profile of the participants.

Controlled Experimental
Male 24 51
Female 64 44
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Demographic profile of the participants

Table 2 shows that participants were divided into a Controlled Group and an Experimental Group, each
subjected to different conditions. The control group exhibited a mean age of 19.90 + 1.29 years, while the
Experimental Group had a slightly higher mean age of 20.08 + 1.46 years. Notably, the Experimental Group
also had a higher mean height of 1.79 + 1.43 meters, compared to the Controlled Group's mean height of
1.64 + 0.09 meters. Regarding weight, participants in the Controlled Group had a weight of 52.68 + 10.90
kilograms, whereas those in the Experimental Group displayed a slightly greater mean weight of 58.61 +
12.82 kilograms. Furthermore, the Body Mass Index (BMI) of the control group was calculated to be 19.63 +
3.335, while the Experimental Group demonstrated a higher mean BMI of 21.36 + 4.52.

Table 2. Demographic profile of the participants.

Controlled group Experimental group
Age (years) 19.90 £1.29 20.08 £ 1.46
Height (meters) 1.64 £0.09 179 £1.43
Weight (kg) 52.68 +£10.90 58.61 £ 12.82
Body Mass Index 19.63 £ 3.335 21.36 £4.52

Instruments

Muscular endurance for the lower and upper body, as well as the core, was assessed using body part-specific
tests. The wall sit test, designed for lower body endurance, particularly targeting the quadriceps group, was
employed (Jyothi & Sujaya, 2018). For upper body endurance, focusing on the arms, upper back, and
pectoral muscles, the one-minute push-up test was administered (Fischer et al., 2016). Additionally, the
planking test, acknowledged as one of the best and practical methods for assessing core endurance, was
utilized (Pardeshi et al., 2020). The selection of these instruments was based on their validity in measuring
fitness components and their relevance to specific body parts.

Data gathering procedure

Prior to testing, participants were briefed on the study details, and they participated in active rest 24 hours
before the test administration. A light warm-up and whole-body stretching were conducted before the fithess
tests. The testing sequence comprised the plank test administered first, followed by the wall sit test, and
concluded with the one-minute push-up test. To guarantee full recovery and optimize performance,
participants were provided with 5-10 minutes of recovery time between each test.

The experimental group participated in a 10-week whole-body calisthenic program, involving three sessions
per week. Each session comprised six exercises targeting the upper and lower body, as well as the core.
The training program progressed by introducing progressively more kinetically demanding exercises. The
specific details of the 10-week whole-body calisthenic program are outlined in the table below.

Table 3. 10-week whole-body calisthenic program.

Upper body Core Lower body
Week 1t0 3 Wall push up Dead bug position Kneeling hip hinge
Training Program A Chair push up Straight leg Lift raise Standr:?g ﬁigggle leg
Week 4 to 6 Negative Knee  Dead bug with _hlp, knee, and shoulder Chair Squat
Push up extension (Same side)
Training Program B Knee push up Leg raise Squat W.'th chair as
assistance
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Week 7 to 10 Negative Push  Dead bug W|tr_1 hip, knee, and shoulder
ups extension (Contralateral)
Training Program C Push ups Isometric hold leg raise Hinge Squat

Body weight squats

In contrast, the control group received instructions to partake in a minimum of three weekly p sessions, each
lasting one hour, engaging in self-selected physical activities for the duration of 10 weeks. Following this
period, all participants underwent identical fitness tests. The aforementioned procedure was replicated during
the pretest phase.

Data analysis
The normality of the data was assessed using the Shapiro-Wilk test. For intragroup comparison, the Wilcoxon
signed-rank test was used, while for intergroup comparison, the Mann-Whitney U test was employed.

Potential ethical issue

Participants received a comprehensive briefing on the study, inclusive of a discussion of their rights within
the research framework. After this, informed consent was asked through the signing of a consent letter by
the participants. Subsequently, a Physical Readiness Questionnaire was administered to ascertain the
absence of any underlying medical conditions among participants. Ultimately, it is imperative to underscore
that the data acquired will be handled with the utmost commitment to confidentiality and will be shared with
the owner upon request.

RESULTS

Muscular endurance testing data of controlled group

Table 4 shows that the Controlled Group's muscular endurance was assessed through pre-test and post-test
measurements, focusing on the One Minute Push-up Test, Planking Test, and Wall Sit. Among females, the
One Minute Push-up Test exhibited a significant improvement from a mean of 10.80 (+7.18) in the pre-test
to 13.97 (£7.53) in the post-test (p < .00001%), as indicated by a notable Z-value of -5.1922. Similarly, the PT
displayed significant enhancement with mean scores of 68.83 (+37.80) in the pre-test and 78.79 (£41.50) in
the post-test (p =.00036%), reflected by a Z-value of -3.3844. The Wall Sit scores also showed a substantial
increase from a mean of 48.90 (£27.04) in the pre-test to 65.59 (£31.86) in the post-test (p < .00001%),
supported by a Z-value of -5.8232. Among males, while the One Minute Push-up Test and PT did not exhibit
significant changes (p = .24196 and .14457, respectively), the Wall Sit scores demonstrated a significant
improvement from a mean of 58.15 (£26.47) in the pre-test to 83.88 (£50.28) in the post-test (p =.00022%),
with a corresponding Z-value of -3.5225.

Table 4. Within group comparison of the controlled group.

Pre-test Post-test p-Value Z-Value
Female
OMPUT (Repetitions) 10.80 £7.18 13.97 £7.53 <.00001* -5.1922
PT(Seconds) 68.83 + 37.80 78.79 £ 41.50 .00036 * -3.3844
WT(Seconds) 48.90 + 27.04 65.59 + 31.86 <.00001.* -5.8232
Male
OMPUT (Repetitions) 17.59 £ 10.45 18.17 £ 10.66 24196 -0.7042
PT(Seconds) 91.76 £ 45.62 79.85 £ 37.97 14457 -1.0601
WT(Seconds) 58.15 £ 26.47 83.88 £ 50.28 .00022* -3.5225
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Muscular endurance testing data of experimental group

On the other hand, among the experimental group, significant improvements were observed in all three
fitness tests. The One Minute Push-up Test scores increased from a mean of 11.45 (£7.63) in the pre-test to
18.41 (£9.74) in the post-test (p < .00001*), supported by a Z-value of -5.3099. Similarly, the PT
demonstrated a substantial enhancement with mean scores of 58.86 (£28.31) in the pre-test and 81.40
(£32.99) in the post-test (p < .00001%), indicated by a Z-value of -5.3858. The Wall Sit scores also showed a
significant increase from a mean of 54.92 (£33.84) in the pre-test to 78.15 (£35.93) in the post-test (p <
.00001*), with a corresponding Z-value of -5.415. Among males, all three exercises exhibited highly
significant improvements. The One Minute Push-up Test scores increased from a mean of 16.82 (£7.59) in
the pre-test to 24.50 (£9.33) in the post-test (p < .00001%), accompanied by a Z-value of 10.23. The PT
demonstrated substantial enhancement, with mean scores of 81.73 (£44.96) in the pre-test and 107.87
(£40.39) in the post-test (p < .00001*), reflected by a Z-value of -4.706. The Wall Sit scores also significantly
increased from a mean of 67.22 (+34.72) in the pre-test to 112.34 (£55.76) in the post-test (p <.00001%),
supported by a Z-value of -6.154.

Table 5. Within group comparison of the experimental group.

Pre-test Post-test p-Value Z-Value
Female
OMPUT(Repetitions) 11.45+7.63 18.41+£9.74 <.00001* -5.3099
PT(Seconds) 58.86 £ 28.31 81.40 £32.99 <.00001* -5.3858
WT(Seconds) 54.92 £ 33.84 78.15 £ 35.93 <.00001* -5.415
Male
OMPUT(Repetitions) 16.82 £ 7.59 2450 £9.33 <.00001* 10.23
PT(Seconds) 81.73 £44.96 107.87 £40.39 <.00001* -4.706
WT(Seconds) 67.22 £ 34.72 112.34 + 55.76 <.00001* -6.154

Muscular endurance testing data of male controlled group and experimental group

Table 6 shows the male participants in both the Controlled and Experimental scores in the fitness tests
administered. In the One Minute Push-up Test, the Experimental Group exhibited a significantly higher mean
score of 24.50 (£9.33) compared to the Controlled Group's mean of 18.17 (£10.66), with a p-value of .00494*
and a corresponding Z-value of 2.58389. Similarly, in the Planking Test, the Experimental Group
demonstrated a significantly improved mean score of 107.87 (£40.39) compared to the Controlled Group's
mean of 79.85 (£37.97), with a p-value of .01044* and a Z-value of 2.30563. The Wall Sit scores also showed
a significant increase in the Experimental Group, with a mean of 112.34 (£55.76), compared to the Controlled
Group's mean of 83.88 (£50.28), resulting in a p-value of .01255* and a Z-value of 2.23748.

Table 6. Male between-group comparison.

Control Experimental p-Value Z-Value
OMPUT (Repetitions) 18.17 £ 10.66 2450 £9.33 .00494* 2.58389
PT(Seconds) 79.85 + 37.97 107.87 £ 40.39 .01044* 2.30563
WT(Seconds) 83.88 + 50.28 112.34 £ 55.76 .01255* 2.23748

Muscular endurance testing data of female controlled group and experimental group

Table 7 shows that the female participants in the One Minute Push-up Test, the Experimental Group,
demonstrated a significantly higher mean score of 18.41 (£9.74) compared to the Controlled Group's mean
of 13.97 (£7.53), with a p-value of .01255* and a corresponding Z-value of 2.23748. However, in the Planking
Test, no significant difference was observed between the two groups, with the Experimental Group having a
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mean score of 81.40 (£32.99) and the control group having a mean of 78.79 (£41.50), resulting in a p-value
of .2327 and a Z-value of -0.73468. In the Wall Sit, the Experimental Group exhibited a significantly improved
mean score of 78.15 (£35.93) compared to the Controlled Group's mean of 65.59 (£31.86), with a p-value
of .00734* and a Z-value of -2.44477.

Table 7. Female between-group comparison.

Control Experimental p-Value Z-Value
OMPUT (Repetitions) 13.97 £7.53 18.41+£9.74 .01255* 2.23748
PT(Seconds) 78.79 £ 41.50 81.40 + 32.99 2327 -0.73468
WT(Seconds) 65.59 £ 31.86 78.15+ 35.93 .00734* -2.44477

Muscular endurance testing data of controlled group

Table 8 represents that all of the participants in the Controlled Group, in the One Minute Push-up Test,
demonstrated a significant improvement, with mean scores increasing from 12.65 (£8.69) in the pre-test to
15.11 (£8.64) in the post-test (p < .00001*), reflected by a Z-value of -4.7851. Similarly, the PT showed a
notable enhancement, with mean scores changing from 75.15 (£41.14) in the pre-test to 79.08 (+40.36) in
the post-test (p = .0116%), supported by a Z-value of -2.2709. The Wall Sit scores exhibited a substantial
increase, with mean scores rising from 51.42 (£27.05) in the pre-test to 70.58 (£38.35) in the post-test (p <
.00001%), indicated by a Z-value of -6.7733.

Table 8. Within-group comparison of the controlled group (All participants).

Pre-test Post-test p-Value Z-Value
OMPUT(Repetitions) 12.65 + 8.69 15.11 £ 8.64 <.00001* -4.7851
PT(Seconds) 7515+ 41.14 79.08 £ 40.36 .0116* -2.2709
WT(Seconds) 5142 £27.05 70.58 £ 38.35 <.00001* -6.7733

Muscular endurance testing data of experimental group

On the other hand, Table 9. Shows that the Experimental Group, in the One Minute Push-up Test, displayed
a significant improvement, with mean scores increasing from 14.62 (£8.68) in the pre-test to 21.83 (£10.45)
in the post-test (p < .00001%), evidenced by a Z-value of -8.0455. Similarly, the PT showed a substantial
enhancement, with mean scores changing from 69.89 (£37.89) in the pre-test to 92.40 (£38.45) in the post-
test (p <.00001*), supported by a Z-value of -7.0837. The Wall Sit scores exhibited a remarkable increase,
with mean scores rising from 60.51 (£33.78) in the pre-test to 94.07 (+48.40) in the post-test (p <.00001%),
indicated by a Z-value of -8.2074.

Table 9. Within-group comparison of the experimental group (All participants).

Pre-test Post-test p-Value Z-Value
OMPUT (Repetitions) 14.62 + 8.68 21.83+10.45 <.00001* -8.0455
PT(Seconds) 69.89 + 37.89 92.40 + 38.45 <.00001* -7.0837
WT(Seconds) 60.51 + 33.78 94.07 +48.40 <.00001* -8.2074

Muscular endurance testing data of controlled group and experimental group

Lastly, in Table 10, all of the participants in the Experimental Group, in the One Minute Push-up Test,
exhibited a significantly higher mean score of 21.83 (+10.45) compared to the Controlled Group's mean of
15.11 (£8.64), with a p-value of <.00001* and a corresponding Z-value of 4.32364. In the Planking Test, the
Experimental Group also showed a significantly improved mean score of 92.40 (+38.45) compared to the
Controlled Group's mean of 79.08 (+40.36), resulting in a p-value of .00427* and a Z-value of 2.62966.
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Likewise, in the Wall Sit, the Experimental Group demonstrated a significantly higher mean score of 94.07
(£48.40) compared to the Controlled Group's mean of 70.58 (+38.35), with a p-value of <.00001* and a Z-
value of 4.2203.

Table 10. Between-group comparison between the controlled and experimental group.

Control Experimental p-Value Z-Value
OMPUT (Repetitions) 1511 £ 8.64 21.83+10.45 <.00001* 4.32364
PT(Seconds) 79.08 £ 40.36 92.40 £ 38.45 .00427* 2.62966
WT(Seconds) 70.58 £ 38.35 94.07 £48.40 <.00001* 4.2203

DISCUSSION

Muscular endurance of the upper and lower extremities, as well as the abdomen, improved after 10 weeks
of 3 hours per week of physical activity among female participants. However, among males, only the lower
extremities' muscular endurance was positively affected. Some studies support the effect of regular physical
activity on other physical fitness components. It was studied that it is a way to improve musculoskeletal fitness
(Warburton et al., 2001). Additionally, it was investigated to have a positive correlation among anthropometric
measurements such as waist-to-hip ratio and muscle mass, and other fithess components which consist of
cardiorespiratory fitness and grip strength (Iréna et al., 2012). Physical activity and cardiovascular fitness
were investigated to have a small to moderate correlation, suggesting their positive correlation (Piccinno et
al., 2017). In a study about graduate and undergraduate female students, it was shown that the low physical
inactivity identified through the International Physical Activity Questionnaire has been the reason for both
groups having an insufficient level of physical fitness (Osipov et al., 2021). All participants in the control group
exhibited an improvement in all muscular endurance pertaining to specific body parts after 10 weeks of 3
hours per week of physical activity. The results of the study among the control group strengthen the literature
about the causal and correlational relationship between physical activity and physical fitness.

Regardless of the sex of the participants, the 10-week whole-body calisthenics training program improved
the upper and lower extremities and abdomen of the participants. Not only muscular endurance but also body
composition as one of the health-related components was established to be improved by calisthenics in non-
athletic populations, as investigated by previous studies (Thomas et al., 2017; Cigeri & Genc, 2020; Poti, K.,
& Upadhye, 2019). This is the same case for athletic populations (Bayrakdar et al., 2019). Flexibility of elderly
populations (Farinatti et al., 2014; Pinar et al., 2014) and school-aged boys (Srivastava et al., 2013) was also
improved by incorporating calisthenics exercises. All participants in the experimental group exhibited an
improvement in all muscular endurance pertaining to specific body parts after the 10-week whole-body
calisthenics training program. The effectiveness of the calisthenics training program, regardless of sex, was
not only seen in muscular endurance as the present study suggests but also in other aspects of physical
fitness as the previous studies investigated.

Male participants of the experimental group had higher muscular endurance of the upper and lower
extremities, and abdomen in comparison with the control group counterpart. The same improvement was
seen in literature about the effect of calisthenics as a training program in terms of body composition. Male
footballers who underwent an 8-week calisthenic training program were observed to have better body weight,
body mass index, fat percentage, and fat mass in comparison with athletes who focused on football training
alone (Cigerci & Geno, 2020). In posture and strength of horizontal and vertical pulling, it was observed that
untrained males who were administered the calisthenic training protocol had better performance in the said
parameters compared to another group (Thomas et al., 2017). Male tennis players who underwent the same
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training program experienced an improvement in their static and dynamic balance (Geng, 2020). Literature
about the positive effect of the calisthenic training program on the male population was supported by the
present study. Among the male population, the training program is deemed effective in improving other fitness
components. Female participants of the experimental group had higher muscular endurance of the upper
and lower extremities in comparison with the control group counterpart. However, there is a lack of evidence
on the difference between the groups in abdominal muscular endurance. Some studies about the effect of
calisthenic training programs among females supported the results of the present study. Against Pilates, it
was investigated that 6 months of calisthenics exercise is better in improving coordination of the lower
extremities (Kaya et al., 2012). The present study adds up to a few studies investigating the effect of the
calisthenics training program on the female population. This will not only lead to additional knowledge about
the topic but also in the representation of females in exercise. The participants of the experimental group had
higher muscular endurance of the upper and lower extremities, and abdomen in comparison with the control
group counterpart.

In a 10-week study involving 3 hours of weekly physical activity, sex-specific outcomes were observed.
Females exhibited improved muscular endurance in the upper and lower extremities and abdomen, while
males experienced enhancement primarily in the lower extremities. The study supported the positive
relationship between regular physical activity and musculoskeletal fitness, correlating anthropometric
measurements with fitness components. All of the Control group participants demonstrated improved
muscular endurance across body parts, reinforcing the connection between physical activity and fitness. On
the other hand, the 10-week calisthenics program, regardless of sex, positively impacted upper and lower
extremity muscular endurance, body composition, and flexibility. Males in the experimental group showed
superior muscular endurance compared to controls, aligning with literature on calisthenics' benefits for body
composition and strength in male athletes. Among females, calisthenics improved upper and lower extremity
muscular endurance, contributing to the understanding of its effects on female populations and emphasizing
its overall effectiveness in enhancing fithess components for both sexes.

CONCLUSION

The study investigated the effect of a 10-week whole-body Calisthenics training program on muscular
endurance in Controlled and Experimental Groups, examining One Minute Push-up Test, Planking Test, and
Wall Sit scores. In the Controlled Group, females displayed significant improvements in all fitness testing,
while males showed a notable enhancement in Wall Sit scores. Conversely, the Experimental Group, both
among females and males, exhibited highly significant improvements in all three tests. Inter-group analyses
revealed that the Experimental Group outperformed the control group significantly in the one-minute push-
up Test, PT(males only), and Wall Sit. Intra-group comparisons demonstrated consistent improvements in
the Controlled Group, and highly significant changes in the Experimental Group, particularly in the One
Minute Push-up Test. Overall, the 10-week whole-body Calisthenics training program yielded positive
outcomes, with the Experimental Group consistently surpassing the Controlled Group in muscular endurance
across three tests, emphasizing the effectiveness of the training program.

The study employs three specific muscular endurance tests, focusing on horizontal pushing, lumbar flexion,
and squat movements. To comprehensively evaluate the effectiveness of calisthenics in enhancing overall
muscular endurance, it is crucial to investigate other muscle groups involved in horizontal pulling, lumbar
extension, and hip-dominant movements. This broader examination will provide a more comprehensive
understanding of the impact of calisthenics on fundamental movements. To address the limitations of the
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study, additional field tests should be incorporated as instruments, offering a more holistic perspective on
muscular endurance and contributing to a well-rounded evaluation of the effectiveness of the intervention.
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ABSTRACT

This study investigates the ergogenic response to caffeine, in terms of repetitions to failure, time under tension,
perceived pain, and female sex hormones (oestradiol and progesterone), following muscular endurance during the
early follicular phase. Eleven strength-trained eumenorrheic females performed two consecutive trials (48 h apart).
Using a double-blind crossover design, participants were randomly assigned to receive either caffeine (4 mg/kg) 1 h
before exercise or a placebo. In each trial, participants performed as many repetitions of leg extension and hip
adduction as possible at 65% of 1-RM. Two minutes of recovery were allocated between each exercise. Each repetition
was performed at maximal velocity. Perceived pain was rated on an 11-point scale immediately after each exercise,
and blood samples were drawn from each participant 30 min after completing the test. Data revealed a significant
ergogenic response to caffeine in repetitions to failure for leg extension and hip adduction (p =.003 and p = .043,
respectively); meanwhile, caffeine led to a significantly longer time under tension in leg extension (p =.001), with no
differences in hip adduction (p = .053). In terms of perceived pain, no differences between trials were found for hip
adduction (p = .724), but it was rated higher after leg extension in the caffeine trial, when compared to the placebo (p
=.011). No differences were observed between trials regarding oestradiol and progesterone levels (p =.138 and p =
.350, respectively). In conclusion, ingestion of 4 mg/kg of caffeine increased leg extension and hip adduction repetitions
to failure, without main effects on perceived pain and sex hormones, in strength-trained eumenorrheic females during
the early follicular phase.
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INTRODUCTION

Caffeine (1,3,7-Trimethyxanthine) is one of the most widely used legal psychoactive substances in the world,
consumed by both general and athletic populations (Norum et al., 2020; Del Coso et al., 2011; Mitchell et al.,
2014; Sampaio-Jorge et al., 2021). It has been well-documented that caffeine improves endurance and
anaerobic-based exercise (Grgic et al., 2021; Grgic et al., 2020; Aguiar et al., 2020; Graham & Spriet, 1995;
Davis & Green, 2009; Mohr et al., 2011). In recent years, the consumption of anhydrous caffeine has been
popularized as an ergogenic resource by athletes before resistance training (Polito et al., 2019; Grgic et al.,
2021), in order to increase muscle strength and endurance (Grgic et al., 2020; Richardson & Clarke, 2016;
Diaz-Lara et al., 2016; Aguiar et al., 2020; Grgic & Mikulic, 2017). The primary purpose of caffeine ingestion
before muscular endurance training has been suggested not to increase muscle mass, but actually to tolerate
more repetitions before reaching momentary muscle failure.

It is well-known that elevation of adenosine in the central nervous system (CNS) and peripheral tissues can
induce drowsiness, tiredness, and mood swings (Adan et al., 2008). Caffeine can pass through the cerebral
capillary endothelial cells, which make up blood-brain barrier (BBB), due to its high degree of lipophilicity
and hydrophilicity (McCall et al., 1982; Bowtell et al., 2018; Davis & Green, 2009; Grgic & Mikulic, 2017;
Polito et al., 2019; Duncan et al., 2013). The ingestion of caffeine before resistance exercise has been
reported to reduce the sensation of pain and rating of perceived exertion (RPE) (Filip-Stanchik et al., 2021;
Goldstein et al., 2010; Norum et al., 2020) through blocking selective adenosine A1 and Aza receptors in the
CNS (Sampaio-Jorge et al., 2021; Norum et al., 2020; Sabblah et al., 2015; Adan et al., 2008; Ferré, 2016),
thus delaying the onset of fatigue and improving performance.

Several prior studies have investigated the ergogenic effect of caffeine in the context of resistance exercise
(Bowtell et al., 2018; Davis et al., 2012; Grgic & Mikulic, 2017; Polito et al., 2019; Raastad et al., 2000; Smilios
et al., 2014; Wilk et al., 2019). Despite their findings, most of these studies have been primarily conducted
only in men. A review by Salinero et al. (2019) revealed that only 13% of the experimental participants in
research focused on ergogenic caffeine between 1978 and 2018 were women and, so, the number of females
participating voluntarily in investigations examining caffeine ergogenicity on muscle strength and endurance
remains very scarce (Filip-Stanchnik et al., 2021; Davis et al., 2012; Ferré, 2016; Salinero et al., 2019). The
exclusion of females from caffeine-based research refers to changes in female sex hormones between
phases of the menstrual cycle and the use of oral contraceptive pills (OCPs). Variations in female sex
hormones can affect neuromuscular function (Norum et al., 2020), attenuating the ergogenic effect of
caffeine. A few prior studies have been carried out only in women; however, improvement in resistance
performance after caffeine ingestion was only demonstrated during the early follicular phase (Romero-
Moraleda et al., 2019; Lara et al., 2020), or without determining the phase of the menstrual cycle (Goldstein
et al., 2010; Filip-Stachnik et al., 2021). The effects of caffeine on resistance performance throughout the
menstrual cycle remain unclear (Romero-Moraleda et al., 2019; Wilk et al., 2019). To the best of our
knowledge, no prior study has investigated the ergogenic effect of caffeine on female sex hormones during
any phase of the menstrual cycle. Therefore, it seems important to conduct research related to the effects of
caffeine on muscular endurance in females during the early follicular phase.

During the early follicular phase of the menstrual cycle, oestradiol and progesterone are at low levels, but
they gradually increase during the late follicular phase and reach a peak in the ovulation and luteal phases
(Norum et al., 2020; Notbohm et al., 2023; Elliott et al., 2004). As the early follicular phase is characterized
by the lowest concentration of catabolic progesterone (Elliott et al., 2004; Norum et al., 2020), it has been
speculated that resistance training could be more comfortable in eumenorrheic athletes (Romero-Moraleda
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et al., 2019; Lara et al., 2020; Norum et al., 2020). The intake of ethinylestradiol, a substance included in
OCPs, inhibits cytochrome P450 1A2 (CYP1A2) (Banks et al., 2019; Lara et al., 2020; Arnaud, 2014), an
enzyme responsible for caffeine metabolism (Grgic et al., 2021; Martins et al., 2020), thus altering the
ergogenic effect of caffeine. However, the remaining caffeine metabolites—namely, theobromine—can still
induce ergogenic benefits. In addition, numerous eumenorrheic female athletes practice resistance training
during menses. This discrepancy warrants further investigation to unveil the ergogenic effect of caffeine on
strength in eumenorrheic females during the early follicular phase.

Consequently, the aim of the present study is to investigate the ergogenic response to caffeine on
performance outcomes, perceived pain, and female sex hormone levels following muscular endurance
exercise in strength eumenorrheic females during the early follicular phase for the first time. We hypothesized
that caffeine could be helpful to eumenorrheic female athletes when the use of OCPs is excluded.

