Montenegrin Journal
of Sports Science and Medicine

WWW.mjssm.me

875006

771800

ISSN 1800-8755

——

4

MaRrcH 2026




Montenegrin Journal
of Sports Science and Medicine

Editors-in-Chief
Dusko Bjelica | University of Montenegro (Montenegro)
Damir Sekuli¢ | University of Split (Croatia)

Editorial Board
Antonino Bianco | University of Palermo (Italy)
Barbara Gili¢ | University of Split (Croatia)

Branislav Antala Comenius | University in Bratislava (Slovakia)
Catalina Casaru | The University of West Alabama (United States)
Ferman Konukman | Qatar University (Qatar)

Filip Kuki¢ | University of Banja Luka (Bosnia and Herzegovina)
Gregor Starc | University of Ljubljana (Slovenia)

Gregor Jurak | University of Ljubljana (Slovenia)

Haris Pojskic | Mid Sweden University (Sweden)

Hugo Sarmento | University of Coimbra (Portugal)

Humberto Carvalho | University of Campinas (Brazil)

Jernej Pajek | University Medical Centre Ljubljana, University of Ljubljana, Faculty of Medicine (Slovenia)
Juan Cortell-Tormo | University of Alicante (Spain)

Agron Kasa | Sport University of Tirana (Albania)

Kemal Idrizovi¢ | University of Montenegro (Montenegro)

Ligia Rusu | University of Craiova (Romania)

Mehmet Uygur | Rowan University (United States)

Nejc Sarabon | University of Primorska (Slovenia)

Predrag Bozi¢ | Serbian Institute of Sport and Sports Medicine (Serbia)
Rodica Traistaru | University of Medicine and Pharmacy of Craiova (Romania)
Sandra Mandic | University of Otago (New Zealand)

Selguk Akpinar | Nevsehir Haci Bektas Veli University (Turkey)

Sergej Ostojic | University of Novi Sad (Serbia)

Seyed Morteza Tayebi | Allameh Tabataba'i University (Iran)

Shaji John Kachanathu | College of Applied Medical Sciences, King Saud University (Saudi Arabia)
Toni Modri¢ | University of Split (Croatia)

Yousef Saleh Khader | Jordan University of Science & Technology (Jordan)
Sime Versi¢ | University of Split (Croatia)

Index Coverage
Emerging Sources Citation Index; Scopus; ProQuest; Index Copernicus; DOAJ; SCImago; SPORTDiscus; ERIH PLUS; Open Academic Journals
Index; Google Scholar; SHERPA/RoMEO; Crossref; NLM Catalog; Islamic World Science Citation Center (ISC); ROAD

Proofreading Service
Danilo Tosi¢

Prepress
Milicko Cerani¢

Print
ArtGrafika NK

Print Run
500




ISSN 1800-8755

eISSN 1800-8763

MONTENEGRIN JOURNAL OF SPORTS SCIENCE AND MEDICINE

International Scientific Journal

Vol. 15(2026), No.1 (1-91)

TABLE OF CONTENTS

WWELCOIME NOLE.........oeeieeeeeeeeeeeee ettt ettt e et e st e b e st e s st ese s st esseessesssesesssesssensesnsesseensesnsessean

Igor Vuckovi¢, Laszlo Ratgéber, Dora Nagy, Dimitrije Cabarkapa, Mladen Miki¢, Filip Kuki¢
(Original Scientific Paper)

Load Dynamics in Basketball: Insights from Wins and Losses ............c.ccoccevecureneurenceernecunecnnen.

Katja Plaskan, Maja Pajek, Miha Vodicar
(Original Scientific Paper)
Effects of an Individually Structured Exercise Program on Walking

Ability in Patients with Lumbar Spinal Stenosis: A Pilot Study..........c.ccccovveeernnccrnene.

Emre Keskin, Utku Alemdaroglu, Biirhan Soyugiir, Yusuf Koklii, Rohit K. Thapa
(Original Scientific Paper)
Acute effect of time and set configuration of squat exercise on jump

performance of male soccer players: a randomized crossover study...............ccoecveeneenerrernerenerennes

Asier Gonzalez-Artetxe, Sara Lombardero, Hugo Folgado, Julen Castellano, Asier Los Arcos
(Original Scientific Paper)

Exploring possession games in women’s football: A multidimensional approach...............

Wafa Souissi, Imen Hadjkacem, Mariem Zaibi, Hela Ayadi, Yousr Moalla,
Maamer Slimani, Nicola Bragazzi, Riadh Dahmen

(Original Scientific Paper)

Dance Movement Therapy as a Psychomotor Intervention for

Children with Autism Spectrum DiSOFder ...........ccoceireiiniiriniirierereer et

Ming-Hwa Hsu, Miran Kondri¢, I-Yun Fan-Chiang, Jiunn-Lin Wu
(Original Scientific Paper)
A New Table Tennis Match Stroke Forecasting Method Using

Transformer-Based Deep Neural NetWorks.............ccovueururireiririnininieeiesseeeie et seseeeseees

Besim Halilaj, Ilir Gllareva, Hasim Rushiti, Florim Gallopeni, Natasa Zenic, Ard Kryeziu
(Original Scientific Paper)
Normative Values for the Growth and Development of

Morphological Characteristics in Students Aged 12, 13, 14, and 15 in Kosovo............c.cocereunce.



Al Azim, Jakir Hossain, Borko Katanic, Robert Citozi, K. H. Hanif, Leandro Oliveira,
Karuppasamy Govindasamy, Vlad Adrian Geanta

(Original Scientific Paper)

Influence of sleep quality and patterns on different sports events of

collegiate athletes in Bangladesh: Insights from the Pittsburgh Sleep Quality Index...............cc.ccc.......

Daniela Zezeli¢, Slaven Medjimurec, Snjezana Schuster,
Jasna Imgrund, Ivana Mar¢i¢, Mirela Vuckovi¢
(Original Scientific Paper)

The Impact of Organized Exercise on the

Functional Abilities of Individuals with ODeSity ...........cococoiiuiirininiiiiicccc e

Athos Trecroci, Marco Cadonati, Tindaro Bongiovanni,
Rodrigo Ramirez-Campillo, Stefano Longo

(Original Scientific Paper)

Physical Performance and Muscle Soreness in Tennis Players

After Plyometric Training Performed at Different Weekly Frequencies................cccccoocvininininincninininianes

Guidelines for authors are available at Journal’s web page: https://www.mjssm.me/

Full-text available free of charge at https://www.mjssm.me/



Dear Readers

We are pleased to present the March 2026 issue of the Montenegrin Journal of Sports Science and Medicine,
which once again reflects the multidisciplinary strength and international character of our journal. The current
volume brings together original scientific contributions spanning performance analysis in elite basketball and
football, innovative applications of artificial intelligence in sport analytics, and position-specific physiological
profiling in competitive athletes. In addition, this issue highlights clinically relevant research addressing
exercise interventions for lumbar spinal stenosis, obesity management, sleep quality in collegiate athletes, and
psychomotor therapy for children with autism spectrum disorder. The diversity of methodological approaches
demonstrates the dynamic evolution of contemporary sport science and medicine. Collectively, these studies
deepen our understanding of athletic performance, health optimization, rehabilitation strategies, and data-
driven decision-making in sport. We extend our sincere appreciation to the authors, reviewers, and editorial
board members whose expertise ensures the continued scientific quality and global relevance of our journal.

Finally, we warmly invite researchers, practitioners, and students to join us at the upcoming Annual Scientific
Conference organized by the Montenegrin Sports Academy, which will be held in Budva, Montenegro (April
16-19, 2026), where we will continue fostering dialogue, collaboration, and innovation in sport science and
medicine.

Editors
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ORIGINAL SCIENTIFIC PAPER

Load Dynamics in Basketball: Insights from
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Abstract

The purpose of the present study was to: determine differences in external and internal load in professional
male basketball players between winning and losing game outcomes during official in-season games; identify
differences in external and internal loads between backcourt and frontcourt players in both winning and los-
ing games; and examine if load variables impact the Performance Index Rating (PIR). Using the performance
monitoring system (Kinexon), 20 player load metrics were analysed for eight athletes. Paired sample t-tests or
their nonparametric equivalents, independent sample t-tests or their nonparametric equivalents, and stepwise
regression analysis were used to examine statistically significant differences and determine the association of
load variables with PIR. The results revealed no significant differences between the winning and losing game
outcomes in external and internal load metrics on a general and partial level. However, significant differences
were observed between backcourt and frontcourt players in both winning and losing matches. Training impulse,
average heart rate, and Sprints explained 53% (adjusted R?=0.53, p<0.001) of the variance in PIR of backcourt
players, while Accumulated Acceleration Load and number of Accelerations explained 46% (adjusted R?=0.462,
p=0.02) of the variance in PIR of frontcourt players. While player loads did not directly impact game outcomes,
they did affect players' PIR and varied by playing position. These insights are valuable for the head coach and the
team's strength and conditioning personnel and could aid in the development of tailored training programs to
enhance player performance and recovery.

Keywords: backcourt players, frontcourt players, PIR, Kinexon, performance analysis
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EXTERNAL AND INTERNAL LOAD DYNAMICS IN BASKETBALL
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Introduction designing individually tailored training programs (Svilar et al.,

Monitoring training load is essential to maximize perfor- ~ 2018). Obtaining the player load values for games is challeng-
mance, prevent overreaching, and reduce injury risks (Aoki  ing due to various contextual factors influencing the game de-
et al,, 2017). Prioritizing the use of game-collected data is es-  mands, such as game location (e.g., home or away) and game
sential to accurately determine training loads, particularly for ~ outcome (i.e., win or loss) (Fox et al., 2020). Previous research
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EXTERNAL AND INTERNAL LOAD DYNAMICS IN BASKETBALL | I. VUCKOVIC ET AL.

on the external and internal load of basketball players has fol-
lowed three main directions.

The first group of studies focused on the external and in-
ternal load of basketball players in various contexts (Fox et
al., 2020; Sansone et al., 2021; Svilar et al., 2018). Fox et al.
(2020) reported significant differences in player loads in away
vs. home games, balanced vs. unbalanced, and wins vs. los-
es. Considering the influence of individual characteristics
and contextual factors on game performance, Sansone et al.
(2021) emphasized the significance of conditions where play-
ers experience high and low loads. High loads included being
a guard, having high experience, medium minutes per game,
during the early season, and their combinations, while low
loads meant situations like low minutes per game or facing a
high-level upcoming opponent.

The second group of scientific articles has examined
the differences between backcourt (i.e., guards) players and
frontcourt (i.e., forwards and centers) players in their exter-
nal and internal load (Salazar et al., 2020; Vazquez-Guer-
rerol et al., 2018; Williams et al., 2021). Vazquez-Guerrerol
etal. (2018) emphasized the greater importance of decelera-
tion over accelerations in basketball players, whereby front-
court players exhibited higher acceleration-to-deceleration
ratio of over 3 m/s2. Using the principal component analy-
sis, Salazar et al. (2020) found that components of external
load rank differently between playing positions, with accel-
erations and decelerations being the most dominant. Wil-
liams et al. (2021) found that frontcourt players experienced
greater external and internal loads in games compared to
training. Authors concluded that position specific strategies
may be needed to optimize players performance. The third
group of studies investigated the impact of various player
performances on the Performance Index Rating (PIR) (Fox
et al., 2022; Sansone et al., 2021; Zarié et al., 2018).

To the best of our knowledge, there is a lack of research
addressing external and internal load of professional basket-
ball players in official winning vs. losing matches. Therefore,
the first aim of this study was to determine whether there are
differences in the external and internal load of professional
male basketball players in winning and losing matches. The
second aim was to identify differences between backcourt
players and frontcourt players in the external and internal
load in winning and losing matches. The third aim was to
investigate whether the variables of external and internal
load influence the PIR of basketball players in winning and
losing matches. Accordingly, we hypothesized that there
would be no significant differences in any selected variables
of external and internal load in winning and losing matches;
that backcourt and frontcourt players would not differ in
the external and internal load in winning and losing match-
es; and that there would be an impact of external and in-
ternal load on the PIR of basketball players in winning and
losing matches.

Methods

A prospective observational research design was adopted
to examine external and internal load of an elite male bas-
ketball team playing in the Hungarian First League Champi-
onship. Data were collected using the Kinexon System (KI-
NEXON Precision Technologies, Munich, Germany) during
eight home games (i.e., wins = 5, losses = 3) of the 2023/2024
season, from October to January. Kinexon is an ultra-wide-

band local positioning system (LPS) with sub-10 cm accu-
racy and 20 ms latency. It offers over 300 real-time metrics
by pairing wearable sensors with Wi-Fi-connected anchors.
Utilizing ultra-wideband signals, its small sensors track play-
ers' real-time positions with the frequency of 20Hz. The sys-
tem precisely measures 2D and 3D movements, directional
changes, and performance/load metrics for all players. Its
validity and reliability were shown to be acceptable (Fleureau
et al., 2020; Gamble et al., 2023). Players wore inertial mea-
surement unit sensors in a manufacturer-designed vest, on
their back, and a Suunto sensor to deliver data of heart rate
changes. System was set to measure movements on the court
not on the bench, while heart rate sensor data were collected
both on the bench and on the court during the whole train-
ing session or game. The ethical approval was obtained by a
Human Research Ethics Committee of the Faculty of Physical
Education and Sports, University of Banja Luka (No. 11/505-
2/23). The study is conducted following the Helsinki Decla-
ration (Williams, 2008).

Subjects

Data from eight male professional basketball players
(mean+SD, age = 24.5+4.8 years; height = 199.2+7.6 cm;
body mass = 95.4+10.8 kg) in the Hungarian Basketball
League 2023/2024 Championship were analysed. All athletes
were cleared for participation in training and competition
by their respective medical and strength and conditioning
staff. None of the players participated in the observed games
while sick or injured. Only athletes that played >8 min per
game were included in the study analysis procedures. This
was recommended by the head coach as players who played
<8 min per game typically involved young players with spe-
cific roles or those in recovery, neither of whom significantly
contributed to the team (2.44% of total playing time). Fol-
lowing Russell et al. (2020), players were classified as front-
court players (n = 3; centers) and backcourt players (n = 5;
forwards and guards).

Procedures

Kinexon is an ultra-wideband local positioning system
(LPS) with sub-10 cm accuracy and 20 ms latency. It offers
over 300 real-time metrics by pairing wearable sensors with
Wi-Fi-connected anchors. Utilizing ultra-wideband sig-
nals, its small sensors track players' real-time positions with
the frequency of 20Hz. The system precisely measures 2D
and 3D movements, directional changes, and performance/
load metrics for all players. Its validity and reliability were
shown to be acceptable (Blauberger et al., 2021; Gamble et
al., 2023). Players wore inertial measurement unit sensors
in a manufacturer-designed vest, on their back, and a Suun-
to sensor to deliver data of heart rate changes. System was
set to measure movements on the court not on the bench,
while heart rate sensor data were collected both on the
bench and on the court during the whole training session
or game.

Variables
The following variables were analysed:

Distance Covered

Player's total distance covered during the game (Dis-
tance [m]) was calculated as the sum of minimum distances

DOI 10.26773/mjssm.260301



EXTERNAL AND INTERNAL LOAD DYNAMICS IN BASKETBALL | I. VUCKOVIC ET AL.

updated within a minimum time frame of 0.5 meters and
1.0 second intervals. The distance covered was relativized to
time (Distance [m/min]) to provide an indication of player’s
locomotion intensity.

On-court Speed

The speed of a player was collected at each single instant
of time based on the differentiation of filtered positions. Aver-
age running speed (Speed,,, [km/h]) and maximum running
speed (Speed,,, [km/h]) during the game were extracted for
the analysis.

Number of Sprints

A sprint event was triggered when a player maintains a
speed over a given speed threshold during a minimum dura-
tion. Speed threshold was 15.12 km/h and the minimum du-
ration was 0.5 s. A total number of sprints (Sprint [No]) and
relativized number of sprints per minute spent on the court
(SprintsN [No/min]) were extracted for the analysis.

Acceleration and Deceleration events

Acceleration and deceleration events occurred when a
player sustained acceleration above a threshold (1.5 m/s?) for a
minimum duration of 0.5 seconds. For this study, we extracted
total counts of accelerations (Accelerations [No]) and decel-
erations (Decelerations [No]), as well as their respective rates
per minute (Accelerationsy [No/min] and Decelerationsy [No/
min]). The maximum deceleration of the player (Deceleration
max [m/s*]) was calculated by performing filtering and double
differentiation of position data.

Accumulated Acceleration Load

This metric provides the accumulated load of the player
during the entire game (Boyd et al., 2011). It adds up the dif-
ferentials of accelerometer data in a single number, providing
an overview of the load of the player produced by 2D-mo-
tion, jumps, impacts. The instantaneous acceleration load is
based on the player load formula defined elsewhere (Boyd et
al,, 2011).

Number of Jumps

This variable assesses the total number of jumps (Jumps
[No]) and relativized number of jumps (JumpsN [No/min])
during the player's in-game time. Each jump exceeding a min-
imum airtime is detected via accelerometer data, accurately
pinpointing the start and end of the jump. Jump height can
be computed from airtime using the formula: Height = (0.5g
* airtime + (height difference between take-off and landing
height / airtime))* / 2g. The minimum airtime was 0.3s.

Jump Load per Player’s Body Mass

The energy estimation is based on the jump height for each
individual jump. The jump load of a single jump is calculated
using the potential energy formula: Jump Load (J/kg) = gravity
constant * jump height. Jump Load (J) = mass of the player in
kg * gravity constant * jump height. The jump load of every
single jump performed by a player is added to yield an overall
jump load for that player.

Heart rate

The heart rate data for each player is measured by Suun-
to sensors worn in the Kinexon vest. Average values (HRavg

DOI10.26773/mjssm.260301

[b/min]) obtained during the game were assessed. In addi-
tion, heart rate relative to the personal maximal value (HR-
max [%]) obtained on treadmill at the beginning of season
was also calculated for each game. We updated the values if
the measured maximum heart rate was higher for more than
three times.

Training Impulse

We used Training Impulse (TRIMP) as an indicator of
overall game load and metabolic functionality (Stagno et al.,
2007). The TRIMP formula is the following: fractionalEleva-
tion = (HRi - HRmin) / (HRmax - HRmin) TRIMP = SUM
(0.1225 * €3.9434 * fractionalElevation) * sessionTime where:
“HRi” is the instantaneous (current) heart rate of the player
(in bpm); “HRmin” is the minimum heart rate of the player (in
bpm;) “HRmax” is the maximum heart rate of the player (in
bpm); “sessionTime” is the duration of the training/game in
minutes (Stagno et al., 2007).

Statistical analyses

Statistical procedures were performed using JASP sta-
tistical software (v 0.18.1, University of Amsterdam, Neth-
erlands). The descriptive statistics were shown for mean,
standard deviation, minimum, and maximum. The Shap-
iro-Wilk test was performed to test the normality of data
distribution. For variables with violated normality of dis-
tribution, non-parametric tests were performed. The differ-
ence between games won and games lost was tested using the
paired sample t-test (Wilcoxon signed-rank for non-para-
metric data). An independent sample t-test (Mann-Whitney
test for non-parametric data) was used to test the differences
between backcourt and frontcourt players. The regression
analysis with stepwise model was utilized to determine the
association of external and internal load variables with PIR.
This model was selected to reduce the number of variables
to those that best predict the PIR. The significance was set at
p<0.05. The effect sizes were calculated for differences (Co-
hen’s d) as d < 0.2 (trivial), d = 0.2-0.5 (small), d = 0.5-0.8
(moderate), 0.8-1.2 (large), and d > 1.2 (large) and for the
coeflicient of determination (r?) as r? = 0.04-0.25 (small),
r* = 0.25-0.64 (moderate), and r* > 0.64 (large) (Sullivan &
Feinn, 2012). G*Power (v 3.1.9.4, Kiel University, Germany)
was used to determine the required effect size for the given
sample size.

Results

There was no significant difference between winning and
losing game outcomes in indicators of external and internal
load on a general level (p = 0.5-0.95, d = 0.02-0.37), as well
as on a partial level. The descriptive statistics for won and lost
games are presented in Tables 1 and 2, respectively. The nor-
mality of distribution was violated for PIR, Jumps, and HR-
max in games lost; and for PIR, Jumps, JumpLoadPerMass,
and HR in games lost. Thus, the non-parametric statistical
tests were used for those variables. The effect size analysis also
did not indicate difference of considerable size in these in-
dicators (Cohen’s d = 0.01-0.37). Considering the difference
between the backcourt and frontcourt players in winning and
losing matches, significant differences occurred in a number
of variables (Table 1 and Table 2).

The stepwise regression analysis determined significant
association of external and internal load indicators with the
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Table 1. Descriptive statistics and between-position differences for games won.

Group Descriptives Backcourt players Frontcourt players o q 95% Cl for d
Mean SD Mean SD
PIR 9 9.27 20.31 7.3 p <0.001 -1.29 -1.97 -0.59
Distance (m) 3761 1346.33 5030.85 1083.47 p < 0.001 -0.99 -1.66 -0.31
DistanceN (m/min) 71.06 6.19 68.69 3.07 0.2 0.43 -0.22 1.07
Speed,,, (km/h) 4.27 0.38 4.12 0.18 0.18 0.45 -0.2 1.09
Speed,,, (km/h) 24.22 1.95 23.77 0.94 043 0.26 -0.38 0.9
Sprints (No) 38.65 16.81 37.69 5.86 0.84 0.06 -0.57 0.7
Sprintsy (No/min) 0.73 0.22 0.53 0.12 p < 0.001 1.02 0.34 1.69
Accelerations (No) 338.12 122.58 455 102.38 p <0.001 -0.99 -1.66 -0.32
Accelerationsy (No/min) 6.39 0.55 6.2 0.32 0.25 0.38 -0.26 1.03
Decelerations (No) 323.21 116.11 425.15 90.65 p <0.001 -0.93 -1.59 -0.26
Decelerations, (No/min) 6.12 0.6 5.81 0.39 0.09 0.56 -0.09 1.21
Deceleration,,,, (m/s2) -3.82 0.49 -3.46 0.37 0.02 -0.76 -1.42 -0.1
AccumAccelLoad (J) 375.87 132.19 489.2 95.38 p <0.001 -0.92 -1.58 -0.25
AccumAccelLoady (/min) 7.12 0.55 6.7 0.33 0.01 0.83 0.17 1.49
Jumps (No) 38.62 2243 77 223 p <0.001 -1.71 -2.44 -0.98
Jumps, (No/min) 0.7 0.23 1.05 0.15 p <0.001 -1.66 -2.37 -0.92
JumpLoadPerMass (J/kg) 233 0.78 3.37 0.46 p <0.001 -1.47 -2.17 -0.75
HRavg (bpm) 134.56 15.25 142.46 747 0.08 -0.58 -1.23 0.07
HRmax (bpm) 187.38 17.62 185.46 343 0.7 0.13 -0.51 0.77
HR% (% of max.) 68.38 7.33 73.23 5.93 0.04 -0.69 -1.35 -0.04
TRIMP 117.52 61.71 168.82 52.41 0.01 -0.86 -1.52 -0.2

Table 2. Descriptive statistics and between-position differences for games lost.

Backcourt players Frontcourt players
Variables p d 95% Cl ford
Mean SD Mean SD

PIR 7.05 16.43 7.44 14.22 0.03 -0.99 -1.88 -0.07
Distance (m) 3423.9 1111.24 4593.14 1257.56 0.03 -1.02 -1.91 -0.1

Distancey (m/min) 72.05 9.11 66.57 4.58 0.14 0.66 -0.22 1.54
Speed,,, (km/h) 4.32 0.55 3.99 0.27 0.14 0.66 -0.22 1.54
Speedy,, (km/h) 23.82 1.89 24.26 1.07 0.57 -0.25 -1.12 0.61

Sprints (No) 37.75 17.12 35.71 8.48 0.77 0.13 -0.73 0.99
Sprintsy (No/min) 0.8 0.29 0.53 0.11 0.03 1.03 0.11 1.93
Accelerations (No) 304.35 103.3 420.29 112.84 0.02 -1.1 -2 -0.18
Accelerations, (No/min) 6.37 0.73 6.1 0.48 0.38 0.39 -0.48 1.25
Decelerations (No) 288.25 98.25 400.57 113.04 0.02 -1.1 -2 -0.18
Decelerationsy (No/min) 6.04 0.8 5.77 0.42 04 0.37 -0.5 1.24
Deceleration,,,, (m/s2) -3.55 0.45 -3.52 0.48 0.87 -0.07 -0.93 0.79
AccumAccelload (J) 341.54 112.59 460.11 130.61 0.03 -1.01 -1.91 -0.1

AccumAccelLoady (/min) 7.7 0.86 6.63 0.33 0.13 0.69 -0.2 1.57
Jumps (No) 353 15.34 66.86 25.32 p < 0.001 -1.73 -2.7 -0.73
Jumpsy (No/min) 0.73 0.18 0.95 0.17 0.01 -1.19 -2.1 -0.26
JumpLoadPerMass (J/kg) 243 0.64 3.01 0.42 0.03 -0.98 -1.88 -0.07
HRavg (bpm) 134.25 12.49 138.86 18.23 0.46 -0.33 -1.19 0.54
HRmax (bpm) 188.2 13.11 172.43 29.89 0.06 0.85 -0.05 173
HR% (% of max.) 68 7.53 7143 11.9 0.38 -0.39 -1.25 0.48
TRIMP 102.45 42.75 179.77 61.66 p <0.001 -1.61 -2.57 -0.63

8 DOI 10.26773/mjssm.260301
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PIR (adjusted R* = 0.58, F = 26.61, p = 0.01). The best model
of prediction included TRIMP, Jumps, HRavg, and Sprints.
However, considering that backcourt and frontcourt players
were different in most of the variables and produced different
PIR, the regression analysis was performed for each group
separately as well. In both groups, external and internal load
indicators were significant predictors of PIR (Figure 1). The
prediction coeflicients and multicollinearity are shown in Ta-

Backcourt players

Performance Index Raing

L] T T T T

,_,_
-
o

i 1 2 3
Regression predicted Performance Index Rating

ble 3. The regression analysis for backcourt players showed
that 53% of the variation in PIR is determined by TRIMP,
HRavg, and Sprints (adjusted R* = 0.53, F = 20.890, p <
0.001). Somewhat lower association was found in in front-
court players (adjusted R* = 0.462, F = 9.148. p = 0.02) with
46% of explained variance in PIR by AccumAccelLoad and
Accelerationsy. The variance inflation factor was indicated
acceptable multicollinearity.
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Figure 1. Scatterplot for backcourt and frontcourt players.

Table 3. Regression coefficients for perimeter and post players.

Unstandardized coefficients

95% confidence interval

Model VIF
B Std. Error Lower Bound  Upper Bound

(Constant) -36.19%** 9.76 -55.67 -16.72
TRIMP 0.05* 0.02 0.01 0.10 3.2
All players combined Jumps 0.11* 0.05 0.01 0.20 2.6
HRavg 0.31%** 0.09 0.13 0.49 2.6
Sprints -0.17% 0.07 -0.32 -0.03 1.9

(Constant) -39.92 9.82 -59.65 -20.19
Perimeter players TRIMP 0.08*** 0.02 0.04 0.12 1.8
HRbpm 0.34%** 0.09 0.16 0.52 24
Sprints -0.17* 0.07 -0.32 -0.02 24

(Constant) 53.95 29.20 -7.65 115.55
Post players AccumAccellLoad 0.06** 0.02 0.02 0.09 1.0
AccelerationsN -10.10* 4.52 -19.64 -0.55 1.0

Note: *Significant at p < 0.05, **Significant at p < 0.01,

Discussion

The purpose of the present study was to: a) determine
differences in external and internal load in professional male
basketball players between winning and losing game outcomes
during official in-season games, b) identify differences in ex-
ternal and internal loads between backcourt and frontcourt
players in both winning and losing games, and ¢) examine if
external and internal load variables impact the PIR. Key find-
ings suggest that player loads have no impact on game out-
comes (i.e., wins vs. losses). However, significant differences
were present in loads and PIR between player positions, sup-
porting the initial two study’s hypotheses. Furthermore, a sig-
nificant association was found between player loads and per-
formance (PIR), with load indicators varying across positions,
confirming the third study hypothesis.