MATERIAL AND METHODS

Participants

Healthy strength-trained eumenorrheic females volunteered to participate in this investigation. The study
sample included 11 females (age: 26.22 + 4.27 years, height: 165.87 + 4.11 cm, body mass: 53.33 + 4.26
kg, BMI: 20.98 + 2.44 kg/m?2, training experience: 5.41 £ 2.66 years). All participants were over 18 years old
and familiar with the resistance exercises. The inclusion criteria of the participants were as follows: a) to be
aged between 20-30 years; b) to have been engaged in resistance training for = 1 h/day, at least 3
days/week, for the previous four years; c) to have had a low daily caffeine intake (i.e., <100 mg/day); and d)
to have steady duration of menstrual cycle for the previous six months (i.e., 21-35 days in length). Females
taking oral contraceptive pills in the previous month; having a menstrual disorder such as amenorrhea,
dysmenorrhea, or acute symptoms linked to premenstrual syndrome; having musculoskeletal injures in the
previous 3 months; or who smoked were excluded from the investigation. Before the beginning of the
experimental protocol, participants were fully informed of the study procedures, especially the potential side
effects of caffeine consumption (e.g., temporary tachycardia and numbness), and then signed an informed
written consent to participate in the study. Participants were allowed to withdraw from the study at any time.
The study was approved by the Ethics Committee of Al-Ahliyya Amman University (FES-18G-31/2023). Al
of the study protocols were in accordance with the latest version of the Declaration of Helsinki.

Experimental design

To investigate the ergogenic response to caffeine in terms of resistance performance, perceived pain, and
sex hormones in eumenorrheic females during the early follicular phase, a randomized, double-blind,
placebo-controlled crossover design was used. After enrolment, participants completed two trials. They
ingested opaque and unidentifiable capsules containing either caffeine or a placebo. The experimental trials
were separated by 48 h, in order to ensure that they occurred during the early follicular phase. The study
trials were performed in a laboratory with controlled temperature (22-24 °C) and a relative humidity of 41—
47%.

Pre-experimental standardization

Participants attended four laboratory visits. The first visit involved defining and approving the procedure and
then signing the informed consent. The second visit focused on collecting demographic data and determining
the one-repetition maximum (1-RM). Baseline measurements (oestradiol: 63.45 + 8.76 pg/ml; progesterone:
2.14 £ 1.24 nmol/L) were conducted during the third visit (3 days prior to commencement of the main trials).
On the day of each trial, participants arrived at the laboratory between 8.00 and 11.00 a.m. in a fasting state.
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The day before each experimental trial, participants were asked to avoid strenuous exercise and/or physical
stress and were encouraged to refrain from the ingestion of caffeine or ergogenic aids. All participants
routinely consumed three main meals during the days between trials. Additionally, they were instructed not
to consume breakfast or morning coffee on the days of the trials. Participants were asked to drink 500 ml of
water 2 h before each trial, in order to avoid the sensation of thirst.

One repetition maximum

One week before the commencement of the trials, each participant underwent a 1-RM test for each exercise.
First, participants performed their routine 10-minute warm-up on a treadmill (Technogym, Smart Code
Program, A01, Italy) at 6.5 km/h, followed by 10 repetitions of the selected exercises using 40% loads of their
estimated 1-RM, with a 60 s recovery interval. After 3 minutes of passive recovery, the 1-RM test
commenced, following the method described by Filip-Stachnik et al. (2021). The 1-RM test constituted the
maximum weight lifted once, encompassing concentric and eccentric phases, with a 5 minute passive
recovery allowed between successful attempts. A pilot test indicated no significant difference in the 1-RM
values for leg extension (t = 1.11, p = .62) or hip adduction (t=0.82, p = .58).

Intervention intake

Two trials were performed under two consecutive conditions: one involving caffeine and the other a placebo.
In the experimental trial, participants received 4 mg/kg of caffeine in a capsule form (Florida Supplement
Caffeine Capsule, Nutrix Research, USA) and swallowed it with 250 ml of water (18 °C) 1 h before the trial
began. In the placebo trial, participants ingested an empty capsule (dextrose, CapsuleB13, China) of similar
shape using the same procedure. The capsules were coded and provided by an independent nutritionist, and
neither the participants nor the assistants were aware of their content.

Experimental protocol

Upon arrival at the laboratory, participants were provided with the capsule to be ingested and then rested for
60 minutes. During this time, participants were seated in the Gym room (talking or reviewing social media).
They subsequently performed an adapted warm-up, which consisted of 10 minutes on the treadmill at 7 km/h
and a single set of 10 repetitions for each exercise at 50% 1-RM, with a 60 s recovery interval. After a 3-
minute break, participants performed as many repetitions as possible for leg extension and hip adduction at
65% of 1-RM. Two minutes of recovery were allocated between each exercise. During the test, each
repetition was performed at maximal velocity, and the examiner observed and counted the number of
repetitions in each exercise during both trials. Failure was defined as an inability to tolerate full repetition. Al
exercises were performed according to the American College of Sports Medicine guidelines (ACSM, 2010).
Both experimental trials were recorded using a camera (Sony, FDR, AX43), and total repetitions were
confirmed according to the footage obtained with the camera. Time under tension was obtained manually
from the recorded data through the camera (using slow-speed playback). To ensure the reliability of manual
data collection, three independent persons conducted the analysis from the camera footage. There were no
differences between the analysis data of these three reviewers. Perceived pain was rated on the 11-point
numerical received pain (NRS) scale (0—no pain to 10—worst imaginable pain) immediately after the
muscular endurance test for each exercise in each trial. Blood samples (4 ml) were drawn from the left
antecubital vein of each participant 30 min after the completion of each trial. Serum samples were used for
all parameter analyses of oestradiol and progesterone, and they were centrifuged at 3500 rpm for 10 minutes.
These hormones were analysed through immunochromatography (lateral flow assay, Japan). The reference
ranges of hormones during the early follicular phase were as follows: 19.0-140 pg/ml for oestradiol and
0.181-2.84 nmol/L for progesterone.
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Statistical analysis

The normal distribution of the data was verified using the Shapiro-Wilk test, and both analysed variables
(female sex hormones) adhered to normal distributions (p > .05). Statistical analysis was performed using
the Statistical Package for the Social Sciences (SPSS) software (version 18.0). Between-group differences
in performance outcomes and female sex hormone responses were determined using paired-sample t-tests.
Cohen’s effect size (d) was calculated for all statistically significant pairwise comparisons, with the magnitude
of effect size interpreted as follows: <0.2 (trivial), >0.2-0.6 (small), >0.6-1.2 (moderate), >1.2-2.0 (large),
>2.0 (very large) (Lara et al., 2020). Descriptive statistics are presented as the mean + standard deviation.
Statistical significance was set at p < .05.

RESULTS

Table 1 presents information about the effect of caffeine on repetitions until momentary muscle failure, time
under tension, and perceived pain. Briefly, main effects of caffeine on repetitions to failure in leg extension
(p=.003) and hip adduction (p = .043) were observed; furthermore, caffeine led to a significantly longer time
under tension for leg extension (p = .001), with no differences between trials for hip adduction (p =.053). No
differences between ftrials were observed in the NRS pain scale results obtained immediately after hip
adduction repetitions to failure (p = .724), while the perceived pain was rated higher immediately after leg
extension in the caffeine trial, when compared to the placebo (p = .011).

Table 1. Effect of caffeine and placebo on performance outcomes.

Performance outcomes Caffeine Placebo Meanof AXSD 95%Cl Effect size
RTF Leg extension (n) 31.7+£21  269+18 28+1.9 1.5,4.1 0.36
TUT Leg extension (s) 325+20 295+23 31+18 19,43 0.37
PP Leg extension 7508 6.8+£0.8 06£0.7 02,11 0.15
RTF Hip adduction (n) 343+35 328137 1515 04,25 0.04
TUT Hip adduction (s) 355+4.1 350+38 05+0.7 0,09 0.04
PP Hip adduction 6.1+0.8 6.0+0.8 0.1+0.8 -0.5,0.6 0.05

Note: Values are presented as mean + SD, median, and 95% confidence intervals. Abbreviations: Cl, confidence interval; RTF,
repetition to failure; TUT, time under tension; PP, perceived pain.
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Figure 1. Ergogenic response to caffeine on Figure 2. Ergogenic response to caffeine on
oestradiol level 30 min after completion the test. progesterone level 30 min after completion the
No differences between trials were found in test. No differences between trials were found in
oestradiol levels (p > .05). oestradiol levels (p > .05).
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In regard to female sex hormone levels (Figures 1 and 2), the paired sample t-test revealed that no differences
existed between trials for oestradiol and progesterone levels (t = -1.01, p = 0.138; t = 0.62, p = .350,
respectively).

DISCUSSION

This study investigated the ergogenic response to caffeine in terms of resistance performance, perceived
pain, and female sex hormones following muscular endurance training through leg extension and hip
adduction in strength eumenorrheic females during the early follicular phase. The main findings of this
investigation were as follows: a) repetitions to failure increased after caffeine ingestion for both exercises, b)
caffeine led to longer time under tension only in leg extension, with no differences between trials focused on
hip adduction, c¢) perceived pain was rated higher only immediately after leg extension repetitions to failure
in the caffeine trial, compared to the placebo, and d) no differences between trials were observed for
oestradiol and progesterone levels.

With regard to momentary muscle failure, caffeine induced performance improvements through increased
repetitions to failure in both leg extension and hip adduction. This result may be attributed to the ability of
caffeine to boost energy expenditure (Goldstein et al., 2010; Warren et al., 2010), altering sodium/potassium
ATPase pump activity (Mohr et al., 2011), and inhibiting adenosine acting on its receptors. This, in turn, delays
the feeling of fatigue and stimulates the CNS (Davis & Green, 2009; Mohr et al., 2011), resulting in activation
of motor unit recruitment (Warren et al., 2010). This result is in agreement with Norum et al. (2020), who
found that 4 mg/kg caffeine increased the number of repetitions to failure at 60% of 1-RM during squat (45 £
17 rep) and bench press (23 + 6 rep), compared to placebo (39 £ 17 and 21 + 6 rep, respectively) in
Caucasian female volunteers. They reported that volunteers who performed three familiarization sessions
exceeded a coefficient of variation of 10%. In the present study, the participants did not perform familiarization
sessions, due to their acclimatization to resistance exercise for at least the four years prior. On the other
hand, this result is in disagreement with other prior studies (Filip-Stachnik et al., 2021; Goldstein et al., 2010;
Arazi et al., 2016; Sabblah et al., 2015) that did not confirm the ergogenic effects of caffeine on muscular
endurance in females. For example, Filip-Stachnik et al. (2021) found no differences between 3 mg/kg or 6
mg/kg of caffeine and placebo on bench press endurance at 50% of 1-RM (33.81 + 5.46; 35.29 + 6.99; and
33.05 + 6.59 rep, respectively) in 21 resistance-trained female university students (23.0 + 0.9 years age).
They suggested that females have a greater proportion of slow oxidative fibres, facilitating beneficial effects
for muscular endurance using caffeine in long-term training. Goldstein et al. (2010) showed that bench press
repetitions to failure was similar in placebo and 6 mg/kg caffeine groups (23.0 £ 7.1 vs. 23.1 + 6.2 rep,
respectively) in resistance-trained females. They concluded that caffeine habituation may induce intense
emotional responses, affecting performance. Sabblah et al. (2015) found no difference (p = .059) in bench
press endurance performance after ingestion of 5 mg/kg of caffeine, compared to placebo, in eight
moderately active resistance females. They suggested that further research should be explored using trained
participants. Arazi et al. (2016) also demonstrated no differences between 5 mg/kg or 2 mg/kg of caffeine
and placebo in leg press repetitions to failure (39 + 26.5; 47 + 22.6; and 46 + 15.7 reps, respectively) in
female karate athletes. They suggested that the type of muscle action performed and volunteer's fitness level
leads to a greater variation than the standard deviation, thus affecting the significance level.

The results of the present study indicated that 4 mg/kg caffeine led to a significantly higher time under tension
during leg extension, but it had a similar effect to the placebo in hip adduction. This result could have been
caused by the type of action/technique performed during leg extension and the greater number of repetitions
during the muscular endurance test, increasing the period and, subsequently, the time under tension. During
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leg extension, the weight is lifted reverse to gravity, whereas a participant squeezes the weight medially in
hip adduction, such that gravity is ignored. Recalling the study of Filip-Stachnik et al. (2021), they showed
increased time under tension during bench press after both 3 mg/kg and 6 mg/kg caffeine (57.05 + 10.9 s
and 61.76 £ 15.39 s, respectively), compared to placebo (53.52 + 11.44 s), without any explanation of these
results. Therefore, it is still necessary to unveil the ergogenic effects of caffeine on muscular endurance in
females during the early follicular phase. On the other hand, Romero-Moraleda et al. (2019) demonstrated
that 3 mg/kg of caffeine increased mean movement velocity during a half-squat exercise performed at
maximal velocity with loads equivalent to 40%, 60%, and 80% of 1-RM, although the effect was catalogued
as being of small magnitude. The authors in that study also did not determine either an explanation of the
result or the mechanism through which caffeine improved movement velocity.

Caffeine had no ergogenic effects in attenuation of perceived pain immediately after leg extension repetitions
to failure. The explanation of this result could refer to the greater muscular effort when muscle action
potentials are activated during each contraction cycle. Motor units in the lower limbs are conditioned to slow
movement and, thus, tolerant to fatigue (as occurs in long distance running). However, during muscular
endurance with maximal velocity, perceived pain increases dramatically, especially when the repetitions to
failure is increased. This finding is in accordance with Norum et al. (2020), who found 4 mg/kg caffeine to
insignificantly decrease pain perception during squat and bench press. Similarly, Sabblah et al. (2015)
showed that perceived pain during bench press and squat was unaffected by caffeine ingestion. They
suggested that the light weight (40% of 1-RM) may be an important factor for failure in the reduction of
perceived pain using caffeine. It has been suggested (Goldstein et al., 2010; Sabblah et al., 2015; Davis &
Green, 2009; Warren et al., 2010; Sampaio-Jorge et al., 2021) that the analgesic role of caffeine is based on
blocking adenosine receptors within the brain and working muscles. Caffeine acts as an adenosine
antagonist, causing attenuation of muscle pain and, thus, greater time to exhaustion (Sampaio-Jorge et al,
2021; Wu & Lin, 2010). This is the available explanation for the mechanism by which caffeine enhances
performance. In the present study, however, caffeine had no effect on perceived pain in leg extension. In this
context, increased pain tolerance rather than a reduction in perceived pain is a governing theory linked to
caffeine’s effect on resistance performance (Beck et al., 2006; Warren et al., 2010).

Finally, 4 mg/kg caffeine had no effects on both oestradiol and progesterone response during the early
follicular phase, with an insignificant increase in oestradiol. To the best of our knowledge, this is only the first
study on the ergogenic response to caffeine in main female sex hormones during the early follicular phase
of the menstrual cycle. Norum et al. (2020) explained that the absence of consideration of these hormones
in their study was due to cost- and time-based limitations, and they recommended further studies on caffeine
in females during different phases of the menstrual cycle. Prior studies have not measured these sex
hormones due to changes in caffeine metabolism during the phases of the menstrual cycle, along with the
effect of OCPs on caffeine’s ergogenicity (Arnaud, 2011). Importantly, the early follicular phase has been
reported to be characterized by the lowest fluctuation in oestradiol and progesterone concentrations (Elliott
etal., 2004). In a systemic review, McNulty et al. (2020) showed that the effects associated with fluctuations
in oestradiol and progesterone throughout the menstrual cycle on performance are elusive and conflicting,
with some studies demonstrating enhanced performance during early follicular and luteal phases, while other
previous studies having reported no changes in performance between different phases. However, the
findings assessed in their systemic review were carried out without a caffeine intervention. In addition, female
sex hormone levels in the early follicular phase are roughly similar to the same levels in females using OCPs
(Norum et al., 2020). Of relevance, females taking OCPs are predisposed to CYP1A2 inactivity (Romero-
Moraleda et al., 2019; Granfors et al., 2005). Ethinylestradiol, a substrate found in OCPs, may induce
inhibition of CYP1A2 activity (Granfors et al., 2005; Arnaud, 2011). This liver enzyme is responsible for 90%
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of caffeine metabolism, where caffeine exerts several of its beneficial effects through antagonistically binding
to adenosine Aza receptors (Banks et al., 2019). On the other hand, some prior studies (Norum et al., 2020;
Goldstein et al. 2010; Romero-Moraleda et al., 2019; Filip-Stachnik et al., 2021; Sabblah et al., 2015; Lara et
al., 2020) have demonstrated the ergogenic effect of caffeine on some parameters of resistance performance
in females. These studies, however, did not measure the main female sex hormone levels. It has been
speculated that the pharmacokinetics of caffeine might be unaffected by the menstrual cycle (McLean &
Graham, 2002; Norum et al., 2020). In the present study, all participants were in eumenorrheic state and
unaffected by any menstrual disorder, making investigation of the effects of caffeine on resistance exercise
in females during early the follicular phase complex. Hence, further research to establish the role of caffeine
on resistance exercise in females during the early follicular phase is warranted.

The present study had two main limitations. First, blood samples were collected from the participants only
one time for each trial (i.e., 30 min after completion of the muscular endurance test). This could make the
explanation of findings related to female sex hormones unclear. Second, no measurements of
catecholamine—precisely, dopamine—were performed, which could be a factor explaining the perceived
pain.

CONCLUSION

The ingestion of 4 mg/kg of caffeine in capsule form increased leg extension and hip adduction repetitions to
failure and improved, to some extent, the time under tension during the muscular endurance performance,
such as hip adduction. However, caffeine had no effect on perceived pain, assessed using the NRS pain
scale, immediately after the muscular endurance test. Female sex hormone levels were unaffected by
caffeine, although the participants were in eumenorrheic status. These outcomes might indicate that, in
trained and eumenorrheic female strength athletes who do not take oral contraceptive pills, caffeine is
effective for improving muscular endurance exercise.
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ABSTRACT

The aim of this study was to examine the effect of functional myofascial line exercises applied for 6 weeks
on sprint and agility in 12-14 years old tennis players. The sample consisted of 13 girls and 13 boys aged 12-
14 years who were tennis athletes in Antalya. In addition to tennis training in the experimental group an
exercise programme consisting of four exercises for 6 weeks, 2 days in a week was conducted. The control
group continued only tennis training. As a result of the research, the girls experimental group's 20 m sprint
pre-test and post-test statistically significant difference (p = .02) with a large effect size (r = .63); v-cut agility
pre-test and post-test with a large effect size (r = .57) a statistically significant difference (p = .04) was found.
In addition, a statistically significant difference (p = .01) was found between the 20 m. sprint pre-test and
post-test of the boys experimental group with a large effect size (r = .63); a statistically significant difference
(p = .01) was found between the v-cut agility pre-test and post-test with a large effect size (r = .63). In the
control group, 20 m. sprint in both boys and girls groups there was no statistically significant difference
between pre-test and post-test and v-cut agility pre-test and post-test.
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INTRODUCTION

Tennis is a game of short, high-intensity repetitive movements, with medium and high intensity (Torres-Luque
et al., 2011). Tennis players cover an average distance of 8-15 m for a point, change 4 directions and they
hit the ball 4-5 times on average for each point played (Murias et al., 2007). Tennis players have a very good
reaction time and are able to have explosive first step speed to react quickly to the ball (Kovacs, 2006). For
tennis athletes to be successful, aerobic performance, speed, agility and power must be efficient (Fernandez,
2009). Therefore, strength, power, speed and agility as a prerequisite for success in tennis together
(Fernandez-Fernandez, 2018). At the same time to the opponent non-contact tennis; fast change of direction,
fast arm movements, jumping and strength is needed (Ozcan, 2011). With studies conducted in the early
period, enhanced speed and change of direction ability can help children improve their performance in tennis
matches (Wang et al., 2022).

Kinetic chain is defined as "a number of successively arranged motor units forming a complex motor unit
joint" (Karandikar & Vargas, 2011). Although it appears that the ball is sent to the opposite side with the
movement of the upper limb in tennis athletes, in relation to upper limb skill performance, the work in the
upper limb segments is transmitted to the trunk and spine through a large musculoskeletal surface. There is
an exchange of forces across this musculoskeletal surface resulting in a large amount of energy production
(Ellenbecker & Aoki, 2020). There are structures in the human body that are not independent of each other
and interact with each other. One of them is that the kinetic chain is an interconnected system with fascial
lines as a whole and any movement instantly affect each other (Dischiavi et al., 2018). Sports of complex
motor skills such as tennis require effective kinetic chain coordination (Colomar et al., 2020). Disruption of a
single element in the kinetic chain causes modification of the entire chain, leading to sub-optimal
biomechanical adaptations may lead to a decrease in the efficiency of the movement (Kilit, 2017).

Fascia refers to all fibrous connective tissue under tension that both encloses and surrounds muscles, bones,
organs, nerves, blood vessels and other structures and extends from head to toe in a continuous, three-
dimensional network (Findley, 2009). Fascia is a tissue that contains properties that can respond to
mechanical stimuli (Bordoni & Myers, 2020) and consists of fibrous collagenous tissues that are part of the
conduction system, a tension force in the whole body (Beardsley & Skarabot, 2015).

Nowadays, fascia has become a very important subject for clinicians, physiotherapists and sports scientists
with the development of measurement tools and studies. Fascia are seen as elements of a tensile force
transmission network throughout the body and are defined as all collagen fibrous connective tissues in the
body (Schleip & Baker, 2015). When muscles contract, they not only move the bones, but also stretch the
deep fascia through fascial expansions (Stecco et al., 2009).

Fascia and tendons work together and therefore the movement of one muscle can lead to the movement of
other muscles in which this muscle is involved. In this association during movement, the transfer of force
from the muscle to the skeletal system is mostly related to the intermuscular myofascia. Muscles transmit
40% of their contractile force not to their own tendons but to other muscles in close neighbourhood via fascial
connections. This involves the transfer of force to the antagonist muscles and leads to increased resistance
to the movement (Ozsu & Kurt, 2018; Kumka & Bonar, 2012).

Fascia appears to be integrally involved in the biomechanics of the musculoskeletal system (Gerlach &
Lierse, 1990). There are 12 lines in myofascia and in one line it is thought to have an effect on the
intermuscular coordination of the muscles with each other. Among these lines, functional myofascial anterior
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and posterior lines are important for tennis athletes. Functional myofascial anterior and posterior lines when
extending it to the limb on the opposite side of the body, connecting it to the limb on the opposite side of the
body, it extends the lever arm and gives us extra strength and sensitivity. An example of this is in tennis,
where the movement of the pelvis contributes to the backhand stroke. These lines maintain a constant
balance between the shoulder and hip contralaterally during walking (Myers, 2009).

The Functional Posterior Line (Figure 1); starts with the distal adhesion of the latissimus dorsi, joins the
superficial lamina of the sacrolumbar fascia, descends towards the sacral fascia and connects with the lower
fibres of the gluteus maximus. The lower fibres of the gluteus maximus pass under the posterior edge of the
illiotibial tract and thus attach to the posterolateral edge of the femur below the lateral line, approximately 1/3
below the femoral shaft. Continuing in the same direction, fascial fibres are found connecting to the gluteus
and vastus lateralis muscles. These fascial fibres continue downwards and connect with the quadriceps
tendon, subpatellar tendon and tibial tubercle (Myers, 2009).

The Functional Anterior Line (Figure 2); the distal attachment site crosses the lower lifts of the humerus and
attaches to the 5th and 6th costa, the origin of the pectoralis major. Since the claviculapectoral fascia contains
the pectoralis minor, it also attaches to the 5th costa. These pectoral fibres connecting to the abdominal
aponeurosis and the external oblique and rectus abdominis muscles forms a fascial continuum and runs
along the more outer edge of the rectus or along the more inner edge of the oblique fascia towards the pubis
as a strip of fascia, also known as the semilunar line. Passing through the pubic region and symphysis pubis,
it passes to the other side with the durable tendon of adductor longus. Moving downwards, upwards, outwards
and backwards attach to the linear aspera of the femur (Myers, 2009).

Figure 1. Functional back line. Figure 2. Functional front line.

The concept of the myofascial line, i.e. that tension in a contracted area has repercussions and affects other
areas near and far, is used in different disciplines from physiotherapy to yoga, sports to meditation (Bordoni
& Myers, 2020). Ingber stated that due to the holistic and interconnected structure of the fascia in the body,
an increase in tension in one region will cause an increase in tension in the whole structure, not only in the
part where the structure is located, but also in the opposite part (Ingber, 1993).

Stress transmission along the myofascial line can contribute to the proper functioning of the movement
system (Grieve et al., 2015). Ensuring that the tension on one myofascial line is evenly toned can affect the
entire fascia chain. The reason for this may be the comfortable movement of interconnected tissues and the
correct distribution of forces (Lindsay & Robertson, 2008).
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Studies show that the tension produced by a given muscle is not transmitted entirely to its tendons but can
also be transmitted to connective tissues in and around the muscle (endomysium, perimysium, epimysium)
and to extra-muscular connective tissues (fascia, neurovascular system) (Huijing, 2009; Purslow, 2010;
Smeulders & Kreulen, 2007; Ylcesoy, 2010). Ruffini and Pacini bodies, which are mechanoreceptors
commonly found in myofascia contains muscle receptors located between the tissue. Pressure applied to
mechanoreceptors can stimulate the nervous system and thus cause a reduction in muscle tension
(Beardsley & Skarabot, 2015). In an exercise, it can cause a force transfer from the working muscle to the
surrounding fascia (Findley et al., 2015).

The force generated by the muscle can be transferred directly between the synergist muscles via the
epimysium or indirectly affect the antagonist via the neurovascular tract (Huijing et al., 2011). Muscle
contraction directly stretches the overlying fascia and thus changes the stiffness of the connective tissue
(Findley et al., 2015).

In addition to bilateral exercises, if exercises are performed to increase muscle strength on one side of the
body (unilateral), voluntary strength may increase on the opposite side. Following a unilateral strength training
programme, strength increases are observed in the contralateral untrained limb (Carroll et al., 2006).