Given the absence of statistically significant distinctions
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***Sjgnificant at p < 0.001. VIF - variance inflation factor.

across the 20 analysed indicators suggests that alternative de-
terminants such as caliber of adversaries, psychological vari-
ables, and technical-tactical facets may have wielded a sub-
stantial impact on game outcomes. This is not unexpected,
given the level of athletes examined in the present investiga-
tion (i.e., Hungarian First League). This suggests that players
from the present study provided their best physical perfor-
mance regardless of winning or losing and that this context
did not play a role in players’ commitment. In the investigation
conducted by Ferioli et al. (2021), the internal workloads, as
quantified through subjective session rating of perceived exer-
tion (s-RPE), remained unchanged (p > 0.05) between playoft
matches and regular season encounters. Notably, their cohort
of athletes comprised professional basketball players from the
First Italian League, suggesting a consistent level of effort across
competitive phases due to their vocational commitment. Con-
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versely, the findings by Koyama et al. (2024) revealed playing
against stronger opponents produced higher external load, a
trend not observed in our investigation. Intriguingly, the in-
ternal loads assessed via RPE were lower following matches
against stronger teams compared to those against weaker ones.
It is essential, however, to note that the participants in Koya-
ma et al. (2024) study were collegiate-level players, potentially
introducing variability due to their ongoing development and
not yet reaching peak basketball performance.

Considering both backcourt and frontcourt players, it can
be noted that the team analysed in this study exhibited certain
specificities. Frontcourt players exhibited heightened involve-
ment across a spectrum of performance metrics in both win-
ning and losing scenarios. Despite occasional superior perfor-
mance by guards, it is evident that frontcourt players carried a
greater workload during gameplay. Frontcourt players covered
a greater distance than backcourt players in both winning and
losing matches, but there were no significant differences be-
tween them in distance covered per minute. Of note is that
the distance covered by our sample was greater than that of
the Spanish ACB league team analysed by Feu et al. (2023) but
lower than in players analysed by Puente et al. (2017). This
indicates that the basketball players in our study were on par
with the top European teams in distance covered. In terms
of speed measures, significant differences in SprintsN favour
backcourt players in both winning and losing matches, which
is not surprising considering the nature of their playing posi-
tion (Stojanovi¢ et al., 2018).

The acceleration and deceleration data did not show con-
sistent findings and preclude conclusions about activities relat-
ed to accelerations and decelerations. This is in contrast with
the findings of Vazquez-Guerrerol et al. (2018) and Salazar et
al. (2020), who unequivocally state that backcourt players have
higher player load in games. Conversely, frontcourt players
performed better in all three jump variables in both winning
and losing matches, which is consistent with their tasks in the
game (Gamonales et al., 2023; Ibanez et al., 2023). Compared
to backcourt players, frontcourt players achieved higher values
of HR% in winning games, as well as TRIMP in both winning
and losing matches. TRIMP, as a measure of player exhaustion,
further proves that frontcourt players of this team were more
engaged than backcourt players. Modern basketball tactics im-
pose numerous tasks on centers including sprinting in offense
and defence, pick-and-roll play, and offensive and defensive
rebounds. Within the highest levels of basketball, evidence
suggests that the most efficient players tend to expend the least
energy to achieve the most productive results (Caparros et al.,
2018; Sampaio et al., 2015). Thus, frontcourt-players seem to
be more efficient in our team.

In the present investigation, it has been found that PIR
correlated with both external and internal load indicators.
When considering the entire team, TRIMP, Jumps, HRavg,
and Sprints emerged as the most significant predictors of PIR.
This information holds particular importance for team data
analysts and head coaches. Given the distinct roles and phys-
ical demands placed on backcourt and frontcourt players, we
conducted separate regression analyses, offering valuable in-
sights for strength and conditioning coaches as well. TRIMP
emerged as the most influential predictor of PIR for backcourt
players. This suggests that the ability to tolerate or delay ex-
haustion played a crucial role in achieving higher PIR among
backcourt players. Additionally, HRavg and the number of
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sprints during the game were identified as significant pre-
dictors. These parameters collectively reflect repeated sprint
ability (Girard et al., 2011; Rodriguez-Fernandez et al., 2019),
indicating that superior cardiac function and the capacity
for repetitive sprinting contributed to higher PIR. For front-
court players, Accumulated Acceleration Load, representing
metabolic work, emerged as a crucial factor influencing PIR.
Notably, the frequency of accelerations was the second-best
predictor of PIR. This underscores the importance of both
the frequency of accelerations and the ability to either recov-
er quickly or withstand performance fatigue (Edwards et al.,
2018; Enoka & Duchateau, 2016) while executing on-court
tasks for frontcourt players' PIR.

In summary, this study investigated external and internal
load variations in basketball games between winning and los-
ing game outcomes, as well as differences among backcourt
and frontcourt players, aiming to establish associations with
overall basketball performance. The findings suggest that
while player loads do not directly impact game outcomes, they
do correlate with player’s PIR and vary across player positions.
Our analysis identified TRIMP, Jumps, HRavg, and Sprints
as significant predictors of PIR for the entire team. Separate
regression analyses for backcourt and frontcourt players re-
vealed distinct factors influencing PIR. For backcourt players,
TRIMP, HRavg, and sprint frequency were crucial, emphasiz-
ing the importance of endurance and repeated sprint ability.
On the other hand, Accumulated Acceleration Load and ac-
celeration frequency emerged as key factors influencing PIR
for frontcourt players, highlighting the importance of meta-
bolic work and the ability to withstand performance fatigue.
These insights are valuable for team management staff, and
strength and conditioning practitioners, and can aid in the
development of tailored training programs to enhance play-
er performance and recovery. The statistical approach in the
present study also offers a framework to navigate among the
large number of variables that come from the player monitor-
ing system.

Lastly, a limitation inherent in this study pertains to its re-
liance on a singular team for analysis, thereby restricting the
generalizability of the findings and subsequent implications
to other teams. However, it does provide the methodology on
how to analyse a single team. It is advisable for future inves-
tigations to engage in concurrent longitudinal surveillance of
multiple teams during matches, facilitating comparative analy-
ses. The integration of internal-external load monitoring with
PIR emerges as a promising methodology for assessing player
quality, potentially representing an optimal or advantageous
approach. Further research is warranted to determine if the
findings of the present study are sex-specific (male vs. female)
as well as if they remain applicable to other levels of basketball
competition (e.g., collegiate).

Conclusions and practical application

The findings of this study offer several practical applica-
tions for basketball coaches, strength and conditioning practi-
tioners, and sports scientists. Firstly, basketball coaches could
use the proposed methodology to detect the main indicators
of PIR in their team and individual players. This would help
them design tailored training programs based on position-spe-
cific insights. Secondly, load management strategies could be
optimized by monitoring key load indicators that emerged as
game-important. For instance, in this study, to optimize game

DOI 10.26773/mjssm.260301



EXTERNAL AND INTERNAL LOAD DYNAMICS IN BASKETBALL | I. VUCKOVIC ET AL.

performance TRIMP, HRavg, sprint frequency for backcourt
players, and Accumulated Acceleration Load, acceleration fre-
quency for frontcourt players were of importance. In teams
with different player characteristics different indicators could
be of importance, which could be accounted for using the
methodology from the present study. Thirdly, coaches could
develop game plans and tactics that leverage the strengths of
each player position, informed by their game workload and
performance characteristics.
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Abstract

A limited number of studies in our systematic review suggest that physical exercise may significantly enhance walk-
ing ability. Based on these findings, we developed an individualized exercise program primarily incorporating spinal
stabilization exercises, mobility drills, and stretching techniques. The objective of this study was to assess the effects
of a 12-week supervised and individually tailored exercise program on walking ability in patients with lumbar spi-
nal stenosis (LSS). A total of 26 patients were included at baseline, with 13 randomly allocated to the experimental
group and 13 to the control group. Participants underwent physical performance assessments, including the 6-Min-
ute Walk Test (6MWT), the Sit and Reach Test, and McGill's Torso Muscular Endurance Test Battery. A general linear
model with repeated measures was employed to analyse differences between groups. Although no statistically
significant differences were observed between the experimental and control groups for the 6MWT (p = 0.069), a
significant improvement was detected within the experimental group over time. Specifically, a notable increase in
walking ability was observed between the first and final measurements (p = 0.001). However, a decline observed
in the control group over time, may have influenced the between-group comparisons. While the results indicate
significant improvements in walking ability and physical performance tests within the experimental group, it is too
early to draw definitive conclusions due to the small sample size and a decline observed in the control group. These
results warrant confirmation in larger randomized controlled trials examining long-term functional outcomes.
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Introduction lead to pain, numbness, or weakness especially in the legs. The

Lumbar spinal stenosis (LSS) is a medical condition where =~ most common cause of lumbar spinal stenosis include degen-
the spinal canal narrows in the lower back (lumbar spine), put-  erative changes and is a very common cause of pain, disability
ting pressure on the spinal cord and/or nerve roots. This can  and loss of independence in older adults (Chow et al., 2019).
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Patients usually feel relief of pain when sitting or leaning for-
ward (for example; leaning on shopping cart). As populations
worldwide continue to grow older, increasing demand is to be
expected on health care systems, including surgery-related re-
sources (Marchand et al., 2021). There has been dramatic rise
in spine surgery rates over recent decades, with spinal steno-
sis being the most common diagnosis associated with spinal
surgery in adults over 60 years of age (Macedo et al., 2013).
Lumbar spinal stenosis surgery is almost always an elective
procedure. A referral for special investigations (advanced
imaging, neurological and/or vascular investigations) and/or
surgical consultation is recommended if the patient presents
with severe intermittent claudication (walking less than 100
meters), new or progressive lower limb weakness, and failure
to respond to an appropriate/intensive course of nonsurgical
care, as determined by the patient's quality of life and expec-
tations (Bussieres et al., 2021; Dobkin, 2019). Although LSS
is the most common reason for spine surgery in older adults,
most people with neurogenic claudication receive non-oper-
ative care. It is also recommended prior to receiving surgical
intervention. In an updated systematic review for non-oper-
ative treatments for LSS, there are explained evidences that
mild to moderate cases often respond well to conservative
care. Non-surgical management of lumbar spinal stenosis is
generally recommended as the initial step of treatment due
to its lower risk profile and cost-effectiveness. Conservative
interventions—such as physical therapy can alleviate symp-
toms in many patients without exposing them to the inher-
ent risks associated with surgical procedures (Ammendolia
et al.,, 2022), but the remaining comparisons provide either
low-quality or very low-quality evidence. This lack of evidence
limited our ability to make conclusions on the effectiveness of
most non-operative treatments.

It is the reason why aim of this pilot study was to devel-
op and pilot an individually tailored 12- week experimental
controlled program to compare with control group in which
participants continue with their daily routines and usual
care. Usual care also included any physiotherapy treatments
through public health care. The main aim was to improve pa-
tient’s daily step count average and walking distance of 6- Min-
ute walk test.

There is now moderate evidence that a multimodal struc-
tured 6-week programme consisting of manual therapy and
exercise with or without education is an effective treatment ap-
proach. A recent systematic review and meta-analysis of ran-
domised controlled trials (RCTs) evaluating conservative ther-
apies for LSS also concluded that manual therapy and super-
vised exercises significantly improve outcomes compared with
self-directed or group exercises (Comer et al., 2024; Macedo
et al., 2013; Marchand et al.,, 2021; Minetama et al., 2019). A
multimodal approach to the treatment of LSS would appear
to be a rational approach given the complexity of neurogenic
claudication with underlying physical, functional and psycho-
social factors impacting recovery (Ammendolia et al., 2022).
The differing pathophysiology may require different treatment
approaches (Bagley et al., 2019).

In the last systematic review from Comer et al. (2024)
more than 75% exercise interventions of the included trials
were supervised exercises, land-based exercises, some form
of lumbar lordosis reducing/flexion-based exercises and some
form of aerobic fitness exercises (walking, cycling, or gener-
al fitness). Exercise interventions which were included, were
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performed at least twice a week and lasted from 6-11 weeks.
Supervised exercises were delivered once to twice weekly and
home exercises prescribed daily or twice daily. With home ex-
ercises, the frequency of contact with clinicians varied widely.
Studies published in the last 5 years were less likely to include
passive modalities and more likely to include a psychologically
informed approach. The treatment effects of various exercise
intervention components varied across the three outcomes
of symptom severity, physical function, and walking capaci-
ty. Research to date investigating physical activity is effective
for improving pain and function. In the study Norden et al.
(2017) preliminary data suggest that a pedometer-based phys-
ical activity intervention is effective for improving pain, men-
tal health, and fat mass in people with LSS. The gaps in current
non-operative interventions are lack of high-quality compar-
ative evidence, heterogeneity in treatment protocols, limited
long-term effectiveness, understudies patients stratifications
and inadequate integration of multimodal approaches. There-
fore, the aim of this pilot study was to evaluate how was our
individually structured program successful when implement-
ed it into practise.

Methods
Study design

This study was conducted as a pilot, single-centre, pro-
spective, randomised, blind, controlled experiment.

Patients

Inclusion criteria for entering the study were: 1) age be-
tween 50 and 80 years, 2) a diagnosis of lumbar spinal stenosis
(LSS) confirmed by magnetic resonance imaging (MRI), 3)
clinical symptoms associated with LSS (neurogenic claudica-
tion), 4) the ability to reach the gold standard of walking dis-
tance (250 m), 5) being an appropriate candidate for LSS sur-
gery as determined by an orthopaedic surgeon and 6) signed
consent for participating in the study. Exclusion criteria were:
1) early onset of stenosis symptoms (disability to walk 250 m),
2) associated spinal defects (spondylolisthesis of a high de-
gree), 3) vascular claudication, 4) diabetic polyneuropathy, 5)
presence of a neurological disease affecting the patient's func-
tionality, 6) patients with fibromyalgia or systemic inflamma-
tory diseases.

All participants were patients of an orthopaedic depart-
ment within a university hospital in Ljubljana and were invit-
ed over a telephone call to participate in the study. Twenty-six
patients (17 women and 9 men) consented to participation.
After the first measurements the randomization was done by
Research Randomizer version 4.0 over Chrome.

This study was approved in advance by Ministry of
Health, The Commission for Medical Ethics of the Republic
of Slovenia. Each participant voluntarily provided written
informed consent before participating.The effect size was
calculated a priori, as this pilot study forms part of a doctoral
research project. The number of subjects before randomiza-
tion for the research should be 76 subjects, based on the cal-
culated sample size. 38 in the control and 38 in experimental
group. At the outset of the study, we selected 26 patients for
inclusion in the initial group, which was designated as the
pilot cohort. This pilot group was used to evaluate the feasi-
bility of the study protocol, refine data collection procedures,
and inform potential modifications for the larger-scale in-
vestigation.
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Interventions
Kinesiotherapy training and supervision

Participants were assigned to small, homogeneous groups
of four individuals. Sessions were conducted twice per week at
a movement studio.

During the first two weeks, training focused on body
repositioning techniques to promote optimal posture and
reduce lumbar lordosis. To facilitate adherence, participants
were permitted to record exercise demonstrations on their
mobile devices for reference during home practice. They
were instructed to perform the prescribed exercises as fre-
quently as necessary, with a minimum requirement of once
per day.

Each session lasted between 60 and 75 minutes and in-
cluded treadmill or outdoor walking as a warm-up, aimed
at improving overall physical condition and increasing dai-
ly step count. Over the course of the 12-week intervention,
exercises were progressively intensified by increasing repe-
titions, sets, or complexity, depending on individual prog-
ress. Previously introduced exercises were reviewed at each
session, and new exercises were systematically incorporated.
A maximum of three to six new exercises were introduced
per session.

To enhance proprioception and movement awareness, var-
ious different accessories were utilized. The program empha-
sized not only physical conditioning but also the development
of movement control and body awareness to support long-
term symptom management and functional improvement.

Their abilities were measured at baseline, at 8 and 12 weeks
using different parameters. In this pilot study we would like to
verify if patient's step count, strength of the trunk stabilizers
and flexibility improve over 12 weeks.

Walking-diary

As part of the intervention, participants systematically
monitored their daily step count using a walking diary. Those
who owned a smartwatch utilized it for step tracking, while
others acquired different pedometers to record their daily
walking activity. During the first week, participants docu-
mented their total daily step count and/or walking distance.
This initial monitoring phase enabled us to assess participants
baseline activity levels and identify individuals requiring addi-
tional guidance on walking strategies.

Based on established recommendations in the literature,
participants whose baseline daily step count was fewer than
7,500 steps were classified as requiring additional intervention.
During the first two weeks, these participants were instructed
to progressively increase their baseline step count by at least
500 steps on a minimum of three days per week. Furthermore,
they received structured guidance on optimizing their walking
routine, including considerations regarding the timing, loca-
tion, and potential walking companions.

In weeks three and four, participants were encouraged
to increase their baseline step count by 500 steps on at least
five days per week. In weeks five and six, the target was raised
to an additional 1,500 steps on a minimum of three days per
week. From the seventh to the twelfth week, participants were
advised to further increase their baseline step count by 1,500
steps on at least five days per week. At the final assessment,
participants reported their average step count for the last week
of the program to evaluate overall improvements in physical
activity levels.
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Measurements

All measurements were performed at Faculty of Sports,
University of Ljubljana. For the purpose of measurements, we
required students from the Faculty of Sports to help us with
patients. At each station, two students from the Faculty of
Sports were assigned to conduct the test across all measure-
ment sessions. This approach ensured that they were familiar
with the test and helped prevent deviations in the results.

6- Minute walk test

The test was performed on 30 m long track with markings
at 5 meters. The distance covered over a time of 6 minutes is
used as the outcome by which to compare changes in perfor-
mance capacity. If the participant stops at any time prior, they
can also continue walking whenever they feel able.

Sitand reach test

This test is one of the linear flexibility tests which helps to
measure the extensibility of the hamstrings and lower back.
The distance reached is recorded to assess flexibility, with lon-
ger reaches indicating greater flexibility. We used the level of
the feet as level zero, so that any measure that does not reach
the toes is negative, and any reach past the toes is positive mea-
sure how far the participant reaches forward.

McGill's torso muscular endurance test battery

This test battery consists of 3 tests. Trunk flexor endur-
ance test, trunk lateral endurance test on both sides and trunk
extensors endurance test. They are all timed tests involving a
static, isometric contraction of muscles, stabilizing the spine
until the individual exhibits fatigue and can no longer hold
the assumed position. Each individual test is not a primary
indicator of current or future back problems. Stuart McGill
has shown that the relationships among the tests are more
important indicators of muscle imbalances that can lead to
back pain.

Results

From September 2024 to December 2024, 8 of 26 partici-
pants did not complete the follow up. 7 of them were in control
group and 1 in experimental group. All of them did not attend
their second measurement. 3 of them did not provide a reason
for withdrawal. Other reasons for declining enrolment includ-
ed time and family commitments, other health issues or dete-
rioration in their condition. See Figure 1 for the CONSORT
diagram regarding patient flow through the study.

Table 1 demonstrates the baseline characteristics of all par-
ticipants in comparison to outcome measures after 12-weeks
program. Patients in experimental group using walking diaries
(self-recorded using a pedometer) increased their daily step
count by an average of 2572 steps per day which is significant
improvement (p = 0.002), especially for people who start with
a low baseline step count (Lang et al,, 2021). As we see the
results of 6-Minute walk test (6MWTT, p = 0.004), the walking
distance increased from 366 meters to 479 meters. Significant
improvements were observed in flexibility (SART, p = 0.038),
and core endurance (McGill tests, all p < 0.05). No significant
change was found in BMI (p = 0.812), suggesting that body
weight remained stable throughout the intervention. The
largest improvements were in McGill flexors (p = 0.001) and
6MWT distance (p = 0.004), indicating significant gains in
core endurance and walking ability.
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Number evaluated for enrolment
n=50

Number excluded in screening
n=135
Number declined to enrol
n=9

Number Randomized

n=26

N

Experimental Group
n=13

Control Group
n=13

Number completed 8 weeks n=12

Lost to follow up: 1

Number completed 8 weeks n=6
Lost to follow up: 7

Number completed 12 weeks
n=12

Lost to follow up: 0

Number completed 12 weeks
n=6

Lost to follow up: 0

Figure 1. CONSORT Diagram

Table 1. Baseline comparison for personal, anthropometric and outcome measures

Outcome (n=18)

Baseline (n=26) Mean (SD) Mean (SD) p-value
Age 67.5(6.33) 66 (3.23) -
BMI (kg/m2) 30.94 (5.26) 30.70 (5.28) 0.812
Gender
Female 17 11
Male 7
Daily steps 2748.69 (1123.44) 5320.75 (2761.91) 0.002
6-Minute Walk Test (6MWT, meters) 365.88 (109.99) 478.67 (97.52) 0.004
Sit and Reach Test (SART, cm) 11.11 (12.39) 16.93 (10.37) 0.038
McGill's Torso Muscular Endurance Test (seconds)
Flexors 45.03 (36.67) 95.88 (54.39) 0.001
Extensors 28.02 (20.76) 50.57 (36.22) 0.012
Right side 31.73 (28.35) 56.26 (35.37) 0.015
Left side 32.67 (36.53) 56.48 (38.89) 0.019

Note. BMI: Body mass index

Table 2 demonstrates differences within control and exper-
imental group for 6-Minute walk test. The experimental group
shows consistent and significant improvement in walking per-
formance over time. The control group shows some early im-
provement (1 to 2, p=0,028), but over time there is no significant
improvement (2 to 3, p= 0,388). The most significant improve-
ment is between second and third measurement (p= 0,000) in

experimental group, probably because from the seventh to the
twelfth week, participants were advised to further increase their
baseline step count by 1,500 steps on at least five days per week.

In Table 3 both groups improved early on (1 to 2), but only
the experimental group shows sustained, statistically signifi-
cant improvement from start to an end of the intervention (p=
0,000).

Table 2. Differences within groups: 6- Minute walk test

p
Control Group Experimental Group
6MWT_1& 6MWT_2 0.028 0.004
6MWT_2& 6MWT_3 0.388 0.000
6MWT_1& 6MWT_3 0.099 0.001
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Table 3. Differences within groups: Sit and reach test

SART_1& SART_2
SART_2& SART_3

p
Control Group Experimental Group
0.006 0.002
0.852 0.117
0.051 0.000

SART_1& SART_3

Table 4. Differences within groups: McGill flexors test

Flex_1& Flex_2
Flex_2& Flex_3

p

Control Group Experimental Group
0.552 0.392
0.023 0.001
0.120 0.001

Flex_1& Flex_3

In Table 4 there is only one significant change in control
group between second and third measurement (p=0,023) and
no significant long-term change. In experimental group there
is no significant improvement between first and second mea-
surement (p=0,392) probably because in first two weeks the
intervention is more focused in body repositioning and not as
much in strength improvement.

Table 5 demonstrates us significant improvements across

all timepoints in experimental group. Participants in this study
were presented with weak core extensor muscles due to their
condition, the exercise program was primarily designed to
target and strengthen the deep core musculature. Emphasis
was placed on improving the stability and endurance of these
foundational muscles to support overall functional movement
and postural control (Lurie & Tomkins-Lane, 2016; Peterson
etal., 2021).

Table 5. Differences within groups: McGill extensors test

Exte_1& Exte_2
Exte_2& Exte_3

p
Control Group Experimental Group
0.028 0.030
0.201 0.032
0.092 0.003

Exte_1& Exte_3

Table 6. Differences within groups: McGill right and left side plank test

Rside_1& Rside_2
Rside_2&Rside_3
Rside_1&Rside_3
Lside_1&Lside_2
Lside_2& Lside_3

p
Control Group Experimental Group

0.170 0.001

0.771 0.172

0.511 0.010

0.192 0.005

0.750 0.235

0.323 0.018

Lside_1&Lside_3

In Table 6 the experimental group showed clear and sta-
tistically significant core strength improvements on both sides
over time, especially early on, on the right side (p=0,001) and
on the left side (p=0,005). The control group didn't show any
significant changes. This pattern aligns with what we can see
in results of all tables above: the experimental intervention ap-
pears to be effective, with early gains that are sustained over
time.

Discussion

The main aim of the present pilot study was to investigate
whether patients could improve their walking distance after
having completed a walking program. The results of the pres-
ent study demonstrate that the program indeed improved all
performance parameters. The average maximum walking dis-
tance (6- Minute walk test) improved from 366 m to 479 m,
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and as reported in the diaries from 2749 to 5321 steps per day.
Mean daily baseline step count was similar to values reported
in a systematic review on pedometer interventions for chronic
low back pain which ranged from 2337 to 5563 steps (Vanti et
al,, 2019) and is similar to the step count findings published
by McDonough et.al (2010). The second aim of the study was
to assess whether a personalized and progressively advanced
exercise program would lead to improvements in patients
flexibility and core strength. Significant improvements were
observed in flexibility (SART, p = 0.038), and core endur-
ance (McGill tests, all p < 0.05). To date, no studies have been
identified that directly compare the same assessment tests as
those employed in our pilot study. To our knowledge, this is
the first pilot study comparing individually tailored program
which includes also walking program and structured home-
based exercises compared with usual care or no treatment. All
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other studies evaluating non-operative interventions provided
insufficient quality evidence (Ammendolia et al., 2022). The
majority of exercise interventions in the trials we reviewed
relied on theoretical rationales. These rationales include theo-
ry-driven recommendations of flexion-based/lordosis-reduc-
ing exercises and trunk muscle control exercises for relieving
the posture-related symptoms of lumbar spinal stenosis and
neurogenic claudication. Despite these limitations, non-op-
erative treatments are often justified based on their biome-
chanical and functional rationale. Targeted physical therapy
and exercise programs aim to improve lumbar spine stability,
posture, and muscular support, thereby reducing mechanical
compression on neural structures. Additionally, interventions
that promote pelvic alignment, core strengthening, and im-
proved gait mechanics can alleviate neurogenic claudication
and enhance functional capacity without directly altering an-
atomical stenosis. However little or no detail was provided to
explain the selection of specific exercise intervention param-
eters and components (Chow et al., 2019; Comer et al., 2024;
Marchand et al., 2021; Minetama et al., 2019).

Limitations

This pilot study had several limitations. The sample size
was relatively small due to challenges in patient recruitment,
which included strict eligibility criteria, limited patient avail-
ability, and reluctance to participate. Probably because of older
population who is less willing to change their daily routine. We
also have some logistical issues because measurement sessions
and intervention were executed in Ljubljana and recruited pa-
tients were from all over the Slovenia. Additionally, an unex-
pected decline in the control group potentially introduced bias
and affected the comparability of the results.

Despite its limitations, this study has several strengths.
It provides valuable insights into characteristics of lumbar
spinal stenosis patients, their symptoms and overall physical
condition including ability to walk, flexibility and core mus-
cles strength. Additionally, the findings offer potential clinical
implications, which will guide a future research and improve
patient care. Our intention is to include more patients in re-
search, but due to the unexpected decline in the control group
we first need new strategies to retain patients in the study. We
start with regular check-ins which include phone calls, emails
or short in-person meetings to give them full support. We try
with motivation techniques as providing positive reinforce-
ment and emphasizing their importance in the study. We are
also offering them individual consultations to teach them
some exercises which they can perform at home. One part
of new strategy is also delayed intervention. We inform them
that they will have access to the full exercise program after the
study concludes.