From a mechanical point of view, the close relationship between fascia and trunk muscles clearly implies that
the role of fascia in movements cannot be separated from the movements of muscles, and each time the
muscle contracts, selective spatial stretching of the associated fascia must also occur (Stecco et al., 2011).

Speed is physiologically identified with concepts such as perception, reaction, movement and acceleration
(Gunay, 2008). Speed, power output and forward acceleration are key physical determinants of performance
in many activities in sport (Cronin & Sleivert, 2005). Athletes need more speed to react to a sudden movement
from a stationary position (Sasa, 2019). The long duration of tennis competitions requires the need for
oxidative energy system and phosphagen (ATP-CP) system is used during the ball shots (Ben Kibler &
Sciascia, 2004). Good intramuscular and intermuscular coordination skills contribute to the development of
speed and speed is greatly improved by the harmonious functioning of muscles and nerves (Karaca, 2016).
The 20m sprint, change of direction tests, jumping ability tests and field-based tests are commonly used in
tennis players (Cooke et al., 2011).

Various definitions have been made about agility. Agility is the ability to change the direction and/or speed of
movement quickly and efficiently (Sekulic et al., 2017), the ability to change body position quickly and
accurately, to stop, move, change direction and speed in a controlled manner (Miller, 2006), rapid change of
speed and direction of movement in response to an external stimulus and whole body movement (Krolo et
al., 2020; Sheppard & Young, 2006).

For the best realisation of agility performance, the neuromuscular system must function efficiently. It is known
that the neuromuscular system has the ability to efficiently store, reappear, combine, use and change when
more than one motor unit is needed to produce the desired movements (Aaberg, 2007).

In agility, one responds to a pre-planned and known response, but in tennis, one must respond to
unpredictable (mostly visual) stimuli, so unplanned agility, change of direction speed (CODS) and reactive
agility terms are used in tennis (Sekulic et al, 2017). Tennis is a sport where both agility performances (i.e.
CODS and reactive-agility) are important in certain situations (Cooke et al., 2011).
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We hypothesise that exercise programmes designed in connection with one of the muscles in the myofascial
lines can give effective results. We think that the compatibility of myofascial anterior and posterior lines with
the movement mechanics of tennis athletes will provide efficient results for the speed and agility of athletes.
With these assumptions, the aim of this study was to investigate the effect of functional myofascial line
exercises on speed and agility in tennis athletes.

METHOD

Participants

The study included volunteer boys and girls between the ages of 12-14 years, residing in the province of
Antalya in Turkey and playing tennis. For this purpose, groups were formed from the athletes who applied to
the sports club. For the study, two groups of 13 athletes each were randomly selected as Experimental Group
(EG) and Control Group (CG). In addition to tennis training, the EG was trained with functional fascial line
exercises for 30 minutes a day, 2 days a week for 6 weeks. The CG continued tennis training only. The
exercise programme was selected according to the developmental level and age of the children.

Parents or legal guardians received detailed information about the research process and provided written
informed consent. The research was conducted in the latter half of 2022 and received ethical approval from
the University of Alanya Alaaddin Keykubat Committee for Research Ethics (Approval No. 3(9)/2022),
adhering to the Declaration of Helsinki.

Measures and procedures

In the measurement part of the research, the COD Timer application V-Cut test was used for agility. The
COD timer application was found to be in almost perfect agreement with the start and end gates to measure
the total time in a change of direction test. Studies have shown that the COD Timer App and My Sprint App
are valid and reliable (Silva et al, 2021).

Exercises 2

Exercises 3

Figure 3. Myofascial line exercises.
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For one side, 4 exercises (Figure 3) consisting of 10 repetitions (right and left 20) with 50-70% intensity and
fast tempo were performed in 3 sets. 1 minute rest was given between each set. Rest was given for 2 minutes
between exercise changes.

The data captured on video with I-phone 7 plus model phone (high-speed video recording, 240 fps) were
analysed with COD Timer application (V-Cut Agility Test) and My Sprint application (20-metre Sprint Test)
and data entries were made.

To determine the 20 m sprint time, 2 funnels were placed 20 m apart. The athlete was instructed to run from
the starting point to the end point in the fastest way. Meanwhile, the athlete's run was videorecorded
horizontally at the 10 m line with an iPhone 7 plus model phone and uploaded to My Sprint application. In the
application, the time from the starting point to the end point was analysed and recorded.

In the V-Cut test, athletes performed a 25 m sprint with 2 funnels of 5 m each at 45°. For the trial to be valid,
the athletes had to cross the line with one foot completely on the ground at each turn. If the attempt was
considered unsuccessful, a new attempt was allowed. The distance between each pair of cones was 0.7 m.
The fastest trial time was recorded (Gonzalo-Skok et al., 2015).

Statistical analysis

SPSS 25 package programme was used to analyse the data obtained in the study. Frequency and
percentage values were used among statistical techniques. Non-parametric tests were preferred due to the
limited number of research sample. Wilcoxon signed-rank test was used among non-parametric tests.
Significance level was taken as p < .05.

RESULTS

The findings obtained from the data of the research are given below in order.

Table 1. Descriptive statistics for experimental and control group.

Group Gender Variable N Min. Max. Mean Sd
Age 6 12.00 14.00 12.50 0.83
Girls Weight 6 36.00 61.00 47.33 10.05
Height 6 152.00 161.00 156.66 3.66
*Exp N 6
' Age 7 12.00 14.00 12.85 1.06
Boys Weight 7 34.00 76.00 53.71 16.15
Height 7 143.00 183.00 162.85 16.26
N 7
Age 6 12.00 14.00 12.83 0.75
Girls Weight 6 37.00 60.00 43.83 9.49
Height 6 160.00 169.00 164.16 343
Control N 6
Age 7 12.00 14.00 13.00 0.816
Boys Weight 7 37.00 57.00 43.00 7.70
Height 7 147.00 170.00 160.85 7.88
N 7

Note. *Exp = Experimental.

Table 1 shows the age, body weight and height data of the research group. The average age of the girls
experimental group was 12.50 £ 0.83 and the average age of the boys experimental group was 12.85 £ 1.06;
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the average age of the girls control group was 12.83 £ 0.75 and the average age of the boys control group
was 13.00 £ 0.81. The average body weight of the girls experimental group was 47.33 + 10.05 and the
average body weight of the boys experimental group was 53.71 £ 16.15; the average body weight of the girls
control group was 48.83 £ 9.49 and the average body weight of the boys control group was 48.00 + 7.70.
The average height of the girls experimental group was 156.66 + 3.66 and the average height of the boys
experimental group was 162.85 £ 16.26; the average height of the girls control group was 164.16 + 3.43 and

the average height of the boys control group was 160.85 £ 7.88.

Table 2. Skewness and Kurtosis statistics of the data.

Group  Gender Tests N Min. Max. Avg. Sd. Skewness Se Kurtosis Se
20m. SprintPre 6 329.00 383.00 359.16 18.57 -0.64 084 065 1.74
20 m. SprintPost 6 311.00 380.00 33533 27.29 0.99 084 024 174
Girls  V-Cut AgilityPre 6 803.00 867.00 831.16 27.70 0.40 0.84 -2.24 1.74
V-Cut Agility Post 6 760.00 834.00 800.33 25.95 -0.47 084  0.07 1.74
. N 6
Exp. 20 m. SprintPre 7 303.00 362.00 33214 2294 -0.02 0.79 -1.49 1.58
20 m. SprintPost 7 292.00 333.00 311.00 14.53 0.12 079  -091 1.58
Boys V-CutAgilityPre 7 713.00 887.00 787.28 56.29 0.67 079  0.80 1.58
V-Cut Agility Post 7 690.00 817.00 746.14 47.47 0.55 0.79 -1.02 1.58
N 7
20 m. SprintPre 6 366.00 386.00 371.00 7.84 1.86 0.84 3.44 1.74
20 m. Sprint Post 6 355.00 410.00 377.16 20.25 0.77 084 0.6 1.74
Girls  V-Cut Agility Pre 6 820.00 860.00 834.50 16.65 0.88 084 -1.04 174
V-Cut Agility Post 6 820.00 880.00 841.16 23.49 1.15 084  -0.11 1.74
N 6
Control 20m. SprintPre 7 32300 373.00 34344 1928 054 079 102 158
20 m. Sprint Post 7 320.00 389.00 350.85 25.22 0.30 079 -098 158
Boys V-CutAgility Pre 7 767.00 843.00 819.00 30.21 -0.92 079 -055 158
V-Cut Agility Post 7  760.00 900.00 833.00 48.07 -0.06 079 -060 158
N 7
Note. *Exp: Experimental, Avg.: Average, Sd: Standard deviation, Se: Standard Error.
Table 3. Wilcoxon Signed Rank test.
Percentiles
Group Gender tests N o5 50th (Median) 75th
20 m. Sprint Pre 6 344.00 362.50 372.50
Girls V-Cut Agility Post 6 808.25 823.50 861.75
20 m. Sprint Pre 6 314.00 325.50 361.25
Experimental V-Cut Agi[ity Post 6 777.25 804.00 821.25
20 m. Sprint Pre 7 306.00 329.00 356.00
Boys V-Cut Agility Post 7 747.00 793.00 817.00
20 m. Sprint Pre 7 296.00 311.00 320.00
V-Cut Agility Post 7 704.00 741.00 801.00
20 m. Sprint Pre 6 366.00 367.50 376.25
Girls V-Cut Agility Post 6 820.00 828.50 852.50
20 m. Sprint Pre 6 358.75 374.00 395.00
Control V-Cut Agility Post 6 825.25 830.00 865.00
20 m. Sprint Pre 7 323.00 342.00 363.00
Boys V-Cut Agility Post 7 797.00 840.00 843.00
20 m. Sprint Pre 7 325.00 354.00 375.00
V-Cut Agility Post 7 802.00 840.00 880.00
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Table 2 shows the kurtosis skewness values of the experimental and control group data. George & Mallery
(2010) stated that when the kurtosis skewness values are between -2 and +2, the data are normally
distributed. Although only a few of the data were found to be above these values, non-parametric tests were
preferred due to the limited number of research sample.

Table 3 shows the median data of the experimental and control groups. The 20 m sprint median values of
the girls experimental group decreased after the implementation (Md = 325.50) compared to before the
implementation (Md = 362.50). V-Cut Agility median values of the girls experimental group decreased after
the implementation (Md = 804.00) compared to before the implementation (Md = 823.50). The 20 m sprint
median values of the boys experimental group decreased after the implementation (Md = 311.00) compared
to before the implementation (Md = 329.00). V-Cut Agility median values of the boys experimental group
decreased after the implementation (Md = 741.00) compared to before the implementation (Md = 793.00).

Table 4. Wilcoxon Signed Rank test.

20 m. Sprint Post V-Cut Agility Post
Group Gender 20 m. Sprint Pre V-Cut Agility Pre
Gifs 2 22,208 -1.99
o p 02 04*
: Boys 2,368 237
p 01 01
S O 4
p : .
Control sy 2 .18 119
p 23 23

Note. e. Based on positive ranks. b. Based on negative ranks. *p < .05.

When Table 4 is analysed, a statistically significant difference (p = .02) was found between the 20 m. sprint
pre-test and post-test of the girls experimental group with a large effect size (r = .63); a statistically significant
difference (p = .04) was found between the V-Cut Agility pre-test and post-test with a large effect size (r =
.57). In addition, a statistically significant difference (p =.01) was found between the 20 m. sprint pre-test and
post-test of the boys experimental group with a large effect size (r=.63); a statistically significant difference
(p = .01) was found between the V-Cut Agility pre-test and post-test with a large effect size (r = .63). In the
control group, no statistically significant difference was found between 20 m. sprint pre-test and post-test and
V-Cut Agility pre-test and post-test in both boys and girls. The effect size can be found by dividing the Z value
by the square root of N. When evaluated according to Cohen's criteria (1988) (.1 = small, .30 = medium and
.5 = large), the value obtained indicates a large effect size (Balci & Ahi, 2020).

DISCUSSION

As a result of the study, a statistically significant difference (p = .02) was found between the 20 m. sprint pre-
test and post-test, and a statistically significant difference (p = .04) was found between the v-cut agility pre-
test and post-test of the girls experimental group. In addition, a statistically significant difference (p = .01)
was found between the 20 m. sprint pre-test and post-test, and a statistically significant difference (p = .01)
was found between the v-cut agility pre-test and post-test of the boys experimental group.

In their meta-analysis study, Cheatham et al. (2015) stated that SMR (self-myofascial release) used in warm-
up improves joint range of motion without affecting muscle performance and reduces delayed muscle
soreness after exercise.
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Wu et al. (2021), in their meta-analysis study on myofascial release in chronic low back pain, stated that
myofascial release (SMR) significantly improved pain and physical function in patients with chronic lower
back pain, but had no significant effect on balance, pain pressure threshold, trunk mobility, mental health and
quality of life.

Fauris et al. (2021) found that performing SMR in any segment of the SBL resulted in a statistically significant
increase in hamstring flexibility and ankle dorsiflexion.

Carvalhais et al. (2013), in vivo their study on myofascial force transmission between latissimus dorsi and
gluteus maximus, observed that due to contraction or stretching of latissimus dorsi, the force reaching the
epimysium is transmitted to TFL (Tensor Fascia Late) and gluteus maximus through connective tissue
continuity resulting in the muscle being pulled upwards. When the effects observed after stretching of the
latissimus dorsi were analysed, it was stated that there was a functional relationship between the gluteus
maximus and the hip joint. The results showing that force is transmitted from the latissimus dorsi to the
gluteus maximus support the presence of myofascial force transmission This study supports the force transfer
between the gluteus maximus, trocholumbar fascia and latissimus dorsi, which are the functional posterior
line muscles that form the exercise choices.

In a systematic review, Krause et al. (2016) found that there is an indication that tension can be transferred
between at least some of the adjacent myofascial structures. No studies were found to indicate force transfer
between the gluteus maximus and vastus lateralis in the functional back line. In contrast, three studies
reported force transfer between the latissimus dorsi and contralateral gluteus maximus, respectively, and a
moderate force transfer at the TFL. For the functional anterior line, one study reported force transfer between
the adductor longus and the contralateral distal rectus sheath, which was not statistically significant compared
to baseline values.

Ajimsha et al. (2020) reported strong evidence for myofascial transitions in three of the six myofascial
meridians examined in their study. These are; SBL, BFL and FFL. Myofascial transitions (plantar fascia-
gastrocnemius, gastrocnemius-hamstrings and hamstrings-lumbar fascia/erector spine) were confirmed in
fifteen studies. Three myofascial transitions in the BFL (latissimus-lumbar fascia, lumbar fascia-gluteus
maximus and gluteus maximus-vastus lateralis) were confirmed in eight studies. Six studies were found to
support two myofascial transitions (pectoralis major-rectus abdominis and rectus abdominis-adductor longus)
for FFL with a 'strong evidence' rating. It is emphasised that the muscles in the fascial lines affect each other
in biomotor abilities such as flexibility and strength and that exercise choices should be made accordingly.
These evidences support the power and force transfer of the muscles between the BFL and FFL in this study.

Wilke et al. (2016) reported that lower extremity stretching based on myofascial chains increased cervical
range of motion in their study. As a result, the existence of a stress transfer along the myofascial lines was
pointed out.

Colomar, Baiget & Corbii (2020) examined the relationship between strength, power characteristics,
individual muscle stiffness, international tennis number and stroke speed in young tennis players and found
that higher stiffness values may increase stroke speed, especially when transferring power from the lower
body to the upper body. It is thought that the arrangement of the functional myofascial line muscles and the
exercises performed in conjunction with each other support the transfer of power from the lower body to the
upper body during ball striking in tennis.

VOLUME 19 | ISSUE 4 | 2024 | 973



Caglin, et al. / The effect of functional myofascial line exercises JOURNAL OF HUMAN SPORT & EXERCISE

Core strength is related to the force and power produced by these muscles, whereas core stability refers to
the capacity of the muscles to control trunk position and movement over the pelvis and leg to allow force
production to the terminal segment in the integrated kinetic chain (Podr & Zemkova, 2018). Functional
myofascial line exercises look like core exercises. However, you can do core exercises in isolation by working
the muscles, or you can include all core muscles in the movement and provide a total improvement in
performance improvement. However, when choosing functional myofascial anterior or posterior exercises,
an exercise is selected in which only the muscles in this line will be activated. The purpose of this is not to
ensure the development of the muscles individually, but to ensure that they work efficiently while transferring
force or power to the muscle group that should work together in a movement pattern. In other words, it is
thought that the myofascial line exercises are not related to the development of the muscles, but the muscles
are thought to be due to the efficient operation of the force and power transfer with the muscles in the
myofascial line.

CONCLUSION

It can be said that the efficiency of the interaction of the muscles in the functional myofascial lines within the
efficiency of the neuromuscular system to develop features that require fast reactions such as speed or agility
can provide efficient results in performance.

Myofascia has an important role in joint range of motion. Trigger points formed in the superficial or deep
fascia affect the flexibility of the muscle and accordingly the range of motion of the joint. Considering that the
muscles in the myofascial lines affect each other, the trigger point of a muscle in this line may be inefficient
in contraction at the moment of movement in line with the length-tension relationship due to its connection
with each other. In this case, it can be said that it may also affect the muscles with myofascial connections
working together with this muscle in the movement.

When exercising athletes are observed, it is noteworthy that isolated muscle exercises or exercises without
paying attention to myofascial lines are usually performed in resistance exercise programmes. However,
considering the interconnected joint movements during sportive activity and the movements in which many
muscles are active at the same time in these joint movements, it can be thought that this coordination
between muscles and myofascia may be impaired.

When designing resistance training programmes for athletes, it is thought that creating and implementing
functional exercises by combining the biomechanical needs of the branch with myofascial lines will increase
efficiency.
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Mitigating potential injuries in gymnastics: Human
factors research approach on colour coding and
visual perception in high-bar training
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ABSTRACT

If appropriate colour coding is applied, gymnasts’ visual perception during landing may improve, potentially
leading to reduced injuries and enhanced performance. An experiment and a survey were conducted with
professional gymnasts at the University of Oklahoma. For the experiment, gymnasts’ visual perceptions were
assessed for different manoeuvres using distinctive colours: floral white, lime yellow, and deep blue.
Subsequently, we conducted a survey to investigate their preferred colour(s), reasons behind their choices,
and any previous injury experiences related to poor visibility. Significant differences between floral white and
lime yellow for more complex manoeuvres (e.g., double layout flip with single twist, p = .01, and double layout
flip with double twist, p = .03). Survey results indicate that floral white colour was not preferred since the
gymnasts reported difficulty distinguishing the floor from the ceiling. Lime yellow was preferred due to its high
contrast, and deep blue was similarly favoured because gymnasts were accustomed to it. Additionally, the
gymnasts reported other potential colour(s) and/or patterns that could enhance visual perception. The study
provides insights into the potential benefits of colour-coded landing areas and establishes a foundation for
further research on utilizing other hue variations, lightness, chroma intensity, patterns, and related factors.
Keywords: Performance analysis, Sports health, Sports performance, High-bar training, Colour coding,
Human factors, Visual perception.
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INTRODUCTION

One of the pioneering research projects, which is based on interviews with gymnasts, highlights their limited
control over external factors such as mats, lighting, and equipment, and as a result, gymnasts are advised to
anticipate and prepare to maximize their control over those external factors (Ravizza & Rotella, 1982).
Specific to the mat standards, the International Federation of Gymnastics maintains updated specifications
that outline dimensions and composition to prevent potential injuries (Fédération Internationale de
Gymnastique, 2024), and previous research efforts have centred around improving the materials used in
energy-absorbing mats (Sundholm, 2014; Tomin & Kmetty, 2022).

However, to the best of our knowledge, there are no specific standards or specifications format colour. The
choice of mat colour is not a personal preference for gymnasts; rather, it is determined by equipment
manufacturers or competition organizers. Therefore, mat colours may vary depending on the region. As an
example, American Athletics Inc. is known to provide blue-coloured mats in the United States (“Competition
Landing Mats,” n.d.), while Gymnova offers white-coloured mats in Europe for certain official competitions
(“Gymnova,” n.d.). These two brands are used for specific meets based on the sponsor and location of the
competition. Furthermore, many gyms may choose mat colours that align with their branding.

Despite any personal preferences gymnasts may have, the gymnasts often lack the opportunity to utilize their
preferred mat colour. Certain colours may be easier for gymnasts to spot, potentially enhancing their
perception during landings. Improved perception can contribute to safer landings and better overall
performance. Interestingly, scientific evidence or experiments specifically examining the effect of mat colour
in professional gymnastic events, such as the high-bar (also known as horizontal-bar), are scarce. However,
the visibility of landing mats likely plays a crucial role in gymnasts’ sense of self-security and may help reduce
the risk of injuries.

In the context of gymnastics injuries, prior research indicates that the absence of a spotter—someone who
observes and reacts to orient or position the athlete when they lose spatial awareness—accounts for a
significant portion of injuries. Specifically, studies report that not having a spotter contributes to 85% (Lindner
and Caine, 1990) of all gymnastics-related injuries. Among these injuries, knee and ankle injuries during
twisting manoeuvres and other lower limb injuries are the most common types (Grapton et al., 2013; Greier,
Drenowatz, & Mairoser, 2022; Katz, 2020; Williams et al., 2023). Consequently, emphasizing correct landing
techniques and maintaining proper body posture is essential for preventing gymnastics injuries (Daly, Bass,
& Finch, 2001).

Especially, visual perception might play a critical role in maintaining spatial awareness and preventing injuries
in gymnastics. When gymnasts lack vision, their stability significantly decreases (Davlin, 2001). High-bar
routines, in particular, require gymnasts to execute intricate movements before landing on the mat. Visual
perception of the mat’s location enables gymnasts to align their bodies for controlled landings, effectively
absorbing impact forces and reducing injury risks. This heightened awareness allows precise execution of
movements and optimal body control throughout the dismount phase. Gymnasts must perform manoeuvres
while simultaneously preparing for a controlled landing on the mat (Takei et al., 1999). Therefore, athletes
often maintain spatial awareness by looking down at the mat whenever possible. Existing research
demonstrates that gymnasts observe the landing location during preparatory giant swings (Heinen,
Velentzas, & Vinken, 2012).
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Considering the importance of visual perception, appropriate colour coding could be implemented to enhance
the visibility of landing mats. Humans naturally draw explicit attention to colour stimuli (Elliot and Maier, 2014).
As an example, in long jump approach runs, using a yellow-coloured take-off board (complementary to the
runway'’s blue track surface) instead of the traditional white board allowed athletes to initiate their regulation
two strides earlier. This adjustment resulted in better pre-jump positioning due to increased visual perception
(Theodorou et al., 2013). Similarly, in another study, athletes wearing coloured lenses demonstrated
significantly shorter hand-eye coordination times with light-yellow and dark-yellow lenses compared to dark-
grey lenses (Kohmura, Murakami, & Aoki, 2013).

In the field of Human Factors research, two critical colour principles enhance visual perception: conspicuity
and visibility. These principles play a crucial role in clearly identifying the location of objects, such as
gymnastics mats, under various viewing conditions. High conspicuity and visibility are achieved through the
use of prominent colours or strong contrasts, and existing research shows that humans exhibit high sensitivity
to lime yellow colour (Federal Emergency Management Agency, 2009; Proctor and Zandt, 2018; Solomon &
King, 1995).

In this research, we investigated high-bar gymnasts’ visual perception levels and colour preferences from
several aspects. First an experiment was conducted with the professional gymnasts who conducted simple
to complex manoeuvres. During the experiment, we evaluated the gymnasts’ visual perception levels of the
coloured mats using a Likert-scale question. After, we conducted a survey to assess their colour preferences,
reasons for choosing such colour(s), previous injury experiences, among others. Details are provided in the
following section.

MATERIAL AND METHODS

Participants

Nine professional gymnasts, having an average age of 20.2 (S.D. = 1.1), were recruited from the University
of Oklahoma (OU) Men’s Gymnastics Team. The participants had an average of 14.6 years of experience
(S.D. = 2.6) and were active professional gymnasts.

Measures

Regarding the experiment (i.e. gymnasts performing manoeuvres), the visual perception level of the mat (i.e.
the ability of a gymnast to see the mat between the time when they release their hands from the high bar
until they land on the mat) was measured. In detail, gymnasts were asked to provide a Likert-scale value
between 0 (no visibility: didn’t see at all) and 10 (perfect visibility: perfectly visible throughout the manoeuvre)
immediately after each manoeuvre for each mat colour. Mor details of the manoeuvres and mat colours are
explained in the Procedures section below.

After the experiment ended, a survey was administered. The survey questions included: (1) preferences (i.e.,
positive, neutral, negative) on using a certain mat colour (e.g., floral white, lime yellow, deep bluge), (2) the
reason for choosing such a preference for each colour, (3) which mat colours they have used during their
professional career, (4) whether they had any injuries because they were not able to see the floor or mat, (5)
a detailed reason for why the injury occurred, (6) any colour, colours, colour combinations, and/or patterns
they would choose if they had a choice, and (7) the reason behind their choices for colour, colours, colour
combinations, and/or patterns.
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Procedures

The experiment was approved by the Institutional Review Board (#15861) and the gymnastics Head Coach
at OU. The second author, who is a professional gymnast at OU, recorded the data. Three types of mat
colours along with the corresponding colour codes (i.e. floral white (Hex #FFFAF1, RGB (255, 250, 241)),
golden poppy yellow (Hex #FFC500, RGB (255, 197, 0)), and deep blue (Hex #434A75, RGB (67, 74, 117))
are provided in Figure 1. Note that golden poppy yellow can create a strong contrast that might accentuate
the visual impact, therefore, we chose this colour as a proxy for the lime-yellow colour for this experiment.
Deep blue is the same colour used for training at OU.

Figure 1. Experiment environment and mat colours used.