Conclusion

The pilot study results suggest that the programme is fea-
sible, acceptable, and potentially useful for improving walking
capacity, flexibility and core muscles strength. Further work
is needed to assess the clinical differences between control
and experimental group and larger sample size to give more
reliable subgroup analysis. This study supports the feasibility
of individualized structured exercise programs in improving
functional outcomes in LSS and highlights the need for their
integration in conservative management pathways. Enhancing
these physical parameters can improve functional mobility,
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reduce pain, and potentially delay or avoid surgical interven-
tion. A structured, individualized approach may offer superior
outcomes compared to generic physiotherapy or unsupervised
activity. By comparing against real-world standard care, this
study provides practical evidence on whether personalized
programs offer added value in typical clinical settings, sup-
porting informed decision-making in treatment planning.
The overarching aim of this research is to contribute to the
alleviation of burden on the healthcare system by supporting
the implementation of effective non-operative treatment strat-
egies for lumbar spinal stenosis in clinical practice. By demon-
strating the feasibility and potential benefits of conservative
management, this study seeks to promote evidence-based,
accessible, and cost-effective care pathways for patients with
degenerative spinal conditions.
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Abstract

This study aimed to examine the acute effects of squat exercise performed with different set configurations on
jump performance of U19 male soccer players. Seventeen male soccer players from a U19 elite soccer league
team participated in the study. In a randomized crossover manner (with 72-hour rest between testing sessions),
participants performed four different squat (80% one repetition maximum) set configurations. The set configura-
tions included a traditional set configuration [(TSC); 6 repetitions X 3 sets with 180 seconds rest between sets] and
three rest redistribution methods: RR, (3 repetitions x 6 sets, 20 seconds rest between repetitions, 150 seconds
rest between sets), RR, (2 repetitions x 9 sets, 20 seconds rest between repetitions, 120 seconds rest between
sets), and RR; (1 repetition x 18 sets, 20 seconds rest between repetitions). The rest duration was equalized across
all set configurations. Countermovement jump was performed at pre-test, and 15 seconds, 4 minutes, 8 minutes,
and 12 minutes post squat exercise. A two-way ANOVA [4X5 (set configuration X time)] was used for statistical
analysis. The findings indicated that all RR methods proved effective in acutely enhancing performance when
employed with 4-8 minute intervals. In addition, the RR methods appear to be more effective than TSC. In conclu-
sion, practitioners may prioritize using the RR method over TSC to acutely improve the jump performance, with 4
minutes being optimal recovery between the squat and jump.

Keywords: plyometric exercise, resistance training, warm-up exercise, human physical conditioning
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Introduction high-intensity actions are crucial. Indeed, different training

High-intensity actions such as sprinting, jumping, and/or =~ methods can induce acute and chronic adaptation to improve
changing direction are strong predictors of competitive suc-  these actions (de Hoyo et al., 2016; Janz & Malone, 2008). Post
cess in modern soccer (Castagna & Castellini, 2013; Wragg  activation performance enhancement (PAPE) is a strategy to
et al.,, 2000). Therefore, training methods that enhance these  induce acute performance improvement (Blazevich & Babault,
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2019; Hodgson et al., 2005; Ulloa-Sanchez et al., 2024), by us-
ing conditioning exercises during warm-up (Hodgson et al,,
2005; Ulloa-Sanchez et al., 2024).

PAPE is suggested to occur when an activity requiring
sub-maximal to maximal contraction (e.g., squat) acutely im-
proves a biomechanically similar low-load activity (e.g., coun-
termovement jump) (Blazevich & Babault, 2019; Hodgson et
al., 2005; Prieske et al., 2020). However, performing sub-max-
imal to near-maximal effort may also lead to fatigue, which
may overlay the potentiation effects (Tillin & Bishop, 2009).
Therefore, the net effect on performance is determined by the
balance between potentiation and fatigue. Indeed, studies have
highlighted the importance of manipulation of different vari-
ables on balancing potentiation and fatigue, thereby inducing
PAPE (Chiu et al., 2003; Gourgoulis et al., 2003; Kilduff et al.,
2008). For example, some key variables affecting this balance
are the participant’s muscle strength (Gourgoulis et al., 2003),
muscle fiber type distribution, and training level (Chiu et al.,
2003); while the intensity (Gotfa$ et al., 2017), recovery time
(Kilduff et al., 2008), number of sets (Wilson et al., 2013), and
set configuration (Boullosa et al., 2013; Dello Iacono et al,
2020) may also affects this balance.

Amongst the aforementioned key variables, recovery pe-
riod between the high-load and low load activity helps under-
stand the balance between fatigue and potentiation (Dobbs
et al., 2019), with studies reporting different recovery inter-
vals (usually varying between 4 and 16 minutes) favorable
for PAPE (Blazevich & Babault, 2019). Of note, the recovery
period to induce PAPE may be moderated by both the charac-
teristics of the participant and conditioning exercises, respec-
tively. For example, a previous study showed that experienced
athletes required less recovery time to induce the PAPE effects
(Jo et al., 2010). In this context, cluster set organization uses
shorter recovery intervals instead of longer recovery periods,
and may help optimize the PAPE effects (Tufano et al., 2017).
For example, a previous study has reported cluster set config-
uration to be effective in improving acute performance with a
shorter recovery period, when compared to a traditional set
configuration (TSC) (Boullosa et al., 2013). In addition, Hard-
ee et al. (2012) also reported that including rest intervals be-
tween sets (i.e., cluster set configuration) resulted in a lower
rating of perceived exertion compared to performing the same
load using a TSC.

Moreover, the cluster set configurations can be applied
using four different rest allocation methods (i.e., basic cluster
set, equal work-rest ratio, rest pause, and rest redistribution

Standard > | oy o| Sauat oy |—s |ovs | — |ovs | — | o
Warm-U p 5 Minute 5 Minute Exercise 15 Second 3 Minute 4 Minute 4 Minute
45 Second

[RR]) (Tufano et al, 2017). Amongst the four methods, the
basic cluster set, equal work-rest ratio, and rest pause meth-
ods require a longer completion time compared to the RR
method, for an equalized volume (Gonzélez-Hernéndez et al.,
2020; Tufano et al., 2017). The lower completion time in the
RR method is obtained by dividing the rest duration between
sets to smaller and frequent rest intervals (Tufano et al., 2017).
While, in other cluster set methods, the rest duration between
sets is similar to traditional resistance set configuration and
only additional rest duration is added within sets (i.e., repeti-
tions) (Tufano et al., 2017). Therefore, the RR method may be
a viable option to implement as it provides similar benefits as
other three methods, whilst requiring lesser completion time
(Gonzdlez-Hernandez et al., 2020).

However, no previous research has studied the effects of
different RR strategies with overall equalized rest period (i.e.,
requiring similar overall completion time, albeit using differ-
ent repetition and rest strategies) to induce acute performance
enhancement. Therefore, the aim of this study was to examine
the acute effects of squat exercises performed with tradition-
al and different RR methods on jump performance. Based on
available literature (Boullosa et al., 2013; Dello Iacono et al.,
2020; Tufano et al., 2017), the authors hypothesized that the
RR method would improve jump performance, compared to
the TSC.

Materials and methods
Experimental approach to the problem

The study was conducted over a period of three weeks.
The participants performed back squat and countermovement
jump (CM]J) as a part of their regular training routine, and
hence no familiarization session was conducted. Anthropo-
metric measurements (height and body mass) were recorded
at the start of the study. Thereafter, the participants were ran-
domly divided into four groups, with each group performing
different set configuration procedures on separate days sepa-
rated by 72 hours in a randomized crossover manner. On each
testing day, the participants performed CM] before (baseline)
and 15 seconds, 4 minutes, 8 minutes, and 12 minutes after
the completion of the experimental protocols (Figure 1). A
standardized 10-minute warm-up protocol was implemented
before the experimental protocols. The warm-up programme
comprised a 5-minute general warm-up on a bicycle ergome-
ter with 50 revolutions per minute, followed by a soccer-spe-
cific dynamic stretching program as described in Ayala et al.
(2017).

Figure 1. Schematic representation of the study's testing day plan. Note: CMJ — countermovement jump.

Participants

Seventeen male outfield soccer players were recruit-
ed from a team competing in the U19 elite soccer leagues
(age: 18.6£0.2 years; height: 180.7£5.3 cm; body mass:
70.9+5.0kg; training age: 8.5+2.6 years; 1RM squat: 73.8+6.8
kg). The data collection was conducted during the first com-
petition period of the season, and the participants were ac-
tively engaged in training sessions (70-90 minutes duration,
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5 days/week) and participated in official competitions on
the weekends. Additionally, the participants were free from
injuries in the previous six months. The potential risks and
challenges associated with the study were explained to each
participant and thereafter informed consent forms were
signed. Furthermore, ethical approval was obtained from
the Local University Faculty of Medicine's Non-Interven-
tional Clinical Research Ethics Committee Commission
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(decision dated 16/08/2022, numbered 12 (E-60116787-
020-245291). This study was conducted in accordance with
the Declaration of Helsinki.

Traditional set configuration (TSC) protocol

Three sets of squats were performed with a load of 80%
1RM, with each set comprising six repetitions. The rest inter-
val between sets was 180 seconds (Figure 2).

Rest redistribution (RR) protocol
In rest redistribution (RR) protocols, the total number of
repetitions and total recovery time were equalized, while the
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repetitions and recovery times were allocated proportionate-
ly. In RR, six repetitions were divided into two subsets (3+3)
with 20 seconds of rest between each set, and the remaining
recovery time was distributed as 150 seconds. In RR,, the six
repetitions were divided into three subsets (2+2+2), with 20
seconds of recovery allocated between each set, and the re-
maining recovery time was distributed as 120 seconds. In RR3,
18 repetitions were performed, and a 20-second rest period
was allocated between each repetition, and a 30-second rest
period was provided after the 6th and 12th repetitions. A de-
tailed description of repetitions, sets, and recovery allocation

is presented in Figure 2.
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Figure 2. Schematic representation of different set configurations used in the study. TSC: Traditional set
configuration; RR;: First rest redistribution; RR,: Second rest redistribution; RR,: Third rest redistribution.

One repetition maximum

Prior to the commencement of the 1RM testing, each par-
ticipants were required to perform a standardized warm-up
protocol. To obtain the 1RM values, participants started with
attempting five repetitions with 20%, followed by three repeti-
tions at 50%, two repetitions at 75%, and finally one repetition
at 85% of their last known 1RM. After that, the participants at-
tempted the 1RM by using incremental loads, with a 3-minute
rest period between the incremental loads. Participants were
given a second attempt for their last unsuccessful lifts, with
the load in the last successful lift expressed as the participant's
1RM. An observer was present on both sides of the weight bar
during squat repetitions as a precautionary measure.

Countermovement Jump (CMJ)

The CM]J test was performed by the participants after the
instructions from the researcher and was conducted on a por-
table jump mat (SmartSpeed; Fusion Sport, Brisbane, Austra-
lia). During the testing, the athletes were instructed to keep
their hands on their waist and their torsos upright. The partici-
pants were asked to jump as high as possible immediately after
squatting downwards rapidly, with self-selected squat depth.
Verbal cues such as jump explosively' were provided to the
participant. Two trials were conducted, and the highest jump
height was recorded for analysis.

Statistical Analysis
All performance test scores are presented as means and
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standard deviations. Before performing the statistical anal-
yses, the data set was assessed for normal distribution using
the Shapiro-Wilk test. A two-way repeated measures analysis
of variance (4 protocols x 5 time points) was applied to ana-
lyze the effects of protocols at different time points on coun-
termovement jump performance. For significant differences,
post hoc analyses using the Bonferroni correction method
were used to identify the specific location of the difference be-
tween protocols or time points. The analyses were conducted
using the SPSS v21.0 (IBM SPSS, Chicago, IL, USA) package
programme. Partial eta squared values (np2; small < 0.0588,
medium > 0.0588, large > 0.1379) were used as effect sizes
for the ANOVA output (Cohen, 1988). In addition, Hedge's
g effect size (g; trivial< 0.2; 0.2<small<0.6; 0.6<moderate<1.2;
1.2<large<2) was also calculated for between-protocol or
time-point significant differences (Hopkins et al., 2009). Fur-
thermore, intraclass correlation coefficients (ICC) were calcu-
lated to assess the reliability of the measurements. For all the
analyses, the significance level was set at p < 0.05.

Results

Table 1 and Table 2 present the mean and standard de-
viation and statistical analysis results, respectively. Figure 3
presents a graphical representation of individual jump data
across different protocol. The ICC for test-retest of CM] was
0.96-0.97. The two-way repeated measures analysis of vari-
ance reported a significant main effect of time (F=14.32;
p=<0.01; n,’=0.47; large effect size) and interaction effect
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(F=3.003; p=0.021; n,’=0.158; large effect size) on the CM]
performance. Further, Bonferroni corrected post hoc analysis
revealed no significant difference in the CM] values at 15th
seconds (36.2+4.4 cm), 4th minute (38.6+4.6 cm), 8th minute
(38.9+4.6cm), and 12th minute (38.0+4.1 cm) compared to the
baseline values (36.5+3.9) for TSC. However, for RR1, a signif-
icant difference was observed between the CM] height at base-
line (36.4+4.0 cm) and at 4th (40.5+5.0 cm) and 8th minute
(39.4%+4.7 cm) (4th minute: p=0.014, Hedge's g=0.89 and 8th
minute:p=0.027, Hedge's g=0.67). No significant difference
was found in the CM]J values at 15th seconds (38.55+4.25 cm)
and 12th minutes (38.65+4.02 cm) compared to the baseline
for RR,. In addition, for RR,, a significant difference was found
between the CMJ height at baseline (36.5+3.8 cm) and at 4th
(40.0+4.8 ¢cm) and 8th minute (39.5+4.9 cm) (4th minute:

p=0.008, Hedge's g=0.68 and 8th minute: p=0.022, Hedge's
g=0.66). However, no significant difference was found in the
CM]J values at 15th seconds (38.9+4.7 cm) and 12th minutes
(38.6+4.7 cm) compared to the baseline (36.5+3.8) after RR,.
Lastly, for RRs, a significant difference was found between the
CM]J height at baseline (36.5£3.9 cm) and at 4th (39.4+4.2 cm)
(p=0.024, Hedge's g=0.70). However, no significant difference
was found in the CM]J values at 15th seconds (38.3+4.1 cm),
8th minute (39.4+4.2 cm), and 12th minutes (38.3+4.2 cm)
compared to the pretest (36.5+3.9) for RR,.

When the protocols were compared, a significant differ-
ence was observed between TSC and RR, for the CM] height
at 15th second, favouring the RR, (p=0.020, Hedge's g=0.60).
There was no significant difference between the protocols at
other time points.
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Figure 3. Graphical representation of countermovement jump performance before and after the
protocols at specific time points. TSC: Traditional set configuration; RR;: First set sonfiguration;
RR,: Second set configuration; RR;: Third set configuration

Table 1. Mean and standard deviation of CMJ heights at different recovery times after squat exercise performed with different
set configurations.

Baseline 15t second 4 minute 8" minute 12" minute
Protools
Mean SD Mean SD Mean SD Mean SD Mean SD
TSC 36.53 3.86 36.15 440 38.551 4.60 38.881 459 38.017 4.09
RR; 36.39 4.04 38.55 4.25 40.511%s 497 39.4% 4.7 38.65 4,02
RR, 36.45 3.81 38.94% 4.68 39.95™5 481 39.457 4.93 38.58 4.66
RR, 36.46 3.92 38.28 4.1 39.38™ 417 39.09 3.89 38.25 4.19

TSC: Traditional set configuration; RR;: First set configuration; RR,: Second set configuration; RR,: Third set configuration; SC: Set Configuration; SD:
Standard deviation; t: Significantly different from baseline; 9: Significantly different from 15 second; ¥: Significantly different from 8" minute; §:
Significantly different from 12" minute; #: Significantly different from traditional set configuration; ICC: intraclass correlation coefficient

Discussion

The aim of this study was to examine the acute effects of
squat exercise performed with TSC and three different RR
methods on CM] performance at different recovery times.
Compared to the baseline, significant within-condition im-
provements were observed after all RR methods at the 4th

24

minute, and after RR, and RR, at the 8th minute. Of note, a
significant decline in CM]J performance was observed after the
4th minute in all the RR protocols. However, no within-condi-
tion improvement was observed after TSC when compared to
baseline. Moreover, when protocols were compared, a signifi-
cant difference was observed only between TSC and RR, at the
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15th second, favoring RR,. No between-protocol differences
were observed at other time points.

One of the key findings of this study was that all RR pro-
tocols significantly improved the CM] performance compared
to baseline, whereas no such effect was observed following
the TSC protocol. However, when compared to 15th seconds,
the TSC as well as the RR protocols improved the CMJ per-
formance at the 4th minute. Another trend observed across
all the RR protocols was the attainment of peak performance
at 4-8 minutes duration and a temporal decline at 12th min-
utes. These findings highlight the complex intricacies associ-
ated with fatigue-potentiation between the conditioning ac-
tivities and performance. The significant improvement in the
CMJ performance at 4-8 minutes duration may be due to the
acute physiological changes associated with PAPE, such as
phosphorylation of myosin light chain, an increase in muscle
temperature, calcium ion sensitivity (due to increase in mus-
cle temperature, decrease in muscle pH, increase in blood flow
and water content in the muscles), increased neural drive, or
increased muscle-tendon stiffness (Blazevich & Babault, 2019).
While the significant decline in performance at the 12th min-
ute compared to the 4th minute in all RR protocols is indicative
that PAPE effects do decline after a certain period of time.

Furthermore, although non-significant, the CMJ perfor-
mance declined at 15th seconds for TSC, while an increase
in performance (non-significant) was observed for all the
RR protocols (Figure 3). This is indicative that TSC induced
greater fatigue than potentiation in the initial 15 seconds,
while the RR resulted in a trend showing positive improve-
ment in performance. Previous studies that incorporated TSC
as conditioning exercise have consistently reported a decline
in performance immediately but had improved performance
after a longer (e.g., 24 minute) recovery period (Crewther et
al., 2011; Dello Iacono et al., 2020; Kilduff et al., 2008). Kilduff
et al. (2008) also reported a significant decrease in CM] height
immediately (~15 seconds) after performing conditioning ex-
ercise using 87% of 1RM squat using TSC configuration, but
showed improved performance after 8 minutes of recovery.
Another study by Crewther et al. (2011) also reported a sig-
nificant decrease at ~15 seconds but a subsequent increase in
the CM]J performance after 4-, 8-, and 12-minute periods of
performing 3RM squats using TSC. These differences in how
participants' immediate response differed between TSC and
RR protocol, favoring RR, may be due to the short rest pe-
riod embedded within the RR protocols that resulted in less
fatigue accumulation at the end of the completion of the sets.
In a similar study conducted by Dello Iacono et al. (2020), the
authors reported that the participants were able to maintain
95% of their relative mean propulsive power during cluster
set configuration, whereas in TSC, the participants were able
to maintain only 85%. Indeed, early proponents of cluster set
configurations have suggested a similar rationale of lesser fa-
tigue compared to TSC, leading to higher quality of technique
execution (Haff et al., 2008).

Moreover, when TSC and RR protocols were compared,
a significant difference was observed at 15th seconds, favor-
ing the RR, protocol. This is again in line with the findings of
Dello Iacono et al. (2020) that reported a significant difference
between cluster set configuration and TSC post 30 seconds
recovery, favoring the cluster set configuration, even if there
were no improvements compared to baseline. This finding in-
dicates a higher fatigue with the TSC protocol compared to
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the RR protocol. Moreover, Boullosa et al. (2013) also report-
ed that peak CMJ performance occurred significantly earli-
er (3.6+£2.9 minutes vs. 6.1+3.3 minutes) after the cluster set
compared to the traditional 5RM set, indicating the effective-
ness of cluster set configuration in mitigating fatigue. Indeed,
Gonzalez-Hernandez et al. (2020) reported greater mechani-
cal, metabolic, and perceptual fatigue, whereas cluster set con-
figurations highlighted the importance of rest distribution in
optimizing performances.

While this novel study contributes to the existing litera-
ture by comparing TSC and three different RR protocols on
acute performance enhancement of CM] performance at four
different rest periods, it is important to consider the limita-
tions of the study. One major limitation of this study was that
it did not examine fatigue during the performance of squats
at different set configurations. Using commercially available
velocity-based training devices to determine the decrease in
velocity of squat at each set configuration could provide vi-
tal information about the fatigue response of participants
to perform the exercise. In addition, the use of the rating of
perceived exertion scale or the collection of biomarkers (e.g.,
creatine kinase) to determine physiological fatigue would have
provided insight into the internal response due to different set
configurations. Therefore, the precise physiological advantage
of RR compared to TSC remains speculative. Furthermore, the
study was limited to male soccer players, and therefore, the
findings should not be extrapolated to females or athletes from
other sports.

Conclusion

In conclusion, the findings suggest that performing squats
using RR protocols may be effective in improving the acute
performance of CM]J. Moreover, the improvement in perfor-
mance can also be observed post 4-minute recovery period
with all the protocols. However, the RR protocols, specifically
the RR2 protocol, were effective in reducing fatigue at shorter
recovery times (i.e., 15 seconds) compared to the TSC proto-
col, while also improving the performance at the 4th minute.
Practitioners may use different RR protocols as a part of the
standard warm-up routine instead of TSC, which may help in
reducing the fatigue effect observed immediately and also im-
prove the performance of the athletes after a standard resting
period of >4 minutes.
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Abstract

Possession games are among the most commonly used training drills by women's association football coaches world-
wide. However, they overlook a relevant feature of the game: directionality. This study compares the effects of intro-
ducing scoring targets in possession games on the game’s dynamics, the players’ tactical and physical performance,
and their enjoyment and perceived competence. Eighteen female footballers (age: 17.0+1.4 years; playing experience:
9.8+2.1 years) from the third team of a Spanish women'’s first division club played three 3 x 5-minute nine-a-side pos-
session games on a 52 m long x 33 m wide pitch with no, two and four scoring objects. Game dynamics (total effective
playing time and duration of ball possessions) from observational analysis, tactical (central tendency and entropy
measures of collective and individual pitch-positioning-derived variables and synchronisation) and physical (total dis-
tance travelled and distances at different speeds) responses from GPS data, and players’ perceptions of enjoyment and
competence were assessed. The main findings indicate that the effective playing time and average duration of ball
possession did not vary between the training scenarios (p>0.05); the inclusion of four targets led players to occupy
less space (p<0.05; Cohen’s d>1.12), positioning themselves near the targets, and to play in a more synchronised man-
ner longitudinally (p<0.05; Cohen’s d=0.61) than in the non-directional game; and the physical demands and players'’
perceptions of enjoyment and competence did not differ between the possession games (p>0.05). Placing targets
to provide possession games with directionality encourages players to occupy less space and play more centred and
synchronised, without impairing game dynamics, external load or their perceptions of enjoyment and competence.

Keywords: team sports, soccer, observational analysis, tactical behaviour, external load, motivation
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fend the target. Possession games — playing-form activities
with no goals (i.e. no directionality), in which the primary
intention is for one team to keep possession of the ball from
another team - are one of the training drills most commonly
employed for focusing on principles like keeping the ball or
playing on movement (Roca & Ford, 2020). For example, elite
and academy female footballers spend over 20% and 10% of
their training time on possession games, respectively (Em-
monds et al., 2023), so the impact of these drills on this pop-
ulation is worth investigating. Possession games, however, ig-
nore a relevant feature of football: goals. The absence of goals
or scoring targets (e.g. scoring zones or objects) removes the
game’s directionality and leaves players without spatial refer-
ences to help them position themselves on the pitch (Coutin-
ho et al., 2024).

Football task design implies manipulating the relevant fea-
tures of the game’s internal logic (i.e. relationships to space,
the ball, time, and other participants; Parlebas, 2013) while
accounting for the consequences of these changes on players’
performance. Thus, coaches can set scoring targets to provide
direction for the game. While scholars have studied the acute
effects of adding regular and mini goals in small- and large-sid-
ed games in men’s football (Castellano et al., 2013; Clemente
et al., 2019; Coutinho et al., 2024; Santos et al., 2024), studies
conducted with women are still lacking. Assessing the impact
of scoring targets on female footballers’ performance may as-
sist practitioners in planning their practice based on scientif-
ic evidence. Placing scoring objects inside the pitch, such as
poles to knock down, can give the game a sense of direction,
while still making scoring difficult enough to encourage play-
ers to prioritise the main objective of the task: retaining pos-
session of the ball.

This study adopted a multidimensional approach (Folgado
et al., 2019) to compare player performance in directional vs.
non-directional possession games. The recording of effective
playing time and possession duration can explain the dynam-
ics of possession games with and without targets (Castellano,
2008). From a tactical perspective, variables derived from pitch
position, such as surface area (SA, m?), length-per-width ratio
(Ipwratio, arbitrary units), as well as stretch (SI, m) and spatial
exploration (SEI, m) indices can provide practitioners with key
insights to understand players’ collective (i.e. SA) and individ-
ual (i.e. SEI) use of space or their dispersion on the pitch (i.e.
SI) in different training scenarios (Coito et al., 2022). In addi-
tion, entropy and synchronisation measures can provide rele-
vant information on behavioural regularity and coordination
between teammates (Low et al., 2020). From a physical point of
view, assessing the total distances travelled and the distances in
different speed zones can reveal whether the game’s direction-
ality affects the external load of female footballers (de Dios-Al-
varez et al., 2022). Perceptual variables, such as enjoyment and
competence, can account for the subjective experience of play-
ers during possession games (Clemente, 2025; Papaioannou et
al., 2006).

Therefore, this study assessed the impact of introducing
scoring targets in possession games on female footballers’
game dynamics, tactical and physical performance, and their
perceptions of enjoyment and competence. We hypothesised
that the addition of internal targets would lead players to use
less space, play more synchronously and run less, without af-
fecting their playing time or perceptions of enjoyment and
competence.
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Materials and methods
Participants

Eighteen Basque female footballers (age: 17.0+1.4 years;
playing experience: 9.8+2.1 years) belonging to the third team
of a Spanish women’s first division club participated in the
study during the first half of the 2023/2024 season. All available
outfield players (i.e. without health problems, injuries or just
returning to play) took part, while goalkeepers underwent spe-
cific training with the goalkeeper coach. Participants trained
three times per week (on Tuesdays, Thursdays and Fridays) and
usually competed on Saturdays. Training sessions typically in-
cluded collective passing drills, small- and large-sided games
with and without regular and mini goals, as well as build-up
and finalisation actions. The team competed in the Basque
league, ending the season in 7™ place out of 18 teams. Given
that they received structured and regular training, developed
their playing skills in a professional academy environment and
competed in the first autonomous league, they were placed in
the third tier of the participant classification framework (McK-
ay et al,, 2022): highly trained/national level.

All participants and, where appropriate, their legal guard-
ians/next of kin, team coaches and club management were
fully informed of the purpose and procedures of the study be-
fore giving written informed consent for voluntary participa-
tion. The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki (2013) and ethical
approval was obtained from the Ethics Committee for Re-
search involving Human Beings (GIEB in Basque) of the Uni-
versity of the Basque Country UPV/EHU (approval number:
M10_2021_328; approval date: 25 November 2021).

Design

The study was conducted over three training sessions on
non-consecutive days (Tuesdays and Thursdays) at the partic-
ipants’ usual training venue (i.e. artificial turf pitch) and time
(i.e. 19:30). A rest period of at least 48 hours was allowed be-
tween sessions and before or after the match. Each of the three
sessions began with a standard 10-minute warm-up. The team
coach then formed two balanced groups, dividing the players
according to their level and position (Gonzalez-Artetxe et al.,
2022), to face each other in three 3 x 5-minute nine-a-side pos-
session games on a 52 m long x 33 m wide pitch (95 m? x player;
length/width relation: 1.6), with a 3-minute break between sets.

Figure 1 illustrates each possession game and how the scor-
ing conditions were manipulated: (a) NO, possession game with
no scoring targets, where players could score a point by com-
pleting ten consecutive passes; (b) 27T, possession game with two
shared scoring objects (poles), where players could score a point
by knocking down either pole; and (c) 4T, possession game with
four shared scoring objects (poles), where players could score a
point by knocking down any of the four poles. One experimental
condition was implemented per session in a randomised order:
4T, NO, and 2T. Continuity of play was ensured by placing sev-
eral balls around the pitch to allow for quick ball replacement
when the ball went out. Coach intervention was minimised to
that of the referee so as not to influence player conduct through
feedback (Gonzalez-Artetxe et al., 2022).

Data collection

Effective playing time and average duration of ball posses-
sion and set pieces were quantified by video recording (GoPro
HEROY, GoPro Inc., San Mateo, California, USA) using an ad
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Figure 1. Representation of possession games with no (left), two (middle) and
four (right) scoring objects.

hoc observation tool in LINCE PLUS (version 3.2.4 for macOS;
Soto-Fernandez et al., 2022). The criteria established by Castel-
lano (2008) were used to determine when the ball was in play
and which team was in possession. The same arbitrarily chosen
set of a randomly selected experimental condition (11% of the
sample) was observed twice, with 10 days between observa-
tions, and the intra-observer agreement, calculated using Co-
hen’s kappa, was perfect (100%) for the alignment and almost
perfect (97%) for the duration of ball possessions and set pieces.

Tactical and physical responses were assessed using posi-
tional data collected with a valid and reliable global position-
ing system (WIMU PRO, RealTrack Systems, Almeria, Spain)
at a sampling frequency of 10 Hz (Bastida-Castillo et al., 2019).
Tactical performance was assessed through central tendency
and normalised approximate entropy (NApEn; Fonseca et al,,
2012) measures of SA, Ipwratio, SI and SEI. Entropy quantifies
behavioural regularity: less entropy indicates greater regularity
and vice versa. Longitudinal (Y-axis) and lateral (X-axis) syn-
chronisation were also measured using the relative phase of
the centroid, which was computed via the Hilbert transform.
Players’ external load was assessed by total distances travelled
(m) and walking (below 2.00 m/s), jogging (2.00-3.46 m/s),
high-speed running (3.46-5.29 m/s), very high-speed running
(5.29-6.26 m/s) and sprinting (above 6.26 m/s) distances (m)
travelled (Park et al., 2019). These speed thresholds were es-
tablished specifically for senior female footballers by Park et
al. (2019) and confirmed by Harkness- Armstrong et al. (2022).
All calculations were performed in MATLAB (version 2018a
for macOS, The MathWorks Inc., Natick, MA, USA).

Using the enjoyment and perceived competence scale vali-
dated by Arias-Estero et al. (2013) and previously used in wom-
ens football (Los Arcos, Gonzalez-Artetxe, Bayer-Perez, et al.,
2025; Los Arcos, Gonzalez-Artetxe, Lombardero, et al., 2025),
players rated how much they enjoyed each of the three posses-
sion games along with how they thought they had played. This
5-point Likert scale has three statements relating to enjoyment
(2, 4 and 6) and four relating to perceived competence (1, 3, 5
and 7). The players responded individually for five minutes after
the final set of each possession game, in silence and at least 2
metres from each other, to avoid peer influence on their ratings.

Analysis

The results are presented as the means + standard deviations.
First, a sensitivity power analysis was conducted using G*Power

DOI 10.26773/mjssm.260304

(version 3.1.9.6 for macOS; Faul et al., 2007) to determine the
minimum detectable effect size for a repeated measures ANO-
VA with three conditions: NO, 2T and 4T. With an a of 0.05, a
power of 0.80, and a sample size of 18, the analysis indicated a
minimum detectable effect size of f = 0.31 (medium effect size,
according to Cohen, 1988) for the main effect across conditions.
This analysis guided the interpretation of the results. Observa-
tional analysis was implemented to contextualise the dynamics
of the game. As the data did not meet the assumptions of nor-
mality and homoscedasticity, a non-parametric Kruskal-Wallis
ANOVA test was used to compare the average duration of ball
possession between the three training scenarios. The central ten-
dency and NApEn measures of SA and Ipwratio were compared
between possession games as ‘unrelated’ because they are col-
lective variables, while those of SI and SEI, as well as distances
travelled, were compared as ‘related’ because of their individual
nature. As the tactical variables were normally distributed and
equal variances were confirmed, a one-way ANOVA and repeat-
ed measures ANOVA were used to analyse collective (central
tendency and NApEn measures of SA and lpwratio) and indi-
vidual (central tendency and NApEn measures of SI and SEI)
variables, respectively. Synchronisation measures, physical vari-
ables and players’ perceptions of enjoyment and competence
were also compared between possession games using a repeat-
ed measures ANOVA, except for sprinting distances travelled,
which did not follow a normal distribution, so the Friedman test
was used. Practical differences were assessed using Cohen’s d
(trivial, <0.20; small, 0.50; medium, 0.80; and large, >0.80) and
eta squared (n* trivial, <0.01; small, 0.06; medium, 0.14; and
large, >0.14) effect sizes with 95% confidence intervals (CI) for
parametric and non-parametric comparisons, respectively (Co-
hen, 1988). Statistical significance was set at p<0.05 and all anal-
yses were performed using jamovi software, version 2.4.14 for
macOS (The jamovi project, 2024, retrieved from https://www.
jamovi.org).

Results

The effective playing time of the three possession games
was 91%, and the mean duration (and amount) of set piec-
es was 3.3+1.9 s (25 set pieces), 2.4+1.5 s (34 set pieces) and
3.1£2.2 s (33 set pieces) for NO, 2T and 4T scenarios respec-
tively. There were no significant differences (p>0.05) in the
mean duration of ball possession between the possession
game scenarios (Figure 2).
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Table 1 shows the tactical and physical performance of high-
ly trained female footballers and their perceptions of enjoyment
and competence in the three possession games. Players occu-
pied much less space when playing with four targets than when
playing with no targets or two targets (p<0.05; Cohen’s d>1.12).
They were also more synchronised longitudinally when playing
with four targets than when playing with none (p<0.05; Cohen’s
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Figure 2. Duration of ball possessions among highly trained female footballers
(means + standard deviations and quartiles) for pairwise comparisons playing
possession games with no (NO, 79 ball possessions), two (2T, 97 ball possessions)
and four (4T, 79 ball possessions) scoring objects.

d = 0.61). No significant differences (p>0.05) were found be-
tween possession games in players’ physical performance, nor
in their perceptions of enjoyment and competence. Figure 3
illustrates the density of player positioning during each pos-
session game, considering the different target locations or lack
thereof. There is a clear tendency for players to remain closer
to the targets when these were included.

Table 1. Highly trained female footballers’ tactical and physical performance and perceptions of enjoyment and competence
(means + standard deviations) and effect sizes with 95% confidence intervals (Cl) for pairwise comparisons playing possession
games with no (NO), two (2T) and four (4T) scoring targets.

Possession game conditions

Effect size (95% Cl)

NO 2T 4T NO vs 2T NO vs 4T 2T vs 4T
Tactical performance
SA (m?) 526%51 480+62 412+60t+ -0.81[-0.84;-0.78] -2.05[-2.08;-2.01] -1.12[-1.15;-1.08]
NAPpEnR (au) 0.077+0.012 0.084+0.014 0.085+0.010 0.54[-1.09; 2.17] 0.72[-0.93; 2.38] 0.08 [-1.52; 1.68]
Ipwratio (au) 1.25+0.37 1.18+0.10 1.19+0.08 -0.26 [-0.29;-0.23] -0.23 [-0.25;-0.20] 0.11[0.08; 0.14]
NApEnN (au) 0.141+0.022 0.108+0.017 0.134+0.026 -1.68 [-3.54; 0.18] -0.29 [-1.90; 1.32] 1.18 [-0.55; 2.92]
SI(m) 12.04£1.83 11.7£2.21 10.8+1.98 -0.15,[-1.07; 0.78] -0.63, [-1.58;0.32] -0.43,[-1.36; 0.51]
NApEnN (au) 0.073+0.011 0.074+0.008 0.081+0.013 0.01 [-1.50; 1.71] 0.66 [-0.98; 2.31] 0.65 [-0.99; 2.29]
SEI (m) 11.1+£1.44 10.6+1.18 10.8+1.14 -0.38[-1.31; 0.55] -0.23[-1.16; 0.70] 0.17[-0.75; 1.10]
NApEnN (au) 0.093+0.013 0.089+0.010 0.091+0.009 -0.35[-1.96; 1.27] -0.18[-1.78; 1.43] 0.21[-1.14;1.82]
Long sync (au) 0.57+0.14 0.58+0.15 0.64+0.08* 0.07 [-0.47; 0.60] 0.61[0.07; 1.16] 0.50 [-0.04; 1.04]
Lat sync (au) 0.49+0.14 0.50+0.14 0.49+0.15 0.07 [-0.46; 0.61] 0.00[-0.53; 0.53] -0.07 [-0.99; 0.86]
Physical performance
Total distance (m) 1628+72.3 1606+120 1626+123 -0.22[-1.15; 0.71] -0.02 [-0.94; 0.90] 0.17 [-0.76; 1.09]
Walking 651+45.8 663+47.4 657+32.9 0.26 [-0.67; 1.19] 0.15[-0.78; 1.08] -0.15[-1.07; 0.78]
Jogging 625+93.4 595+109 615+106 -0.30[-1.23; 0.63] -0.10[-1.03; 0.82] 0.19[-0.74; 1.11]
High speed 320+50.0 312+£75.8 314+£59.4 -0.13 [-1.05; 0.80] -0.10[-1.03; 0.82] 0.03 [-0.90; 0.95]
Very high speed 24.8+18.7 28.5+14.9 31.3+18.0 0.22[-0.71; 1.15] 0.35[-0.58; 1.29] 0.17 [-0.76; 1.10]
Sprinting 9.71+£12.5 6.38+8.75 7.12+7.17 0.00 [0.00; 0.03] 0.06 [0.00; 0.18] 0.05[0.00; 0.17]
Perceptions
Enjoyment (au) 4.32+0.73 4.44+0.58 4.42+0.63 0.18[-0.74; 1.11] 0.15[-0.74; 1.11] -0.03 [-0.96; 0.89]
Competence (au) 3.83+0.78 3.61+0.65 3.77+0.71 -0.31[-1.24; 0.62] -0.08 [-1.01; 0.84] 0.24[-0.69; 1.16]

Abbreviations: SA, surface area; Ipwratio, length-per-width ratio; SI, stretch index; SEI, spatial exploration index; NApEn, normalised approximate
entropy; Long sync, longitudinal synchronisation; Lat sync, lateral synchronisation; au, arbitrary units. Note: Superscripts indicate significant
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differences at p<0.05: * higher than NO condition; t lower than NO condition; + lower than 2T condition.
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Figure 3. Density of player positioning during possession games with no (left), two

(middle) and four (right) scoring objects. Density represents the relative frequency

of player positions, with brighter areas indicating zones occupied more often and
darker areas indicating zones occupied less often.

Discussion

Using a multidimensional approach, this study sought to
assess the impact of adding scoring targets in women’s foot-
ball possession games. The results of this investigation show
that (a) the effective playing time and average duration of ball
possession did not vary between the training scenarios; (b) the
inclusion of four targets led players to occupy less space, posi-
tioning themselves near the targets, and to play in a more syn-
chronised manner longitudinally than in the non-directional
game; and (c) the physical demands and players’ perceptions
of enjoyment and competence did not differ between the pos-
session games.

Female footballers showed similar game dynamics across
the three possession game conditions. The effective playing
time with or without targets was a third higher than that of
Girls’ England Talent Pathway U14 and U16 league matches,
which ranged from 57% to 61% (Harkness-Armstrong et al.,
2023). Providing high playing time in training ensures ample
motor engagement time, which is crucial for optimising train-
ing and furthering player development. The average duration
of ball possession in the three training scenarios was also sim-
ilar to that in elite female youth matches, ranging from 8.5 to
9.4 s (Harkness-Armstrong et al., 2023), which aligns these
tasks more closely with match conditions (Roca & Ford, 2020).
Since incorporating scoring targets did not reduce playing
time or possession duration, possession games may include
them to preserve a core element of football, such as direction-
ality, without altering game dynamics.

As expected, players occupied less space and played closer
to the targets in a more synchronised manner when multiple
scoring objects were added. Their dispersion on the pitch,
individual use of space, or entropy measures did not change.
Along these lines, Coutinho et al. (2024) found that includ-
ing two mini goals per team in four-a-side possession games
decreased young male footballers’ individual use of space (i.e.
SEI) and increased the distances to their nearest teammates
and opponents, with no change in entropy measures. The lo-
cation of the targets can play a key role in shaping players’ tac-
tical behaviour. Positioning them on the end line resulted in
less exploration and a greater separation between the nearest
players (Coutinho et al., 2024), whereas the internal location
elicited players’ centring and synchronising on the pitch. In
any case, providing directionality to the game seems to help

DOI 10.26773/mjssm.260304

players strategically position and organise themselves around
the targets. The absence of changes in entropy measures indi-
cates that the inclusion of targets did not affect behavioural
regularity. The positive effects of directionality on player cen-
tring and synchronisation on the pitch, together with the lack
of change in behavioural regularity and duration of ball pos-
session, highlight the value of introducing scoring targets to
boost collective tactical performance.

As players may adopt a more strategic way of playing with
multiple targets — occupying less space and playing in a more
synchronised way — a lower external load would be expect-
ed as a consequence. However, the physical performance of
highly trained female footballers was similar with and without
targets. In contrast, including regular and mini goals seems
to impact the physical performance of young and senior male
footballers in small- and large-sided games (Castellano et al.,
2013; Clemente et al.,, 2019; Coutinho et al., 2024; Santos et
al,, 2024). Acute effects of regular goals were inconsistent: in-
cluding them (and goalkeepers) increased total and running
distances (3.88-5.55 m/s) of professional players in 10-a-side
games (Clemente et al., 2019), decreased total distance of
semi-professionals in seven-a-side games (Castellano et al.,
2013), and did not affect total and high-speed running (above
5.83 m/s) distances of U23s in four-a-side games with an area
per player near 100 m?* (Santos et al., 2024). Adding mini goals
in both the four- and seven-a-side formats resulted in young
(Coutinho et al., 2024) and semi-professional (Castellano et
al,, 2013) players running less than in non-directional games.
Unlike their male counterparts, women’s football coaches can
orientate possession games with multiple targets without wor-
rying about altering their physical demands.

Incorporating scoring objects did not affect players’ en-
joyment or perceived competence, which remained above 4
and 3.5 out of 5, respectively, across all possession games. The
results of this study are in line with previous studies with fe-
male academy footballers in which the relationship with space
(Los Arcos, Gonzalez-Artetxe, Bayer-Perez, et al., 2025) or
opponents (Los Arcos, Gonzalez-Artetxe, Lombardero, et al.,
2025) was modified. They are also consistent with enjoyment
reported by male team sport athletes in different activities,
such as possession or small-sided games (Clemente, 2025):
the manipulation of task conditions does not appear to affect
participants’ enjoyment. Similarly, perceived competence, an-
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other key component of motivation that is closely related to
enjoyment (Papaioannou et al.,, 2006), did not change when
scoring objects, pitch obstacles (Los Arcos, Gonzalez-Artetxe,
Bayer-Perez, et al., 2025), or additional rules that alter opposi-
tional interactions (Los Arcos, Gonzalez-Artetxe, Lombarde-
ro, et al., 2025) were introduced. These findings allow coaches
to modify task conditions according to their training objec-
tives without worrying about compromising the players’ sub-
jective experience.

This study combined different dimensions and levels of
playing competence to contribute to a better understanding
of the acute effects of manipulating the internal logic of the
game in women’s football training. Given its novelty, further
studies are required to increase the sample size and extend the
sampling to different age groups and levels of competition. In
future investigations, it might be possible to integrate obser-
vational, tactical, physical and perceptual data, which would
strengthen and enrich the multidimensional approach.

Conclusions

Placing targets in possession games provides the game
with directionality - a relevant feature of football — and leads
players to occupy less space and play more centred and syn-
chronised, with no changes in game dynamics, external load
or perceptions of enjoyment and competence. Thus, women’s
football coaches can introduce scoring objects to boost tactical
performance without compromising the primary purpose of
possession games: keeping the ball.
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Abstract

The aim of the present study was to investigate the effect of one-year dance therapy on psychomotor develop-
ment in children with autism spectrum disorder (ASD). Fourteen male children (age = 10.29 + 1.50 years) par-
ticipated in this study. They were randomly assigned to an experimental group (n =7, age = 10.29 + 1.50 years),
who were engaged in dance therapy training, or a control group (n =7, age = 10.29 + 1.50 years). General motor
coordination, Draw-a-person, and the gesture imitation tests were used to assess subjective and objective scores,
intelligence quotient (IQ), and the simple gestures of the hands and arms, respectively. Of note, both experimen-
tal and control groups were also subdivided according to their ASD degree: mild (n = 4) and moderate (n = 3) ASD.
The findings revealed that dance therapy training significantly enhanced general motor coordination, namely
objective scores, compared with the control group (p = 0.01). For the imitation of gestures, dance therapy was as-
sociated with higher simple gestures of the hands (p = 0.003) and arms (p < 0.001) scores compared to the control
group. Conversely, the post-subjective scores of motor coordination and post-1Q values did not significantly differ
between the overall experimental and control groups (p = 0.11 and p = 0.56, respectively). Moreover, a greater
effect of dance therapy on subjective scores in children with mild ASD compared with those with moderate ASD
(p = 0.03) was observed. The practice of dance therapy is an appropriate psychomotor therapy to develop visuo-
spatial and motor execution in children with mild and moderate ASD, with a greater effect in children with mild
ASD for subjective scores of motor coordination.
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Introduction

Sporting activities are considered a privileged way of learn-
ing at the sensorimotor, communication, and socialization lev-
els for people with autism spectrum disorder (ASD) (Massion,
2006). Numerous studies have been conducted on this topic,
including a study by Dugas and Moretton (2012) on the evo-
lution of young people with ASD who have participated in
various sporting activities, such as swimming, climbing, and
basketball. This intervention has been proven effective; how-
ever, children with ASD face different degrees of constraint
when participating in sporting activities, the most important
of which is paying attention to the trainer or the educator, par-
ticularly when playing in teams (Vernazza-Martin et al., 2005).
Additionally, children with ASD lack intrinsic or extrinsic mo-
tivation for performing any motor action (Schmitz et al., 2003).

With regard to these difficulties, it is recommended that
instructors or caregivers of children with ASD follow a specif-
ic set of pedagogical procedures. These facilitate the integra-
tion of children with ASD into their environment and provide
them with the required care. First, the trainer or the educator
is invited to identify the particular needs of each child (Rogers
et al., 2005). Children with ASD are often dependent during
various periods. The trainer or the educator is encouraged to
establish a trust-based relationship between the child with
ASD and the people around them (Baron et al., 1998). Several
studies have reported that sports in the social life of individ-
uals with ASD can represent an overlapping area of interven-
tion, with children suffering from the same problem to differ-
ent degrees. To address this disorder, choosing a convenient
sporting activity is vital for achieving the desired goals (Dugas
and Moretton, 2012).

Dance movement therapy can be defined as “a psychother-
apeutic use of the movement as a process to promote the phys-
ical, psychic and social integration of an individual” (Vaysse et
al., 2003). It has been widely practiced in England, the USA,
and Australia for 50 years. It harmonizes the physical and cog-
nitive aspects of one’s personality and promotes self-expres-
sion. This form of therapy offers opportunities to establish
connections among sensory perceptions, representations, and
the child’s environment (Bartenieff and Lewis, 2013). Accord-
ing to Blos (1993), psychomotor development is organized as
an integrative system with four levels (tonic, sensory, affective,
and representative). Dance is a vehicle for leading all these
movements in an adaptable and playful way. Moreover, dance
engages the body in action as an entity to be felt, lived, and
appropriated or reappropriated (Biotteau et al., 2015). The
bodily movements of dance, as a practice, generally reflect the
dimensions of time, structure, and organization. Undoubtedly,
to dance is to put one's body into action for a certain duration
by following a set of movements (Louppe, 2010).

Dance as a mediation is considered therapeutic only when
it is part of a package of therapeutic interventions (Albaret,
2015). Referring to Larousse, "a package is a set of means im-
plemented for a specific intervention". It is possible to distin-
guish some specific ways of dancing. The first way is related
to the group parameter, by which situations or exercises allow
the subject to interact with an individual or a group of indi-
viduals to test their relationships with oneself, the other, and
the group. The second is the spatial parameter, which concerns
the different spatial forms of use, specifically, the capacity of
the circle, the frontality of the line, or the investment of the
different levels of space. Notably, symbolization and creativity
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are other parameters embodied in mediating objects such as
fabric, sticks, balloons, and music (Lesage, 2006).

Various experiments have highlighted the importance of
dance therapy for children with ASD. A study of the effects
of dancing was carried out with a group of nine children with
ASD who pursued dance classes for 2 h every 15 days. They
were accompanied by a dance teacher, an occupational thera-
pist, and a psychologist. After one year of practice, children’s
gestural and technical improvements could be observed, al-
though researchers noted some difficulties at the levels of
segmentation, coordination, and amplitude (Xia and Grant,
2009). In this respect, Peterson et al. (2015) reported that danc-
ing helps foster the relational abilities of children with ASD
through the involvement of various disorders that hinder their
relationships with others. Another experiment, described by
Seal and Bonvillian (1979), was performed in a sample of three
teenagers with ASD. The goal was to evaluate the relationship
between the dance teacher and the children after their partic-
ipation in different dance sessions. This research reported a
change in the interactions between the children with ASD and
the dance teacher, as well as among the group members.

With respect to the beneficial effects of dance therapy for
children with ASD in terms of the unification of body image,
symbolization of gestures, and integration in group perfor-
mance (Henze et al., 1998; Scharoun et al., 2014), the precise
effects of dance therapy in children with different degrees of
ASD still have to be thoroughly assessed. Moreover, the exist-
ing body of scholarly research highlights the benefits of dance
movement-based therapies in ASD (Aithal et al., 2021; Chen
et al., 2022; Cui & Wang, 2024; Takahashi et al., 2019), yet few
studies systematically examine their impact on both motor and
cognitive domains. Understanding these effects could provide
evidence-based support for integrating dance therapy into ther-
apeutic and educational programs, offering a non-pharmacolog-
ical approach to improving functional outcomes in children with
ASD. Therefore, the aim of the present research was to evaluate
the effect of dance therapy on children with mild and moderate
ASD and the degree-specific effects. We hypothesized that dance
therapy would help develop motor coordination, intellectual
maturity, and body schema compared to the control group, with
greater improvements expected in children with mild ASD. This
study was prompted by the need to understand the potential
contributions of dance movement therapy to children with ASD,
given their documented difficulties in perception, motor coordi-
nation, communication, and socialization. It examined whether
participation in dance therapy had supported improvements in
their ability to navigate social environments. The investigation
also considered whether the intervention had enhanced bodily
awareness and self-regulation, thereby enabling greater control
in interactions with space and objects. Particular attention was
paid to whether the therapeutic effects had differed between
children with mild and moderate forms of ASD.

Methods
Participants

Fourteen male children (age = 10.29 + 1.50 years) partic-
ipated in this study. They were a representative sub-sample of
patients of the Errahma Center of the Ibn Sina Association,
Sfax, Tunisia. They were randomly assigned to an experimen-
tal group (n = 7, age = 10.29 + 1.50 years) (Tables 1 and 2) or
a control group (n = 7, age = 10.29 + 1.50 years) using strati-
fied randomization to ensure balance between groups based on
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ASD severity (mild = 4 vs. moderate = 3). Within each stratum
(mild/moderate ASD), allocation to groups was determined by
a computer-generated randomization sequence (blocked 1:1
ratio), ensuring equal distribution of subjects based on ASD se-
verity. To prevent selection bias, allocation was concealed using
sealed opaque envelopes, and an independent researcher man-
aged the randomization process to maintain blinding (Figure
1). Participants were included if they met the following criteria:

(a) suffering from mild and moderate ASD, (b) no history of
chronic disease, (c) absence of interaction disorders and motor
difficulties, and (d) abstinence from physical activities 48 h pri-
or to the testing sessions. Participants not meeting these criteria
were excluded from the study. The investigation adhered to the
guidelines outlined in the Declaration of Helsinki. All partici-
pants were informed about the study's objectives and provided
written, informed consent for their inclusion.

[ Enrollment ]

Assessed for eligibility (n=14)

Excluded (n= 0)
| O Not meeting inclusion criteria

(0=0)
[0 Declined to participate (n= 0)

Randomized (n= 14)

! [

Allocation ]

Experimental group (n=7)

[J Received allocated intervention (n=7)

[J Did not receive allocated intervention
(n=0)

v

Control group (n=7)

[1 Received allocated intervention (n=7)

I Did not receive allocated intervention
(0=0)

[ Follow-Up J

Light ASD (n=4) Medium ASD (n=3)

Medium ASD (n=3)

Light ASD (n=4)

[ Analysis ]

Analysed (n=14)

1 Excluded from analysis (n=0)

Figure 1. CONSORT diagram showing the flow of participants through each stage of a randomized trial.

Table 1. Characteristics of the experimental group suffering from moderate ASD.

Participant Age (years) Gender

Clinical Features

- Agitation

A 10 Boy

« Absence of imitation in gestural communication

- Fairly rigid movements

- Difficulties in movement due to obesity

M 9 Boy

« Requires support to maintain balance (coordination disorder)

« Hyperactivity

N 11 Boy

« Scarcity of facial expression

« Absence of language

The study was conducted from December 2015 to Novem-
ber 2016 in the sports hall of the Errahma Center. Each Monday,
a session from 11:00 to 12:00 was scheduled for the experimen-
tal “moderate” ASD and control groups. The second experi-
mental group, categorized as “mild”, participated in the session
from 12:00 to 13:00. During the first visit, one week prior to
the beginning of the experiment, all the subjects were invited
to the laboratory to familiarize themselves with the procedure

DOI 10.26773/mjssm.260305

and tests involved to minimize their learning effects during the
test. The reception of weekly information regarding the evolu-
tion and the characteristics of each child was guaranteed. This
approach ensured that the children could adapt to the context of
the experiment, thus facilitating their examination. Each child’s
scores were recorded on a grid, noting the capacities in question.
Thereafter, participants were subjected to the same tests at the
second and third visits, one day before and after one of the two
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Table 2. Characteristics of the experimental group suffering from mild ASD.

C(:I”Srj)n (yAegfs) Gender Clinical Features
« Leader of the group and a model for his friends
D 12 Boy « Understands verbal instructions (comprehension preserved)
- Capable of outputting simple verbal exchanges (absence of interaction disorders)
« Capable of outputting simple verbal exchanges (absence of interaction disorders)
F 12 Boy - Prefers relaxation music
« Slightly uncoordinated actions
+ Laughs excessively (emotional regulation disorder)
H 10 Boy + No motor difficulties
- Capable of outputting simple verbal exchanges (absence of interaction disorders)
+ Agitated
B 8 Boy
« Slack body posture

interventions (experimental or control group). The participants
of the experimental groups engaged in dance therapy training,
specifically the “opening ritual” and “therapeutic touch” The
participants in the control group matched the dance therapy
group in duration, frequency, and group size and performed
various adapted physical activities, including conventional gross
motor activities (e.g., obstacle courses, ball games, and balance
exercises) and cooperative games (e.g., parachute activities),
but were intentionally excluded from rhythmic movement, mu-
sic-based interventions, and expressive dance components. Ac-
tivities were adapted for autism-related needs using visual task
cards, noise-reducing headphones, and consistent routines.

Psychomotor test evaluation

The development of children with ASD in different areas,
namely, sensory and motor areas, usually occurs through indi-
vidualized interventions by either specialists or psychomotor
therapists (Feinberg and Beyer, 1998). In the present study, tests
were used to assess children’s abilities in areas of development in
which an interest was noticed before and after each intervention.