The manoeuvres included gymnasts executing three tasks in random order: single layout flip (SF), double
layout flip with a single twist (DFST), and double layout flip with a double twist (DFDT). The gymnasts
performed these each manoeuvre using three mat colours: floral white, lime yellow, and deep blue. The
sequence of providing different mat colours was also randomly ordered. After each manoeuvre, the gymnasts
provided their visual perception level by assigning a Likert-scale value. Professional gymnasts participated
in the survey after executing the manoeuvres. Unfortunately, data for the deep blue colour mat were not
saved for the DFDT manoeuvre due to an unexpected issue, and it was not feasible to schedule another
time. Therefore, the analysis of the SF and DFST manoeuvres was possible for the floral white, lime yellow,
and deep blue colours, while the analysis of the DFDT manoeuvre was possible for floral white and lime
yellow colours.

Analysis

First, recorded videos were observed to obtain sample snapshots that better illustrate when the mat is
observed during the manoeuvres. Next, descriptive statistics (i.e. means and standard errors) of the reported
visual perception levels were plotted to identify any trends or differences. Since the data were not normally
distributed, non-parametric statistical tests were used. Specifically, for the SF and DFST manoeuvres,
Kruskal-Wallis tests were applied, followed by post-hoc pairwise comparisons using a-adjusted Wilcoxon
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tests to consider the familywise error rate. For the DFDT manoeuvre, a Wilcoxon test was applied since only
two levels, floral white and lime yellow, were compared. Additionally, nonparametric bootstrapping was
conducted to gain additional insights for future research. Finally, self-report analysis was used to tally and
summarize the answers to all the questions listed in the Measures section above.

RESULTS

Experiment results

Examples of the gaze behaviours of the gymnasts are provided in Figure 2. In Figure 2, we can observe that
the gymnasts can spend most of their time seeking and looking down at the mat during the SF and DFST
manoeuvres, whereas the gymnasts lose contact with the mat for a longer duration for the DFDT manoeuvre.
Note that the SF and DFST experiments were conducted during the evening, whereas the DFDT experiment
took place during the daytime at a different location; however, despite these variations, no confounding
effects exist, as the visibility level evaluations were assessed and compared for each independent
manoeuvre.

Figure 2b. Examples of eye gaze directions during manoeuvres. Double layout flip with single twist (DFST).
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Figure 2c. Examples of eye gaze directions during manoeuvres. Double layout flip with double twist (DFDT).

The descriptive statistics (i.e. Means and Standard Errors) of the participants’ visual perception levels are
plotted in Figure 3. In Figure 3, we can see trends that yellow-coloured mat was easier to spot than the white-
coloured mat as the task difficulty increased.

Single layout flip

—

=
[=]

Visual perception level
O RPN WbRMUGON®©Y

Floral white Lime yellow Deep blue

Figure 3a. Visual perception levels (Likert scale values) on each colour during each manoeuvre. Single layout
flip (SF).
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Double layout flip with single twist

=
o

Visual perception level
O Rr N W B U hJd 0O

Floral white Lime yellow Deep blue

Figure 3b. Visual perception levels (Likert scale values) on each colour during each manoeuvre. Double
layout flip with single twist (DFST).

Double layout flip with double twist

=
o

Visual perception level
O R N W B U~ 0 W

Floral white Lime yellow

Figure 3c. Visual perception levels (Likert scale values) on each colour during each manoeuvre. Double
layout flip with double twist (DFDT).

Table 1. Bootstrapping (1,000 repetitions): Cl indicates confidence interval. Results are rounded to 1 decimal

place.

Task Task Colour Mean 95% ClI
Floral white 8.2 [7.0,9.5]

Single layout flip (SF) Lime yellow 9.6 [9.2,9.9]
Deep blue 9.4 [8.7,10.0]

Visual perception Floral white 4.0 [2.5,5.5]
(Likert scale) Double layout flip with single twist (DFST) Lime yellow 8.3 [7.6,9.2]
Deep blue 6.0 [4.8,7.3]

Floral white 3.9 [2.9,5.1]

Double layout flip with double twist (DFDT) Lime yellow 77 65.8.8]

For the manoeuvres single layout flip (SF) and double layout flip with a single twist (DFST), Kruskal-Wallis
tests on colours revealed significant differences in the gymnasts’ visual perceptions (H = 9.48, p = .01). Post

VOLUME 19 | ISSUE 4 | 2024 | 985




Kang, et al. / Colour coding in high-bar training JOURNAL OF HUMAN SPORT & EXERCISE

hoc analyses (i.e., multiple comparisons) were performed using Wilcoxon tests with a = 0.017 (or 0.05/3).
The results showed that white vs. yellow were significantly different (W = 6.52, p = .01) for the DFST
manoeuvre, but other pairs (i.e., yellow vs. blue, and white vs. blue) were not significantly different. Regarding
the manoeuvre double layout flip with a double twist (DFDT), the Wilcoxon test with a = 0.05 indicated that a
significant difference existed between white and yellow (W = 4.96, p = .03). Bootstrapping results for both
visual perception and mat gaze duration are provided in Table 1.

Self-report analysis results

Self-report analysis on the gymnasts’ preferences after participating in the experiment is provided in Table 2.
Most participants preferred the lime yellow or the deep blue mats, while the majority did not prefer the floral
white mat. The critical reason for not preferring the floral white mat was the difficulty in clearly distinguishing
the ceiling (which has white lights) from the floor. In addition, the reasons for their preference for the lime
yellow or deep blue were distinctly different. Lime yellow was preferred because it provided high contrast,
making it easy to locate the floor, whereas deep blue was preferred because it doesn’t stand out too much
but still provides enough contrast to distinguish the ceiling and floor. More importantly, deep blue was the
colour to which they were accustomed.

Table 2. Self-report analysis of the gymnasts’ preferences for the tested three colours.
Classification

Colour Representative or notable quotes

(count)
“The contrast between the blue surroundings in the gym (during training) and the white
Positive (1) landing mat helped me spot the mat easier. However, if the surroundings are floral white,
it would be difficult to distinguish it from the white ceiling and walls, which | would not have
liked.”
\If:vll?irtzl Undecided (1) “| didn’t feel noticeable impact on ground visibility.”
“Floral white mat blends with ceiling due to the colour and glare of the lights.”
Negative (7) “Confusing, feels like staring at the ceiling instead of the ground.”
“Brightness is excessive and merges with the ceiling lights which are white.”
“Hard to judge distance since the colour is too bright.”
“The (lime yellow) colour made it easier to tell the difference between the floor and ceiling,
and the brightness of the colour made it easier to see.”
“Lime yellow was easier to spot because it was brighter than the surrounding colours.”
Positive (7) “Easier to judge distances.”
Lime “Lime yellow is a very vivid colour, and it isn’t a distraction nor is hard to find.”
yellow “Because of the bright nature of lime yellow, | was able to see the mat decently well when
moving fast and preparing for the landing.”
. “It was not too distracting; however, I'm not too used to the colour lime yellow when it
Undecided (1) comes to landing mats.”
Negative (1) “| am able to see the mat better, but it stands out too much.”
“It's what | am used to. It does not blend into the ceiling and doesn't stand out too much.”
“| used deep blue since | started gymnastics, so that's what I'm used to seeing.”
“I'm used to using deep blue, and the contrast between the celling and floor is good.”
Positive (8) “| like deep blue since it is mainly the colour | land on. Although the colour isn't vibrant and
Deep as easy to spot as the others, | can still see my landing. | feel as though partially because

blue | mostly use this colour (blue) for a landing mat. It's most natural to me. Because the colour
isn’t vibrant, | am able to not feel rushed nor excited when | prepare for landing."

“It just seems normal.”

“The mat colour is similar as the floor around it, so it is difficult to judge the correct
distance.”

Negative (1)

Regarding which colour mats were used by the participants, various answers were obtained. The colours
and the number of responses provided by the participants are as follows: white (3), yellow (2), blue (9), dark
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blue (1), teal (2), red (7), green (1), grey (1), orange (1), and black (2). The question of whether the
participants had any injuries because they were not able to see the floor or mat resulted in the following
responses: Four participants answered “yes,” while five participants answered “no.” For those who responded
“yes,” the reasons provided were as follows:

‘I was not able to see the floor and opened up too late to prepare for the landing.”

‘I didn’t absorb the landing correctly because | got confused by the ceiling lights.”

‘I didn’t see the mat and over-rotated, so | landed on my back.”

“The grey-coloured mat was always hard to see, and | would either think that | saw it and open out
too early or didn’t see the mat at all and opened too late.”

Finally, we provided an option for the participants to choose whichever colour, combination of colours, and/or
layout of colours, and the results are provided in Table 3.

Table 3. Self-report analysis of the gymnasts’ preferences for any colour, colours, colour combinations, and/or

patterns.
Colour or Classification .
colours (count) Reason of choosing the colour or colours

White (0) n/a.

“| feel like there are other combinations that would be a lot better but yellow has
been the only one | tried, and | like it so far.”

Yellow (2) “| really liked that colour during the experiment. however, this made me think a lot
and | feel like other combinations with forms might help too but | would have to try
itll!

Single Yellow or orande “Darker colours are usually hard to find and white and cream is a reflection of the
colour (1) g ceiling. Yellow and orange makes it easy to see the ground while preparing for any
landing.”
“Blue is the easiest on the eye in my opinion, but I've always used this colour so it
Blue (2) makes sense that it is the most familiar.”
“It's what I'm used to.”
“Blue and red are vastly different colours from the ceiling lights. Interestingly

Blue orred (1) enough, | think even tan could work.”

ggr(ljpree%)ﬁl)low “It would really stand out against the ceiling and other colours in the mix of things.”

Striped blueand  “They give you a mixture of colour recognition in order to better recognize distance

red (1) to the ground and where you are going to land.”

o “Atic-tac-toe pattern, red on the corners, yellow one the middle borders, and green
Combination in the middle. This pattern will allow me the figure where | am in the air and how |
of colours ' need to adjust before landing. If I'm going to land short or if | need to pull less to

Tic-tac-toe slow the rotation down. | could also see if | need to get ready if I'm too much to the

pattern (1) left or right side with the corners.”
| [m] |
CIMLC]
| [m] |

DISCUSSION

The comparisons of visual perception levels provided a clear insight into how mat colour significantly affects
gymnasts’ ability to see the floor or mat. The vivid colour, lime yellow, which provides high contrast, stands
out as particularly effective. Interestingly, the visual perception levels for lime yellow and deep blue were not
significantly different. The results of the visual perception levels align with the survey responses. The majority
of gymnasts mentioned that they were unable to distinguish the ceiling from the floor when the floral white
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mat was used. Although the gymnasts showed similar preferences for lime yellow and deep blue, but their
reasons differed. Those who preferred yellow emphasized its vivid colour, making it easier to spot. In contrast,
those who preferred blue cited comfort, as it was the colour they had been using since childhood. However,
both colours (blue and yellow) were acceptable because they allowed differentiation between the ceiling and
floor. The effect of the mat colour can be crucial for difficult manoeuvres like the double layout flip with a
double twist, during which gymnasts lose eye contact with the mat or floor for longer periods of time. While
the results suggest that lime yellow might be a viable alternative to floral white, it's essential to consider
various aspects of colour. These include lightness and chroma intensity, which were not specifically
investigated in this research. While this study focused on varying colour hue, future research could explore
the impact of other factors listed above.

When examining the survey results, it becomes evident that gymnasts had the opportunity to use various
mat colours, even if they primarily trained on blue mats. Their exposure to different mat colours, combined
with the use of yellow mats during this experiment, seems to have piqued their interest in exploring alternative
colour options or combinations. In more detail, when asked to choose any colour (or colours) if given the
chance, approximately one-third of the gymnasts preferred yellow, another one-third favoured blue, and the
remaining one-third opted for a combination represented as strips or a tic-tac-toe pattern. This tic-tac-toe
pattern resembles the “double mini” pattern (with blue on the boundary, yellow in the middle, and red in the
centre) used in some competitions. Using such a pattern might improve their ability to adjust their landings,
potentially reducing the risk of injuries.

Regarding the survey responses on injuries, some participants reported that injuries occurred due to poor
visibility of the mat. Although we couldn’t verify the exact mat colour used during each injury, one gymnast
mentioned an injury while using a grey mat, while another expressed difficulty distinguishing the ceiling from
the floor. These survey results highlight that the white mat might not be an optimal solution, especially
considering that ceiling lights are typically white. Note that, if changing the mat colour proves challenging, it
might be worthwhile to explore the possibility of gymnasts using coloured lenses. Research conducted in
other athletic environments has utilized coloured lenses to investigate the effects of colour changes on
manoeuvres (Kohmura, Murakami, & Aoki, 2013).

We did attempt to calculate mat gaze durations during high-bar manoeuvres by observing recorded videos,
but the results are not included in this paper as we encountered many challenges. The quality of still images
captured from the videos was lower than expected, and determining the duration was highly subjective,
relying on analysts’ judgments. However, there’s a promising avenue for better quantifying mat gaze duration
using eye tracking glasses (Hlttermann, Noél, & Memmert, 2018; Aksum et al., 2020). Eye tracking research
specific to high-bar activities has been limited (Heinen, Velentzas, & Vinken, 2012). Fortunately, recent
advancements in eye tracking technology might offer the potential to enhance our analysis of gymnasts’
visual perception. If eye tracking technology can be accurately applied, it could revolutionize our
understanding of the gymnasts gave behaviours. Beyond eye fixations or durations, we could explore
characteristics of visual scan paths using algorithms developed in other research areas, such as visual
entropy (Jeong, Kang, & Liu, 2019), visual grouping (Kang & Landry, 2015), dynamic visual scanning
networks (Mandal & Kang, 2018), among others.

Finally, the research results were based on professional gymnasts in the United States. To draw more
generalized conclusions, additional participants are needed, including gymnasts from other regions, female
gymnasts, and different age groups. Nevertheless, our research provides a foundation and may spark wider
interest among stakeholders to explore the possibility of using colours to enhance visibility.
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CONCLUSIONS

We hypothesized that using a lime-yellow mat colour could potentially enhance the visual perception of
professional gymnasts and contribute to their spatial awareness, specifically in terms of knowing the location
of the floor (i.e. mat). The lime yellow or deep blue mats were significantly more visible compared to the floral
white mat, and the biggest issue with using a floral white mat was that the ceiling and floor were difficult to
distinguish. Losing spatial awareness can lead to injuries, and creating good colour contrast can enhance
the visual perception levels. Our hypothesis was validated through both an experiment and a survey, paving
the groundwork for more in-depth future research and fostering interest in using appropriate or preferred
colours from a wider audience in sports. Applying appropriate colour principles to gymnastics mats, through
selecting colours or colour combinations that offer strong contrast or stand out prominently, might enhance
visual perception and assist the gymnasts in accurately identifying the mat’s location, potentially reducing
injuries.
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ABSTRACT

The aim of this study was to determine the impact of different contextual variables on winning volleyball sets.
The variables were selected based on their significance as determined by expert coaches. The sample
consisted of 1,849 sets, representing all matches played in both categories during the 2022 and 2023
Volleyball Nations League and the 2021 Olympic Games. To analyse the variables, multivariate logistic
regressions and Markov chains were applied. The results showed that opponent level explained 21.6% of
the variability found; being especially relevant when playing against opponents separated by two competitive
levels. Winning the previous set increased the chances of winning the next set by 7.83%. Leading the score
at the end of both set periods enhanced the likelihood of winning the set, reaching 87.12% when finishing
ahead in both periods. Moreover, at the end of the second period, each additional point increased the
likelihood of winning the set by 1.54%. These results signify an advancement in comprehending the impact
of contextual variables on winning high-level volleyball sets.
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INTRODUCTION

The influence of contextual variables on game performance is an aspect considered relevant by elite
volleyball coaches (Lopez-Serrano et al., 2022). Various studies have investigated how contextual variables
impact team performance in matches, sets, rallies, and technical actions; understanding a match as a
constant dynamic interaction between two teams that affects their performance (Garcia-De-Alcaraz & Usero,
2019; Ramos, Coutinho, Silva, Davids, Guimaraes, et al., 2017).

The opponent's level, as a contextual variable, has generated attention in research on team dynamics. The
quality of the opponent may affect the performance of some of the individual technical actions among high-
level teams, with better performances found in higher-ranked teams (Cieminski, 2018; Drikos et al., 2021;
Mulazimoglu et al., 2021; Palao et al., 2004). Although Aradjo et al. (2020), did not find differences when
comparing the phases of the Olympic Games, these could depend on the specific characteristics of the
competition or its stage, which may affect the balance of the matches (Sanchez-Moreno et al., 2018). In this
regard, Lopez et al. (2023) observed no variations in the balance of scores at the conclusion of sets,
regardless of the competition phase or team rankings. However, they noted more balanced sets in the
women's Nations League and more unequal sets in the NORCECA Championship and the African
Championship.

In a competitive sports context, the main objective of any team is to score as many points as possible to
ensure victory at the end of the match. However, the division of matches into sets in disciplines such as
volleyball may mean that the team with the most points at the end of the match does not necessarily win, due
to the set-based scoring system, in what Lisi et al. (2019) called the “Quasi-Simpson paradox”. With regard
to winning sets’, Marcelino et al. (2009) analysed matches from the Men's World Volleyball League and found
no significant differences linking the outcome of one set to the next. This implies that a volleyball match can
be seen as a series of three, four, or five independent micro-games (Marcelino et al., 2010b).

However, the number of sets in a match seems to affect the final score balance at the end of the sets. Lopez
et al. (2023) found that in high-level samples, the final scores of matches played over three sets were less
balanced. In contrast, matches that extended to four or five sets in women's categories and five sets in men's
categories exhibited greater balance in the scores. Moreover, each set of the match may affect physical and
psychological stress differently, as well as the performance of specific game actions (Drikos & Vagenas,
2011; Giatsis et al., 2022; Marcelino et al., 2009, 2010b, 2012).

Each set is characterised by unique situations, intensified by changes in the score or the proximity of the end
of the set. These circumstances can increase the psychological pressure on the players. Bar-Eli and
Tractinsky (2000) discuss the concept of "psychological phases" throughout a match, identifying the final
period as the most critical. Critical moments and score fluctuations in a match can influence the outcome of
a set and may alter the tactical behaviours and technical performance of players or teams (Hill et al., 2010).
In the men's category, it was noted that players utilised simpler blocking strategies and took fewer risks when
serving during critical moments of the set and in tight scoring situations (Marcelino et al., 2011, 2012).
However, when the score was unbalanced, the teams took greater risks (Drikos & Vagenas, 2011; Marcelino
et al., 2011). In contrast, Ramos et al. (2017) found no differences in tactical performance based on the
scoreline in high-level women's play, although national-level players reported greater tactical variations at
critical moments of the set (Ramos, Coutinho, Silva, Davids, & Mesquita, 2017). Furthermore, scoring
dynamics related to scoring sequences may influence the performance of subsequent actions (Raab et al.,
2012). This notion is supported by the way volleyball coaches use time-outs to interrupt the opponent's
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scoring run (Fernandez-Echeverria et al., 2013; Zetou et al., 2008), having reported evidence of its
effectiveness in balanced sets with players in initial training (Fernandez-Echeverria et al., 2019).

In accordance with the perceptions of elite coaches as provided by Lopez-Serrano et al. (2022) about the
contextual variables that influence the performance of high-level teams, the aim of this study was to
investigate the impact of these variables on winning sets and matches in high-level competitions.

MATERIAL AND METHODS

Data set

A total of 1,849 sets from international volleyball events were analysed: 771 from the 2022 Nations League
(VNL), 798 from 2023, and 280 from the Tokyo 2021 Olympic Games, covering all matches from these
competitions. The gender distribution was balanced, with 923 sets in the men's category and 926 sets in the
women's category. The data were obtained from the public and open access results found on the official
website of the Fédération Internationale de Volleyball (FIVB). The research protocol received full approval
from the Research Ethics Committee of the Technical University of Madrid (Spain).

Variables
In this study, fixed descriptor variables were used, including:

a) WinSet: dependent variable that includes binary values that identify whether the main team won/lost
the entire set.

b) 1st Period and 2" Period: following Lopez-Serrano et al. (2022), these indicate whether the main
team won the first period of the set (0 to 9 points) or the second period of the set (10 to 19 points),
respectively.

c) SD1°P and SD 2°P: score difference between the two opponents at the end of the first period and
second period, respectively.

d) Opposition Level (OL): determines the level differences between the two opponents, classified into
five levels, following Lépez-Serrano et al. (2022).

e) Competitive Load (CL): reflects the importance for the outcome of the match: it is considered low if
the set is not decisive for the victory, and high if it is decisive (Lopez-Serrano et al., 2022).

f) Result of the previous set (SETp): the value can be "Tied" at the start of the match with a 0-0 set
draw, "Lost" if the previous set was lost, or "Won" if the previous set was won (Lépez-Serrano et al.,
2022).

g) Round: identifies two championship rounds, the opening round or first round and the final round.

h) Gender: male or female.

i)  Competition: Volley Nations League or Olympic Games.

Univariable logistic regression model
Logistic regression was used to understand how the independent variables 15t Period, 2" Period, SD1°P,
SD2°P, Gender, Competition, OL, CL and SETp, affect the probability of winning a set (WinSet).

The relationship between the dependent variable (WinSet) and each independent variable is modelled using
the following logistic function:

logit(p) = ln( ) = Bo + B1X

1-p
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In the text, p is the probability that the event of interest (winning the set) occurs. logit(p) is the logistic
transformation of p. o is the intersection. B1 is the coefficient of the independent variable X (i.e. SD1°P or
SD2°P).

The probability of winning the set is calculated by inverting the logistic function:

eﬁO"'ﬁlX
p= 1 + eBotBrX

For each change in SD1°P and SD2°P, the likelihood of winning the set was estimated using a logistic
regression model.

Multivariable logistic regression models

Two multivariate logistic regression models were run to assess the combined effect of multiple variables. The
first model assessed the influence of the score difference in the first part of the set (SD7°P). This means
understanding how an early score difference in the set influences the likelihood of winning the set and how
other variables such as OL, CL, Gender, Competition or SETp affect this likelihood of winning (WinSet). The
second model analysed the score difference in the second half of the match similarly (SD2°P).

The relationship between the binary dependent variable WinSet and the independent variables is modelled
using the logistic function:

1
p(X) = 1 4 e~ Bot+BiX1+B2 X2+ +BrXk)

Where p(X) is the probability of winning the set, X1, X2,...,Xk are the independent variables, and o, S1,...,8«
are the coefficients of the model.

Markov chain analysis

A stochastic Markov chain model was used to investigate how wins in each period of a set affect the likelihood
of winning the entire set. The scoreline was divided into three sections: the outcomes of the two periods and
the conclusion of the set. According to this model, the likelihood of winning the set depends only on the
current results of the periods and is unaffected by earlier events or previous sets.

To represent the possible outcomes in the different periods of the set, the states were defined as:
State 'Lost vs Lost": Lost both periods (first and second).

State 'Lost vs Win'": Lost the first period but won the second.

State 'Win vs Lost'": Won the first period but lost the second.

State 'Win vs Win": Won both periods.

A transition matrix P of size 4 x 2 was calculated, where Pijj represents the likelihood of transitioning from
state i (15t Period and 2@ Period combinations ) to state j (WinSet), with j being 0 or 1. This matrix was
calculated as follows:

Number of transitions from i to j
ij =

Total observations in state i
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Additionally, the transition matrices were calculated by incorporating an additional variable: OL and SETp,
mathematically defined as follows:

Number of transitions from (i, v) to j

P(,v—-j)= — - ,
( /) Total transitions from the combined state (i, v)

Where:
e (i, v) represent the combination of the transition state i and the value of the additional variable v
(OL or SETp, in each case).
e jis the next state of WinSet.
e The numerator denotes the frequency of transition from the combined state (i, v) to j.
e The denominator represents the total number of transitions originating from the combined state

(i, v).

Heat maps were used to illustrate the probabilities derived from different transition matrices. These
represented the combination of states (1512 period) and additional variables (OL and SETp) on the axes,
while the colours reflected the probability of winning the entire set, visually showing the effect of winning
specific set period in different playing conditions.

Likelihood curves

Probability curves were created using logistic regression models based on score difference to show how the
probability of winning a set is altered with each unit change in SD7°P and SD2°P. The probability p was
calculated for each value within the range using the previously mentioned equation.

To find the critical point (or inflexion point) on a probability curve of a logistic regression model, differential
calculus is used. Specifically, we look for the point at which the second derivative changes, indicating the
largest change in the slope of the curve.

To find the inflexion point, we need to calculate the second derivative of p(X) and identify the value of X where
this derivative equal zero. The first derivative of p(X) is:

d 1 ﬁle—(ﬁo+ﬁ1X)
PO == () = e
dX \1 4+ e—(Bot+B1X) (1+e (ﬂo+ﬂ1X))2

The second derivative, p"(X), where we need to find the inflexion point, is the derivative of p'(X). We calculate
this as:

—(Bo+B1X)

p//(X) — % < lgle — >
(1+e Bo+ﬁ1x))2

The numerical calculation of the second derivative of the probability function is carried out to identify the

inflection inflexion point, though its expression in closed form is complex due to the characteristics of the

exponential and logistic functions. Once this value of X has been identified, it is replaced in the probability

function to determine the corresponding p-coordinate.
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Therefore, the point coordinates of the critical point (Xinflexion, Pinfiexion) are the value of X where the second
derivative reaches its absolute maximum, and the value of p computed from the probability function for that
X

Effectiveness of models

ROC (Receiver Operating Characteristic) curves were used to evaluate predictive models of score
differences per period, depending on the opposition level. These curves represent the true positive rate
(sensitivity) versus false positive rate (1 - specificity) for different decision thresholds. Mathematically, for a
threshold t, the sensitivity and specificity are calculated as:

Sensitivity: TPR (t) = (TP (§))/(TP ({)+FN (1)
Specificity: FPR (t) = (FP (§))/(FP (t)+TN (1)

Where TP, FP, TN y FN are, respectively, true positives, false positives, true negatives and false negatives.
An AUC of 1 denotes perfect discrimination, while an AUC of .5 suggests performance no better than random.

Data analysis

Python 3 was used to analyse Markov chains, create heat maps, and generate probability curves. A cluster
analysis was used to classify the teams into three competitive levels. The variables used to establish the
groups were: points scored per win (two points for a victory, one for a defeat), the ratio of won to lost sets,
the points won versus lost, and the percentage of sets won (Marcelino etal., 2011). Logistic regressions were
checked for correct diagnosis and all tests were performed using the SPSS v.26 statistical package (IBM
Corp., Armank, NY, USA). The significance was set at p < .05.