The Charlop Atwell's motor coordination scale

This test measures general motor coordination both quan-
titatively and qualitatively (Schopler et al., 1995). The test lasts
approximately 15 min. The six items are divided into four
categories: the coordination between the upper limbs and the
lower ones are grouped into the categories of “puppet” and
“prehistoric animal”. These two items also measure the ability
to learn motor tasks quickly and accurately. The coordination
of the two simultaneous actions with the “U-turn jump” and
“whirling” as a dynamic balance is represented by “successive
jumps on one foot and static equilibrium on tiptoes”. This task
was not originally standardized or validated for the age group
of the children being tested. The children received an objec-
tive and a subjective score for each item (Charlop and Atwell,
1980), which are the sum of the six items. The objective score
measured if the children performed the item as instructed and
modeled by the individual administering the scale, and the
subjective score measured how fluid or natural the children
looked while performing the item (Charlop and Atwell, 1980).

The gesture imitation test

This test was used to evaluate the implementation of the chil-
dren's body schema (Berges and Lézine, 1963). Two sets of 10 sim-
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ple and complex gestures involving the arms, hands, and fingers
were proposed to the children without any verbal intervention
(Berges and Lézine, 1963). However, we used only simple gestures
of arms (10 items) and hands (10 items) due to the difficulty of
complex gestures in children with ASD. The test did not include
any specific material except for illustrations of the gestures.

The test lasted approximately 10 minutes. In the original
version, items were rated as 1 or 0, according to the success
criteria (immediate, mirror, after trial, “piece to piece”) or fail-
ure (global errors, incomplete answers, outliers) (Berges and
Lézine, 1963).

Draw-a-person test

This test was used to assess intellectual maturity (Good-
enough, 1929). It allows the psychometrician to evaluate the
idea that children possess a diagrammatic understanding of
their body. Children were asked to draw themselves, a man, or
a woman as best as they could. The raw score was assigned ac-
cording to the number of drawing elements, with a maximum
of 52 points. After that, each score was recorded and convert-
ed to the intelligence quotient (IQ) (Naglieri, 1988). Of note,
Naglieri’s DAP-IQ system represents a detailed and objective
checklist to minimize subjective interpretation (Lichtenberger
& Kaufman, 2013; Matto & Naglieri, 2005), with a high in-
ter-rater reliability (0.84-0.88; Motta et al., 1993).

Dance therapy training program

The first part of the program was based on body awareness,
self-awareness, and openness-to-space work (Lesage, 2006). At
the beginning of each training session, ten minutes were spent
listening to music while singing. This was called “the opening
ritual”. Each child learned to sing a few words and, in turn, at-
tempted to repeat them. The same song was played frequently
through the end of the year. After the opening ritual, relaxing
music was chosen for the next exercise. The children with ASD
lay on the ground. Light balloons were thrown over different
parts of the children's bodies (first on the upper part and then
the lower parts). In psychomotricity, this approach is termed
“therapeutic touch” (Albaret, 2015). The children focused on
their feelings. The touch-based demonstration of the exercise is
important with such interventions because children with ASD
cannot be guided verbally (Baron-Cohen et al., 1998). Subse-
quently, the light balloons were replaced with heavier ones. The
same exercise was repeated while insisting that the children
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noticed the sensations moving from their center downward
and upward (Lesage, 2006). The sessions encouraged the chil-
dren to work on their own; each child picked up the balloon
and tried to touch different parts of the partner’s body (Butté,
2016). For the second group, the children were well rested. They
could even close their eyes. In the second stage, fabrics were
used to rub parts of their bodies (Biotteau et al., 2015). The chil-
dren continued lying on the floor while the relaxing music was
played. To make the session more dynamic, the children also
participated on their own. The aim was to induce them to come
into contact with their comrades (Morin et al., 2013). At first, it
was difficult to combine these two actions simultaneously. For
this reason, the work was split into two parts (Massion, 2006):
The first part concerned how to hold the hoops by spreading
the hands up, and the second part was based on how to close
and then open the body from the bottom up. The children were
amused by this process, and their pleasure was obvious, espe-
cially when the circle was opened and closed (Schopler, 1987).
Motility games were proposed as a second part of the training
program to promote the development of general motor skills.

Statistical analyses

Descriptive statistical analyses were performed by calculat-
ing the means and standard deviations for each parameter under
study. The normality of the data distribution was assessed using
the Shapiro-Wilk test, which was selected due to its suitability for
small sample sizes, as utilized in this investigation. Depending on
the normality of the data, two-way analysis of variance (ANO-
VA) was conducted. If the data violated normality assumptions,
the Friedman test was applied as a non-parametric alternative, to
determine differences (a) between pre- and post-test measure-
ments and (b) among various groups. When necessary, p-values
were adjusted for multiple comparisons using the Bonferroni
correction method. Effect sizes (ES) were calculated based on
partial eta squared values, with values <0.06 considered small,
>0.14 large, and between 0.06 and 0.14 considered medium (Lo-
vakov and Agadullina, 2021). The magnitude of the ES was inter-
preted using standard guidelines: values <0.06 were considered
small, while values >0.14 were considered large. All statistical
analyses were carried out using the Statistical Package for Social
Sciences (SPSS, version 24.0; IBM, Armonk, NY, USA). Results
with p-values <0.05 were considered statistically significant.

Results
Measurement of general motor coordination: Charlop Atwell Scale

For objective scores, a significant main effect of time was
observed (F(1,12) = 33.57, p < 0.001, ES = 0.73, 95% Conf-
dence Interval [CI] = 3.92-8.64), as well as a significant main
effect of intervention (F(1,12) = 8.47, p =0.013, ES=0.41, 95%
CI =1.22-8.49). Additionally, a significant time x intervention
interaction effect was identified (F(1,12) = 27.74, p < 0.001, ES
= 0.69). Post-hoc analysis revealed that post-objective scores
were significantly higher in the experimental compared to the
control groups (p = 0.013). Furthermore, objective scores in
the mild ASD experimental group were significantly higher
than in the moderate control group (p = 0.031) (Table 3).

For the subjective scores, no significant effects of interven-
tion (F(1,12) =2.83, p=0.11, ES = 0.19, 95% CI = -1.25-9.82)
could be found, while a significant effect of time (F(1,12) =
73.83, p < 0.001, ES = 0.86, 95% CI = 7.03-11.81) was ob-
served, with higher subjective scores post-intervention com-
pared to pre-intervention (Table 3). Additionally, a significant
time X intervention interaction effect was reported (F(1,12) =
37.44, p < 0.001, ES = 0.75). Post-hoc comparisons revealed
no significant differences between the experimental and con-
trol groups (p = 0.11). More in detail, subjective scores were
higher in the mild ASD experimental group than the moderate
ASD experimental group (p = 0.03) and moderate ASD con-
trol group (p = 0.002).

Imitation of gestures test

Regarding the imitation of gestures, analyses revealed
a significant effect of intervention on the simple gesture of
hands (F(1,12) = 13.78, p = 0.003, ES = 0.53, 95% CI = 1.09-
4.19), with higher scores in the experimental group compared
to the control group (p = 0.003). Additionally, the simple ges-
tures of arms differed significantly between experimental and
control groups (F(1,12) = 22.38, p < 0.001, ES = 0.65,95% CI =
1.81-4.90). Furthermore, higher post-simple gesture of hands
scores in the mild ASD experimental group than in the mild
and moderate ASD control groups (both, p = 0.02) (Table 1).
Imitation of the simple gesture of arms scores were lower in
the mild ASD control groups compared with the mild and
moderate ASD experimental groups (p = 0.02, p = 0.03, re-
spectively) (Table 3).

Table 3. Values of general motor coordination and imitation of gestures broken down according to each group.

Statistical
Experimental group (Mean + SD) Control group (Mean + SD) Slg(l?iquc::ce
Variable Intervention)
. Moderate . Moderate
Overall Mild ASD ASD Overall Mild ASD ASD
Objective Before ~ 4.00 +2.58 4.5 +3.00 333+230 4.85+1.57 55+191 4.00 £ 0.00 0.001
p <O.
General scores After 16.00+6.42 19.00+6.63 12.00£4.00 542+222 6.50+251 4.00+0.00
motor
coordination  Subjective Before  457+3.10 6.50+1.73 2.00+264 7.00+331 925+1.89 4.00=+2.00 0.001
<0.
scores After  20.71+7.67 2525+3.86 1466+7.63 9.71+528 1350+3.31 4.66+0.57 P
Simples Before  228+1.70 3.00£1.63 133+152 214+089 225+095 2.00=+1.00
gesture p < 0.001
Imitation of of hands After 6.28+1.97 7.00+141 533+251 1.14+0.89 1.25+095 1.00+1.00
gestures Simples Before  271+170 275+1.70 266+208 185+089 1.75+095 2.00+1.00
gesture p <0.001
of arms After 785+167 775+189 800+173 200+173 1.75+£1.25 233+251

Abbreviations: ASD: Autism Spectrum Disorder; SD: Standard deviation
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Draw-a-person test

For the IQ, no significant effects of time (F(1,12) = 0.36, p =
0.55, ES = 0.03, 95% CI = -1.96-3.47) and intervention (F(1,12)
= 0.34, p = 0.56, ES = 0.02, 95% CI = -10.54-18.35) were re-
ported. A significant time x intervention interaction effect was

observed (F(1,12) = 8.13, p = 0.01, ES = 0.40). Post-hoc com-
parisons indicated that post-IQ values did not differ between
the experimental and control groups (p = 0.56). Finally, no sig-
nificant difference was found between both mild and moderate
ASD experimental and control groups (p > 0.05) (Figure 2).

® Before W After

90
80

Intelligence quotient

70
60
50
40
30
20
10

0

Light ASD
Experimental group

Overall

Medium ASD

Light ASD
Control group

Overall Medium ASD

Figure 2. Intelligent quotient broken down according to the group.

Discussion

The objective of the present study was to evaluate the effects
of dance therapy on motor coordination, intellectual maturity,
and body schema in children with mild and moderate ASD and
the difference between them. This research found that one year
of dance movement therapy significantly enhanced motor coor-
dination, body schema, and IQ in children with ASD compared
with the control group. The results of the post-test revealed sig-
nificant motor progress at both objective and subjective levels.
Nevertheless, this progress was less significant for the subjective
scores of motor coordination in the group diagnosed with more
severe autism, namely moderate ASD. These findings agree with
those of Dawson (1997), who emphasized the importance of
sports in the development of motor skills and the general func-
tional development of people with autism. The motor stimulation
provoked by this activity makes it possible to create relationships
with others, as Birnbrauer and Leach (1997) noted, in interven-
tions within a therapeutic environment. They stated that “to get
in motion is already the beginning of a life of relationship... with
the other, being either with or against him”. In addition, in terms
of relationships, this progress was noticed in the sessions during
which grouping and exchanging between peers were pursued.
The findings were confirmed by the dance movement therapy
experiments described by Lesage (2006), through which the con-
tributions of the dancing activity were learned at the motor and
relational levels. Generally, dance therapy eliminates the restrict-
ed images that always confine participants to the same register
(Lesage, 2006). The majority of children had a positive experi-
ence (Lleixa et al.,, 2016), reflecting that "pleasure, and more par-
ticularly this relation of pleasure to the practice of physical and
sporting activities, must be considered as the fundamental acqui-
sition in physical education, conditioning all other acquisitions,
their reinvestment, and, ultimately, their social utility".

From a neurodevelopmental standpoint, dance therapy lever-
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ages brain plasticity to strengthen neural pathways involved in
motor planning, social cognition, and sensorimotor integration,
which are often atypical in autism (Hildebrandt et al., 2016; Thaut
et al,, 2015). It also enhances cerebellar-prefrontal connectivity,
which in turn improves coordination and balance (Hildebrandt
et al,, 2016). In addition, listening to music while dancing (e.g.,
rhythmic auditory cues) activates the basal ganglia, which sup-
ports motor timing and sequencing (Thaut et al., 2015). From a
sensorimotor learning viewpoint, dance therapy provides mul-
tisensory input (auditory, kinesthetic, visual) to reinforce motor
learning and body schema through embodied cognition. The dy-
namic systems theory posits that dance therapy promotes motor
variability, enabling children to explore and adapt movements
(Thelen & Smith, 1994), while proprioceptive feedback from
dance steps further refines motor accuracy (Bhat et al., 2011).
The present data reported an evolution of children’s imitative
capacities after one year of dance movement therapy. The im-
provement of these capacities is necessary so that these children
can manage and control their emotions and reactions, since they
have problems with imitation and being imitated (Lainé et al,,
2008). The games chosen in the current investigation promot-
ed imitation (facing the mirror, a simple imitation). Schopler’s
system is helpful for achieving good results (Schopler, 1987).
Nevertheless, these results were variable in accordance with the
complexity of the test. This variability was demonstrated by the
gesture imitation test results. The more complex the items were,
the less improvement was achieved. This finding agrees with the
findings of Vaivre-Douret et al. (2016), who mentioned that peo-
ple with autism can imitate if they are offered simple tasks. They
can also imitate if the execution of the movement is not too fast
for them (Gepner and Mestre, 2002). Practitioners have affirmed
that dance therapy is important for different parts of the body
(Lesage, 2006). This step is essential for body coordination in
children with ASD (Smolak, 2004). The current approach argues

DOI 10.26773/mjssm.260305



EXTERNAL AND INTERNAL DANCE MOVEMENT THERAPY FOR AUTISM SPECTRUM DISORDER | W. SOUISSI ET AL.

that different exercises, such as dance therapy, help children elab-
orate their body schema in a better way.

Dance therapy enhances body schema/imitation through
multiple integrated mechanisms. Tactile cues in partner dance
improve body boundary perception by addressing sensory in-
tegration deficits (Cascio et al., 2012), while slow, mindful ap-
proaches such as the Laban/Bartenieff movement foster intero-
ceptive awareness (Mehling et al., 2018). The mirror neuron sys-
tem (MNS) further contributes by synchronizing visual, proprio-
ceptive, and tactile feedback during dance, strengthening body
awareness (Koch et al,, 2012). Collectively, these neurophysio-
logical processes lead to measurable improvements in postural
control and spatial orientation in children with autism (Scharoun
et al., 2014), demonstrating dance's unique capacity to remodel
body schema through multisensory integration and neural plas-
ticity. In addition, predictable rhythmic patterns leverage predic-
tive coding mechanisms to reduce cognitive load (Van der Kamp
etal., 2008), permitting greater allocation of attentional resources
to imitation. These effects are amplified through therapeutic so-
cial scaffolding, where modeled movements strengthen visuomo-
tor coupling via MNS activation (Rizzolatti & Craighero, 2004),
collectively establishing dance as a potent modality for address-
ing imitation impairments through synchronized bottom-up
(sensorimotor) and top-down (cognitive) neural processes.

Children’s different developments in intellectual maturity
and body image were interpreted through a draw-a-person test
performed by the subjects examined before and after the inter-
vention. Specifically, dance movement therapy was more benefi-
cial in children with ASD than in the control group. For example,
participant “A” from the moderate ASD group performed differ-
ently in the pretest. A closed figure of his drawn man, termed
“round or ovoid”, was observed. At this stage, according to the
explanations of Brechet et al. (2009) about the round man, “this
child does not have the capacity to coordinate in parts or in all.
During this stage of the drawn man test, it can be concluded
that the child focused on its entirety but forgot the parts”. In the
posttest, the drawing moved from “ovoid” to a “tadpole man or a
man in detached pieces” (tadpole in English and Kopfilissler in
German) (Brechet et al., 2009). This type of drawn man is usually
composed of an “ovoid” shape containing facial elements around
which radiating lines represent the limbs. For participant “D” of
the second group, whose degree of autism was mild, there was a
transition from a stage of sex differentiation (index: mustache) to
the profile stage, or “the contour man” (participant draws what
he sees). Notably, “the child began to draw starting from the
contour; his drawing then resembles to the silhouette of a body"
(Baldy, 2005). For the other children, a transition was also de-
tected from one stage to another with associated changes in their
1Q levels. According to Ajuriaguerra (1970), body image is based
on tactile, kinesthetic, labyrinthine, and visual impressions. In
this investigation, dance therapy, which included exercises such
as body opening and closing, body awareness and openness to
space, mobilized the internal experiences of the examined chil-
dren. This experience provided the opportunity for the subjects
to find themselves, share their emotions, and get in touch with
the outside world. These results confirm those of Barnet-Lépez's
work (Benoit, 2006), which highlighted the importance of dance
therapy in the construction of body image.

Dance therapy may enhance IQ and improve body image (as-
sessed via the Draw-A-Person test) in children with ASD through
neurodevelopmental and sensorimotor learning mechanisms.
Neuroplastically, dance movement therapy strengthens white
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matter connectivity (Sihvonen et al., 2017), improves cerebellar
function (Koziol et al., 2014), and activates MNS (Haboushaw et
al., 2021), supporting cognitive gains in executive function and
non-verbal IQ (Reinders et al., 2019). Sensorimotor frameworks
suggest that dance therapy recalibrates proprioception (Mastro-
minico etal., 2018) and interoception (Shah et al., 2021), fostering
body schema refinement, which may translate to more accurate/
holistic human figure drawings (Koch et al., 2015; Priebe et al.,
2022). Rhythmic entrainment (Thaut et al., 2015) and mirroring
exercises (Behrends et al., 2012) further integrate motor and cog-
nitive timing while enhancing self-other differentiation, collec-
tively addressing core autism-related deficits in body awareness
and IQ-linked skills (Berger et al., 2019).

Strengths and Limitations

This study provides valuable insights into the effects of adapt-
ed physical activity, namely dance therapy, on motor coordi-
nation and body schema in participants with ASD. One of the
main strengths is the long training volume and the degree-spe-
cific effects. Additionally, the use of validated tools such as the
Charlop Atwell Scale, Draw-a-person, and imitation of gestures
tests enhances the reliability of the findings. However, this study
is not without limitations. The small sample size (n = 14), un-
equal gender distribution, and limited demographic diversity
in participants affect the generalizability of the results to larger
populations and may reduce the statistical power and the ability
to draw conclusions about gender-specific effects. Furthermore,
the sample consisted solely of mild and moderate ASD children,
making it challenging to extend the findings to individuals with
other neurodevelopmental disorders. Finally, the lack of a direct
neurophysiological assessment of cognitive function, such as
electroencephalography (EEG) or functional magnetic resonance
imaging (fMRI), restricts the ability to elucidate the underlying
mechanisms of the observed changes. Future investigations in-
cluding cognitive and neurobiological data are essential to im-
prove the current body of scholarly knowledge and help under-
stand the underlying mechanisms of the effectiveness of dance
therapy in children with mild and moderate ASD.

Conclusion

In summary, motor and relational skills can be developed
in children with differing degrees of ASD. The practice of dance
therapy not only helps reduce inappropriate behavior but also
leads to social and life access. The observed motor and relational
changes seemed to intervene only in the case of the organization
of materials and human resources for running various sessions in
favorable conditions, such as group stability, learning duration, ac-
companiment by psychologists, and room availability, which were
guaranteed for weekly work. Children with ASD are disrupted at
the motor, relational, and communicative levels. However, they
can develop via an adapted and reassuring framework as well as
through the relevant choice of activities to promote later social in-
tegration. The aim of this research was not to teach these children
these techniques nor to help them achieve better performance. It
was merely to help them find themselves, share moments of plea-
sure, and encourage them to discover their own bodies. The goal
was not to help these people live like others but to live with others.
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Abstract

This paper proposes a novel approach for forecasting stroke outcomes in table tennis matches using a transform-
er-based deep neural network architecture. Table tennis rallies’ highly dynamic and fast-paced nature makes tra-
jectory and stroke prediction a particularly challenging. Our model employs dual encoder-decoder structures to
extract contextual features from rally sequences and individual players separately, addressing this issue. The mod-
el uses attention mechanisms to evaluate the relative importance of stroke techniques and landing positions.
Key game-specific attributes, including the ball speed and spin, are incorporated to enhance strategic insight
and prediction accuracy. We further introduce a stroke-level event stream representation to convert raw match
records into a structured and consistent format, significantly improving interpretability and enabling more effi-
cient analysis. A feature fusion network is employed to integrate rally dynamics and player-specific traits, allowing
the model to accurately forecast the type and landing zone of the next stroke. The “Intellectual Tactical System
in Competitive Table Tennis” system database provided the table tennis match data collected in this study. This
database collects the data of Lin Yun-Ju's matches against male opponents (23 matches, 121 games, 2,225 rallies,
totaling 10,517 hits, an average of 4.7 hits per rally). Experimental results show that the proposed architecture
significantly improves prediction performance. On the dataset, it achieved top-1 accuracies of 57.2% for stroke
type and 42.8% for landing zone (spot), with top-5 accuracies of 98.2% and 91.8%, respectively. Furthermore, we
visualize prediction outcomes alongside known stroke data, providing a novel perspective for tactical analysis.
This visualization facilitates intuitive understanding for coaches and players, offering a valuable tool for perfor-
mance evaluation and strategic development in professional table tennis.
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Introduction

With the rapid development of innovative sports technol-
ogies, data collection has become an integral aspect of ball
games. Through comprehensive analysis of match data, game
strategies are no longer solely reliant on intuitive experience;
instead, they are grounded in concrete data evidence, enhanc-
ing the accuracy and effectiveness of tactical decision-mak-
ing. In the highly competitive sport of table tennis, analyz-
ing an opponent's match data enables players to understand
their opponent's behavioral patterns better, allowing them to
target weaknesses during matches. Players can gain a deep-
er understanding of their opponents’ stroke patterns, tactical
approaches, and technical characteristics by systematically
collecting and analyzing various types of match data. This
facilitates a more comprehensive understanding of the game
situation, improving the precision and flexibility of tactical
decision-making.

In table tennis, the variability of stroke patterns pre-
sents a significant challenge in predicting stroke trajecto-
ries. The factors influencing stroke trajectories in table ten-
nis are highly complex, including variables such as stroke
speed and spin angle, which can affect the ball’s trajectory.
Traditional methods for predicting stroke trajectories pre-
dominantly rely on observation and subjective judgment.
Players and coaches often spend extensive time analyzing
match footage frame by frame to anticipate the opponent's
next move. These methods are not only time-consuming
and labor-intensive, but they are also prone to errors and
inconsistencies. However, implementing a stroke trajectory
prediction system enables effective extraction and integra-
tion of key information from the complex features of players
for analysis. This significantly enhances the speed of predic-
tions, providing players with timely data support during the
early stages of matches and actual gameplay. Such systems
enable players to adjust their tactics quickly in response to
their opponent’s changes.

Recent research in table tennis has primarily focused on
identifying stroke-related information from video footage or
quantifying stroke performance through match records. In
previous image analysis studies (Kulkarni & Shenoy, 2021),
human pose estimation techniques have been utilized to rec-
ognize strokes and predict ball landing points by analyzing the
positions of various human joint points in images. However,
due to the high similarity in stroke actions among players, it is
often difficult for computers to distinguish between them accu-
rately. Furthermore, image recognition is susceptible to factors
such as image quality and environmental conditions, resulting
in poor recognition results, particularly when scene changes
occur. Therefore, using human pose estimation methods for
stroke prediction in table tennis videos may not be the ideal
approach.

To enhance the accuracy of match predictions, many stud-
ies have employed the analysis of match records (Chiang &
Denes, 2023; Liu et al., 2024,2025; Tsai et al., 2023), often uti-
lizing machine learning or neural network techniques. How-
ever, current comprehensive table tennis datasets primarily
focus on recording landing points, scores, and events. As a
result, much of the existing research has concentrated on us-
ing statistical data to predict winning probabilities (Huang
et al, 2021), overlooking the significance of other critical
information, such as stroke types, in technical and tactical
analysis. Thus, to accurately predict future stroke types and
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landing points, it is essential to consider the four fundamen-
tal elements of table tennis tactics: landing point, technique,
speed, and spin (Liu et al., 2024). Given the high variability
of the sport, variations in these elements - beyond the ball’s
landing point - must be considered. By effectively leveraging
these features, we can gain a more objective understanding
of different stroke characteristics, which, in turn, will aid in
predicting stroke types and devising strategic approaches for
competitive table tennis.

This study formulates stroke prediction as a sequence pre-
diction task to address the challenges and limitations present in
existing table tennis analysis applications. This constitutes the
core research objective, wherein we employ sequence-to-se-
quence models to extract match features from input sequenc-
es and use an encoder to generate predictive outcomes. Since
table tennis rallies consist of alternating strokes between two
players, the prediction task is inherently turn-based rather than
a conventional single-target sequence prediction problem. Fur-
thermore, a player's overall playing style and rally dynamics
may vary depending on the opponent, necessitating a model
architecture that can account for such variability. To this end,
the sequence-to-sequence model is divided into two distinct
components, enabling the learning of player-specific and ral-
ly-specific features.

This study builds upon ShuttleNet (Wang et al., 2022a), a
stroke prediction method designed to learn stroke techniques
and landing points. ShuttleNet employs dual encoders and
decoders to model rally progression and player style, effec-
tively capturing stylistic differences between players. It then
integrates these features via a fusion network to predict the
technique and landing point of the next stroke. To improve
the accuracy and comprehensiveness of technical and tacti-
cal predictions in table tennis, we convert match records into
an event-stream representation focused on stroke sequences.
This representation facilitates more efficient and precise anal-
ysis. Moreover, we incorporate critical attributes, including
the spin and speed, into the rally and player extractors, allow-
ing for more nuanced judgments of stroke techniques and ball
landing points.

Related Works

Despite the growing interest in landing point prediction for
technical and tactical analysis in table tennis, comprehensive
literature remains on full-scale stroke prediction in the sport.
This session explores prior studies on landing point prediction
in table tennis, discusses the application of sequence prediction
methods in sports trajectory forecasting, and further examines
stroke forecasting within turn-based sports.

Zhang et al. (2010) proposed a high-speed stereo vision
system for table tennis. This system utilizes two smart cam-
eras with a distributed parallel processing architecture based
on local networks to track the ball. It computes the ball's tra-
jectory and landing point by analyzing the coordinates ob-
tained from the cameras using mathematical methods. The
study primarily employs traditional image processing tech-
niques, such as adjacent frame difference, to detect moving
objects and contour analysis to identify the ball's position.
The center of the ball is then accurately calculated using the
growth of sampled points method. The system derives the
ball's 3D position through stereo vision and integrates these
equations to predict the ball's flight path, hitting point, and
landing point.
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While this method effectively predicts landing and hit-
ting points, providing a comprehensive system for practical
application, its image processing technique requires a stable
environment. Variations in lighting, background, or play-
er movements can reduce accuracy. The system relies on
pre-designed mathematical models and requires extensive
manual parameter adjustments to adapt to different scenar-
ios, making it time-consuming and less adaptable to envi-
ronmental changes. The system's complex hardware and
software architecture also require high equipment stand-
ards, which increases implementation difficulty and cost.

The researchers (Wu & Koike, 2020) proposed a landing
point prediction system for table tennis based on deep learn-
ing techniques. This system employs a single camera to capture
the player’s serving motion, and the video data is processed
using the lightweight residual convolutional neural network
ResNet50, which performs well in real-time human pose es-
timation. The network accurately estimates the player's 2D
joint positions, extracting motion features before the stroke.
These pose data are then input into a long short-term memo-
ry (LSTM) network, effectively capturing dependencies in the
sequence of stroke actions, leading to accurate landing point
predictions. Finally, the results are projected onto the table to
provide real-time feedback during training.

Although this system enables real-time prediction of
landing points without requiring model parameter adjust-
ments, it mainly relies on the player's current hitting pos-
ture for prediction, which overlooks essential factors such
as hitting techniques and spin. Consequently, the prediction
is less effective in complex situations involving spin strokes.
Additionally, like the previously mentioned image process-
ing methods, the system is susceptible to environmental
factors that affect image recognition accuracy. Precise cam-
era calibration is necessary to ensure correct image angles,
which is a cumbersome process susceptible to interference,
presenting operational challenges and increasing mainte-
nance costs.

In recent years, the application of transformers in deep
learning has become increasingly widespread, particularly
excelling in natural language processing and other sequence
modeling tasks. Giuliari et al. (2021) introduced a transformer
network based on an attention mechanism to predict future pe-
destrian trajectories. The model's input consists of an individ-
ual’s current and past positions; its output is the predicted fu-
ture positions. The input positions are initially combined with
time encoding to assign a unique marker to each time point.
The encoder then captures feature relationships within the ob-
served sequences, primarily utilizing the attention mechanism
to determine which parts of the sequence to focus on to learn
features more effectively. The decoder then autoregressively
predicts future positions.

Unlike traditional LSTM networks, transformers can
process input data in parallel, resulting in faster training
speeds and improved performance, particularly in capturing
global relationships for long-term predictions. Their flexibil-
ity and scalability enable them to be applied to tasks beyond
natural language processing, including image processing and
time-series data analysis. This versatility makes transformers
well-suited for sequence prediction and feature extraction
tasks. However, conventional sequence prediction methods
typically only consider the sequential relationship of data to
generate subsequent predictions. In turn-based sports like
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table tennis, it is crucial to consider the sequence of strokes
and the stylistic differences between players. Predicting
based solely on stroke sequences may reduce accuracy. Thus,
transformers require further refinement to effectively apply
to table tennis stroke prediction, thereby achieving the de-
sired results.

The researchers (Wang et al., 2022a) proposed a sequence
prediction model, ShuttleNet, for predicting badminton
strokes, marking the first research effort to address stroke pre-
diction in this context. This model emphasizes rally progres-
sion and player style as key features, effectively integrating
them to understand match dynamics and player characteristics
comprehensively. The model utilizes a transformer-based rally
extractor to capture overall rally features from sequential data
and incorporates a multi-head attention mechanism (Vaswani
etal,, 2017) to capture global relationships better. Additionally,
a transformer-based player extractor splits the sequential data
into two subsequences, using encoder-decoder structures to
extract feature information for each player. A position-aware
fusion network integrates player and rally information from
different transformers to predict future stroke techniques and
landing points.

While this method is based on past match records for
predictions, providing relatively reliable results by capturing
players' stroke characteristics, it was initially designed for bad-
minton, considering only landing points and techniques as key
features. However, table tennis must also consider additional
critical factors such as speed and spin. These elements are vi-
tal for accurate stroke prediction in table tennis, and relying
solely on landing points and technique features may not ful-
ly capture the complexity of table tennis dynamics. Therefore,
when applying ShuttleNet to table tennis stroke forecasting,
adjustments are necessary to integrate more table tennis-spe-
cific features, including speed and spin, to enhance the model's
predictive capability.

A review of the literature on table tennis stroke prediction
reveals that while Wu and Koinke (2020) have explored land-
ing point prediction using deep learning methods, primarily
through LSTM networks for temporal prediction in human
pose estimation, and Wang et al. (2022a) used transformers for
badminton stroke forecasting, predicting stroke techniques in
table tennis remains largely underexplored. Previous studies
on table tennis prediction have primarily focused on landing
points and trajectories, with image analysis methods requiring
high environmental and equipment standards, which present
challenges for practical implementation.

This study aims to accurately predict table tennis tech-
niques and stroke placements. To achieve this, we convert
match records into an event-stream representation based
on individual strokes, enhancing data consistency and read-
ability, facilitating more efficient and accurate analysis and
prediction. We propose a deep learning approach based on
ShuttleNet for the stroke prediction framework. The main
contributions of this study include incorporating key fac-
tors specific to table tennis - namely ball speed and spin,
and modifying the model’s loss function better to suit the
analysis of table tennis tactics and strategies. Additionally,
to provide more diverse perspectives in tactical analysis, we
employ a moving window approach to capture short-term
rally patterns within matches, enabling in-depth analysis of
localized tactical scenarios and yielding more precise predic-
tive outcomes.
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Methodology

This study proposes a deep learning-based method for
predicting table tennis strokes to analyze players' stroke
strategies during matches. By forecasting players’ potential
stroke techniques and placements throughout a match and
presenting these predictions graphically, we investigate the
relationship between different players' techniques and tacti-
cal approaches. In the following, we first outline the preproc-
essing steps used to convert raw match data into sequential
formats suitable for deep learning. The proposed stroke pre-
diction model architecture is then described, which employs
two transformer modules to extract features from rally dy-
namics and player styles, integrating them through a gated
multimodal network. Finally, we present the methods used
for predicting stroke techniques and placements, along with
the associated loss functions.

Data Preprocessing

In sports data analysis, data is typically annotated man-
ually by experts. Experts review match footage and con-
vert the content into a standardized format. For example,
in football match analysis, SPADL (Soccer Player Action
Description Language) (Decroos et al., 2018) consolidates
existing football match data and represents continuous
movements in an event stream format, thereby enhancing
data analysis and interpretation. In this study, we utilize ta-
ble tennis match records as our dataset (Liu et al., 2024),
which detail the players, stroke techniques, placements, and
other information for each rally, providing rich material for
analysis.

Due to manual annotation, data inconsistencies and
missing values can occur. Additionally, existing representa-
tions are based on rallies, which involve recording multiple
consecutive strokes, making it difficult to discern individual
stroke information quickly. To address these issues, we refer
to the BLSR (Badminton Language for Shot Rally) (Wang
et al., 2022b) used in badminton, designing a preprocessing
method to convert match records into an event stream rep-
resentation based on individual strokes, thereby improving
data consistency and readability, and enhancing the efficien-
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cy and accuracy of subsequent analysis and prediction tasks.
The representation methods are shown in Table 1, which ref-
erences the BLSR format and combines the match record's
description of table tennis with a stroke-based representa-
tion unit.

In a match, there are multiple games, each subdivided into
rallies, and each rally consists of various strokes. Each stroke
involves interactions between two players. This structure is
similar to a corpus in natural language, so we treat each stroke
as a word and each rally as a sentence based on the relation-
ships in natural language corpora, sentences, and words. Each
rally R? can be seen as a stroke sequence {s,7,s,%,.. .5y, },
where each stroke s,? contains the following six types of in-
formation:

(a) Player: The player who performed the stroke.

(b) Technique: The technique used for the stroke.

(c) Forehand/Backhand: Hit the ball with forehand or
backhand technique.

(d) Spin: The type of spin is applied to the ball.

(e) Speed: The speed of the stroke.

(f) Spot: The location where the ball lands on the table.

Information for each rally R® can be described as follows:

(a) Player A Score: The score of the player who strikes
first in the rally.

(b) Player B Score: The score of the player who strikes
second in the rally.

(c) Get-point Player: The player who won the rally.

(d) End Reason: The reason the rally ended, such as out
of bounds or net.

Deep Neural Network for Stroke Forecasting in Table Tennis

Each rally in table tennis matches consists of multiple
strokes, with two players alternating hits. Thus, stroke pre-
diction in table tennis is defined as a turn-based prediction
problem (Wang et al., 2023). We first simulate future play-
er behavior based on known rally information and player
styles. Thus, we utilize two feature extractors to separately
extract rally information and player styles and then predict
the technique and landing point of the next stroke, as shown
in Figure 1.

‘l
)

L 1

Figure 1. Diagram of a turn-based table tennis stroke forecasting prediction method
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We designed a deep learning-based table tennis stroke pre-
diction model, primarily utilizing the ShuttleNet (Wang et al.,
2022a) architecture. The aim is to objectively forecast stroke tech-
niques and landing points in table tennis matches. This frame-
work includes two extractors for extracting rally progress and
player styles, consisting mainly of transformers” encoders and
decoders. The model replaces the self-attention mechanism with
a type-area attention mechanism to better integrate the stroke
technique and the landing point. A transformer-based rally ex-
tractor generates the rally context, while a transformer-based
player extractor obtains the contexts of the two players. A posi-
tion-aware gated fusion network further fuses these contexts to
predict the technique and landing point of the next stroke.

Firstly, a rally in a table tennis match is represented as
R={S,,S,,...,S, }, composed of multiple strokes, which represent
the known information for that rally. The i-th stroke is per-
formed by a player and is denoted as S;=(p,t,a,,r;;s; ), where it
includes five key pieces of information: p; represents the player
who performed the stroke, t; represents the stroke technique, a;
represents the ball's landing points, r; represents the type of spin
applied to the stroke, and s, represents the speed of the stroke.
The stroke prediction problem is defined as forecasting stroke
techniques and landing points, given the known information
for the previous T strokes {(t,a, )}.,," combined with player,
speed, and spin information, to predict the technique and land-
ing point for the next n strokes {(t,a, M},

The model can effectively capture complex strategy patterns
in table tennis matches and accurately predict future stroke
techniques and landing points with this structure. This enhanc-
es stroke prediction accuracy and provides robust support for
subsequent tactical analysis and match strategy.

Embeddings Layer

In table tennis matches, each stroke includes technique,
landing point, spin, speed, and player information. Before in-
putting this data into the model, it needs to be converted into
vector representations so that the model can understand and
process the input information. Therefore, we utilize word em-
bedding techniques to effectively capture the relationships be-
tween input data, generating dense, low-dimensional vector
representations that improve model processing efficiency and
prediction accuracy.

Word embedding aims to convert a given input sequence
into a representation that is model-readable. A standard meth-
od uses One-Hot Encoding, which converts input words into
sequence vectors. The length of the vector corresponds to the
number of input categories, with only one position being 1 and
the rest being 0, where the 1 position corresponds to the index
of the word in the vocabulary. However, this method produces
large, sparse vectors, which leads to the curse of dimensional-
ity and negatively impacts model performance. Additionally,
one-hot Encoding does not capture the semantic relationships
between words. Therefore, we utilize word embedding as a rep-
resentation method, treating it as a lookup table where the input
vectors are multiplied by a weight matrix to map into a low-
er-dimensional vector space, thereby capturing dependencies
between words and providing contextual information.

To effectively utilize player information in technique and
placement, we add speed, spin, and player information to the
technique and landing point vectors, thereby better reflecting
the importance of speed and spin in table tennis tactics. For the
i-th stroke, the embedding layer e is calculated as follows:
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e=(efe)=(t/+r/+s'+p/a’ +r/+s' +p/) 1)

where t; is the technique vector obtained by projecting t;" us-
ing M,ER™, N, being the number of stroke technique cat-
egories; 1; is the spinvector obtained by projecting r; using
M,ER®¥ N, being the number of spin categories; s, is the
speed vector obtained by projecting s, using M;ER™9, N, be-
ing the number of speed categories; p; is the player vector ob-
tained by projecting a; using M, ER™¥, N, being the number
of player categories; and a;' is the placement vector obtained by
projecting a; using M, ER™Y, N, being the number of place-
ment categories.

Although word embeddings provide rich semantic infor-
mation for input sequences, transformers process all strokes in
parallel and cannot capture the positional information of each
stroke in the sequence. Therefore, position encoding is intro-
duced to provide the relative position of each stroke within the
sequence. According to the original paper (Wang et al., 2022),
strokes that are closer together have more similar position en-
coding vectors. We can effectively learn the relative positions
between strokes by adding the position encoding vectors to
each stroke's word embedding vectors. The position encoding
vectors are determined based on the order of strokes in the
input sequence. This allows the model to retain the sequence
order and learn the sequential relationships between strokes.
The calculations for position encoding are shown in Equations

(2) and (3):
i poOS
€(pos 2i) = SIN | ————= ()
Pe(pos 20 (10000d)
( pos ) 3)
€(pos.2it1) = COS| ———-
Pepos 2it1) 10000%

where pos represents the position of the stroke in the sequence,
d is the dimensionality of the word vectors, 2i represents the
even dimensions, and 2i + 1 represents the odd dimensions.
This encoding method ensures that different positions are not
encoded as identical values across all dimensions, thereby giv-
ing each position a unique encoding.

Rally Progress Extractor

During a rally, players develop strategies to counter their
opponents based on the current state of the game. We simulate
this process using a rally extractor, as shown in Figure 2(a). The
known match records are converted into sequence information,
and the input to the rally encoder is represented as:

Ex=((e,' + pe;, e,* + pe, ), (&,' + pe,, &,*+ pe, ),...) (4)

where pe; is the stroke embedding vector with added position
encoding. The encoder in the transformer extracts features from
each stroke, enabling the model to effectively learn the relation-
ships between strokes and reflect the dynamic state of the game.
The rally extractor primarily reflects the current state of the
rally, identifying whether a player is currently in an offensive
or defensive position. The decoder then uses the extracted rally
information to generate contextual information for the rally, as
shown in Equation (5):

H*= (he,) h™25,L) (5)

where h*&R represents the contextual information generated
by the encoder for the i-th stroke. The generated information is
then input into the feature fusion network to infer the possible
strategy for the next stroke.
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Figure 2. Diagram of the network architecture. (a) rally progress extractor; (b) player style extractor (c) position-aware gated
fusion network.

Player Style Extractor

In table tennis matches, players must devise strategies based
on the information from previous strokes and aim to minimize
their opponents' advantages while maximizing their own. There-
fore, we utilize a player style extractor, as shown in Figure 2(b),
to capture each player's playing style and consider their stroke
preferences, which enables us to predict the next stroke more ac-
curately for different players. The input sequence data is divided
into two sub-sequences according to the players, as represented
by Equations (6) and (7):

E,=(e,,e5...) (6)
Ex=(epe,...) (7)

where E, is the sequence for Player A and Ej is the sequence for
Player B. The two sequences are first added with position encod-
ing. Two separate encoders extract the stroke style for each play-
er, and two decoders generate contextual information for both
players, as shown in Equations (8) and (9):

HA=(h(1+1)A» h(m)A’ h(r+2)A’ h(r+2)A>' . ) (8)
HB:(0> h(r+1)B’ h(ﬂl)B’ h(1+2)B’ hHZ)B)' . ) (9)

where h* R represents the context generated by the encoder
for the i-th stroke of the serving player, while h®&€R? represents
the context for the receiving player. Since the serving player per-
forms the first stroke and odd-numbered strokes, the receiving
player's sequence has the first stroke filled with zeros and the
odd-numbered strokes filled with the contexts of the previous
stroke.

The rally progress and player style extractor used in this
study employs a transformer as the backbone network to extract
features, primarily consisting of an encoder and a decoder. Ini-
tially, the encoder transforms the input vectors of each stroke
into a set of high-dimensional feature vectors. Subsequently, the
decoder generates feature vectors predicting outcomes based
on these vectors and uses the prediction results of the previous
stroke as input into the decoder.

The encoder is the main component within the transform-
er, primarily converting input sequences into high-dimensional
vector representations. It achieves this by learning the seman-
tic and structural information of the input data, providing rich
contextual information for the subsequent operations of the de-
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coder. The encoder comprises six identical sub-layer stacks, each
consisting of two main modules: the multi-head self-attention
mechanism and a feed-forward network.

The input sequence first undergoes the multi-head self-at-
tention mechanism, which captures global relationships by
calculating attention weights between each position in the se-
quence and every other. This information is then subjected to
a nonlinear transformation through a feed-forward network to
extract features further, allowing for better learning of complex
features and semantic information. Each sub-layer includes re-
sidual connections and layer normalization, which help alleviate
the vanishing gradient problem and enhance model training ef-
ficiency. After processing through multiple encoder layers, the
enriched information extracted from the input sequence is rep-
resented as high-dimensional vectors, which are then passed to
the decoder to generate the final output sequence.

Attention modules (Vaswani et al., 2017) have achieved sig-
nificant success in deep learning, particularly within the Trans-
former, which is widely used due to the powerful performance
of its self-attention mechanism. The main goal is to calculate the
similarity between each element in the input sequence and re-
weight the results of other elements based on these similarities.
The multi-head self-attention, as the technological core of the
Transformer, can dynamically learn the semantic features. Typi-
cally, it computes attention weights through query, key, and value
vectors to determine which features the model should focus on.
Attention scores are normalized using activation functions and
ultimately used to generate the output of the attention module.

However, in the stroke strategies in table tennis matches, the
technique of each stroke mainly depends on the player's previ-
ous stroke, while the landing point is determined based on the
opponent's past playing habits. Since traditional self-attention
mechanisms can only focus on the same position, the model
tends to focus on a single position when predicting stroke types
and landing points, which is insufficient for fully capturing com-
plex contextual information. To address this issue, Wang et al.
(2022a) proposed the Type-Area Attention Layer (TAA), which
separately calculates the importance of stroke technique and
landing point, then combines them to generate the final atten-
tion scores.

Feedforward neural networks play a critical role in enhanc-
ing the feature vector representation capabilities and task perfor-
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mance of query indices. Each encoder layer follows the multi-
head self-attention mechanism. It consists of two fully connect-
ed layers that enable independent feature transformations at
each position. This network can be combined with the global
context captured by the self-attention mechanism, allowing the
encoder to possess stronger learning capabilities when process-
ing sequential data. Additionally, nonlinear activation functions
are employed between layers to capture more complex features
and patterns. By processing input data from different positions
independently in a consistent manner, the network ensures uni-
formity in feature extraction from the input sequence, as shown
in Equation (10):

FFN(x)=max(0,xW,+b,)W,+b, (10)

where x represents the output from the self-attention mecha-
nism, W, and W, are the trainable weight matrices of the first
and second layers, respectively, and b, and b, are bias vectors.
The first fully connected layer maps the input dimension from
dpoqe = 512 to a higher dimension dg; = 2048. After applying the
ReLU activation function, the second fully connected layer proj-
ects the dimension back to d, 4. Feedforward neural networks
effectively enhance the model's feature representation capabil-
ities through local nonlinear transformations. Combined with
the self-attention mechanism, this significantly improves the
performance of the transformer model in handling stroke se-
quence processing tasks.

The decoder’s primary function is to generate new output se-
quences step-by-step based on the previously generated output
sequences. Similar to the encoder, the input sequence is first add-
ed with positional encoding to retain the order information of
each position in the sequence. The input vectors are then passed
through multiple decoder layers, primarily including three mod-
ules: the Masked Multi-Head Attention Layer, the Multi-Head
Attention Layer, and the feedforward neural network.

The masked multi-head attention Layer (Vaswani et al,
2017) introduces a masked mechanism to prevent the model
from attending to future positions in the sequence during the
generation process, ensuring that each step's prediction is based
solely on the parts that have already been generated. The Multi-
Head Attention Layer facilitates interactive learning between the
decoder’s current known output information and the encoder’s
output. It calculates the similarity between the input sequence
and the current sequence context by using the output from the
previous layer as the query matrix, and the encoder's output as
the key and value matrices, thereby improving the accuracy of
predictions. The feedforward neural network consists of two ful-
ly connected layers and utilizes nonlinear activation functions
for transformation, further extracting features and generating
the final predicted vector representations. Additionally, each
sub-layer is followed by residual connections and layer normal-
ization, which help mitigate the vanishing gradient problem and
enhance training efficiency. Through these modules, the decod-
er can fully leverage the contextual information provided by
the encoder while generating the output sequence step-by-step,
thereby improving understanding and prediction accuracy of
the input sequence and significantly enhancing the performance
and flexibility in stroke sequence prediction tasks.

The Masked Multi-Head Attention Mechanism (Vaswani et
al.,, 2017) is primarily used within the self-attention mechanism
of the decoder to prevent the model from focusing on positions
in the output sequence that have not yet been generated during
the inference process. When calculating attention scores, the
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masked multi-head attention mechanism adds a mask to ob-
scure the attention values between the current and subsequent
non-generated positions. This ensures that each step's output
can only be predicted based on the sequence generated up to
that point, thus avoiding interference from future information.

The attention mechanism first computes the dot product of
the query, key, and value matrices. Then, it applies the masking
matrix to the output, setting the attention weights of the future
sequence (upper right part of the matrix) to zero. This ensures
that the model can only attend to the input of the current and
previous steps at each generation step.

The cross-attention mechanism in the decoder is based on
the masked multi-head self-attention module. Its primary func-
tion is to attend to both the encoder's output and the output from
the previous multi-head self-attention module of the decoder
when generating each output. This approach effectively leverag-
es the feature information learned by the encoder to better cap-
ture the relationship between the input sequence and the output
being generated at the current step of the decoder. The decoder
first computes a query matrix based on its input, then utilizes
the encoder's output to create the key and value matrices. Using
the cross-attention mechanism, the decoder acquires contextual
information enriched with features learned from the encoder.
This enables the model to consider the relationship between the
input and the generated sequence at each step, resulting in more
accurate predictions.

Position-aware gated fusion network

In the transformer model, the decoder maps the generated
high-dimensional feature matrix to a vector of the same length
as the number of prediction classes through a linear layer, used
for the final prediction. However, players predict the next stroke
strategy in a table tennis match based on their opponent's stroke
strategy and the current state of the rally. Therefore, it is neces-
sary to process the player and rally information individually and
consider the importance of this information comprehensively.
A traditional linear layer alone may transform this information
into a high-dimensional feature matrix. Still, it does not suffi-
ciently account for the varying importance of this information
across different rallies.

To address this issue, we employed a position-aware gated
fusion network (Wang et al. 2022a), which aims to more effec-
tively fuse information from different sources while considering
their importance in each rally. The Position-Aware Gated Fusion
Network utilizes Gated Multimodal Units (Arevalo et al., 2017),
enabling the model to dynamically adjust the weight of each in-
formation source during the fusion process, accurately reflecting
the relative importance of each piece of information in the cur-
rent context, as shown in Figure 2(c). Firstly, the rally context
h* output from the rally progress extractor and the context of
both players hi* and h® output from the player style extractor
are mapped to the hidden vector space, as shown in Equations
(11)-(13):

hit = 5 (hiWA) (11)
he =5, (hPWP) (12)
hi =6 (hFWF) (13)

Here, §,(-) represents the tanh activation function, and WA,
W?and WR are learnable matrices. Next, the weight of each con-
text is calculated to convey its importance in the current rally, as
shown in Equations (14)-(16):
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ot = 58([;1;‘, RE, Bf]WA) (14)
of = 63([?1{‘, hB, ﬁf]WB> (15)
ol = o, ([hf', b, RETWR) (16)

Here, §,(-) the sigmoid activation function is denoted, and
W ™ W ®and W ® are learnable weight matrices. Finally, the
projected vectors, information weights, and position weights
are multiplied elementwise and summed up to obtain the final
fused output, as shown in Equation (17):

z=0, (B ®@a*®h +B,"®@a’®h P+ " ®@a*@h7)

In this equation, ®denotes element—wise multiplication,
and BABP and B} represent the learned position information
weights. This method dynamically adjusts the strategy for fusing
information between rallies and players. It introduces complex
nonlinear transformations to enhance the prediction accuracy
of the following stroke type and landing point. It offers signifi-
cant advantages in multi-source information fusion. improving
prediction accuracy.

(17)

Technique and Spot Prediction

In transformer models, the final layer is usually a fully con-
nected layer for classification or generation tasks. The activation
function of its output is softmax, which mainly converts the
model output into a probability distribution for classification. In
the table tennis stroke prediction model, the embedded vector
p; of the player hitting the i-th ball is combined with the result
z, from the fusion network. The softmax function then converts
each vector element into a probability value between [0,1]. The
class with the highest probability is the model's prediction for
the technique and landing point of the following stroke in the
sequence, as shown in Equations (18)-(19):

(18)
(19)

t";,,=softmax((z+p;,, )W'
', =softmax((z+p;,, )W

Here, t°,,, represents the predicted probability distribution
of the stroke technique for the next hit, and a";,; denotes the pre-
dicted probability distribution of the landing point for the next
hit. W' and W* are learnable matrices.

In deep learning models, an appropriate loss function is se-
lected according to the task requirements to evaluate the model’s
learning effectiveness and establish measurement standards to
quantify the difference between the ground truth and the pre-
dicted results. In the task of stroke forecasting in table tennis,
the model mainly has two outputs: technique and spot, both of
which are multi-class outputs. Cross-entropy loss, commonly
used in deep learning for classification tasks, enables the com-
parison of the predicted probability distribution with the actual
labels, accurately reflecting the prediction results, especially in
multi-class classification problems.

When predicting the type of the next stroke, multi-class
cross-entropy loss is used to measure the difference between the
predicted stroke probability and the actual stroke type, which
effectively handles classification problems with multiple catego-
ries, as shown in Equations (20)-(21):

(20)
1)

Ltype:-zrzllRl Zicran IS t 10g<1 )
— e
Larea__zr:llR| Zi:ﬁl‘ ! q; log(a 9)
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The total loss function consists of two parts: L, which is
the loss for stroke technique prediction, and L,,,, which is the
loss for landing point prediction. Here, S, represents the input
stroke sequence, and R represents all the rally sequences. The to-
tal loss value is obtained by summing these two losses, as shown
in Equation (22):

L=L,,.+L

‘type area

(22)

Using this loss function, the model can simultaneously opti-
mize the prediction for stroke type and landing point, improving
its performance and accuracy in table tennis stroke prediction
tasks. This approach effectively handles the complex dynamics
in table tennis matches and helps us better understand and sim-
ulate player behavior patterns.

Experimental Results and Discussion
Experimental Environment

Due to the high computational demand of training and in-
ference for deep learning networks, the experiment used a GPU
to accelerate processing. The hardware setup consisted of an
Intel(R) Core(TM) i9-11900K CPU @ at 3.50GHz, an NVIDIA
GeForce RTX 4060 GPU, 64GB of memory, and the Windows
10 operating system. The development was mainly performed
using Python and the PyTorch framework.

Datasets

The table tennis match data collected in this study were pro-
vided by the “Intellectual Tactical System in Competitive Table
Tennis” system database (Liu et al., 2024). We selected match-
es between world-ranked table tennis player Lin Yun-Ju and
his opponents as a case analysis, using a dataset comprising 23
matches, totaling 121 games, 2,225 rallies, and 10,517 shots, with
an average of 4.7 shots per rally. In the shot prediction task, 80%
of the rallies in each match were used as training data, while the
remaining 20% were used for inference.

In table tennis, there are 18 stroke techniques. Fourteen
of them are categorized as rally strokes: drive, counter-drive,
smash, twist, fast drive, fast push, flick, pimple’s long push, pim-
ple’s fast push, long push, drop shot, chop, block, and lob. The
remaining four—traditional serve, hook serve, reverse pendu-
lum serve, and squat serve—are classified as serve techniques.
The table tennis table is divided into two halves by a net, with
each side further segmented into nine landing zones: forehand
short (1), middle short (2), backhand short (3), forehand mid-
long (4), middle mid-long (5), backhand mid-long (6), forehand
long (7), middle long (8), and backhand long (9). Stroke speed
is categorized as slow, medium and fast, and spin types include
topspin, backspin, no spin, sidespin-top, and sidespin-back. Hit-
ting type is classified into forehand and backhand.

Evaluation Metrics

Accuracy typically refers to the ratio of correctly predicted
samples to the total number of samples. However, in trajectory
prediction, where multiple valid tactical options exist, simple ac-
curacy may be too stringent a criterion for evaluation. Thus, we
adopted Top-k Accuracy as the evaluation metric, as shown in
Equation (23).

N
AccQk = %Zl(yi c gfk)>

=1

(23)
Top-k Accuracy is commonly used in multi-class classi-

fication tasks, measuring whether the actual class appears in
the model's top k predictions. This metric accommodates the
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tactical variability of table tennis and provides a more com-
prehensive assessment of model performance under various
scenarios.

Comparisons

We applied the proposed prediction method to table tennis
trajectories, enhancing ShuttleNet (Wang et al., 2022a) by incor-
porating speed and spin—two critical elements in the game of
table tennis. These features significantly influence ball trajecto-
ries. We evaluated our model on datasets from one world-ranked
Taiwanese player, Lin Yun-Ju.