RESULTS

Univariate logistic regression

The logistic regression results, shown in Table 1, assess the probability of winning a set in volleyball, based
on wins in the 15t Period, and 2 Period, in addition to SD1°P and SD2°P, respectively, Gender, Competition,
OL, CL and the SETp.

Our findings show that certain factors are significant (p <.007) for predicting the likelihood of winning a set
in volleyball. These include 75t and 27 Period wins, SD1°P and SD2°P, OL and SETp, indicating:

1st Period and 27 Period

Low values of .105 and .130 suggest high reliability of these estimates. Significantly, the high odds ratios
(ORs) of 7.569 for the 15t period and 30.235 for the 2 period show that securing these periods considerably
boosts the likelihood of winning the set, with the 27 period being especially decisive.

Furthermore, R2y values, 26.9% for the 1st period and 54.2% for the 2, indicate that both periods are strong
predictors of winning a set, with the 27 period being particularly influential.

Finally, values close to 1 for VIF and Tolerance suggest there are no multicollinearity problems, meaning
these variables function independently in prediction.
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Table 1. Influence of score differences and other contextual variables on the probability of winning a set in
volleyball: A univariate and multivariate logistic regression analysis.

IC(95%) 1C(95%) Collinearity

Predictor Estimator EE Y4 p-value OR R _ OR OR analysis
Inf Sup VIF  Tolerance
Constant -878 074 -11.83 <.001* 416 359 481 210 475
1st Period 2024 105 1919 <.007* 7569 269 6.155  9.306  1.00 1.00
Constant -1.72 098 -17.64 <.001* 179 148 216 226 442
2nd Period 3.4 130 2625 <.007** 30.235 .542 23439 38.998 1.00 1.00
Constant 140 054 2596  .009* 1.150 1.035  1.278 1.00 .998
SD1°P 375 019 19.331 <.007* 1455 318 1.401 1512 1.00 1.00
Constant -.001 065 -.021 983 .998 878 1135  1.01 .990
SD2°P 443 019 22743 <.007* 1558 584 1499 1.618 1.00 1.00
Constant .261 148 1769 077  1.299 972 1.735  10.01 990
Gender -072 093 -775 438 930 .000 .775 1117 1.00 1.00
Constant 191 11 1.721 085  1.210 974 1504 564 A77
Competition 019 051 -378 .705 981 .000 .888 1.083  1.00 1.00
Constant .064 051 1250 211 1.066 964 1179 1.01 987
Opposition Level (OL) -1.036  .065 -16.014 <.001** 345 216 .312 403 1.00 1.00
Constant .058 140 413 679  1.059 805 1.394  9.02 A1
Competitive Load (CL) .070 097 718 473 1.072 000 .886 1298  1.00 1.00
Constant -043 072 -60 535 957 831 1103 240 416
SETp 215 061 355 <007 1.239 .009 1.101 1.396  1.00 1.00
Constant 416 304 1370 171 1517 .836 2.754 4197 .024
Round -138 158 -.878 .380 870 .001  .639 1.186  1.00 1.00
IC(95%) 1C(95%) Collinearity
Predictor Estimator EE Z p-valuee OR Rx _ OR OR analysis
Inf Sup VIF Tolerance
Constant -1.594 201 7.925 <.001* 4.924 3320 7.304 1185 .084
SD1°P .357 021 17.331 <.001* 1429 427 1373 1483 1.08 928
Gender : Masc — Fem .186 J16 1.604 109  1.204 959 1511 1.01 993
Competition:
VNL22 & 23 — JJOO21 .062 059 984 325 1.064 940 1.204  1.01 994
Qeponont Level (OL) 9401 073 -12.850 <.001" 390 338 450 141 903
Competitive Load (CL):
High Load — Attenuated Load 153 130 1182 237 1.166 904 1503 117 .850
SETp: Tied— Lost- Won 138 080 1.731 083 1148 981 1.343 119 .835
IC(95%) 1C(95%) Collinearity
Predictor Estimator EE Y4 p-value OR R% OR OR analysis
Inf Sup VIF Tolerance
Constant 1342 239 5615 <.001** 3.827 2395  6.114 1213 .082
SD2°P 435 021 21.082 <.001** 1545 631 1.501 1621 114 876
Gender: Masc — Fem 272 437 1.980 .048* 1.313 1483 1608 1.01 994
Competition: VNL22 &
23— 1JOO21 -070 074 -.09%4 925 983 .858 1149  1.00 994
Opponent Level (OL): _858 087 -0869 <001% 424 357 502 147 885
Equal-One-Two Level
Competitive Load (CL):
High Load — Attenuated Load 1113 156 724 469 1119 .825 1519 117 .850
SETp: Tied— Lost- Won 127 09% 1326 185 1.135 941 1.369 119 .835

Note. Estimators represent the log odds of "Win set = False" vs. "Win set = True"; EE - standard error; Z - Wald value. ; p-value - p-value
of the Wald test; OR — Odds ratio; IC 95% OR - confidence intervals for the odds ratio; R2N: R2 de Nagelkerke ; VIF — Variance Inflation
Factor (1/(1 - R"2). Tolerance: Proportion of variance (1/VIF); Significance (bilateral): ** p <.001; * p < .05.
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SD1°P and SD2°P

Low standard error (SE) values, such as 0.019, denote precise estimates. Conversely, ORs of 1.455 and
1.558 indicate that larger point margins increase the likelihood of winning a set. The R2v of 31.8% y 58.4%
respectively, show that these variables are significant in explaining variability in wins.

oL

With a low EE of .065 and an OR of .345, the values indicate that an increase in the opposition level
decreases the probability of winning. The R2y value of .216, shows that this variable explains 21.6% of the
probability of winning the set.

SETp
An OR of 1.239 suggests that winning a set marginally increases the likelihood of winning the next, while the
R2y of .009 shows that its impact on the overall win is minimal.

A high p-value (p >.05) associated with the other variables of Gender, Competition, OL and CL, suggest that
there is no statistically significant relationship with winning a set. Furthermore, an Ry of .000 in all instances
signifies that they do not contribute to explaining the variability in winning a set.

Multivariate logistic regression

The logistic regression data (see Table 1) reveal that both, SD 1°P and SD 2°P models are significant
predictors of winning a set (p <.007). The OR values of 1.429 and 1.545 indicate that each additional point
increases the likelihood of winning the set by a factor of 1.429 and 1.545, respectively. Moreover, the R2y
values (.427 for SD 1°P and .631 for SD 2°P) indicate that both models are relevant for predicting set victories,
with the SD 2°P explaining a greater variability (63.1%) in the outcomes.

The data showed that the OL variable is significant in both periods (p < .007), indicating a substantial
influence. The Gender variable is relevant only in the second period (SD 2°P), with an OR of 1.313. This
suggests that male teams are 1.313 times more likely to win sets when starting with an advantage. However,
the Competition and CL variables did not show a significant impact.

Markov chain analysis
Figure 1 illustrates the probabilities of winning or losing a set based on the various combinations of outcomes
during each period of the set.

o State 'Lost vs Lost'": 87.93% chance of losing the set and 12.07% chance of winning it.

o State 'Lost vs Win": 24.58% chance of losing the set and 75.42% chance of winning it.

o State 'Win vs Lost": 73.74% chance of losing the set and 26,26% chance of winning it.

e State 'Win vs Win": 12.88% chance of losing the set and 87.12% chance of winning it.

Figure 1, Graph 2, shows how the probabilities of winning a set change with the OL and SETp variables
during the 15t period.
e Victory achieved 100% probability by winning both periods of the set (Win/Win) against an opponent
two levels lower (Low level-).
e Winning both periods (Win/Win) and against a lower level opponent (Mid-level-), gives a high
probability of 94.70% of winning the set.
e Losing the first period, but winning the second (Lost/Win), against Mid-level- opponents, generates
a winning probability of 88.73%, while against Low-level- opponents it is 84.62%.
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In Graph 3 of Figure 1, the probabilities of winning a set are shown based on different values of the OL and
SETp variables during the second period.
e The highest probability of losing a set (92.40%) is found when losing both periods of the set
(Lost/Lost) and losing the previous set (SETp/Lost).
e The greatest probability of winning the set (90.22%) is given by winning both periods of the set
(Win/Win) and the previous set (SETp/Won).

Set win probability for such period

Lewva Win

tst22nd Period:SETp

Winva Lok

State Istperiod vs 2nd period
La
a
15¢2ed Period,Opponent Lovel

Wi

Win

Note. Note. OL: Opposition level variable; SETp: Result previous set; Lost vs Lost: defeat in both periods of the set; Lost vs Win: defeat in the 1st
period of the set and victory in the 27 period; Win vs Win: victory in both periods of the set; Win vs Lost: victory in the 15t period of the set and
defeat in the 2 period; Low Level-:Opponent two levels lower; Mid-level-:Opponent one level lower; High level: Equal level opponent; Low
level+:Opponent two levels higher; Mid-level+:Opponent one level higher; SETp-Lost: previous set lost; SETp-Tied: previous set won, SETp-
Tied: no previous set.

Figure 1. Heat maps from the Markov chain transition matrix about the different states.

Table 2 displays the average OL and SETp for both set periods. Competing against higher-level opponents
offers merely a 26.52% chance of winning a set, in contrast to a 65.68% probability when facing lower-level
adversaries. Against opponents of an equal level (Equal), the chances of victory are balanced. In addition,
winning the previous set increases the probability of victory to 53.28%, while losing it reduces it to 45.45%.
Therefore, these results show that winning the previous set increases the probability of winning the current
set by 7.83% compared to losing it.

Table 2. Set win probability averages as a function of the outcome in each set period, OL and SETp.

Averages Lost Set Win Set
Gathering by opponent level
Low Level- 31.62% 68.38%
Mid-level- 37.02% 62.98%
High Level 49.85% 50.15%
Low Level+ 80.11% 19.89%
Mid-level+ 66.85% 33.15%
Opponent level grouping
Lower 34.32% 65.68%
Higher 73.48% 26.52%
Equal 49.85% 50.15%
Gathering by SETp
Lost 54.55% 45.45%
Won 46.72% 53.28%
Tied 48.07% 51.93%

Note. Lower - Includes Low Level- and Mid-Level ; Higher - Includes Low Level+ and Mid-Level+ ; Equal: Includes High Level.
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Probability curves
In Figure 2, we complement the heat maps in Figure 1 with curves representing the evolution of the
probabilities of winning the set as a function of the score differences in both periods, regarding OL level, CL
and SETp. In addition, the values and slopes of these curves for all score differences, expressed as a
percentage, are presented in Table 3.
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Figure 2. Probability curves of how the probability of winning the set varies as a function of the differences in
the score in the 1stand 2 period of the set, opposition level, competitive load and SETp.

Below are the differences in the evolution of the variables across the two periods of the set:

With regard to the OL, the curve indicating competition against significantly weaker opponents (Low

Level-) shows a marked increase in the likelihood of winning the set based on the score difference.
The most significant change in the inflexion points occurs at -3 points. Therefore, reducing the
disadvantage to -2 would maximise our possibility of victory. Against weaker teams, starting the 7st
period with a -3 point disadvantage gives a 54.9% chance of winning. However, against high-level
opponents, achieving a draw (0 points difference) on the scoreboard becomes crucial, maximising
the chances of victory, which rise to 45.6% in the 27 period.

During the second period, the curves have a greater slope around the inflexion points, indicating a

stronger sensitivity to changes at this point difference. All curves show an inflexion point at a point
difference of 0, either in non-decisive (Attenuated) or decisive (High Load) sets. Under high-load
conditions, the likelihood of winning the set marginally increases compared to under attenuated load
(52.8% vs. 54.7% in the first period). In short, breaks in the scoreboard maximise the probability of

winning in High Load.
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e Compared to the SETp, both curves show a steeper slope in the 2 period than in the 1t period.
The inflexion points indicate that a one-point lead in the first period, after losing the previous set,
corresponds to a 54.6% probability of winning. This probability decreases to 53.7% in the 2@ period
(Lost 2nd . Holding a 0-point lead (Win 2d - 0) shows a high 55.6% winning probability, indicating a
greater chance of success in keeping the score balanced at the end of the set.

Table 3a. Victory probabilities and slopes by point difference (first period) and opponent level.
1st set period
Points DifP1°P Low Level - Low Level + Mid Level - Mid Level + High Level
% Slope % Slope % Slope % Slope % Slope % Slope

-19

-18

17

-16

-15

-14

-13

-12

-1

-10

-9 3.78% 5.42%

-8 541% 1.95 2.08% 739%  2.28
-7 768% 2.7 7.49% 11.83% 295% 104 9.99% 299
-6 10.80% 3.65 22.52% 8.01% 054 1715% 6.18 4.15% 144 1337% 3.85
-5 14.98% 48 3190% 1025 856% 057 2420% 792 583% 198 17.68% 4.82
-4 2041% 641 43.02% 115 915% 061 3299% 948 811% 268 23.01% 584
-3 2718% 739 5489% 11.61 09.78% 064 43.16% 1048 11.20% 3.57 29.36% 6.82
-2 3519% 848 66.24% 1054 1044% 068 5395% 10.6 15.25% 4.62 36.64% 7.61
-1 4414% 915 7597% 868 11.14% 072 6437% 982 2044% 579 4458% 8.09

0 53.49% 9.23 83.60% 659 11.88% 0.76 73.59% 838 26.83% 6.96 52.81% 8.5
1 62.60% 87 89.15% 469 1267% 081 8112% 6.65 3436% 7.97 6089% 7.8
2 70.89% 7.7 9298% 319 13.50% 085 86.89% 4.98 4277% 863 6842% 7.1
3 78.00% 643 9552% 21 1438% 09 91.09% 357 5161% 88 7508% 6.16
4 83.76% 512 9718% 135 1530% 095 94.04% 248 60.36% 844 80.74% 5.14
5 88.24% 393 98.23% .86 16.27% 099 96.05% 1.68 68.49% 7.63 8536% 4.14
6 91.61% 292 98.89% .54 17.29% 104 9740% 113 7562% 6.55 89.03% 3.25
7 94.08% 212 99.31% 18.36% 1.09 98.30% .74 81.58% 536 91.86% 249
8 95.86% 1.52 19.47% 114 98.89% 86.34% 94.01%

9 97.12% 20.65%

10

1

12

13

14

15

16

17

18

19

Note. SD1°P - Point difference between opponents in the 1st period; SD2°P - Point difference between rivals in the 2nd period;
Equal 1°P- Point difference in 1st period between opponents of the same level; One Level 1°P- Point differential in 1st period
between opponents with one level of difference; Two Level 1°P- Point differential in 15t period between rivals with two levels of
difference; Equal 2°P - Point differential in 2@ period between rivals of the same level; One Level 2°P- Point difference in 2nd period
between opponents with one level of difference; Two Level 2°P- Point differential in 2 period between opponents with two levels
of difference.
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Table 3b. Victory probabilities and slopes by point difference (second period) and opponent level.
2nd set period

Points DifP2°P Low Level - Low Level + Mid Level - Mid Level + High Level
% Slope % Slope % Slope % Slope % Slope % Slope
-19 .02% .01 .01% .01
-18 .03% .02 .02% .01
17 .05% .02 .03% .02
-16 .08% .04 .05% .03
-15 13% .06 .10% .08% .04
-14 .20% .09 14% .06 .014% .07
-13 031% 14 4.89% 21% .08 .022% K
-12 049% .22 5.27% 39 31% A3 .35% A7
-1 075% .34 5.68% 42 46% 19 .56% 27
-10 117% .53 6.11% 45 1.19% .68% 27 .89% 43
-9 1.81% 81 4.61% 6.57% 48 197% 103 1.01% A4 1.42% 68

-8 279% 124 722% 325 7.07% .51 325% 168 149% 59  225% 1.07
-7 429% 1.86 1112% 477 760% .55 533% 268 218% 86  3.56% 167
-6 6.52% 276 16.75% 667 817% 59 861% 415 320% 124 559% 256
-5 9.81% 398 2445% 874 878% .63 1363% 6.14 467% 178 868% 3.82
-4 14.49% 554 3423% 1056 942% .67 2090% 852 6.76% 251 13.23% 548
-3 2089% 733 4557% 11.58 10.11% .71 3067% 1083 9.70% 348 19.64% 7.47
-2 29.15% 9.09 57.38% 1142 10.84% .76 4256% 1235 13.72% 468 28.16% 9.48
-1 39.06% 1041 6841% 1016 11.62% .8  55.37% 1247 19.06% 6.07 38.61% 11.02

0 49.97% 1091 77.70% 8.22 1245% .85 67.50% 1115 2585% 7.5 50.21% 11.6
1 60.88% 1042 84.86% 616 1333% .9 77.67% 892 34.05% 874 6180% 10.98
2 70.80% 9.1 90.01% 435 1426% 96 8534% 652 4333% 953 7218% 9.4
3 79.07% 7.34 9355% 294 1524% 101 90.70% 4.44 5310% 9.66 80.62% 7.39
4 8548% 555 9589% 1.93 16.28% 1.07 94.23% 2.89 6264% 9.09 8697% 542
5 90.17% 399 97.40% 124 1737% 112 9647% 1.82 7129% 799 91.46% 3.76
6 93.46% 277 9837% .79 1852% 118 97.86% 112 7862% 6.6 9450% 252
7 95.70% 1.87 9898% 5 1973% 124 9871% .68 8448% 517 96.50% 1.65
8 97.20% 124 9936% .31 21.00% 1.3 99.23% 41 8897% 389 97.79% 1.06
9 98.18% .81 99.60% .19 2232% 136 99.54% .25 9227% 284 98.61% .67
10 98.83% .53 99.75% 12 23.71% 141 99.72% 15 94.65% 99.13% 42
1 99.24% .34 9985% .08 25.15% 147 99.83% .09 99.45% .27
12 9951% .22 9990% .05 26.65% 153 99.90% .05 99.66%

13 99.69% .14 99.94% 2821% 158 99.94% .03

14 99.80% .09 29.82% 1.64 99.96%

15 99.87% .06 31.48% 1.69

16 99.92% .04 33.19% 1.73

17 99.95% .02 34.94% 1.78

18 99.97% .02 36.74% 1.82

19 99.98% .01 38.58% 1.84

Note. SD1°P - Point difference between opponents in the 1st period; SD2°P - Point difference between rivals in the 2nd period;
Equal 1°P- Point difference in 1st period between opponents of the same level; One Level 1°P- Point differential in 1st period
between opponents with one level of difference; Two Level 1°P- Point differential in 1st period between rivals with two levels of
difference; Equal 2°P - Point differential in 2@ period between rivals of the same level; One Level 2°P- Point difference in 2nd period
between opponents with one level of difference; Two Level 2°P- Point differential in 2@ period between opponents with two levels
of difference.

Effectiveness of models

The ROC curves in Figure 3 evaluate the predictive ability of winning a set, taking into consideration the
score difference and the OL in the two periods of the set. The area under the curve (AUC), expressed as a
percentage, assesses the model's ability to distinguish between wins and losses. The observed results
indicate:
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e Predictive ability improved significantly in the 277 period, reaching an AUC of 90.64%, compared to
75.77% in the first period, both with high-OL.

¢ Influence of the OL variable: The predictive ability significantly increases when competing against
low-level- opponents, with an AUC of 81.13% and 91.62% in the 7st and 27 period, respectively.
However, this ability decreases against mid-level+ opponents, with an AUC of 60.37% and 71.26%,
and against high-level opponents, with an AUC of 75.77% and 90.64%.

e Asignificant reduction in probability is observed in the 75t period when playing against higher-level
opponents, from 90.64% to 75.77%.

e The lowest predictability is observed at (mid-level+; AUC = 60.37%) when the opponent is ahead in
the 1st period, leading to difficulty in predicting wins in such situations.

5D I"P with High opponent level 5D 1"P with Lew Level- opponent 5D 1P with Low Level+ opponent 5D 1"P penod with Mid-Level- oppanent 5D 1°P penod with Mid-Level* oppanent
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Note. AUC - Area under the ROC curve; SD 1°P - Score differences between the teams in the 1t set period; SD 2°P - Score differences between
the teams in the 2 set period.

Figure 3. ROC curves to evaluate predictive capacity for set victory in each period, according to opponent
level.

DISCUSSION AND CONCLUSIONS

This study investigates the influence of competitive contextual variables, considered relevant by coaches, on
winning sets and matches in high-level competitions.

The study showed that disparity in competitive levels significantly affects the probability of winning a set,
especially when teams differ in two competitive levels, explaining 21.6% of the observed variability. A study
using data from the European Men's Championship accurately classified set outcomes, won or lost, based
on technical performance indicators in 91.1% of cases (Drikos et al., 2021). Several studies have indicated
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that higher-ranked teams in elite competitions tend to show superior performance in certain technical skills
of the game. Thus, Ciemiriski (2018) found that the top-ranked teams of both genders at the 2017 European
Championships were more effective in serve, set, attack, and block; these outcomes were similar to those
presented by Marcelino et al. (2010a) when analysing men's 2007 World Cup matches, reporting higher
effectiveness in serve, attack, and block, while Drikos et al. (2021) reported a higher effectiveness of attack
after reception and defence, and a higher success rate of break point complex at the 2019 European Men's
Championships. Stutzig et al. (2015) found that in men's volleyball at the Olympic Games and in the World
League, counterattacks were significantly more successful after defensive plays. This effect was amplified
when attacks were carried out at medium and slow speeds. At the Women's Volleyball Club World
Championship in 2016, it was observed that winning teams scored more from spikes, blocks, and serves,
with fewer errors in reception and defence.

As regards tactical indicators, previous studies rejected the idea that the patterns of play among high-level
teams influence their rankings and, consequently, their success in sets (Martins et al., 2021, 2022), while in
a study of the Men's World Cup, it was found that teams adapted their tactics based on the level of their
opponents (Marcelino et al., 2011).

Another variable that showed an association with set victory was winning the previous set. Although the effect
size found was low, it increases the chances of winning the next set by 7.83% (53.28% vs 45.45%). This
result does not match the independence between sets found by Marcelino et al. (2009) when analysing men's
World League matches in 2005. Thus, based on the results presented in this article, a volleyball match could
not be understood as a set of independent microcycles as other studies have suggested (Garcia-de-Alcaraz
etal., 2019; Marcelino et al., 2010b).

In relation to match status, winning the set periods established in this study significantly increased the
likelihood of winning the set. The model indicates, via R2n, that the second period significantly influences the
final outcome of the set (15t period R = 26.9%; 2" period R2\ = 54.2%). This phenomenon is often attributed
in various sports to a possible psychological advantage, known as "momentum" (Den Hartigh & Gernigon,
2018), which seems to enhance the confidence and energy of the leading team (Morgulev et al., 2019).
Winning both periods is associated with an 87.12% probability of winning the set. In addition, the level of the
opponent influenced the probabilities of winning the set when an advantage was obtained in the periods; the
model used showed a 100% probability of victory when a team faced an opponent two levels lower and
finished the two established periods of the set with an advantage on the scoreboard.

On the other hand, the results show the relevance of recovery during matches: for instance, a team that
rebounds from a loss in the first period and wins the second increases its chances of winning the entire set
to 75.42%. Moreover, when the opponent was of a lower level, the likelihood of winning the set increased to
88.73%. In basketball, Martinez (2014) reported that winning the first quarter positively correlates with victory
in NBA matches, though the teams' level had a more significant effect on the end result. However, in
investigating Spanish men's professional basketball games, Sampaio et al. (2010) noted that teams with
larger score deficits at the start of each quarter were more likely to regain points. In women's basketball, a
similar effect seemed to occur, with the recovery of points being attributed to changes in the teams' intensity
of play, although it was noted that a significant score disparity could lead to a decrease in the trailing team's
level of performance (Gomez et al., 2013).

The results showed that larger point differences at the end of each set period, especially at the end of the
second period of a set, significantly enhanced the likelihood of winning the set (R2N 75t period = 31.8%; RN
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27 period = 58.4%). Each additional point increased the likelihood of winning by 1.42% after the 1st period
and by 1.54% after the 2n period. The R2N values showed higher indicators in both periods for the score
difference variable than for the set period variable. This difference indicates that the score difference has
greater discriminating power over the set victory. These results could be associated with the findings of
Marcelino et al. (2012), who observed that players tended to take more risks at the beginning of a set, aiming
to lead the score and widen their advantage quickly.

In conclusion, this research reveals that the variables opposition level, result previous set, and performance
in the 15t and 2 period of the set, together with the score differences in the 15t and 2" period, showed an
association with victory in volleyball sets. In contrast, competition, and the round and competitive load
variables showed no relationship. These findings represent a significant advance in the understanding of the
contextual variables associated with winning in high-level competitive sets. Additionally, this study supports
the validity of the opinions of expert volleyball coaches on variables that obtained significance (Lépez-
Serrano et al., 2022).

A limitation of this research is that the impact of the studied variables on the performance of individual game
actions has not been evaluated, which could represent a future area of research. It might be particularly
interesting to examine how the variables of this study influence success in sets across training and elite
categories.
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age for adolescent boys
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ABSTRACT

Adolescence marks a crucial period for the establishment of physical health and fitness, shaping future adult
health trajectories. This study aimed to investigate the changes in health-related fitness concerning age among
adolescent boys. A sample of 80 students aged 13-16 from Upashahar Maddhamic Viddalay, Jashore, was
selected at random to assess health-related fitness components including low back and hamstring flexibility,
abdominal muscle strength endurance, upper-body strength (chin-ups), and body composition. Fitness was
assessed by measuring the components of Health-Related Physical Fitness as prescribed by AAHPERD (1984).
In addition to these fitness components the body composition of the subjects was assessed by measuring triceps
and subscapular skin folds, all their parameters were the criteria for measurement in the present study. Statistical
analyses, including mean values, standard deviation, and 't' tests (where table value at .05 levels for of 38 was
2.02), were conducted to determine significant differences across age groups. The results indicate that abdominal
muscle strength endurance, as measured by sit-ups, showed significant differences at .05 level between age
groups, with class VII and IX exhibiting higher mean values compared to class VIII and X. This suggests that
factors such as academic pressure and lifestyle choices may impact physical fitness levels among adolescent
boys. However, when considering upper-body strength, flexibility, and body fat percentage, the study did not find
significant differences between age groups. This indicates that these aspects of health-related fitness may be less
influenced by age alone and more by individual factors or environmental influences.