Table 1 shows the results of Lin Yun-Ju's dataset compar-
ing models with and without speed and spin. 'Spot' refers to

landing prediction, and "Technique' to stroke type prediction.
Acc@1, Acc@3, and Acc@5 represent Top-1, Top-3, and Top-5
accuracy, respectively. ShuttleNet (Ori) refers to our baseline
without speed/spin; ShuttleNet (Adv) includes them. Results
show improved accuracy with speed/spin included. For land-
ing prediction, improvements were minimal due to aggressive
strategies favoring long strokes. Stroke prediction accuracy im-
proved by about 5.4%.

We conducted experiments with observed sequence lengths t
=2, 3, and 4 to investigate how the known stroke sequence length
affects performance. Table 2 shows that with Lin Yun-Ju's dataset,
Acc@1 was highest for T = 2. Accuracy dropped for t = 4, likely
due to fewer long rallies in the dataset.

Table 1. Evaluation Comparison of the Lin Yun-Ju Dataset

Landing Area (Spot) Stroke Type (Technique)

Methods Acc@1 Acc@3 Acc@5 Acc@1 Acc@3 Acc@5
ShuttleNet (Ori) 41.3% 94.4% 98.1% 51.4% 77.2% 91.8%
ShuttleNet (Adv) 41.4% 94.5% 98.2% 56.8% 77.3% 94.9%

Table 2. Sequence Length Evaluation Comparison of the Lin Yun-Ju Dataset
Vodel Observed Landing Area Stroke Type
Strokes(t) Acc@1 Acc@3 Acc@5 Acc@1 Acc@3 Acc@5
2 42.8% 93.4% 97.6% 57.2% 76.6% 88.9%
sm;;gs;uet 3 41.4% 94.5% 98.2% 56.8% 77.3% 91.8%
4 40.9% 94.8% 98.1% 35.7% 77.9% 90.9%

According to a study by Hung et al. (2020), the adoption
of the 40+ABS plastic ball in table tennis since 2017 has once
again impacted the development ecosystem of the sport. The ad-
vantage of determining the outcome through serve and attack
within the first three strokes has gradually diminished, while
rally exchanges have increased. Therefore, enhancing the abil-
ity to predict tactical and technical performance in prolonged
rallies would better align with the actual competitive scenarios
of modern table tennis matches. From the data results of this
elite player mentioned above, it can be observed that the optimal
prediction stroke count for Lin is 2 strokes; his accuracy begins
to decline from the fourth stroke onward. Upon review, this may

be due to the relatively fewer data points for rallies extending
beyond 4 strokes. This suggests that, although the study collect-
ed data from 23 matches for the player, it is still insufficient. To
more accurately predict the patterns of prolonged rallies, future
research should continue to track and expand the match data
of players, thereby bringing greater value to the tactical applica-
tions of players.

We also examined sliding window sizes (k = 2, 3, 4) to pre-
dict the next stroke. Table 3 shows that for Lin Yun-Ju, stroke
prediction was best at k = 2, while landing prediction peaked at
k = 4. This may be due to his consistent rear-court play, where
larger windows better capture player tendencies.

Table 3. Window Size Evaluation Comparison of the Lin Yun-Ju Dataset

Landing Area Stroke Type
Window (k)
Acc@1 Acc@3 Acc@5 Acc@1 Acc@3 Acc@5
2 40.9% 90.8% 97.4% 59.1% 91.0% 97.9%
Sht:;cgs;\let 3 43.1% 92.5% 97.9% 58.4% 90.4% 96.4%
4 45.0% 92.7% 97.7% 51.0% 87.3% 95.0%

The results of this study are also quite in line with actual
competition scenarios. Regarding match tactics, elite players
typically focus on short or mid-long serves, intending first to
control the receiver, making it difficult for them to employ ag-
gressive attack techniques. For the receiver, they might respond
with drop shot, push, or back twist attacks. However, after the
third stroke, both sides gradually reduce the use of control-fo-
cused techniques, leading to what is known as dynamic back-
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and-forth offensive exchanges. The hitting points for this style
of play often occur in the rear court. From this phenomenon, we
can generally infer that dynamic offensive exchanges begin by
the third stroke in matches between top players.

Prediction Results

Our trained model predicts both the stroke type and landing
zone based on a sequence of preceding strokes and visualizes
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the top three most probable outcomes. Figure 3 shows the pre-
diction result of the proposed method. Figure 3(a) is used as a
representative example. It illustrates a rally in which Ovtcharov
serves to the “forehand short” area (zone 1), followed by a “drop
shot” to zone 4 from Lin Yun-Ju, a “drive loop” to zone 8 by
Ovtcharov, and a “block” to zone 9 by Lin Yun-Ju. The model

Ovtcharov vs Lin Yun-Ju

Technique GT : fast push
Spot GT: 7

Technique prediction
fast push : 29% block : 25% drive : 24%
4 :block

30%

2 26%

1 : traditional
serve

| 1l 36%

(a)

predicted the next stroke as a“fast push” (red line) to zone 7 by
Ovtcharov, which corresponded with the actual outcome. Figure
3 (b) shows the predictions for the fifth stroke, based on the data
from the third and fourth strokes. In Figure 3 (b) (Lin Yun-Ju
vs. Fan Zhendong), the predicted drive loop to zone 7 matched
the real result

Lin Yun-Ju vs Fan Zhendong

Technique GT : drive loop
Spot GT: 7

Technique prediction
drive loop : 31% fast push :21% block : 19%

38%

26%

30%

(b)

Figure 3. Prediction result of the proposed method. (a) the match between Ovtcharov and Lin Yun-Ju
in the 5th stroke; (b) the match between Fan Zhendong and Lin Yun-Ju in the 5th stroke

From the above, we learned from the accuracy of predictions
regarding the player Lin in the 5th stroke that our proposed
method can almost accurately predict the techniques and land-
ing positions they are likely to execute in the next shot. To ensure
the reasonableness of the prediction results actual competition
scenarios, after interpretation by two national-level table tennis
coaches, it was noted that the predicted ball trajectory aligns
well with the competition's offensive and defensive strategies,
thereby proving the effectiveness of our proposed method. This
outcome aligns with the findings of Wang et al. (2022), which
suggest that players’ stroke selection strategies are influenced by
both their overall playing style and the current rally situation. In
real match scenarios, when two offensive players face each other,
if one initiates an aggressive technique (e.g., a drive), the other
may respond with a high-difficulty counterattack (e.g., a count-
er-drive) if they are confident. However, if the player's strategy
leans more conservative, the likelihood of responding with a de-
fensive block increases significantly.

Moreover, previous studies have indicated that the first five
strokes are a crucial factor in determining the outcome of a
match (Tsai et al., 2023). In this study, we found that Lin Yun-
Ju's average number of strokes in the match was 4.7 strokes, cor-
responding to approximately five strokes per point. This result
aligns closely with the rhythm of offensive players, making it
significant to predict the trajectory of the fifth stroke. However,
unlike previous prediction models, here we attempt to use only
the player’s preceding two strokes (i.e., the 3rd and 4th strokes) as
predictive information for the trajectory of the fifth stroke. The
aim is to effectively predict the player’s subsequent tactical exe-
cution with minimal intelligence-gathering effort, thereby saving
considerable data collection time to enhance intelligence-gath-
ering and analysis efficiency. The results revealed that our model
achieved excellent predictive performance even with only the
preceding two strokes as input. For example, the system’s top-
ranked prediction that Lin Yun-Ju would hit a “drive loop” to Fan
Zhendong’s zone 7 on the fifth stroke was entirely accurate.
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Conclusion

This paper employs a transformer-based architecture to
propose a novel approach for predicting stroke techniques and
landing points in table tennis. Converting match data into a
stroke-level event stream improves input consistency and in-
terpretability, facilitating more effective learning. The proposed
dual-encoder-decoder framework captures rich contextual fea-
tures from rallies and player profiles, while incorporating criti-
cal factors including the ball speed and spin, to model strategic
behavior accurately. Landing point prediction is formulated as a
classification task, and a sliding window mechanism is employed
to capture short-term trajectory patterns, enabling fine-grained
analysis of local tactical scenarios. Prediction results are visual-
ized to assist coaches and players in strategic decision-making.

Although the current model is trained on a specific dataset,
future work will enhance its generalizability by integrating vi-
sion-based technologies, such as pose estimation and ball track-
ing, to automate the annotation of technical actions. This will
support the collection of more diverse and representative data-
sets, improving the model's applicability across a broader range
of players and match contexts. Ultimately, this research advanc-
es intelligent sports analytics in table tennis, providing practical
tools for performance evaluation and tactical planning.

References

Arevalo, J., Solorio, T., Montes-y-Gomez, M., & Gonzalez, F.A.
(2017). Gated multimodal units for information fusion.
arXiv preprint, arXiv:1702.01992.

Chiang, S., & Denes, G. (2023). Supervised learning for table
tennis match prediction. arXiv preprint arXiv:2303.16776.
https://doi.org/10.48550/arXiv.2303.16776

Decroos, T., Van Haaren, J., & Davis, J. (2018). Automatic
discovery of tactics in spatio-temporal soccer match data.
In Proceedings of the 24th ACM SIGKDD Internation-
al Conference on Knowledge Discovery & Data Mining,
pp- 223-232. (London, August 19-23, 2018). https://doi.

DOI 10.26773/mjssm.260306



EXTERNAL AND INTERNAL TRANSFORMER-BASED DEEP NEURAL NETWORKS IN TABLE TENNIS | M.HSU ET AL.

org/10.1145/3219819.3219832

Giuliari, F, Hasan, I., Cristani, M., & Galasso, E (2021).
Transformer networks for trajectory forecasting. In 2020
25th International Conference on Pattern Recognition
(ICPR), Milan, Italy, 2021, pp. 10335-10342, doi: 10.1109/
ICPR48806.2021.9412190.

Huang, W., Lu, M., Zeng, Y., Hu, M., & Xiao, Y. (2021). Tech-
nical and tactical diagnosis model of table tennis matches
based on BP neural network. BMC Sports Science, Medi-
cine and Rehabilitation, 13(1), 54. https://doi.org/10.1186/
$13102-021-00281-y

Hung, C. C., Chou, T. C., & Hsu, M. H. (2020). The impact of
40+ competitive table tennis connecting techniques on the
tactics of high-level athletes. Quarterly of Chinese Physical
Education Society of Physical Education, 34(4), 273-286.
DOI: 10.6223/qcpe.202012_34(4).0006

Kulkarni, K. M., & Shenoy, S. (2021). Table tennis stroke
recognition using two-dimensional human pose esti-
mation. In 2021 IEEE/CVF Conference on Computer
Vision and Pattern Recognition Workshops (CVPRW),
Nashville, TN, USA, 2021, pp. 4571-4579, doi: 10.1109/
CVPRW53098.2021.00515

Liu, J.-W,, Hsu, M. H,, Lai, C. L., & Wu, S. K. (2024). Using
video analysis and artificial neural network to explore as-
sociation rules and influence scenarios in elite table tennis
matches. The Journal of Supercomputing, 80(4), 5472-5489.
https://doi.org/10.1007/s11227-023-05399-6

Liu, J. W, Hsu, M. H,, Lai, C. L., Wu, S. K. (2025). A novel
framework for table tennis match analysis: combining 3S
theory, video analysis, and big data analytics. Journal of
Mechanics in Medicine and Biology, 25(5), 2540045. https://
doi.org/10.1142/50219519425400457

Tsai, A. L., Hsu, M. H., & Chiu, C.H. (2023). Analyzing the
Impact of the Competitive Performance of Olympic Med-

DOI 10.26773/mjssm.260306

al-Winning Table Tennis Players from the Perspective of
Victory and Defeat. Sports Coaching Science,71, 35-50.
DOI:10.6194/SCS.202309(71).0004

Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L.,
Gomez, A.N., Kaiser, L., & Polosukhin, I. (2017). Attention
is all you need. In I. Guyon, U. Von Luxburg, S. Bengio,
H. Wallach, R. Fergus, S. Vishwanathan and R. Garnett
Proceedings of the 31st International Conference on Neural
Information Processing Systems, 6000-6010.

Wang, W.-Y., Shuai, H.-H., Chang, K.-S., & Peng, W.-C.
(2022a). Shuttlenet: Position-aware fusion of rally prog-
ress and player styles for stroke forecasting in badminton.
In Proceedings of the AAAI Conference on Artificial Intel-
ligence, 36(4), 4219-4227. https://doi.org/10.1609/aaai.
v36i4.20341

Wang, W.-Y.,, Chan, T.-E, Peng, W.-C,, Yang, H.-K., Wang, C.-
C., &Fan, Y.-C. (2022b). How is the stroke? Inferring shot
influence in badminton matches via long short-term de-
pendencies. ACM Transactions on Intelligent Systems and
Technology, 14(1), 1-22. https://doi.org/10.1145/3545311

Wang, W.-Y., Peng, W.-C., Wang, W., & Yu, P.S. (2023). Shut-
tleSHAP: A turn-based feature attribution approach for
analyzing forecasting models in badminton. arXiv pre-
print, arXiv:2312.10942.

Wu, E., & Koike, H. (2020). Futurepong: Real-time table ten-
nis trajectory forecasting using pose prediction network.
In Proceedings of the Extended Abstracts of the 2020 CHI
Conference on Human Factors in Computing Systems, Ho-
nolulu, HI, USA, 25-30 April 2020; pp. 1-8. https://doi.
org/10.1145/3334480.3382853

Zhang, Z., Xu, D., & Tan, M. (2010). Visual measurement and
prediction of ball trajectory for table tennis robot. IEEE
Transactions on Instrumentation and Measurement, 59(12),
3195-3205. https://doi.org/10.1109/TIM.2010.2061450

55



56



OPEN ACCESS

ORIGINAL SCIENTIFIC PAPER

Normative Values for the Growth and
Development of Morphological Characteristics
in Students Aged 12, 13, 14, and 15 in Kosovo

Besim Halilaj’, llir Gllareva', Hasim Rushiti', Florim Gallopeni?, Natasa Zenic?, Ard Kryeziu'

Affiliations: 'University of Pristina “Hasan Pristina’, Faculty of Physical Education and Sport, Republic of Kosovo, 2International Business College
Mitrovica, Faculty of Social Sciences, Republic of Kosovo, *University of Split, Faculty of Kinesiology, Split, Croatia

Correspondence: llir Gllareva. University of Pristina “Hasan Pristina’, Faculty of Physical Education and Sport, 10000 Pristina, Republic of Kosovo.
Email: ilir.gllareva@uni-pr.edu

( )\

Abstract

Monitoring adolescent growth is important for understanding public health trends, especially in the regions and
countries where national reference data are still missing, such as Kosovo. The aim of this study was to establish
age- and sex-specific reference values for height, weight, and body mass index (BMI) among school-aged stu-
dents in the Republic of Kosovo and to compare these values with World Health Organization (WHO) growth stan-
dards. The study included 1,950 students (997 boys and 953 girls), aged 12 to 15 years, selected from a nationally
representative sample. Standard anthropometric methods were used, and BMI was categorized based on WHO
criteria. Descriptive statistics, t-tests, and percentile calculations (P1-P99) were performed. The results showed a
linear increase in height, weight, and BMI across all age groups. No significant gender differences were found at
ages 12 and 13, but from age 14, boys were significantly taller and heavier. Compared to WHO references, height
values were mostly similar, except for slightly lower height in 13-year-old boys, while BMI values were consistent-
ly higher in both sexes from ages 12 to 14. A high percentage of students, especially boys, were categorized as
overweight or obese. Further research is needed to determine whether the higher BMI reflects increased fat mass
or lean body mass.
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Introduction fore, monitoring the healthy growth and development of

From an early age, children require not only regular med-
ical care, but also strong emotional and cognitive support
in order to grow and develop properly (Moisiu et al., 2005).
These early influences are important because they form the
base for a child’s future physical and mental health. There-

school-aged children is very important, especially for those
who are already in the education system. It supports their
physical, emotional, and mental development during a pe-
riod that is full of changes. In addition, growth monitoring
allows teachers, doctors, and parents to identify any delays or
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problems that may need attention. It also helps governments
and institutions to design better policies and practical pro-
grams in the areas of health, education, and social services
(Institute of Medicine & National Research Council, 2015).
Among many available health indicators, anthropomet-
ric characteristics like height, weight, and body mass index
(BMI) are considered reliable and simple to measure. These
indicators are commonly used to assess physical growth and
general health status in children and adolescents. They are
also used in public health research to study population-level
trends over time.

Adolescent growth is not only a biological process, but
also strongly influenced by social and environmental condi-
tions, including daily lifestyle habits. Teenagers do not grow
in isolation; their development is shaped by many factors in-
side and outside the home. For example, the education level
and financial situation of the parents can affect how children
eat, how active they are, and whether they have regular ac-
cess to medical and health services (Mollborn et al., 2014).
Children from families with lower income may have fewer
opportunities for sports or healthy meals, which can directly
affect their physical development. On the other hand, im-
provements in living conditions and the fast spread of dig-
ital technology have brought both benefits and problems.
While digital tools help with learning and communication,
they have also increased screen time and reduced movement,
especially among students who spend many hours on com-
puters or mobile devices (Panjeti-Madan et al., 2023). Today,
physical inactivity in youth has become a well-known issue
and is considered a serious public health concern (Opstoel et
al,, 2015; WHO, 2019; Halilaj & Gallopeni, 2022). Although
it is true that genetic factors play a strong role in how a child
grows (Jelenkovic et al., 2011), environmental influences
must also be carefully studied and included when evaluating
child development (Lilic et al. 2024). Therefore, it is widely
accepted that both nature and lifestyle work together to shape
the growth of young people.

The World Health Organization (WHO) developed inter-
national growth standards in 2006, based on a large multi-
center study that collected data from six different countries:
Brazil, Ghana, India, Norway, Oman, and the United States.
These countries were selected because they represented a
range of ethnic and geographical backgrounds, and the chil-
dren included were raised in environments that provided
optimal health, nutrition, and care (Stein et al., 2009; Yang
etal., 2015). The goal of the WHO was to create a set of glob-
al reference standards that could be used to monitor child
growth in any country, regardless of location or income lev-
el. These growth charts became widely used in medical and
educational systems around the world. By 2011, about 125
countries had already adopted the WHO growth standards,
and another 25 were still in the process of evaluating them.
Around 30 countries had not adopted them at that time (de
Onis et al., 2012; Yang et al., 2015). Even though the WHO
growth charts are widely accepted and useful for internation-
al comparison, they may not fully match the genetic and en-
vironmental conditions of every population. For this reason,
some countries have started to develop their own national
growth references to better reflect their local population and
health realities.

It is of utmost importance for each country to develop its
own national norms of growth in children. These norms help
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to detect any delays in development and to respond early with
proper support (Shonkoff & Phillips, 2000; American Psycho-
logical Association, 2019). When growth is evaluated using
data from the same country and context, the results are more
realistic and useful. Such reference norms are used in schools,
health centers, and even in sports. Kosovo is a young country
and still faces many challenges in the public health system. It
still does not have national reference values for growth in ad-
olescents. Due to lack of resources and limited research, many
professionals rely on WHO norms, which may not always
match the genetic and environmental situation of Kosovo.
The aim of this study was to develop local growth references
for students aged 12 to 15 in Kosovo and compare them with
WHO standards.

Materials and Methods
Participants

This study included 1,950 students (997 boys and 953 girls)
from lower secondary schools in Kosovo. All participants were
aged between 12 and 15 years. According to official records of
the Ministry of Education, there were 94,024 students in this
age group in the 2022/2023 school year. Based on this num-
ber, the minimum sample for 95% confidence level was 1,071
participants, so the sample of this study can be considered as
statistically representative.

Before starting the measurements, the research team ex-
plained the aim and procedure to the students, school direc-
tors, and parents, and consents were obtained. Students with
known health conditions were not included. Only students
with signed parental consent forms were measured. The study
was approved by the University of Pristina’s governing council
(Protocol no. 2/963, dated 15.11.2023) and followed the Dec-
laration of Helsinki (WMA, 2001).

Variables, Measurement, and Protocol

The main variables in this study were age, sex, body height,
body weight, and BMI. Age and sex were taken from school
records. Body weight was measured using a digital scale (ac-
curacy: 100 g), and height was measured using a vertical an-
thropometer (accuracy: 0.5 cm). Students were lightly clothed,
and the clothing weight was subtracted. BMI was calculat-
ed using the standard formula (kg/m?) and compared using
WHO reference values (WHO, 2006). All tools were produced
by RossCraft Innovation and were calibrated before each mea-
surement. Trained staff collected all data, which was divided
by sex and age for analysis.

Statistics

The data were analyzed using basic descriptive statistics,
including mean, standard deviation, and frequency. Indepen-
dent t-tests were used to compare boys and girls in height,
weight, and BMI. The BMI values were categorized as under-
weight, normal, overweight, and obese based on WHO crite-
ria. Normality of data was checked using the Shapiro-Wilk
test. If data was not normally distributed, Box-Cox transfor-
mation was applied (Oyhenart et al., 2014). Percentiles from
P1 to P99 were calculated and compared with WHO reference
percentiles (De Onis et al., 2007).

Results

Table 1 shows the normality test using the Shapiro-Wilk
method. Only the height values of girls aged 12, 13, and 14
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years, and boys aged 12 years showed normal distribution.
All other measured variables had statistically significant de-

Table 1. Normality test according to the Shapiro Wilk test method
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viation from normality, so transformation was needed be-

fore analysis.

YEARS GENDER VARIABLE SHAPIRO-WILK
STATISTIC DF P
HEIGHT .993 209 454
GIRLS WEIGHT 951 209 <.001
BMI 929 209 <.001
12 HEIGHT 995 240 .584
BOYS WEIGHT 940 240 <.001
BMI 929 240 <.001
HEIGHT 995 261 557
GIRLS WEIGHT 931 261 <.001
BMI 931 261 <.001
" HEIGHT .986 255 .012
BOYS WEIGHT 951 255 <.001
BMI 931 255 <.001
HEIGHT .993 210 409
GIRLS WEIGHT 943 210 <.001
BMI 875 210 <.001
h HEIGHT .982 246 .003
BOYS WEIGHT 940 246 <.001
BMI .904 246 <.001
HEIGHT .983 258 .003
GIRLS WEIGHT 972 258 <.001
BMI 947 258 <.001
N HEIGHT .984 256 .006
BOYS WEIGHT 936 256 <.001
BMI .881 256 <.001

After transformation using the Box-Cox method, data
became more normally distributed. Table 2 shows the basic
descriptive statistics and differences between boys and girls
for height, weight, and BMI. At ages 12 and 13, there were
no significant differences between sexes. Starting from age

Note. Statistic: Statistic; DF: the degrees of freedom; P: the two-tailed significance or p-value

14, boys were taller (t = -6.90; p < 0.001) and heavier (t =
-3.20; p = 0.01), but BMI was not significantly different. At
age 15, boys continued to be taller (t = -13.52; p < 0.001)
and heavier (t = -4.38; p < 0.001), and still no difference in

BMI.

Table 2. Descriptive Statistics and discriminative T-test of anthropometric, height, weight and BMI parameters (girls & boys)

HEIGHT WEIGHT BMI
YEARS GENDER N MEAN sD T P MEAN sD T P MEAN sD T P

12 GIRLS 209 152.80 8.00 1.31 0.19 46.57 1519  -0.04 0.97 19.84 5.06 -066  0.51
BOYS 240 151.83 7.66 46.62 14.49 20.14 4.65

13 GIRLS 261 157.82 6.42 0.14 0.885 51.98 1210 030 0.75 20.76 414 0.71 0.47
BOYS 255 157.73 8.07 51.63 14.14 20.48 4.69

14 GIRLS 210 160.64 6.36 -6.90 <0.001 54.24 11.09 -3.20 0.01 2091 3.85 -0.20 0.84
BOYS 246 165.73 9.28 58.13 14.31 20.99 4.30

15 GIRLS 258 162.55 553 -13.52 <0.00 58.18 9.53 -438 <0.001 22.02 3.40 1.86 0.06
BOYS 256 170.55 7.68 62.44 12.35 21.42 3.97

Table 3 shows the frequency and percentage of students ac-
cording to BMI categories. For 12-year-old girls, 7.7% were un-
derweight, 62.7% normal, 18.7% overweight, and 11% obese. For

Note. N: number of participants; SD: standard deviation; T: T-test; P: P-value or significance
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boys, 2.9% were underweight, 60% normal, 18.8% overweight,
and 18.3% obese. Similar trends continue in other ages, with

boys showing higher percentages in overweight and obesity.
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Table 3. Categorization in percentage and frequencies according to body mass index data (girls & boys)

AGE GENDER F&%  UNDERWEIGHT NORMALWEIGHT  OVERWEIGHT OBESE N
F 16 131 39 23 209
GIRLS
» % 7.7 62.7 187 11.0 100
F 7 144 45 44 240
BOYS
% 2.9 60.0 18.8 183 100
F 5 191 40 25 261
GIRLS
" % 1.9 732 15.3 926 100
F 17 153 47 38 255
BOYS
% 6.7 60.0 184 149 100
F 6 164 26 14 210
GIRLS
» % 29 78.1 124 6.7 100
F 14 170 33 29 246
BOYS
% 5.7 69.1 134 1.8 100
F 4 197 44 13 258
GIRLS
s % 16 76.4 17.1 50 100
F 18 181 29 28 256
BOYS
% 7.0 70.7 113 10.9 100

Note. F: Frequencies; %: percentage; N: number of participants
Table 4 compares the results from Kosovo with WHO  students were taller (p < 0.001). But in BMI, Kosovar stu-
norms for height and BMI. No significant difference was  dents had higher values in both sexes from age 12 to 14 (p
found in height, except for 13-year-old boys, where WHO < 0.001).

Table 4. Differences between Kosovo and WHO student according to height and BMI (girls & boys)

HEIGHT BMI
YEARS GENDER KOSOVO WHO MEAN DIFF P KOSOVO WHO MEAN DIFF P
GIRLS 152.80 153.7 -0.90 -0.10 19.84 18.36 1.47 <0.001
12 BOYS 151.83 152.18 -0.35 0.47 20.14 17.84 2.29 <0.001
GIRLS 157.82 158.08 -0.25 0.51 20.76 19.16 1.60 <0.001
"3 BOYS 157.73 159.35 -1.62 <0.001 20.48 18.58 1.90 <0.001
GIRLS 160.64 160.7 -0.05 0.90 20.91 19.83 1.08 <0.001
1 BOYS 165.73 165.97 -0.23 0.69 20.99 19.35 1.64 <0.001
GIRLS 162.55 162.13 0.42 0.22 22.02 20.45 1.57 <0.001
1 BOYS 170.55 170.91 -0.35 0.45 21.42 20.10 1.32 <0.001
Note. P: P-value or significance
Table 5. Normative values for girls - height, body weight, body mass index
AGE VARIABLE N Percentiles

VALID 1 3 5 15 25 50 75 85 95 97 29

HEIGHT 209 13318 136.77 13892 14423 14763 153.18 15761 16064 166.01 169.02 171.09

12 WEIGHT 209 124 18.35 21.39 31.06 36.68 46.27 56.22 63.14 72.36 76.73 83.39
BMI 209 8.51 9.99 10.97 14.81 16.82 19.85 23.37 24.70 28.39 29.54 31.25
HEIGHT 261 140.25 14556 147.03 151,63 15396 157.88 162.19 16435 167.81 169.48 173.34

13 WEIGHT 261 23.48 30.44 3347 40.75 44.28 51.08 59.01 64.32 75.44 77.54 81.39
BMI 261 11.88 13.48 14.41 16.29 17.57 20.80 23.54 25.05 27.76 28.49 30.69
HEIGHT 210 14391 14711 14940 15381 156.75 16141 165.12 166.94 17024 171.08 174.37

14 WEIGHT 210 28.94 34.29 35.77 43.48 46.62 53.87 60.29 65.66 72.59 76.84 85.14
BMI 210 11.36 14.12 15.32 17.42 18.57 20.62 23.20 24.82 27.59 28.97 32.08
HEIGHT 257 14892 151.06 15252 15675 159.28 16270 166.25 16799 17143 17239 176.08

15 WEIGHT 258 39.14 40.97 43.14 47.84 51.39 57.51 65.05 68.34 74.03 76.53 79.11
BMI 258 14.71 16.09 16.52 18.37 19.64 22.15 24.40 25.49 27.70 28.27 30.02
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Table 5 gives the normative values for girls. There is a clear
increase in height, weight, and BMI from age 12 to 15, which

Table 6 shows the same data for boys. Linear growth is
seen here too. The biggest increase in height happened be-

shows regular growth.

tween ages 13 and 14.