Keywords: Physical education, Adolescent boys, Health-related fitness, Flexibility, Muscle strength, Body
composition.
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INTRODUCTION

Adolescence is a critical period in which physical health and fitness are established, laying the foundation for
future patterns of adult health (Mitchell, 2019). During this stage of development, there are significant
changes that occur in terms of biological and social factors, such as puberty and the attainment of social
roles (Barendse & Pfeifer, 2021; Frank, 1945). These changes, along with various social determinants and
risk and protective factors, can greatly impact the uptake of health-related behaviours among adolescent
boys (Adelmann, 2005; Reingle et al., 2013). One important aspect of health during adolescence is health-
related fitness. Health-related fitness refers to the overall physical well-being and ability of individuals to
perform daily activities and tasks (Solera Sanchez, 2022). It encompasses various components, including
cardiovascular endurance, muscular strength and endurance, flexibility, and body composition (Gopal, 2014).
Understanding the changes in health-related fitness with respect to age is crucial for promoting and
maintaining optimal health among adolescent boys (MaciuleviCiené et al., 2018). There is a growing body of
research that suggests that health-related fitness levels can vary significantly during adolescence (Garcia-
Hermoso, 2023). Regular physical exercise during adolescence has been associated with numerous health
benefits including improved muscle and bone health, increased strength and endurance, reduced risk of
chronic diseases such as overweight and diabetes, improved self-esteem and psychological well-being, and
reduced stress, anxiety, and depression (Archer, 2014; Harold W. Kohl et al., 2013; JanCiauskas, 2018;
Warburton, 2006; Wolf, 2001). Given the importance of physical fitness for adolescent boys, it becomes
essential to understand how health-related fitness changes with respect to age in this population.

Multiple factors contribute to the changing landscape of health in adolescence. These factors include prenatal
and early childhood development, the specific biological and social changes that occur during puberty, and
social determinants and risk and protective factors that influence adolescents' health-related behaviours
(Jimenez et al., 2023; Sawyer et al., 2012; Viner et al., 2017). The shape of adolescence is rapidly evolving,
with the age of onset of puberty decreasing and the age at which mature social roles are achieved increasing
(Viner et al., 2017). Previous studies have shown that there is a positive correlation between age and health-
related fitness components, such as agility, speed, vertical jump, and broad jump (Binishi & Skenderi, 2024;
Boby & Shara, 2023; Dogru, 2019; Emeljanovas et al., n.d.; Gisladottir et al., 2024).

A remarkable lack of research has been done on Bangladeshi children, whose cultural background may
influence the relationship between age and fitness differently. Cultural norms may limit an individual's degree
of fitness, for example, by placing a higher value on education than on physical activity. Examining the
relationship between age and physical fitness could help shape policy in the field of education by assisting
in the development of curriculum that support physical education while promoting learning. Development of
health-related physical fitness is a natural consequence of the development of the physique in the process
of growth and development (Utesch et al., 2018). The status of fitness depends on many factors like age,
sex, nutrition, life style, participation in physical activities etc (Harold W. Kohl et al., 2013). Study of class VII
to class X difference has become an important focus for the researcher from different fields. It is understood
that in the life style, cultural pattern, food habit, living condition, attitude and many other aspects of human
living there are difference between the classes (Jeong & Lee, 2021; Nemec, 2020). Same is the case for
physical fitness and physique for schoolboys from class VII- X. The only difference is their age and lifestyle.
In our country the school has to face two board exams in the class of VIII & X. It may put an impact in their
body composition also. The food habit and health related fitness is different from one class from other. Thus
the present study was planned to analyse the change of health-related fitness with respect to age for
adolescent boys of Bangladesh.
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METHODOLOGY

Present study was conducted to know the status of Health Related Physical Fitness of Adolescent boys. A
total of 80 students within the age group of 13-16 years were selected as subjects for the present study where
20 of them were from class VII, 20 from class VIII, 20 from IX and 20 from X selected from Upashahar
Maddhamic Viddalay, Jashore. Fitness was assessed by measuring the components of Health-Related
Physical Fitness as prescribed by AAHPERD (1984). The measured fithess components were, low back and
hamstring flexibility (measured by sit and reach test), abdominal muscle strength endurance (measured by
bent knee sit ups test for one min) in addition to these fitness components the body composition of the
subjects was assessed by measuring triceps and subscapular skin folds, all their parameters were the criteria
for measurement in the present study. Before conducting the tests, subjects were assembled in a room and
took consent of the subjects. The purpose of the tests were explained and told to exert as best as possible
in the tests for achieving their best performance. For collecting data, the tests were conducted in the following
order. At first the skin folds for different sites of the body were measured. Thereafter the subjects were tested
for low back and hamstring flexibility by sit and reach test. Then the subjects were tested for abdominal
muscle strength endurance by Bent knee sit ups test.

Statistical analysis
For statistical analysis, mean, standard deviation (SD), and ‘" test were calculated by the below mention
formulae:

X= ZTX (Where, Xdenotes the mean, "y X" denote the sum total of scores and N denotes the number of
scores)

SD (o) = /@ (where o denotes the standard deviation, Y. (X — X)?denote the total of square of

the deviation and N denotes the number of scores)

" - X1-X2
t test (t)= av[(01)/N1+(02)?/N2]x

RESULTS
The Mean Values and SD of sit ups, chin up, sit and reach and body fat % are given in the Table 1.

Table 1. Mean values of sit ups, chin-up, sit and reach and body fat %.

Class Sit Ups Chin ups Sit and reach Body fat %

Vil 29.45 £ 3.904 3.4 +1.392 6.65 + 6.234 12.856 + 3.934
Vil 24.45 £ 597 3.45+2.290 6.5 +4.60 15.046 + 5.923
IX 30.55 + 6.806 46 +2177 8.7 £5.588 15.749 + 5.694
X 27 £5.932 5.8 +3.627 29.45+7.083 16.092 £ 5.399

Iltis seen from the Table 1, both the groups were within the age group of 13-16 years. Further, it is seen that
the mean sit ups of class VIl is 29.45 and SD is £3.904. For class VIl the Mean of sit ups is 24.45 and SD is
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15.97. For class IX the Mean of sit up is 30.56 and SD is £6.806 and for class X the mean is 27 and SD is
15.932.

The mean values of chin up of class VII, VIII, IX and X are 3.40, 3.45, 4.6 and 5.9 and the SD are £1.392,
+2.290, +2.177 and +3.627. The mean values of sit and reach of class VII, VIII, IX and X are 6.65, 6.5, 8.7
and 5.375. The SD of sit and reach of class VII, VIII, IX and X are +6.234, +4.60, +5.588 and + 7.83.

The mean values of body fat % of class VII, VIII, X and X are 12.856, 15.046, 15.749 and 16. 092. The SD
of The SD body fat of class VII, VI, and X are £3.934, £5.923, £5.694 and £5.399. Itis noted that, the boys
from class VIl and IX has greater mean value then class VIIl and maybe it is because of the board exam or
something else. Or the eating habit may be a cause. The formula to measuring % body fat is 1.35(sum of 2
SK)-.012(sum of 2 SK) 2-4 4.

H Class VIl ®Class VIII Class IX m®Class X

29,45
30,55
27

24,45

15,04
15,74

12,85

3,45

o)
Q
©
-
’\\
n 00
o [T}
3 ) ~
«Q © © )
v N
< r <
m I I

SIT-UPS CHAIN UPS SIT AND REACH %BODY FAT

Figure 1. The bar graph on Mean values of sit ups, chin-up, sit and reach and body fat %.

Table 2. Testing statistical significance of mean difference in sit-ups.

Mean value _Mean Degrees of “f Remark
Difference freedom
Vil VIl X X N1+N2-2
29.45 24 45 5 38 3.134 Significant
24 45 30.55 -6.1 38 3.038 Significant
3055 27 3.55 38 1.759 Not Significant

Note. Table value at .05 levels for df 38 is 2.02.

It is noted that, the boys from class VIl and IX has greater mean value then class VIl and X. Maybe it is
because of the board exam or something else. In class VIl and X the parent's and the students give much
importance to education then playing games and sports. And the boys from class VIl and IX gets much
playing time then class VIl and X. But the '' value (Table 2) indicates that the mean difference in abdominal
strength endurance between the groups was statistically significant at .05 level except for IX and X.
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Next component for Health-related Physical fithess was chin-up (upper-body strength). The mean values and
corresponding's' value have been presented in Table 3.

Table 3. Testing statistical significance of mean difference in chin-up.
Mean Degrees of

Mean value Difference freedom f Remark
VI VIl X X N1+N2-2
3.40 3.45 -0.05 38 0.0836 Not Significant
345 46 -1.15 38 1.628 Not Significant
46 58 -0.12 38 1.269 Not Significant

Note. Table value at .05 levels for df 38 is 2.02.

It is noted that, the boys from class VIl and IX has greater mean value then class VIl and X. Maybe it is
because of the board exam or something else. In class VIIl and X, the parent's and the students give much
importance to education then playing games and sports and physical exercise. And the boys from class VI
and IX gets much playing time then class VIl and X. But the 't' value (Table 4) indicates that the mean
difference in upper-body strength between the groups was statistically not significant at .05 level.

Next component for Health-related Physical fitness was sat and reach. The mean values and corresponding's'
value have been presented in Table 4.

Table 4. Testing statistical significance of mean difference in sit and reach.
Mean Degrees of

Mean value Difference freedom £ Remark
VII VIl IX X N1+N2-2
6.65 6.5 0.15 38 0.086 Not Significant
65 87 -2.2 38 1.359 Not Significant
8.7 5.375 3.325 38 1.648 Not Significant

Note. Table value at .05 levels for df 38 is 2.02.

It is noted that, the boys from class VIl and IX has greater mean value then class VIIl and X in sit and reach
test. Maybe it is because of the board exam or something else. In class VIl and X, the parent's and the
students give much importance to education then playing games and sports. And the boys from class VIl and
IX gets much playing time then class VIl and X. But the 't' value (Table 4) indicates that the mean difference
in Low-back and hamstring flexibility between the groups was statistically not significant at .05 level.

Next component for Health-related Physical fitness was % body fat. The mean values and corresponding's'
value have been presented in Table 5.

Table 5. Testing statistical significance of Mean Difference in body fat %.

Mean value . Mean Degrees of “f Remark
Difference freedom
Vil VI X X N1+N2-2
12.856  15.046 -2.19 38 1.378 Not Significant
15.046  15.749 -0.703 38 0.382 Not Significant
15.749  16.092 -0.343 38 0.195 Not Significant

Note. Table value at .05 levels for df 38 is 2.02.
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It is noted that, the boys from class VIl and IX has greater mean value then class VIIl and X. Maybe it is
because of the board exam or something else. In class VIl and X, the parent's and the students give much
importance to education then playing games and sports and physical exercise. And the boys from class VI
and IX gets much playing time then class VIII and X. But the 't' value indicates that the mean difference in
body fat % between the groups was statistically not significant at .05 level.

DISCUSSION

This study offers critical insights into the patterns of health-related fitness of adolescent boys. The research
revealed variations in physically fithess components between age groups. These results may be informative
regarding the influence of age on the components of health-related fitness critical to this demographic.

The results of the study show that the differences in abdominal muscle strength endurance were significant
between several age groups. The most noticeable discrepancies were between class VI to VIII, and VIII to
IX. These results indicate that adolescent boys undergo distinguishable changes in abdominal muscle
strength endurance as they pass through different stages of adolescence. Academic pressure, varying
lifestyle changes, and social influence could be responsible for some of these variations. It is, however,
worthwhile to note that the class IX had the highest mean values of sit-ups. Adolescents at this stage may
have more abdominal muscle strength endurance when compared to their counterparts at other stages.
Comparing these findings with existing literature reveals both similarities and differences with previous
research conducted in diverse cultural and geographic settings. Similar to studies conducted in other
countries, this research identified significant differences in abdominal muscle strength endurance between
certain age groups, indicating potential variations in physical fitness levels as adolescents’ progress through
adolescence (Dotsenko & Minniakhmetov, 2022; Hafsteinsson Ostenberg et al., 2022; Nimkar et al., 2020;
Vitali et al., 2019).

Moreover, the differences between these age groups were not statistically significant. These factors may not
significantly affect the upper body and chin-up strength in all stages of this developmental period across age
groups. Some variations in the average values have also been recorded across age groups, with none of
them showing a significant statistical difference. It is necessary to conduct more research to determine the
factors influencing the patterns in upper-body strength in teenage boys. However, the lack of significant
differences in upper-body strength across age groups aligns with findings from some studies that suggest
upper-body strength may not vary significantly during adolescence (Ervin et al., 2014; Guimaré&es et al., 2021;
Skattebo et al., 2016; Tingelstad et al., 2023).

As with the upper-body strength, we did not identify any statistical significance surrounding the variations in
low back and hamstring flexibility. Specifically, the sit-and-reach test indicated no meaningful differences
across the youth culture. This means that levels of flexibility may be quite constant during the adolescent
period in boys irrespective of the specific age. However, mean values showed some degree of variation
across the age groups. Although the groups exhibited different mean values, these could not be confirmed
as statistically significant. As such, additional moderation is required to find out precisely what affects the
flexibility among adolescent boys. In terms of flexibility, the current study's findings of no significant
differences between age groups contrast with some previous research indicating age-related improvements
in flexibility during adolescence (Avalos-Ramos et al., 2023; Rangul et al., 2011; Shao & Zhou, 2023;
Shokrvash et al., 2013; Van Sluijs et al., 2021). This disparity may be attributed to cultural differences in
physical activity habits, lifestyle factors, or methodological variations in assessing flexibility.
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The results also showed that there were no statistically significant variations in body fat percentage among
the various age groups. This indicates that among adolescent boys in Bangladesh, age may not have a
significant impact on variances in body fat percentage. It is important to note, however, that although there
was a minor variation in mean values between age groups, this difference was not statistically significant. To
more precisely identify the variables influencing differences in body fat percentage among teenage boys,
more research may be required. The absence of significant differences in body fat percentage across age
groups in this study is consistent with findings from certain research, suggesting that body fat percentage
may remain relatively stable during adolescence in some populations (De Padua Cintra et al., 2013; Gemelli
et al., 2020). However, contrasting findings from other studies have reported age-related changes in body
composition, indicating potential cultural and contextual influences on body fat distribution and metabolism
(Kim et al., 2013; Trang et al., 2019).

Understanding the changes in health-related fitness with respect to age among adolescent boys is crucial for
developing targeted interventions and promoting optimal health outcomes. The findings of this study provide
valuable insights into the physical fitness patterns among adolescent boys in Bangladesh. However, further
research is needed to explore the complex interplay of factors influencing health-related fitness during
adolescence, including socio-cultural influences, lifestyle behaviours, and environmental factors.

Additionally, future studies could benefit from larger sample sizes and longitudinal designs to examine the
trajectory of health-related fitness across different stages of adolescence more comprehensively. Moreover,
qualitative research methods such as interviews or focus groups could help elucidate the underlying factors
shaping health-related fithess behaviours and outcomes among adolescent boys. By addressing these
research gaps, policymakers, educators, and healthcare professionals can develop targeted interventions to
promote physical activity, healthy lifestyles, and overall well-being among adolescent boys in Bangladesh
and beyond.

CONCLUSION

In conclusion, our study aimed to analyse the changes in health-related fitness with respect to age among
adolescent boys. We found that there are significant variations in certain components of health-related fitness
across different age groups, while others remain relatively consistent. Our findings indicate that abdominal
muscle strength endurance, as measured by sit-ups, showed significant differences between age groups,
with class VIl and IX exhibiting higher mean values compared to class VIl and X. This suggests that factors
such as academic pressure and lifestyle choices may impact physical fithess levels among adolescent boys.
However, when considering upper-body strength, flexibility, and body fat percentage, our study did not find
significant differences between age groups. This indicates that these aspects of health-related fitness may
be less influenced by age alone and more by individual factors or environmental influences.
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ABSTRACT

Physical education is the fundamental aspects of human life, which is included games and sports, physical
fitness. The study has shown the importance of physical education and their implication in schools. It has
also discussed about the National Education policy on physical education. This study based on Higher
secondary girls’ students’ attitude towards physical education program between Urban and Rural areas from
selected three districts of Tripura i.e. North district, Sepahijala district and Unakoti District. The researcher
has been selected 140 higher secondary girls students in random basis for the study as a subject and 70/70
girls in urban and rural higher secondary. The data has been collected with Opinionnaire by Raut's Attitude
Opinionnaire (2007) towards physical education program and the responses were employed by Likert scale
method. For analysing the data and ‘t' test was used. It has found out that the girls’ students of Urban areas
have more positive attitude towards physical education program than the rural girls and there was significant
difference between urban and rural girls of selected districts of Tripura. The study has found the low attitude
on rural girls’ than the urban.
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INTRODUCTION

Teaching should not be based only on improving or expanding the use of textual materials, visual aids, and
technology tools and apparatus. During this phase, pupils engage in cognitive, interpersonal, and physical
activities. However, because they directly and indirectly affect students' social, mental, emotional, and
physical development, sports and physical education are highly valued within the context of educational
activities. Given that the core values of athletics are perseverance in the face of adversity and an unwavering
desire for achievement.

Since physical activity is essential to human survival, physical education has existed for the same amount of
time as people. Regardless of whether it is organised or not, physical education has always been an essential
part of human life, dating back to prehistoric times.

Physical education is widely recognised as an essential element of education. Fundamentally, humanity is a
physical species. One of the earliest lessons given to a human child is physical education. No education, no
matter how flawless and aspirational its objectives, is complete if motor exercise is not prioritised. The human
body is a precious gift from nature. Much of its development, growth, and efficiency are determined by its
ability to engage in both high-quality and high-volume motor activity.

According to C.I Brownell, “Physical education is the accumulation of wholesome experience through
participation in large muscle activities that promote optimum growth and development” (Singh, et al., 2003).

There has been a link between physical activity and longevity since prehistoric times. Since a multitude of
coexisting factors influence physical activity, this topic has attracted the attention of many scholars. Even
though young people are the most active group, there have been questions about how much they actually
exercise. A review of studies on children's and adolescents' participation in physical activity conducted
globally reveals that girls are less active than boys and that at least 50% of kids and teenagers do not engage
in enough physical activity for their health. In spite of differences in measurement and methods, as well as a
notable decline during the adolescent years, these results are robust and appear to be true worldwide (Mutrie
and Biddle 2008).

Children's dispositions towards various courses in the educational curriculum are bound to change with time,
impacting their physical and cognitive development.

Within the educational system, physical education has a significant role, as outlined in the National Policy on
Education (1986). The government plans to build sports facilities that support sports practice in order to
encourage physical exercise among pupils. The policy additionally attempts to include studies pertaining to
sports in the curriculum. Hiring coaches and sports instructors is another option being explored in order to
provide specialised care and improve chances going forward. The user's material cannot be rewritten in an
academic way because it is too brief.

The government has put in place a number of initiatives to support and encourage athletes, ranging from the
Education Policy of 1986 to the National Education Policy (NEP) 2020. The construction of sports facilities,
the supply of gear, and the hiring of trainers and coaches to offer direction and instruction are some of these
actions. The importance of physical education, games, and sports in promoting students' holistic
development—which includes both their mental and physical well-being—is being increasingly recognised,
according to the National Education Policy (NEP). To guarantee the active engagement and comprehensive
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development of students, the government has required that physical education, games, and sports be
included in the curricula of all educational institutions.

There has been a great deal of research in the subject on attitudes around physical activity and fitness.

However, most studies examine children's attitudes towards physical education, instructors' behaviours, and
physical exercise by using variables such as age, gender, and grade level.

According to Morgan et al. (2003), school physical education curricula are ideally situated to offer
opportunities for physical activity and to foster the knowledge and abilities necessary for leading an active
lifestyle.

Physical education programs must meet the needs of youth within a changing environment while discovering
ways to motivate them to develop life-long exercise habits. The physical education programme encompasses
various components such as physical activity, physical fitness, exercise, games, and sports. Additionally, a
comprehensive understanding of physical education enables individuals to gain knowledge about their health,
nutrition, body organs, bones and muscles, wellness, lifestyle, sports psychology, and biomechanics.
Consequently, it can be argued that physical education contributes to the holistic development of individuals.
Physical education is a discipline that use scientific principles to facilitate the systematic movement of the
human body. Engaging in physical activities, games, and sports serves as a means to achieve this objective.

According to contemporary theories, an attitude is a concise evaluation of the information related to the
attitude object, which in this case is physical education. An individual's behaviours are directed towards the
attitude object by it (Fazio, 2007).

The importance of students' attitudes towards physical education comes from the fact that coaches, teachers,
and other professionals must consider attitude on a daily basis while evaluating and analysing the potential
of others (Ryan et al., 2003).

Every area of our lives is influenced by the notion of attitude, which is shaped by both our current views
towards a particular subject and our past experiences with it. For example, our attitudes impact how we
develop and react to our preferences for particular cuisines, clothing items, political candidates, television
shows, and even romantic partners (Silverman). Students also have opinions about the physical environment
in which they receive their education, their classrooms, and their instructors. These viewpoints could be
positive or negative (Albarracin, 2019).

An urban area, also known as a built-up area or an urban agglomeration, is a human settlement that is
distinguished by a sizable population concentration and a sophisticated built environment infrastructure.

As per the guidelines devised for the 2011 Indian Census, an urban area is characterised as a place where
there is a minimum population of 5,000 people and a population density of at least 4,000 people per square
kilometre, or 1,000 people per square mile. Furthermore, the minimum percentage of male workers in an
urban region who are employed in non-agricultural activities is 75%. Areas under the control of a notified
town area committee, cantonment board, or municipal corporation are referred to as urban areas.

In India, the term "countryside" or "village" is frequently used to describe rural areas where there is a notably
low population density. Agriculture is the main source of income in rural areas, with fishing, cottage industries,
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pottery, and other related pursuits rounding out the list. Generally speaking, a rural area or countryside is any
geographic area that is not inside of a municipality or an urban area. Examining the effect of a focused
intervention on a certain population is the main goal of this study. Rural areas are characterised by the
presence of tiny villages and a relatively low population density. Generally speaking, rural areas are defined
as those where forestry and agriculture are the main industries. Different countries exhibit unique
perspectives on rural areas, which are employed for administrative and statistical functions.

MATERIALS AND METHOD

Statement of the problem
This study aims to compare the attitudes of higher secondary girls towards the physical education programme
in a few selected Tripura districts, with a focus on urban and rural areas.

Purpose of the study
The primary goal of the research is to compare the attitudes of upper secondary students towards physical
education programmes in a few selected Tripura districts, with a focus on urban and rural areas.

Objectives of the study
To compare the higher secondary girls’” students’ attitudes towards Physical Education program in selected
districts of Tripura with special reference to Urban and Rural.

Hypotheses
It was hypothesised that there will be no significant difference in the mean scores of Higher Secondary Girls
Students Attitude towards Physical Education between Urban and Rural.

Scope of the study
i)  Both boys and girls in high school may participate in the study.
i) College students can also be the subject of it.
ii) Postgraduate students can likewise be subjected to it.
iv) It can be carried out in additional Tripura districts.
v) ltis also possible to carry out in other states.

Sources of data
For the study 140 higher secondary girls (70 from urban areas from North, Sepahijala and Unakoti district
and 70 from the rural areas from North), Sepahijala and Unakaoti district were chosen as participants.

Sampling procedure
To gather the data simple random sampling was used for the selection of subjects.

Selection of the test and scoring procedure
To collect the data Opinionnaire by Raut (2007) attitude towards physical education program were used and
the responses were employing by Likert Method.

Positive and Negative items were recorded separately for each dimension. ltems measuring particular
dimension positively and as “Very strongly agree” “strongly agree”, “Agree”, “Disagree”, “Strongly disagree”,
and “very strongly disagree” were given the scores for positive statement 6,5,4,3,2,1 and for negative
statement 1,2,3,4,5,6 respectively.
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Statistical tools
To analyse and draw the conclusion the percentile, Mean, Standard Deviation and t-test technique were
used.

RESULTS AND DISCUSSION

According to the questionnaire, there are two possible scores: 390 and 65. The high number indicates a
positive attitude towards the physical education programme, while the low score indicates a negative attitude.

Table 1 shows that the mean value of the Urban and Rural are 271.54 and 257.56 and SD is + 25.304 and
+ 27.720 respectively. Itis also shows that calculated ‘t’ value is 3.118 and tabulated ‘t' value is 1.984 at .05
level of significance for 138 df. Where calculated value is greater than tabulated value. It was discovered that
there is a notable distinction between the two groups and that urban students have more favourable
sentiments than rural pupils. The alternative hypothesis is therefore accepted and the null hypothesis is
rejected. The reason behind this could be the school's physical education programme, teachers, facilities, or
students' awareness of it. Figure 1 representing the mean difference.

Table 1. Mean, SD & t-Value of the attitude of urban and rural higher secondary girls.

Group N Mean SD df t- Value
Urban 70 271.54 + 25.304
Rural 70 257.56 + 27.720 138 3.118

275 371,54

270

265

260 257,56

255

250

Urban Rural

Figure 1. Attitude of the urban and rural students.

Findings

Based on the analysis and interpretation, the null hypothesis was rejected and the alternative hypothesis was
accepted. It was found that there is a significant difference in the attitudes of urban and rural higher secondary
girls’ students towards physical education in a particular Tripura district, where there is also a difference in
their mean and "t' value.

Based on the aforementioned conversation, the researcher discovered that, in contrast to their rural
counterparts, the students who attend urban schools have a more positive outlook. It is due to a number of
factors, including the students' lack of knowledge about physical education, the inadequate infrastructure for
games and sports, misconceptions held by students, parents, and even teachers about physical education,
a lack of motivation, and possibly even their socioeconomic status, which may be the cause of their negative
attitudes towards physical education.
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Suggestion

i) Comparable research can be conducted on a variety of students, including those in elementary,
middle, high school, graduate, and post-graduate programmes.

i) Instructors ought to encourage their pupils to participate in physical education lessons and exercises.

ii) Parents ought to be better knowledgeable about the advantages of sports, games, and physical
education programmes.

iv) Every day's curriculum should include a mandatory physical education session as well as games.

v) Every school should have a physical education teacher hired by the government.

vi) More parent and student education programmes should raise awareness of the value of physical
education.

vii) Enough equipment should be available so that students can play the games of their choice.

viii) Every school should announce a prize and a reward at the outset for taking part in and winning a
competition.

CONCLUSION

This study looks into the attitudes of female students in higher secondary school with regard to physical
education. Following statistical analysis, the researcher discovered that urban students exhibit a more
optimistic outlook than those of rural girls. The outcome shows that there is a notable change in how they
feel about the physical education programme. For urban kids compared to rural students, the attitude score
is noticeably higher.
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ABSTRACT

The purpose of the current study was to identify the differences of the upper extremity muscle activations around
three joints of the dominant arm during two pattemns of backhand strokes. Ten elite female right-handed squash
players participated (age: 18.4 + 0.8 years; mass: 60.8 + 1.8 kg; height: 165.2 £ 1.6 cm). EMG data from six
muscles around the shoulder, elbow, and wrist joints were recorded. The AD muscle activity of the backhand
straight was greater throughout the execution and follow-through phases than the backhand cross (p < .001). In
contrast, muscular activity in the PD muscle was greater during the three phases of backhand cross than
backhand straight (p <.001). Elbow muscles showed no significant differences except in the follow-through phase,
where the TB muscle demonstrated increased activity in the backhand straight. The WF and WE muscles had
similar patterns in both strokes. This study provides novel insights into arm muscle activation during two patterns
of backhand stroke in squash. Understanding the muscle activity mechanisms of these patterns can inform training
strategies, optimize performance, and prevent injury risks to the shoulder, elbow, and wrist during the phases of
the two patterns of backhand stroke in squash.
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INTRODUCTION

Muscular activity is essential in the game of squash due to its fast-paced nature, dynamic motions, and
forceful strokes. Players must possess exceptional muscular strength, endurance, and control.
Consequently, muscle activity plays a crucial role in squash. It helps with strength, speed, endurance, injury
avoidance, and movement efficiency. Players may improve their performance, reduce their risk of injury, and
eventually raise their game on the squash court by working on physical strength, endurance, and control (AkI,
Hassan, Elgizawy, Tilp, & health, 2021; Karess et al., 1991; Kim, Min, Subramaniyam, & Kim; Locke et al.,
1997, Tapie, Gil, Thoreux, & Making, 2020).

Therefore, the interaction and complementarity of motor abilities and needs in terms such as physiological,
kinetics, and cognition variables are crucial for performance success (Finch & Eime, 2001; Horobeanu,
Johnson, & Pullinger, 2019; Lees, 2002; Mohammed, 2015; Okhovatian & Ezatolahi, 2009).

However, scientific research into the acquisition of EMG data to record the activity of muscles, particularly in
squash strokes, is quite required (Safikhani, Kamalden, Amri, & Ahmad, 2015). To date, no research has
exclusively focused on comparing the kinetic, kinematic, and muscular activity of backhand cross and
backhand straight in squash, simultaneously (Akl, Hassan, Elgizawy, & Tilp, 2021; Cho & Kim, 2007).
Specifically, there's a gap in understanding the movement and muscle activity in the upper limb during
forehand and backhand stroke patterns in squash (Akl, Hassan, Elgizawy, & Tilp, 2021; Yaghoubi,
Moghadam, Khalilzadeh, & Shultz, 2014).

The frequency of backhand strokes (63.1 percent) surpassing forehand strokes (36.9 percent) highlights the
importance of the backhand stroke in squash, Nevertheless, there are noticeable differences in the abilities
utilized throughout a squash game (Hong, Chang, & Chan, 1996). Previous studies have investigated the
relationship between racket speed and upper extremity circular motion (Elliott, Marshall, & Noffal, 1996),
kinematic analysis of forehand stroke (Hong et al., 1996), and the upper extremity segment's kinematics
during backhand strokes (An, Ryu, Ryu, Soo, & Lim, 2007).

The backhand cross is an important stroke in squash because it allows players to change the direction of the
rally and put pressure on their opponent. With its ability to create angles and open up the court, the goal is
to hit the ball diagonally across the court, aiming for the opposing front corner, which is often the opponent's
weaker side (Fernandez Pérez, Garcia Hernandez, & Diaz Miranda, 2020; Ghani, Zainuddin, & Ibrahim,
2018). In many game situations, the backhand straight stroke may be employed tactically.

Offensively, it enables players to exert pressure by hitting the ball with speed and precision, forcing the
opponent to respond fast and perhaps opening up for further strokes. Defensively, it may be used to reset
the rally and retake control by returning the ball deep and near to the side wall, limiting the attacking
possibilities of the opponent (Carboch, Dusek, & Sport, 2023; Ghani, 2013; Pérez, Hernandez, & Miranda,
2020).

To summarize, the backhand cross is a fundamental squash stroke that provides players with a vital option
for shifting the direction of the rally and applying pressure to their opponents (Fernandez Pérez et al., 2020;
Ghani et al., 2018). The backhand straight stroke, another fundamental skill, enables players to strike the
ball with power and precision along the side wall (Carboch et al., 2023; Ghani, 2013; Pérez et al., 2020).
Additionally, incorporating specific drills and workouts that promote muscular coordination, timing, and
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sequencing. This involves a focus on controlled motions to develop improved technique during various
squash-related activities (Girard, Micallef, Noual, & Millet, 2010; Masu & Otsuka, 2021).

Thus, understanding the nature of backhand pattern performance, the differences between the two patterns,
and the relationship between training volume or intensity and the types and grades of injuries helps coaches
and players acquire the proper technique and practice, addressing coordination issues and optimizing
performance, and players can effectively use this stroke to gain an advantage on the court and improve their
overall game (Akyol, 2012; Drew & Finch, 2016; Leeder, Horsley, & Leeder, 2016; Vanrenterghem,
Nedergaard, Robinson, & Drust, 2017).

Therefore, it appears critical to research the mechanism of muscle activation during backhand stroke
patterns. This study may provide further information regarding the significance of muscle activation in squash
for joint support and stability, maintaining optimal body alignment, absorbing impact pressures, and reducing
the risk of injury (Pallis, McNitt-Gray, & Hung, 2019).

Surprisingly, no study has yet explored the differences and processes of muscle activation during both of the
backhand strokes (backhand cross and backhand straight). Therefore, the purpose of the current study is to
identify the differences of the upper extremity muscle activations around three joints of the dominant arm
during two patterns of backhand strokes. We hypothesized that muscular activation in the upper extremity
muscles would differ across the two backhand stroke patterns as well as within each pattern's backhand
stroke phases, particularly during the execution phase.

MATERIALS AND METHODS

Subjects and study design

We recruited ten healthy volunteers, all elite female squash players (age: 18.4 + 0.8 years; mass: 60.8 + 1.8
kg; height: 165.2 + 1.6 cm). The subjects participated in professional squash tournaments and had official
Egyptian squash federation rankings ranging from 4 to 20 (national and international). The study was
authorized by the institution's studies and research ethics committee after the subjects gave written informed
consent.

We utilized a cross-sectional design with repeated measures, in which all participants conducted three
successful trials while recording EMG measurements for electrical muscle activity. of six upper extremity
muscles: anterior deltoid (AD), posterior deltoid (PD), biceps brachii (BB), triceps brachii (TB), wrist flexor
(WF), and wrist extensor (WE).

Experiment protocol

Following a 15-minute warm-up that comprised general, elbow, and shoulder mobility exercises, stretching,
and protocol familiarization, participants performed squash backhand straight and crosscourt strokes. Each
participant provided multiple successful tries, with a one-minute break in between. The backhand cross and
straight squash abilities were subdivided into three phases: preparation, execution, and follow-through. From
the start of the movement until the end of the elbow flexion, the preparation phase was defined; from the start
of the elbow extension to the shot, the execution phase was defined; and from the moment of the shot to the
conclusion of the movement, the follow-through phase was defined, see Figure 1. Video analysis employing
3D simi motion capture, synchronized with EMG, characterized the phases.
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Preparation Phase Execution Phase Follow-Through phase

A 4

Figure 1. Backhand stroke phases (preparation phase, execution phase, follow-through phase).

SEMG activity recording and analysis

Surface EMG (Myon m320RX; Myon, Switzerland) was used to record the selected muscles of the dominant
arm. The upper extremity muscles' skin was shaved and cleaned with alcohol before bipolar, circular 10 mm
diameter silver chloride surface electrodes (SKINTACT FS-RG1/10, Leonhard Lang GmbH, Austria) were
placed to the chosen muscles (Figure 2). Following the SENIAM recommendations, electrodes were placed
over each muscle (Hermens, Freriks, Disselhorst-Klug, & Rau, 2000). The EMG signals were sampled at
1000 Hz and processed using a 16-bit analogue-to-digital (A/D) converter.

Posterior deltoid Anteior Bekow

Triceps brachii  Biceps brachii

Wrist Extensor 4
Wrist Flexor [

Figure 2. Electrode placements of the selected muscles (Black dots).

Visual 3D software was used to analyse EMG data (C-Motion, MD, USA). A Butterworth filter was used to
band-pass filter raw EMG data (20 Hz-450 Hz). The signals were pre-processed using a full-wave rectifier
and a linear envelope created using the root mean square (RMS) technique with a window size of 100 ms.
After each individual completed the experimental activities, the data were normalized to an isometric maximal
voluntary contraction (MVC). To get the MVC values, subjects performed three 5 s repeats with a 60 s rest
interval while sitting in a comfortable and stable chair with forearm resistance. The MVC value was calculated
by averaging peak muscular activity across three repetitions for each muscle.
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Statistical analysis

Means and confidence intervals (mean Cl) were used to report descriptive statistics. The Shapiro-Wilk test
was utilized to investigate the normality of the data, and all data were found to be appropriate for parametric
analysis. A paired T-test and Gardner-Altman estimate plots were used to identify significant differences and
compare the mean of each variable across the two backhand stroke patterns (Cross and Straight) in squash.
The IBM SPSS Statistics v21 software was used for statistical analysis.

RESULTS

EMG raw data (a), EMG RMS (b), and average values, coefficient interval, and paired T-test for the
normalized EMG (%MVC) are presented for the preparation (c), execution (e), and follow-through (g) phases.
The Gardner-Altman estimation plots showing the paired mean differences between the cross and the straight
for Squash backhand stroke related to muscle activity present the effect size as a confidence interval (95%
Cl) on separate but aligned axes, where the confidence interval of the mean difference is displayed to the
right of the data during the three analysed of backhand phases.
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Figure 3. Backhand Cross and Backhand Straight muscle activity of AD muscle activity.
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Figure 3 shows the average values and coefficient intervals for the AD muscle. The paired T-test
demonstrated significant main effects for backhand strokes for AD muscle activity during the preparation
(Figure 3c), execution (Figure 3e), and follow-through phase (Figure 3g). During preparation, there was no
significant difference in AD muscle activity during the backhand cross compared to the backhand straight (p
= .783, Figure 3c). However, there was a significant difference during execution (p <.001, Figure 3e) and
follow-through (p < .001, Figure 3g). And the estimation plots demonstrated the differences between
backhand cross and backhand straight during the three analysed phases: the preparation = 0.263 (Figure
3d), the execution = 0.541 (Figure 3f), and the follow-through phase = -0.4 (Figure 3h).
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Figure 4. Backhand Cross and Backhand Straight muscle activity of PD muscle activity.

Figure 4 shows the average values and coefficient intervals for the PD muscle. The paired T-test
demonstrated significant main effects for backhand strokes for PD muscle activity during the preparation
(Figure 4c), execution (Figure 4e), and follow-through phase (Figure 4g). There was a significant difference
between PD muscle activity during the backhand cross compared to that present during the backhand straight
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during the three analysed phases: the preparation (p < .001, Figure 4c), the execution (p < .001, Figure 4e),
and the follow-through phase (p < .001, Figure 4g). And the estimation plots demonstrated the differences
between backhand cross and backhand straight during the three analysed phases: the preparation = -6.907
(Figure 4d), the execution = -20.211 (Figure 4f), and the follow-through phase = -13.646 (Figure 4h).
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Figure 5. Backhand Cross and Backhand Straight muscle activity of BB muscle activity.

Figure 5 shows the average values and coefficient intervals for the BB muscle. The paired T-test
demonstrated significant main effects for backhand strokes for BB muscle activity during the preparation
(Figure 5c), execution (Figure 5e), and follow-through phase (Figure 5g). There was a non-significant
difference between BB muscle activity during the backhand cross compared to that present during the
backhand straight during the three analysed phases: the preparation (p = .434, Figure 5c), the execution (p
= 432, Figure 5e), and the follow-through phase (p = .874, Figure 5g). And the estimation plots demonstrated
the differences between backhand cross and backhand straight during the three analysed phases: the
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preparation = -0.957 (Figure 5d), the execution = -0.829 (Figure 5f), and the follow-through phase = 0.263
(Figure 5h).
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Figure 6. Backhand Cross and Backhand Straight muscle activity of TB muscle activity.

Figure 6 shows the average values and coefficient intervals for the TB muscle. The paired T-test
demonstrated significant main effects for backhand strokes for TB muscle activity during the preparation
(Figure 6¢), execution (Figure 6e), and follow-through phase (Figure 6g). There was a non-significant
difference between TB muscle activity during the backhand cross compared to that present during the
backhand straight during the preparation phase (p = .223, Figure 6¢) and the execution phase (p = .532,
Figure 6e). And a significant difference was observed during the follow-through phase (p < .05, Figure 6g).
And the estimation plots demonstrated the differences between backhand cross and backhand straight during
the three analysed phases: the preparation = 1.00 (Figure 6d), the execution = -0.939 (Figure 6f), and the
follow-through phase = 3.144 (Figure 6h).
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Figure 7. Backhand Cross and Backhand Straight muscle activity of WF muscle activity.

Figure 7 shows the average values and coefficient intervals for the WF muscle. The paired T-test
demonstrated significant main effects for backhand strokes for WF muscle activity during the preparation
(Figure 7c), execution (Figure 7e), and follow-through phase (Figure 7g). There was a non-significant
difference between WF muscle activity during the backhand cross compared to that present during the
backhand straight during the three analysed phases: the preparation (p = .069, Figure 7c¢), the execution (p
=.625, Figure 7e), and the follow-through phase (p = .534, Figure 7g). And the estimation plots demonstrated
the differences between backhand cross and backhand straight during the three analysed phases: the
preparation = 1.386 (Figure 7d), the execution = 0.865 (Figure 7f), and the follow-through phase = 0.633
(Figure 7h).

Figure 8 shows the average values and coefficient intervals for the WE muscle. The paired T-test
demonstrated significant main effects for backhand strokes for WE muscle activity during the preparation
(Figure 8c), execution (Figure 8e), and follow-through phase (Figure 8g). There was a non-significant
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difference between WE muscle activity during the backhand cross compared to that present during the
backhand straight during the three analysed phases: the preparation (p = .486, Figure 8c), the execution (p
=.215, Figure 8e), and the follow-through phase (p = .808, Figure 8g). And the estimation plots demonstrated
the differences between backhand cross and backhand straight during the three analysed phases: the
preparation = 0.543 (Figure 8d), the execution = 1.564 (Figure 8f), and the follow-through phase = -0.400
(Figure 8h).
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Figure 8. Backhand Cross and Backhand Straight muscle activity of WE muscle activity.
DISCUSSION

The purpose of the current study was to explore the arm muscle activations regarding performance and injury
prevention during different patterns of backhand stroke in squash. To our knowledge, this is the first paper to
demonstrate the importance of determining the muscle activity during the cross and straight squash
backhand strokes using electromyographic analysis, which may help to increase the information about the
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muscular mechanisms of each pattern of backhand stroke, focus on the most appropriate exercises and
training methods, and improve the quality of performance to prevent injury.

The muscle activity of AD, PD, BB, TB, WF, and WE were examined during the three phases of performance,
when they activated as prime movers' muscles of the arm during backhand strokes in squash. The muscles
being evaluated work around three upper-extremity joints. They control adduction and abduction at the
shoulder, flexion and extension at the elbow, and radial deviation at the wrist.

Shoulder muscles

The muscles around the shoulder play a different role during backhand cross than in backhand straight
strokes. During both backhand strokes, we can assess muscle activity based on its function and the role of
muscle in performance. At the shoulder, AD muscle showed high activity of the backhand cross and backhand
straight during the preparation phase, then decreased during the execution phase and increased again during
the follow-through phase, as it provided power by abducting the shoulder. Its action appeared to be a
deceleration of the backhand cross during the execution phase. In context, the action continues to keep the
level of activity of the backhand straight during the execution phase, and then both patterns of strokes
increase during the follow-through phase (Morris, Jobe, Perry, Pink, & Healy, 1989). Overall, the AD muscle
is more active during backhand straight than backhand cross. There were no significant differences observed
in the amplitude of the AD muscle activation during the preparation phase of the backhand cross and
backhand straight. Subsequently, the AD muscle demonstrated significant differences in muscle activity
during the execution phase and follow-throw phase of the backhand cross and backhand straight strokes,
this finding is in agreement with Yaghoubi et al. (2014) (Yaghoubi et al., 2014).

In addition, the PD muscle showed high activity of the backhand cross during the execution phase and the
follow-through phase, with less activity during the preparation phase. Nevertheless, the PD muscle activity is
higher on the backhand cross than the backhand straight during the three phases of performance. In context,
the PD muscle activity increased during the backhand straight, from the preparation phase to the follow-
through phase. In contrast, the PD muscle is more active during the backhand cross than the backhand
straight when compared to the AD muscle activity. This result is clearly demonstrated by the high significant
differences in the amplitude of the PD muscle activation between both patterns of the backhand strokes
(backhand cross and backhand straight) during the three phases of performance, and it is supported by the
Gardner-Altman estimation plot method. During backhand strokes, the shoulder and trunk rotate, and as the
body weight shifts, energy is transmitted to the dominant arm, requiring considerable horizontal abduction to
place the upper limb posterior to the trunk (Morris et al., 1989; Yaghoubi et al., 2014). Thus, the AD and PD
muscles act to stabilize the arm as a rigid extension of the racket by interactions, as they are the agonist and
antagonist muscles around the shoulder during both patterns of the backhand strokes, as both utilize a
forward action of the upper extremity (Yaghoubi et al., 2014). The backhand strokes required greater activity
of the PD to maintain the abducted shoulder position necessary in the backhand performance, this finding
agrees with Yaghoubi et al. (2014) (Yaghoubi et al., 2014).

Elbow muscles

Two of the muscles examined (BB and TB) work on the elbow hinge. The BB and TB are only responsible
for controlling elbow flexion and extension. The BB showed lower activity during the backhand strokes, and
in addition to performing elbow flexion, they also controlled forearm rotation. This means that the muscles
have a positioning role, and that the elbow joint's inherent stability maintains position against the forces of
both patterns of backhand strokes and a flexed position during the preparation phase. Except for an increase
in activity during the execution and follow-through phases, the BB muscle showed reduced activity during the
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preparation phase of both patterns of backhand strokes, resulting in prolonged durations of the preparation
phase (Akl, Hassan, Elgizawy, & Tilp, 2021; Yaghoubi et al., 2014). This means that, in addition to putting
the elbow in flexion, the BB muscle was stabilizing the elbow flexion and contributing to the forearm's stability
against rotation (Akl, Hassan, Elgizawy, & Tilp, 2021; Morris et al., 1989). The BB muscle showed no
significant differences in the muscle activation between both patterns of the backhand strokes (backhand
cross and backhand straight) during the three phases of performance. At the elbow, the TB muscle showed
high activity only during the execution phase and the early of the follow-through phase, as they provided
power by extending the elbow (Akl, Hassan, Elgizawy, & Tilp, 2021). At the forearm, again, the BB and TB
muscles showed an increase in activity in the early of the follow-through phase, and in the late of the follow-
through phase, the TB increased during the backhand straight rather than backhand cross. Because both
the backhand straight and the backhand cross require the elbow to extend across a wide range of motion
and against resistance, the TB is engaged for lengthier periods of time throughout both patterns of backhand
strokes, particularly during the execution phase. This result was clearly demonstrated by the moderately
significant differences in the amplitude of the TB muscle activation between both patterns of the backhand
strokes (backhand cross and backhand straight) during the follow-through phase (p = .014), and it is
supported by the Gardner-Altman estimation plot method. Furthermore, no significant variations in BB and
TB amplitude were identified throughout other phases of performance. This finding is in agreement with
previous research in other activities (Werner, Fleisig, Dillman, & Andrews, 1993; Yaghoubi et al., 2014).
Backhand strokes generate substantial trunk rotation and horizontal abduction of the shoulder, resulting in a
strong centrifugal force at the elbow joint. Because the forces generated at the proximal joint were higher
than those produced at the elbow (Sisto, Jobe, Moynes, & Antonelli, 1987; Yaghoubi et al., 2014), both the
BB and TB muscles performed a similar role of transmitting energy during the backhand strokes. Thus, no
differences in the BB and TB muscles amplitude were found between both patterns of the backhand strokes
(backhand cross and backhand straight) (Yaghoubi et al., 2014).

Wrist muscles

The wrist was the third joint involved in muscular activity. Flexion and extension motions demonstrate wrist
and grip stability. During both patterns of backhand strokes, the WF and WE were examined. They worked
cooperatively to support the wrist during both patterns. The WF muscle was highly active during both patterns
when flexor moment resistance was necessary due to execution and ball contact (Morris et al., 1989). While
hitting the single-handed backhand stroke, the WE muscle activity increased as the impact time approaches,
which is likely necessary for wrist function throughout the racket swing (Furuya et al., 2021; Charles E.
Giangarra, Betty Conroy, Frank W. Jobe, Marilyn Pink, & Jacquelin Perry, 1993). This is most likely because
the WF and WE muscles act as stabilizers during forehand and backhand strokes, respectively (Furuya et
al., 2021).

The amplitude of the WF was higher during the execution phase at the most distal joint because the ball is
cupped between the forearm and hand during the backhand stroke, requiring a greater amplitude of the WF
muscle (Yaghoubi et al., 2014). This is most likely because both the backhand cross and backhand straight
rely on a pushing movement incorporating elbow extension. Thus, for the backhand strokes, the WE muscle
activity was higher during the execution and follow-through phases during both patterns as compared to the
WF muscle activity, which was higher during the execution phase only. This finding is in agreement with
Furuya et al. (2021) (Furuya et al., 2021). Furthermore, WE muscle activation was common throughout both
backhand stroke patterns. A previous study of EMG activity during tennis strokes showed a similar trend.
Clearly, the high level of activity in the WE muscle during the backhand stroke helps to keep grip stability in
an extension and radial deviation wrist position throughout execution and early follow-through. This is
interesting because the wrist extensors are the most commonly injured muscle among racket players
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(Charles E Giangarra, Betty Conroy, Frank W Jobe, Marilyn Pink, & Jacquelin Perry, 1993). The WF and WE
muscles showed no significant changes between the two backhand stroke patterns. Thus, this finding
demonstrates that these muscles had a comparable function in terms of muscular and temporal activity in
the backhand cross and backhand straight strokes (Yaghoubi et al., 2014).

CONCLUSIONS

In conclusion, it was exploring the muscular activation of the shoulder, elbow, and wrist muscles as they
changed during the different phases of the various squash backhand stroke patterns. Particularly, the
backhand straight had more AD muscle activation throughout the execution and follow-through phases than
the backhand cross (p < .001). In contrast, muscular activity in the PD muscle was greater during the three
phases of backhand cross than backhand straight (p < .001). There were no differences in the BB and TB
muscles between the backhand cross and backhand straight in the muscles of the elbow. Furthermore, being
the agonist muscle for the two types of backhand stroke, the TB muscle demonstrated the highest levels of
activity during the execution phase. In this context, the wrist muscles perform in concert during the two
patterns of backhand stroke phases by increasing the muscle activity of the WF muscle during the execution
phase and transferring the load of activity to the WE muscle during the follow-through phase for control and
more stability in the wrist joint. This knowledge of using electromyographic analysis on the main arm muscles
may be useful in understanding muscular activation, optimizing performance, and preventing injury risks to
the shoulder, elbow, and wrist during the phases of the two patterns of backhand stroke in squash.
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ABSTRACT

Evaluating and understanding the release parameters is crucial in the throwing events of athletics, however, calculating
the release parameters is time-consuming for data collection and can be expensive. The present study aimed to
investigate a method for detecting the release instant from data collected using a single inertia measurement unit (IMU)
in shot put. Two male shot putters participated in the study. Each participant performed six competitive throws with a
9-axis IMU (100 Hz) attached to the back of the participant’s throwing hand. Three different methods were examined
from IMU data; threshold values of resultant acceleration, waveform of resultant acceleration, and waveform of the
angular velocity around the radio-ulnar axis of the hand. The release instant as a true value was obtained from the
video recorded in sync with the IMU, and the error of the release instant detected from the IMU was calculated. The
final number of trials analysed was four for participant A and six for participant B. As results, there were various cases
where the threshold value of acceleration did not exceed the value depending on the participant and trial, and the
release instant could not be detected. The release instant detected from the moment the acceleration decreased based
on the acceleration waveform had a large error (4.00 + 2.26 frames). The release instant, which was detected from the
moment when the angular velocity became negative based on the angular velocity waveform, was detected in all trials
for both participants, and the error was low (1.20 + 0.92 frame).It was found that utilizing the detection of dorsiflexion
timing of the wrist joint, with the angular velocity around the rotational axis parallel to the radio-ulnar axis of the hand
as a cue, proved to be a highly accurate approach for determining the release instant.

Keywords: Biomechanics, Dorsiflexion, Throwing, Event detection.
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INTRODUCTION

In the throwing events of athletics, throwers compete for distance by throwing objects. This throwing distance
is determined by variables called release parameters, such as the velocity of the object (initial velocity), angle
of release, and location of release (release height) at the instance of release (Hay, 1993). Aerodynamic
factors influence the throwing distance in discus and javelin throws (Bartlett & Best, 1988; Hay & Yu, 1995;
Hubbard & Cheng, 2007), whereas, in shot put and hammer throw, these factors have minimal effect due to
the density of the objects being thrown (Hay, 1993). Therefore, evaluating and understanding these release
parameters is crucial, particularly for shot put and hammer throw events. Release parameters have
traditionally been calculated using 3-D motion analysis methods such as video-based DLT method or optical
motion capture systems (Dinsdale, Thomas, Bissas, & Merlino, 2017; Kato, Kintaka, Urita, & Maeda, 2017,
Kato, Maeda, Mizushima, & Maeda, 2022; Kumar, Murali, & MR, 2016; Landolsi et al., 2018; Liu & Yu, 2021;
Thomas, Dinsdale, Bissas, & Merlino, 2019; Van Biesen, McCulloch, & Vanlandewijck, 2018). Although these
methods provide accurate data on release parameters, the video-based DLT method is time-consuming for
data collection, and optical motion capture systems can be expensive (Lee & Yoo, 2017). Consequently,
these methods make it challenging to readily use data for training and coaching purposes.

Wearable devices are now being used for immediate data collection and feedback. In particular, the inertial
measurement unit (IMU) is becoming smaller and less expensive. Recent research has explored the use of
IMUs to evaluate athletes’ posture (Brice, Hurley, & Phillips, 2018; Wada et al., 2020), behaviour of sports
equipment (Gao et al., 2009; Wada, B. Shepherd, D. Rowlands, & A. James, 2016), joint power (Jiang,
Gholami, Khoshnam, Eng, & Menon, 2019; Nagahara & Murata, 2020), and ground reaction force (Karatsidis
etal., 2017; Shahabpoor & Pavic, 2018) across various sports. In the context of throwing events, IMUs have
been employed to estimate the throwing velocity in team handball by attaching them to the wrist or arm
segments and using machine learning (Gengogdlu & Gimdis, 2020; van den Tillaar, Bhandurge, & Stewart,
2021). Furthermore, the throwing velocity in team handball can be estimated from the acceleration measured
by a wrist-mounted accelerometer without the need for machine learning, yielding unbiased results with
minimal errors (Skeja, Bencke, Maller, & Sarensen, 2020). Based on previous research, it is feasible to
estimate release parameters in throwing events using a single IMU attached to the hand or wrist.

Determining the release instant is essential for obtaining accurate release parameters, which have been
traditionally determined visually using video images (Dinsdale et al., 2017; Kato et al., 2017; Kato et al., 2022;
Thomas et al., 2019). For example, in shot put, the acceleration of the shot had calculated using an
accelerometer embedded inside the shot without relying on video images (Gao et al., 2009). Another study
has also evaluated the kinematics of throwing motion using multiple IMUs (Saragevi¢, Atikovi¢, Stuhec, &
Cuk, 2018). However, these research efforts have not specifically investigated the release parameters and
the detection of release instant moment from the sensors. Therefore, in order to estimate release parameters
using the IMU, it is necessary to first establish a method for detecting the release moment solely based on
the IMU data.

The aim of this research was to investigate methods for detecting the release instant from data collected
through the use of the IMU.
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MATERIAL AND METHODS

Participants

Two well-trained male shot putters (personal best of shot put, 18.29 m and 17.35 m) volunteered to participate
in the study after providing informed consent. Both participants were right-handed throwers and competed at
the national level in Japan. The study protocol was approved by the research ethics committee.

Measures and procedures

Following a self-selected warm-up, which included warm-up throws, each participant performed six
competitive throws. A 9-axis wireless IMU with an accelerometers range of 200 G and gyro sensors range of
6000 deg/s was used at a sampling rate of 100 Hz (SS-MS-HMA5G3, SPORTS SENSING Co., Japan). After
static calibration, the IMU was attached to the dorsum of the participant’s right hand, and the shot put motion
was recorded by two high-speed cameras (Ex-F1, Casio, Japan) at a frame rate of 300 fps with a shutter
speed of 1/2000 s. The IMU was attached such that its X, Y, and Z-axes of the IMU were parallel to the long
axis of the right hand, the left-right axis (parallel to the dorsiflexion axis of the wrist joint), and the axis
perpendicular to the long axis and the left-right axis, respectively. The angular velocity was positive in the
direction of palm flexion and negative in the direction of dorsiflexion.

The IMU was controlled using a dedicated application (SPORTS SENSING Co., Japan) on a wirelessly
connected computer. LED lights (SS-WSYLT1, SPORTS SENSING Co., Japan) were synchronized with the
IMU measurement using a synchronization unit (SS-WSY12, SPORTS SENSING Co., Japan) and placed
within the cameras’ field of view to synchronize the time axis of the video images and IMU data.

The captured video was converted to 100 fps using video editing software (Adobe Premier Pro 14.2, Adobe,
Inc.) based on the frame when the LED light began to emit light. The converted video was then played back
frame by frame at 100 Hz using video playback software (Quicks time 7.79, Apple, Inc.), and the number of
frames was obtained as the true value of the release time, representing the instance when the shot was
completely released from the fingertips in both videos. The study protocol was approved by the research
ethics committee at the Shonan Institute of Technology.

Three different methods for detecting release instant using the IMU were examined, based on accelerometer
and gyro sensor data. In sprint acceleration, the touchdown and take-off of the foot were detected using an
accelerometer attached to the calf or heel, employing either acceleration threshold or waveform analysis
(Purcell, Channells, James, & Barrett, 2006; Schmidt et al., 2016). In the shot put, the shot's acceleration
was measured using an accelerometer integrated into the shot itself, and its acceleration exhibited a peak
followed by a decrease during the release, with a maximum value exceeding 15 G (Gao et al., 2009).
Considering that the IMU was affixed to the hand in this study, it is expected that the acceleration values
would be different from those of the shot. Following a kinetic chain perspective (Blazevich, 2017), it can be
inferred that hand acceleration reaches its peak before the release and gradually decreases toward release,
albeit to a lower level than the shot's acceleration.

The first method for detecting the release instant involved setting four threshold values (10.0 G, 7.5 G, 5.0
G, and 2.5 G), and the release instant was determined as the point when the resultant acceleration fell below
each threshold (BT 10.0 G, BT 7.5 G, BT 5.0 G, and BT 2.5 G).

The second method utilized the waveform of the resultant acceleration. For all trials of both participants,
waveforms were observed in which the resultant acceleration increased before release and then started to
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decrease just before release. Therefore, the instant when the resultant acceleration began to decrease was
extracted as DRA (Decrease of Resultant Acceleration).

Regarding the gyro sensors, the focus was on the angular degrees of freedom of the hand joints, which
influence hand motion. The wrist joint encompasses two types of motion—palmar and dorsal flexion, as well
as radial and ulnar flexion. However, evaluating flexion and ulnar flexion requires a relative positional
relationship with the forearm. On the other hand, the release is characterized by a snap of the wrist (palm
flexion) in shot put motion (Fok & Bain, 2022). Hence, the behaviour of the hand enables the observation of
palm flexion and dorsiflexion of the wrist joint, particularly before and after the release. Consequently, the
angular velocity waveforms around the left-right axis of the IMU attached to the hand were employed as the
third method for detecting the release instant. Across all participants and trials, the angular velocity around
the radio-ulnar axis of the hand exhibited a negative increase immediately before and after the release
instant, followed by a positive increase.

Therefore, the instant at which the angular velocity became negative was detected as NAV (Negative Angular
Velocity).

Statistical analysis

The mean value, standard deviation, and error range were calculated for the release moments obtained from
the acceleration and angular velocity of the IMU, in comparison to the release instants determined from the
video images. The error range, presented as absolute values, was analysed using a student t-test with a
significant level set at 5% for comparison.

RESULTS

Trials in which the IMU lost contact from the hand before the release of the shot were excluded from the
analysis. The final number of trials analysed was four for participant A and six for participant B. Figure 1 and
2 shows the resultant acceleration and Figure 3 and 4 shows the waveforms of the angular velocity around
the radio-ulnar axis of the hand before and after the release instant, identified as 0 s, as detected from the
video for each participant and trial. In participant A's first trial, the waveform was interrupted due to the
removal of the IMU from the hand after release.

100
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60 1

40 1
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20 1

- —

0
-0.10 -0.05 0.00 0.05 0.10

Figure 1. The resultant acceleration of the hand around the release instant for participant A. 0 s shows the
release instant detected from the video image.
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Figure 2. The resultant acceleration of the hand around the release instant for participant B. 0 s shows the

release instant detected from the video image.
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Figure 3. Angular velocity around the radio-ulnar axis of the hand of participant A around the release instant.
0 s shows the release instant detected from the video image.
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Figure 4. Angular velocity around the radio-ulnar axis of the hand of participant B around the release instant.
0 s shows the release instant detected from the video image.
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Table 1. Means and absolute means of errors in detecting release instant for each method. Negative values
mean that estimated release instant preceded true (by video) instant.

Acceleration [frame]

Angular velocity [frame]

Participant BT BT BT BT
100G 756 506 25G ™A NAV

Attempt 1 - - - - -1 1

A Attempt 2 - 1 -3 -2
Attempt 3 - - -5 -2
Attempt 4 - 1 - -1 0
Attempt 1 - 0 3 -3 3
Attempt 2 - -6 -1 -8 -1

B Attempt 3 - -3 0 -6 0
Attempt 4 - -1 1 -3 1
Attempt 5 - -2 - -4 1
Attempt 6 - -2 0 -6 1

Mean + SD -1.50+£233 0.60+1.52 -4.00 £ 2.26 0.20 £1.55

Absolute mean + SD 200+185 1.00+1.22 4.00 +2.26 1.20 £0.92

Table 1 shows the mean value, standard deviation, and error range of the error and absolute error in the
release instant detected from the acceleration and angular velocity, in comparison to the release instant
determined from the video. No trials were observed with accelerations above 10.0 G or below 2.5 G for both
participants. BT 7.5 G was detected in two out of four trials for participant A and in all trials for participant B.
BT 5.0 G was not detected in any of participants A’s trials; in contrast, it was detected in all trials for participant
B. DRA and NAV were detected in all trials for both participants. The results of student t-tests, as shown in
Figure 5, indicate that DRA (4.00 £ 2.26 frames) had a significantly larger absolute error than BT 7.5 G (2.00
1 1.85frame), BT 5.0 G (1.00 + 1.22 frame) and NAV (1.20 + 0.92 frame). There was no significant difference
between BT 7.5 G, BT 5.0 G, and NAV.

Frame

2

LE] = wn o =1 w
T T T T 1

*. p<0.05

BT75G

BT5.0G

DRA

Figure 5. Comparison in absolute errors in detecting release instant for each method. BT 10.0 G and BT 2.5
G were removed from the comparison, as no trial was observed for both participants.

DISCUSSION

This study aimed to investigate methods for detecting the release instant in shot put using the IMU. Two
participants threw the shot with the IMU attached to their hand. The primary focus of the study was to assess
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the errors in detecting the release instant detected from acceleration and angular velocity compared to the
true value detected from video images. The results of the study confirmed that using a threshold for resultant
acceleration and analysing the waveform of angular velocity around the axis paralleled to parm flexion and
dorsiflexion of the wrist joint can effectively detect the release instant with minimal errors.

Regarding the threshold of resultant acceleration, BT 7.5 G showed small errors in detecting the release
instant for participant A, but exhibited errors of up to six frames (0.06 s) for participant B. BT 5.0 G had small
errors in participant B, which was not detected in any trials in participant A. Furthermore, BT 10.0 G and BT
2.5 G were never detected in any of the trials. Additionally, the method of DRA showed significantly higher
errors compared to other methods. In the throwing motion, the kinetic chain perspective suggests that the
body moves from the centre to the extremities in sequence and with acceleration (Blazevich, 2017). In
addition, the initial velocity of the shot is a critical factor affecting on the throwing distance (Hay, 1993).
Therefore, it is assumed that the hand velocity around the release instant also varies between the trials,
depending on the participant’s skill level and the differences in throwing distance among trials. Consequently,
the resultant acceleration of the hand may differ not only between participants but also between trials. Based
on the results of this study, it can be stated that BT 7.5 G and BT 5.0 G can be used to detect the release
instant with relatively high accuracy for participant A and participant B, respectively. However, given that both
methods failed to detect the release instant in some trials for each participant, further verification is required
to determine whether hand acceleration depends on the characteristics of the participants and the throwing
distance to detect the release instant using the threshold of resultant acceleration.

NAV was detected within 3 frames (0.03 s) of the true value in all trials for both participants. This indicates
that the hand’s behaviour near the release instant resembled dorsiflexion of the wrist joint. In terms of hand
behaviour, in baseball pitching, the angular velocity of flexion-extension in the proximal and the middle finger
joints increases in the extension direction just before the release instant, followed by a rapid increase in the
flexion direction, which has been suggested to be due to high joint stiffness of the fingers (Matsuo et al.,
2018). Therefore, in shot put, it is plausible that the interphalangeal joints rapidly extend and then flex near
the release instant, and the hand joints are dorsiflexed by the reaction. The IMU attached to the hand may
measure the angular velocity of rotation in the direction of extension (dorsiflexion) around the hand's right
and left axes. The rotation behaviour of the hand around the radio-ulnar axis near the release instant, as
shown in the present results, is a distinctive characteristic of shot put. It is considered the most accurate
method for detecting the release instant examined in the present study.

There are several limitations to the study’s design. Since there were two participants, and their competition
level was sub-elite, it cannot be assured that similar results would be obtained in athletes of different
competition levels. As mentioned earlier, the optimal threshold values for hand acceleration may vary for
different athletes. Therefore, it is necessary to verify the results with a large number of participants and a
wider range of competition levels. In addition, the behaviour of the hand and wrist joints inferred from the
angular velocity waveforms in this study needs to be verified through detailed analysis using an optical motion
capture system.

CONCLUSIONS

The present study aimed to investigate three different methods for detecting the release instant in shot put
using data obtained from a single IMU. The release instant determined from synchronized video images was
considered as the reference value, and a comparison was made based on the absolute error in relation to
this reference. Among the methods examined, it was found that utilizing the detection of dorsiflexion timing
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of the wrist joint, with the angular velocity around the rotational axis parallel to the radio-ulnar axis of the hand
as a cue, proved to be a highly accurate approach for determining the release instant.
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ABSTRACT

The aim of this study was to investigate the available literature on sporting talent in volleyball, and critically
analyse what else has been researched in the area, methodological approaches, knowledge gaps, and
encouraging future research. The search strategy was carried out in four electronic databases (PubMed®,
Scopus, SPORT Discuss and Web of Science) using the PRISMA-ScR methodology (extension for Scoping
Reviews). 78 articles were included for the final analysis. Most studies analysed female athletes (56.4%), in
a cross-sectional design (85.9%), with group comparison (60.3%), bivariate analysis (66.7%) and application
of test batteries (91%) of anthropometric (62.8%) and physical-motor (56.4%) characteristics. There were
few studies that adopted a multidimensional (20.5%) and retrospective/longitudinal approach (11.5%),
evaluated psychological skills (7.7%), subjective coach analysis (25.6%), motor coordination (9%),
maturation (9%) and sociocultural characteristics (5.1%). Thus, talent identification in volleyball generally
uses batteries of tests to discriminate between skill levels, mainly using physical tests (anthropometric and
physiological measures), but the evidence for their validity in predicting future performance and discriminating
skill levels is limited. Future research should adopt multidimensional and longitudinal approaches, combining
objective and subjective indicators of sporting potential of young volleyball athletes.
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INTRODUCTION

The field of sporting talent has aroused the interest of the academic community in recent years (Baker et al.,
2020). In parallel with this increase, the number of identification and development talent programs has grown,
as they aim to recognize athletes with the potential to excel within their specific sport, as well as provide a
suitable systematic training environment for the development of their capabilities (Barraclough et al., 2022).

In this context, there is still no consensus in the literature on the definition of sporting talent due to the lack
of methodological rigor in research (Baker et al., 2019). Despite these inconsistencies, the studies agree that
sporting talent is multidimensional (Roberts et al., 2019), as it involves the interaction of individual aspects
and the environment (Paula et al., 2021), and thus within the individual factors is the potential of specific
sporting talent abilities of the sport modality along with the psychological capacities, physical and cognitive,
which enable the attainment of high performance (Issurin, 2017). Furthermore, sporting talent is considered
to be non-linear (Roberts et al., 2019), i.e., the characteristics of talented individuals change during the long-
term training process.

Volleyball is a team sport with unpredictable game situations that require players to make quick decisions
(Claveretal., 2016). In addition, volleyball is an intermittent sport, in which, during the match, athletes perform
high and low intensity actions and rest periods. Thus, the volleyball athlete who reaches the elite level is the
one who has excellent physical-motor preparation (Altavilla et al., 2022), excellent anthropometric
characteristics (Tsoukos et al., 2019), as well as cognitive (Waelle et al., 2021), psychological (Rabaz et al.,
2015), technical/tactical (Lopes et al., 2016) and favourable environmental aspects (Coutinho et al., 2021).

From the perspective of identifying talent in volleyball, studies demonstrated that the coach plays an important
role in this process (Formenti et al., 2022; Stanovic et al., 2020). Generally, coaches use their "instinct"
(Roberts et al., 2019) to analyse the performance of the athletes in competitions and performance in physical
tests when choosing the one with the best chance of reaching high performance (Baker et al., 2019; Johnston
et al., 2018). However, the use of assessments together with the opinion of the coach may constitute an
excellent tool for detecting talent.

Thus, research demonstrates that the field of sports talent is highly complex, since it is characterized in a
multidimensional manner and specific to each modality, considering that each sport has its own specificity,
requiring different talent characteristics. Recent systematic reviews (Johnston et al., 2018) and scoping
reviews (Baker et al., 2020) have analysed the literature on talent in various sports. However, there is a lack
of literature reviews addressing sporting talent in volleyball.

In this way, the aim of this research review was to investigate the available literature on sporting talent in
volleyball, and to critically analyse what has been most researched in the area, methodological approaches,
in addition to identify knowledge gaps and encourage future research.

METHOD

This scoping review followed the guidelines of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (Liberati et al., 2009; Tricco et al., 2018). This
type of review has as an objective to carry out a collection of information already available within the literature
on a thematic subject in order to obtain a better understanding about the trends and shortcomings (Baker et
al., 2020).
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Eligibility criteria

The articles that were included for analysis, after reading the title, abstract and full text, respectively, were
those that met the criteria: (1) published between January 2000 and July 2022, (2) written in English, (3)
original articles (books were excluded, commentaries, theses, dissertations, notes, conference abstracts and
letters to the reader), (4) contained information on volleyball athletes (studies on coaches were excluded),
(5) contained relevant data on sporting talent in volleyball (studies with multiple indicators: anthropometric,
physical-motor, psychological, cognitive, technical/tactical; performance prediction, athlete selection and
career analysis), (6) included comparisons based on skill level of athletes and by age group (e.g. more skilled
versus less skilled and under-15 versus under-17, respectively), (7) athletes under 18 years of age (except
retrospective studies with athletes over 18 years of age and studies comparing age groups that included the
adult category), (8) did not focus on the effect of relative age. The exclusion criteria were: (1) articles on the
effect of training, (2) studies that only evaluated match performance analysis (used DataVolley software), (3)
comparison between genders (female versus male), (4) comparison between modalities (for example,
volleyball versus basketball), (5) health outcomes (for example, injuries, COVID-19, doping), (6) descriptive
articles, (7) articles that compared non-athletes/control group or compared athletes from different playing
positions (e.g. outside hitter versus central midfielder), (8) studies on paralympic athletes and (9) studies on
beach volleyball athletes.

Search information

The searches were conducted in July 2022 in four databases (PubMed®, Scopus, SPORTDiscus and Web
of Science) by Author and Author. All the databases have a broad scope in the field of sports science, and
to identify the articles in each database separately, the search terms were applied. The external search
included the bibliographic reference lists of the articles included for analysis and indication of the articles
performed by a renowned researcher in the field of sporting talent.

Search strategies

The search strategy was divided into the following stages: (1) search in electronic databases; (2) secondary
search using external sources. The first stage consisted of searching the four databases: PubMed®, Scopus,
SPORTDiscus and Web of Science. The establishment of the terms for the search in the databases was
carried out by means of a review of the existing literature in the area, in order to identify the most commonly
used terms on the subject. In order to combine the terms and search for articles in the databases, we used
the Boolean operators OR & AND. Thus, the search terms utilized, considering the title and abstract of the
articles were:

(“talent™ OR “expert” OR “gift*” OR “ability” OR “aptitude” OR “skill” OR “select” OR “champion* OR
“finalist’ OR “success™ OR “develop* OR “identif” OR “prognos*” OR “predict*™ OR “diagnos*” OR “career’)
AND (“volleyball*) AND (“young*” OR “youth” OR “junior’ OR “adolescent*” OR “athlete*” OR “elite”)

The second stage consisted of reading the bibliographical references of the articles found in stage 1, as well
as consulting a specialist in the field of sporting talent who suggested original articles that might fit the
eligibility criteria.

Study selection and data collection process

The studies collected in each database were processed in EndNote X9 (Clarivate Analytics, Philadelphia,
USA), and duplicate articles were removed automatically and manually. The reading of titles and abstracts
was undertaken by two independent researchers (Author) and (Author) following the eligibility criteria, and in
any conflicts a third reviewer (Author) decided on the inclusion or not of the study. The abstracts that lacked
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decisive information were selected for full-text reading. The data was recorded in an Excel spreadsheet
specifically for this review.

Data items

The articles included in this review were thoroughly assessed by the Author researcher, who initially extracted
general information from the studies: name of the author(s), year of publication, name of the journal, title and
objective of the article, theory/concept of sporting talent, design (cross-sectional, intervention/tracking and
longitudinal/retrospective), whether or not there was a division of groups (by skill level or age group) and
statistical analysis of the study (bivariate, multivariate or qualitative analysis).

In addition, the results related to the sample were analysed: sample size (<20 participants, 20-50 participants,
51-100 participants, 101-200 participants, 201-500 participants or >500 participants), nationality of the
sample, gender (female, male or mixed), age (adolescent - 12 to 17 years; adult - + 18 years or mixed) and
skill level of the participants (expert - international level, advanced - national level, intermediate - state level,
basic - regional/local level and novice - inconsistent/beginner or mixed) (Baker et al., 2015).

Moreover, the following talent/athlete  results were also evaluated: anthropometric,
physical/motor/physiological indicators, psychological skills, technical, tactical/cognitive, quality/quantity of
practice/training, performance in competitions, motor coordination, sociocultural characteristics, biological
maturation and the coach's subjective evaluation. The indicators of sporting talent were classified as:
restricted to the individual, the task and the environment. Further, the studies were classified as
multidimensional (those that assessed 4 or more indicators within sporting talent) or non-multidimensional.

Furthermore, when the articles were classified as group division, performance prediction and future
success/career pathway, the results were classified as positive, i.e., when there was a difference between
groups or if the variables analysed predicted performance or if the variables were determinant in the career
of the athlete, respectively. The results of the group division were also classified as contradictory, i.e., when
some variables made a significant difference and others did not. And finally, the results were also classified
as negative, thatis, when there was no significant difference in any variable or if the variables failed to predict
performance or if the variables were not determinant for career progression, respectively.

Synthesis method
No meta-analysis was planned. A narrative synthesis of the data was performed.

RESULTS

The first phase identified 5 113 articles from the search of databases using the keywords cited. In the second
phase, 29 articles were identified through external sources. 2 468 duplicated articles were removed, and after
reading the titles and abstracts, 2 575 were excluded, 2 550 from the first phase and 25 from the second
phase. In addition, 7 articles were not found in the entirety of the literature and were consequently excluded.
This left 92 articles for the evaluation of the whole text. After a meticulous reading of the studies, 14 articles
were removed, and thus a total of 78 articles remained in the final analysis of the study (see Figure 1).

Figure 2 illustrates the distribution of studies published in the defined time interval (2000-2022). It can be
seen that of the 78 articles analyzed, 16.7% were published between 2000 and 2009, 26.9% between 2010
and 2014, 28.2% between 2015 and 2019 and 28.2% between 2020 and 2022.
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Figure 1. Flowchart: number of reports collected and the number of eligible studies after the screening
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Figure 2. Number of studies by year of publication.

According to Table 1, 56.4% of the studies used samples made up of females, followed by both sexes
(17.9%), and finally by males (16.7%). In relation to the age of the sample, the majority of the studies
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evaluated adolescent athletes - 12 to 17 years old (57.7%), followed by those that evaluated both adolescents
and adults (33.3%), and just 9% evaluated only adults (these are the ones that evaluated the passage of the
career/retrospective of the athlete).

In terms of skill level, some of the studies evaluated athletes of different abilities (32.1%), followed by
advanced (national level, 29.5%), intermediate (state level, 12.8%), basic (regional/local level, 10.3%), and
specialists and novices (international level and inconsistent level, respectively, each with 3.8%). Additionally,
athletes from 22 countries were represented in the studies analysed, with Brazil, Croatia and Spain having
the highest number of studies (11.5% each), followed by Portugal (10.3%). In terms of sample size, 57.7%
of the studies had a sample size of 20-100 athletes.

Table 1. Descriptive statistics for gender, age, skill level and sample size for the study samples with volleyball
athletes.

N (%)
Sex
Masculine 13 (16.7%)
Feminine 44 (56.4%)
Mixed 14 (17.9%)
Not reported 7(9%)
Age
Adolescent: 12-17 45 (57.7%)
Adult: +18 7(9%)
Mixed 26 (33.3%)
Level of ability
Specialist 3(3.8%)
Advanced 23 (29.5%)
Intermediate 10 (12.8%)
Basic 8 (10.3%)
Novice 3(3.8%)
Mixed 25 (32.1%)
Not reported 6 (7.7%)
Sample size
<20 7 (9%)
20-50 26 (33.3%)
51-100 19 (24.4%)
101-200 13 (16.6%)
201-500 8 (10.3%)
501+ 5 (6.4%)

In Table 2, there is a higher percentage of cross-sectional studies (85.9%), followed by
retrospective/longitudinal studies (11.5%) and short-tracking studies (2.6%). In relation to the studies that
compared groups, it was observed that some compared age categories (26.9%), and others compared
athletes of different performance levels, covering a wide range of te