Table 6. Normative values for boys - height, body weight, body mass index

AGE VARIABLE N Percentiles
VALID 1 3 5 15 25 50 75 85 95 97 29

12 HEIGHT 240 13326 136.84 13875 144.13 14646 15223 157.13 159.68 164.76 166.44 16847
WEIGHT 240 16.03 22.09 2547 31.98 36.14 44.90 57.68 61.97 73.62 76.63 81.42

BMI 240 10.60 12.49 13.05 15.30 16.30 19.92 23.69 25.33 27.90 29.02 29.78
13 HEIGHT 255 140.75 143,56 14477 148.72 15190 15782 162.63 166.47 17240 174.02 175.05
WEIGHT 255 26.59 28.05 30.62 36.21 39.10 51.06 62.02 67.00 75.39 78.50 82.22

BMI 255 11.57 12.11 12.76 15.20 16.98 20.47 24.37 25.62 27.73 28.13 30.31
14 HEIGHT 246 14290 14746 149.25 155.16 159.87 166.71 17248 175.02 179.07 181.89 184.78
WEIGHT 246 23.59 28.62 34.22 43.76 48.54 58.35 67.10 70.89 83.23 85.75 93.37

BMI 246 8.97 12.80 14.19 16.94 18.55 21.07 2344 25.10 28.62 2942 31.97

15 HEIGHT 255 150.04 153.28 15551 163.71 166.76 170.77 17548 178.05 18226 184.24 188.41
WEIGHT 255 33.12 39.11 43.33 50.24 54.24 61.87 70.73 75.28 84.02 86.29 92.34

BMI 255 12.93 13.93 14.66 17.65 18.54 21.20 23.90 25.79 28.37 29.23 31.64

Discussion When the data from Kosovo were compared with WHO

This study was carried out to create national reference val-
ues for height, body weight, and BMI in school-aged students
in Kosovo. It included students aged 12 to 15 years and used a
representative sample from different regions. The results were
also compared with WHO international growth standards to
observe how Kosovar children grow compared to global pat-
terns. There are several most important results. First, students’
height increased steadily across ages in both sexes, while BMI
values appeared higher than the WHO standards. However,
many students, especially boys, were found in the overweight
and obese categories. These observations offer information
about how adolescents in Kosovo are growing in recent years.

Results showed that students’ body height increased every
year in both boys and girls. Girls had the highest increase in
height between ages 12 and 13, while boys experienced this
change between 13 and 14 years. After that, the growth slowed
down. This kind of development difference between sexes is
commonly reported in the literature, where girls enter puber-
ty earlier. Body weight and BMI also increased each year as
expected during adolescence. The general trend of the vari-
ables followed similar results from previous studies (Sweeting
& West, 2002; Madhu, 2022). These results describe the basic
physical growth in adolescents from Kosovo.

At ages 12 and 13, there were no significant differences in
anthropometric measures between boys and girls. At age 14
and especially 15, boys were significantly taller and heavier
than girls, while BMI did not show a clear difference between
sexes. This can be explained by the fact that weight and height
increased at similar rates in boys, keeping BMI relatively sta-
ble. On the other hand, it is also possible that muscle mass
increased more than fat mass, especially in boys, which may
not be reflected in BMI. Previous studies have also shown that
BMI is not always accurate to describe body composition, es-
pecially during puberty, while other measurements like body
fat percentage, and/or analyses of lean body mass might pro-
vide better understanding of BMI trends, and should be defin-
itively considered in future studies.
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standards, height values were mostly similar. An exception
was seen in boys aged 13, where WHO values were higher.
For BMI, differences were more visible, with Kosovar students
showing higher values across most age groups, especially from
12 to 14 years. This was the case for both boys and girls, and
almost certainly is at least partially associated with previously
specified difference in body height between Kosovar students
and WHO-reported data. Many factors could explain this,
such as diet, lifestyle, or physical activity. The difference may
also be related to environmental or social changes in the coun-
try, which are different from the populations used to develop
WHO standards (Lopes et al., 2012). Irrespective of the back-
ground, these comparisons give a perspective about where
Kosovo stands in terms of growth indicators.

The BMI category analysis showed that many Kosovar stu-
dents, were classified as overweight or obese. This is particular-
ly evident for boys. Most specifically, at age 12, this was 37.1%
for boys and 29.7% for girls being classified as overweight/
obese. The numbers were still high at older ages, although ev-
idently lower. However, in all age groups, the percentage of
overweight and obese students remained above one-fifth of
the population. These numbers were higher than authors of
the study expected, but in general followed a similar direc-
tion as global studies showing increasing weight problems in
young people (Hedayetullah et al., 2023).

It is interesting to note that global results show that body
weight issues are present already in early adolescence and af-
fect both sexes, but a a deeper look into recent literature sug-
gests that body weight concerns may, in fact, are more preva-
lent or more intense among females during early adolescence.
For instance, a review by Martini et al. (2022) found that
the prevalence of weight dissatisfaction ranged widely (from
10.8% to 82.5% among boys and from 19.2% to 83.8% among
girls), indicating a consistently higher concern among females,
while Mikinen et al. (2012) confirmed that body dissatisfac-
tion often begins in early adolescence, with girls reporting
lower satisfaction with their bodies compared to boys. Other
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studies also supported these findings, showing that 78.1% of
adolescent females and 60.1% of males experienced weight-re-
lated concerns (Neumark-Sztainer et al. 2018). These studies
suggest that while both sexes are affected by weight issues
during adolescence, the psychological burden and body image
dissatisfaction tend to be more pronounced in females.

Higher BMI in students may be the result of various life-
style changes in recent years. Children and teenagers are now
spending more time sitting indoors, using technology, and eat-
ing foods that are rich in calories but poor in nutritional value.
These habits can contribute to excessive weight gain. (Barnett,
et al,, 2018). In countries that are still developing their health
education systems, these problems may appear faster. The sit-
uation in schools may also affect growth, especially if physical
activity is not promoted or if access to healthy food is limit-
ed. Some of these issues may be more common in urban areas
than rural ones, but this was not analyzed in the present study.
Including such variables in future research could help to un-
derstand the influence of daily habits and environment.

At the same time, we can specifically determine if the
higher BMI values found in this study are caused mainly by
fat accumulation or by increases in lean body mass, especially
if we take into account differences between sexes (please see
previously for discussion). Specifically, during puberty, boys
in particular may gain more muscle, which also increases body
weight and BMI (McCabe, et al., 2002). Without using direct
methods to measure fat and muscle, such as skinfold tests or
bioimpedance, it is difficult to interpret the health meaning of
higher BMI. Future studies should include such tools to give a
more complete picture of adolescent growth.

Strengths and limitations

One strength of this study is the use of a large and nation-
ally representative sample, which included students from dif-
ferent regions of Kosovo. This makes the data more reliable
for describing the growth patterns of adolescents in the coun-
try. Another strength is the use of standard anthropometric
protocols and trained staff for measurements, which helped
to reduce possible errors. The comparison with WHO growth
standards also made it possible to see how students in Kosovo
are developing compared to international data.

However, there were some limitations. The study only in-
cluded basic anthropometric variables and did not measure
physical activity, food intake, or detailed body composition.
These factors may have an effect on BMI and could help ex-
plain the results more clearly. Also, information about socio-
economic status or rural and urban differences was not col-
lected. These variables might influence the growth of children
and should be considered in future research. The study was
cross-sectional, so it shows a snapshot in time, and does not
follow students over many years.

Conclusion

This study created the first reference values for height,
weight, and BMI among students aged 12 to 15 years in Koso-
vo. The findings showed that growth in height was similar to
WHO standards in most age groups, while BMI values were
often higher. The results also showed that many students, espe-
cially boys, were in the overweight and obese categories.

At the moment, it is not known whether the high BMI
values are a result of increased fat mass or increased lean
body mass. BMI alone cannot make this difference, especially
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during adolescence, when boys often gain more muscle. Be-
cause of this, the results should be interpreted carefully. Future
studies should include more detailed indicators of body com-
position to better understand if the increased BMI represents a
health risk or a normal part of physical development.

The use of national reference data makes it easier for teach-
ers, doctors, and researchers to evaluate physical development
of students in Kosovo. These findings may help in the future
when planning health education programs or improving phys-
ical activity in schools. More research is needed to explore
lifestyle factors, family background, and other influences on
adolescent growth.
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Abstract

Poor sleep quality and insufficient sleep can adversely affect cognitive and physical health, potentially impairing
athletic performance and overall well-being. This study investigates sleep quality, duration and daytime sleepi-
ness among collegiate athletes from Bangladesh. A cross-sectional, questionnaire-based study was conducted
across 18 universities in Bangladesh, involving 258 athletes from 9 different sports. Participants provided data on
demographics, diet, sports activity, academic performance and self-reported health. Sleep quality was assessed
using the validated Modified Bangla Pittsburgh Sleep Quality Index (PSQI), a 19-item tool measuring seven sleep
components with a total score range of 0 to 21, where scores above 5 indicate poor sleep quality. The athletes had
an average PSQI score of 5.52+2.75 reflecting a high prevalence of poor sleep quality, particularly among cricket,
football players and male athletics athletes. The average duration of nocturnal sleep on campus was 6.66 + 1.04
hours. A significant positive association was found between PSQI scores (3 = 0.140, 95% Cl: 0.036 to 0.395, p =
0.019) and the duration of time it takes to fall asleep after dinner (3 = 0.140, 95% Cl: 0.080 to 0.872, p = 0.019) with
BMI after adjustment for age and sex using linear regression analysis. Gender was significantly associated with
napping patterns with weekly nap frequency (p<0.0001) and nap duration (p<0.05). This study emphasizes the
prevalence of poor sleep quality among collegiate athletes in Bangladesh, its association with greater BMl and the
importance of specific strategies to enhance sleep, sport performance and overall well-being.
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Introduction

Sleep is a fundamental component of overall health and
well-being, playing a key role in numerous physiological
functions, including learning, memory, cognition, metabo-
lism, immune response, and cardiovascular regulation (Ba-
ranwal et al., 2023; Besedovsky et al., 2019). Quality sleep is
essential for maintaining these processes, with most adults
requiring between 7 and 9 hours per night (Hirshkowitz et
al., 2015). Health guidelines recommend a minimum of 7
hours with at least 85% sleep efficiency meaning at least 85%
of time in bed is spent asleep—for optimal health benefits
(Ohayon et al., 2017). Insufficient or poor-quality sleep has
been linked to heightened risks of cardiovascular diseases,
obesity, diabetes, impaired cognitive performance, and de-
pression (Li et al., 2022).

For athletes, sleep quality and duration are particularly
critical, directly influencing training effectiveness, recovery,
mood, and performance (H. H. K. Fullagar et al., 2015).
Adequate, high-quality sleep aids both physical and mental
recovery, reduces injury risk, and helps athletes maintain
peak concentration and performance during competitions
(Hossain et al., 2024; Kirschen et al., 2020). Recognizing
this, elite athletes and coaches emphasize sleep as an essen-
tial element of preparation and recovery, critical to manag-
ing the physical and psychological stresses of training and
competition (Bonnar et al., 2018). Variations in the body’s
natural 24-hour rhythms, such as the sleep-wake cycle and
hormonal fluctuations, also play a role in an athlete’s ability
to perform, highlighting the need for structured rest (Full-
agar et al., 2023).

However, understanding of sleep health among athletes
across different sports in real-world settings remains lim-
ited (Mah et al., 2018). Real-life demands, such as intensive
training, travel, jet lag, and pre-competition stress, can im-
pact sleep quality and duration, often leading to reduced rest
before events (Juliff et al., 2015a; Sargent et al., 2014). These
sleep disruptions have become a growing area of concern in
sports science, where optimizing sleep hygiene is seen as a
means to improve both health and athletic outcomes (Gupta
etal., 2017a).

The Pittsburgh Sleep Quality Index (PSQI) is widely
used to assess sleep quality across clinical and non-clinical
populations. This tool evaluates seven key components of
sleep, providing a global score from 0 to 21, where high-
er scores indicate poorer sleep quality (Al Musharrafi et
al.,, 2023). Evaluating components such as sleep latency,
disturbances, and daytime dysfunction offers insights into
common sleep issues, such as prolonged sleep onset and fre-
quent awakenings (Bertolazi et al., 2011). Studies show that
a PSQI score above 5 effectively distinguishes between good
and poor sleepers, including in older populations (Zitser et
al,, 2022).

Global and South Asian Evidence on Sleep Quality Among
Collegiate Athletes

Studies from Western countries show that a substantial
proportion of collegiate athletes report suboptimal sleep of-
ten driven by academic workload, evening training, and com-
petition stress with reported prevalence estimates frequently
in the range of 40-60% for short sleep or poor sleep quality
(Fullagar et al., 2015; Juliff et al., 2015a). East Asian studies
report similar concerns, frequently attributing short sleep to
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academic pressures and cultural norms (Gupta et al., 2017a).
Research from South Asia is comparatively sparse: a handful
of studies from India and Pakistan report inadequate sleep
duration, irregular sleep-wake patterns, and poor sleep hy-
giene among university athletes, but these studies generally
do not stratify results by sport type or examine environmen-
tal contributors such as dormitory conditions and training
schedules. Notably, there are no published, systematic inves-
tigations using standardized tools like the PSQI among colle-
giate athletes in Bangladesh.

Sleep disturbances are common in competitive settings
and are often linked to poorer physical health and mood (Big-
gins et al., 2021). Athletes in some sports, such as swimming,
may face increased vulnerability to sleep disturbances before
competitions. Comprehensive assessments of sleep, fatigue,
and overall health are essential to developing recovery strat-
egies that enhance both performance and well-being (Costa
et al,, 2022). Olympic-level athletes, for instance, have shown
poorer sleep quality than non-athletes, underscoring the need
for targeted interventions.

The demands of different sports can also influence athletes’
sleep needs (Erlacher et al., 2011; Juliff et al., 2015a; Leeder
et al,, 2012). For example, nighttime competitions can elevate
cortisol levels, reducing sleep quality and duration (O’Donnell
et al,, 2018).Research on collegiate athletes has shown that in-
creasing sleep duration from less than 7 to more than 8 hours
per night can improve mood, alertness, and physical perfor-
mance (Mah et al., 2011).

Although several studies have explored sleep among ath-
letes, important gaps remain. Many investigations do not
differentiate sleep quality across different sport types, despite
evidence that endurance, team, and skill-based sports may
influence sleep demands differently. Likewise, limited atten-
tion has been given to contextual factors such as sleeping
environment, dormitory conditions, training schedules, and
psychosocial stressors variables particularly relevant in low-
and middle-income countries. Importantly, no prior study
from Bangladesh has evaluated sleep quality among colle-
giate athletes using standardized tools, leaving a critical gap
in understanding the sleep-health needs of this population.

Therefore, the present study aims to answer the research
question: What is the overall sleep quality, duration, and day-
time functioning of collegiate athletes in Bangladesh, and
what factors contribute to poor sleep within this population?.

Study objectives and hypothesis

Estimate the prevalence of poor sleep quality (PSQI >5)
among collegiate athletes in Bangladesh. Compare sleep qual-
ity and key PSQI component scores across sport types (team,
individual, endurance/skill). Identify training, scheduling, and
environment factors associated with poor sleep (e.g., evening
training, shared dormitory, academic load).

Primary hypothesis: We hypothesise that a substantial pro-
portion (>40%) of Bangladeshi collegiate athletes will report
poor sleep quality (PSQI >5), with higher prevalence among
athletes in sports with evening training/competition and
among those living in shared or noisy accommodation.

Methods
Participants

The data collection took place between June 16 and July
20, 2024. A sample of athletes was recruited from an elite
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cohort of athletes from Bangladesh who engage in both na-
tional and interuniversity sports across various institutions
(18 universities) using a systematic random process. The
individual being assessed was positioned on the platform
of the portable stadiometer (SECA Stadiometer 213 Japan).
The height (in centimeters) and weight (in kilograms) of
each selected individual were measured using a standard
procedure, and the BMI of each subject was computed.
Measurement with a high-quality stadiometer, which has
a precision of 0.1 cm (equivalent to %th of an inch), was
utilized. The stadiometer is stable and equipped with a
horizontal headpiece that may touch the topmost part of
the head (Azim et al.,, 2024). Data collection from subjects
during the research was conducted through face-to-face
and survey-based methods. Informants were specifically
selected to obtain relevant data and knowledge on the study
topics.

Participant Selection

To provide a representative sample of collegiate athletes
from Bangladesh, a systematic random sampling procedure
was used. The selecting procedure included the following steps:

Inclusion Criteria:

Athletes were eligible if they were actively involved in uni-
versity-level sports and had undergone consistent training
and competition for a minimum of 6 months before the study.
Only those who provided voluntary consent for participation
were deemed eligible for inclusion in the study.

Exclusion Criteria:

Athletes who have sleep disorders, those on pharmaco-
logical treatment impacting sleep, or individuals with chronic
health issues that could substantially alter sleep patterns were
eliminated. This was implemented to eliminate biases that
could distort the study's findings.

Sampling Process:

A rigorous random sampling method had been used to
choose participants. A comprehensive list of all qualified
athletes from the 18 participating universities was prepared.
Athletes were subsequently chosen at random from these lists,
guaranteeing diverse representation from various universities.
A random number generator was utilized to choose athletes
from the pool, thereby minimizing bias and ensuring unpre-
dictability in the selection process.

Gender Balance Strategy:

Equal representation of all genders in the sample was at-
tempted to be achieved. Their participation in each sport at
the collegiate level was reflected in the number of male and
female athletes chosen. In order to ensure that both male and
female athletes were fairly represented in the study, the gender
distribution of athletes within each sport served as a reference
for participant selection.

Sport Diversity:

Participants were chosen from nine different sports, in-
cluding both team and individual sports, ensuring diversity in
sport representation. To make sure that every sport has suffi-
cient representation for cross-sport comparisons, the selection
process was stratified by sport type. Meaningful comparisons
between various sports (e.g., team sports, individual sports,
and endurance sports) were made possible by the stratification
process.

Attrition and Participant Approach:

The initial pool included 310 athletes from the 18 univer-
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sities. Of these, 52 declined to participate or were excluded
based on the exclusion criteria.

Questionnaire

We designed a comprehensive questionnaire for individ-
uals that inquired about their family status, dietary habits,
specific sports participation, academic information, and
health issues (Tabassum & Azim, 2024).

The PSQI stands as a widely utilized self-reported tool
designed to evaluate sleep quality. Comprising 19 questions,
including seven components such as subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, use of
sleep medication, and daytime dysfunction, the PSQI assesses
various aspects of sleep quality experienced over the preced-
ing month (Buysse et al., 1989a). Each component is equally
weighted on a scale from 0 to 3. The global PSQI score, indic-
ative of overall sleep quality, is derived by summing the scores
of the seven components, resulting in a range from 0 to 21. A
higher score signifies poorer sleep quality, while a lower score
indicates better sleep quality (Buysse et al., 1989a). In this
study, the validated Bangla version of the PSQI was employed
to evaluate sleep quality, consistent with previous research
conducted in Bangladesh(Mondal et al., 2018). A PSQI score
exceeding 5 served as the threshold for identifying poor sleep
quality (Islam et al., 2021a).

For data collecting, we considered the following issues: a)
Taking any medications, sleeping pills, or supplements. b) Ad-
diction to drugs or beverages. a) Serious illness or disease. f)
Sleep quality and disruptions (such as insomnia or sleep ap-
nea). g) Routines and habits leading up to sleep, as well as sleep
patterns. j) Sleep-related dietary intake (for example, coffee
and late-night eating). h) The frequency of late-night training
or competition.

Questionnaire Validation and Administration

The study's questionnaire was designed to evaluate the
quality of sleep, taking into account variables like sleep length,
disruptions, and sleep-related behaviors. Expert evaluation, in
which experts in sports medicine and sleep science assessed
the questions' comprehensiveness, relevance, and clarity, ver-
ified the questionnaire's content validity. The association be-
tween questionnaire responses and the Pittsburgh Sleep Qual-
ity Index (PSQI), a reliable indicator of sleep quality, provided
evidence for construct validity. (Buysse et al., 1989b).

Face-to-face interviews were conducted to administer the
questionnaire instead of self-administered surveys for the fol-
lowing reasons. clarification of questions, greater response
rate, and oversight of environmental variables

Reliability of the PSQI

The reliability of the Bangla version of the Pittsburgh
Sleep Quality Index (PSQI) was assessed using Cronbach’s
alpha, an indicator of internal consistency among the seven
components of the PSQI. This study revealed a Cronbach’s
alpha value of 0.383, signifying a modest degree of internal
consistency. Despite this score being below the commonly
accepted criterion of 0.7, which is generally regarded as in-
dicative of good reliability (Cronbach, 1951), it indicates that
a few components of the PSQI may exhibit weaker correla-
tions among this particular population of collegiate athletes.
This moderate dependability may be affected by the distinct
characteristics of this population. Future research should
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further assess the tool's dependability in other cohorts and
potentially refine it to improve internal consistency across
distinct groups.

Ethical standard

All procedures were approved by the Ethical Committee
of the Institute of Biological Sciences at Rajshahi University,
Bangladesh (Approval No: 72(22)/320/IAMEBBC/IBSc, Seri-
al Number: #00019). The study was conducted in accordance
with the World Medical Association's Declaration of Helsinki
for human research (Islam et al., 2021b).

Statistical analysis

Statistical analyses were conducted using SPSS (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows, Ver-
sion 25.0. Armonk, NY: IBM Corp.). The data are reported
as mean + (SD) and percentage for both male athletes, fe-
male athletes in following variable like PSQI, sleep rate on
campus, time of going to sleep after dinner, disturbances of
sleep, aids of sleep, napping habits of athlete’s, poor sleep and
good sleep. The differences in categorical variables (sex and
sports events) and continuous variables (age, height, weight
and BMI) of the participants were analyzed by a chi-square
test and an independent sample t-test, respectively. The data's
normality has been assessed using the Kolmogorov-Smirn-
ov test. With the exception of the total BMI among females
(D =0.124, p = 0.115), which was normally distributed, the
test revealed that the majority of variables did not follow a

normal distribution (p < 0.05). In view of these findings,
variables who met the normality assumptions had been put
to parametric testing, whilst those that did not were taken
to non-parametric tests. Linear regression was employed to
assess the associations between Pittsburg sleep quality in-
dex and after dinner going to sleep with Body mass index of
the participants before and after adjusting for age and sex.
Results were reported using adjusted odds ratios, 95% con-
fidence intervals and P values below 0.05 were considered
statistically significant.

Results
Socio-demographic characteristics of participants

The study examined 258 athletes who participated in var-
ious sporting activities. Most of the sample is male (84.1%)
with an age range between 19 and 27 years old. Male athletes
were the predominant group across all age categories, espe-
cially at ages 22 (35, 13.6%) and 24 (47, 18.2%). On the other
hand, women were less represented, with their largest partic-
ipation occurring at ages 20 and 25 years (each 8, 3.1%). The
athletes' mean height was 167.36 + 8.39 cm and there was a
significant (p<0.001) correlation between the heights of male
and female athletes. Male athletes differ considerably (p<0.05)
from female athletes in terms of weight. Both groups of male
and female athletes had a BMI within the normal range (18.5-
24.9 kg/m2), with male athletes having an average BMI of
22.55 + 4.21 kg/m? and female athletes having an average BMI
0f 22.38 + 4.42 kg/m”>.

Table 1. Participant demographics characteristics

Total Men Women
n (%) n (%) n (%)
Age (years)
19 23(8.9) 22 (8.5) 1(0.4)
20 20(7.8) 12 (4.7) 8(3.1)
21 24(9.3) 20(7.8) 4(1.6)
22 38(14.7) 35(13.6) 3(1.2)
23 32(12.4) 26 (10.1) 6(2.3)
24 51(19.8) 47 (18.2) 4(1.6)
25 36 (14) 28(10.9) 8(3.1)
26 17 (6.6) 16 (6.2) 1(0.4)
27 17(6.6) 11(4.3) 6(2.3)
Total athletes 258 (100) 217 (84.1) 41 (15.9)
Height (m) 167.36+ 8.39 168.45+ 7.81 161.59+9.10*
Weight(kg) 62.75+10.53 63.51+9.55 58.71+ 14.14**
BMI(kg/m?) 22.52+4.24 22.55+4.21 22.38+4.42

Values are presented as mean * standard deviation (SD) for continuous variables and as frequencies (n) and percentages (%) for categorical
variables. BMI = Body Mass Index. p values were from the independent sample t-test and chi-square test, respectively (* p<0.05; ** p<0.01).

Sleep quality and daytime sleepiness assessments

Table 2 shows the assessments of sleep quality and daytime
drowsiness among male and female athletes. All participants
had an overall PSQI score of 5.52+2.75; males scored some-
what higher (5.58+2.79) than women (5.24+2.52). On cam-
pus, the sleep score was similar for men average 6.65+1.07 and
women averaging 6.54+0.90. Men took 2.63+1.25 hours and
women took 2.45+1.00 hours, the average time spent falling
asleep following dinner.

Evaluating by varsity team, male athletics had a PSQI of
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6.52+2.84 while female athletics had a PSQI of 4.10+2.13
with significant (P = 0.01). Men in basketball had a PSQI of
5.94+3.05, while the female player had a PSQI of 6.25+2.05.
Men's cricket had a PSQI of 5.16+3.08; women's cricket had
a PSQI of 5.33£2.78. Other activities like hockey, martial
arts and badminton showed various PSQI scores, typically
reflecting a trend of good sleep quality (PSQI < 0.05). Espe-
cially, every athlete mentioned good quality and length of
sleep, which emphasizes the frequency of adequate sleep in
this population.
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Table 2. Sleep quality and daytime sleepiness assessments (n=258)

e woly  ontmpn  Tmedtochaicdes
Mean (SD)
Range - 0.0-14.0 4.0-12.0 0.1-7.0
All participants 258 (100) 5.52+2.75 6.63+ 1.04 2,60+ 1.21
Sex
Men 217 (84.1) 5.58+2.79 6.65+ 1.07 2.63+1.25
Women 41(15.9) 5.24+2.52 6.54+0.90 2.45%+1.00
P-value 0.47 0.52 0.39
Varsity team
Men Athletics 31(75.6) 6.52+2.84 6.58+0.81 2.52+0.85
Women Athletics 10 (24.4) 4.10+£2.13 6.50+ 0.85 2.00+0.82
P-value .01 0.78 0.10
Men Cricket 55(85.9) 5.16+ 3.08 6.69+ 1.06 2.45+1.27
Women Cricket 9(14.1) 5.33+2.78 6.78+0.83 2.67+0.71
P-value 0.87 0.81 0.61
Men Badminton 8(100) 4.50+1.77 6.50+ 1.20 2.88+1.89
Men Volleyball 13 (59.1) 5.85+2.12 6.46+2.13 3.48+1.48
Women Volleyball 9(40.9) 5.33+3.28 6.56+0.88 2.00+0.71
P-value 0.65 0.83 0.006
Men Handball 8(61.5) 6.13+2.42 6.25+ 1.28 2.37+0.92
Women Handball 5(38.5) 5.60+ 1.82 6.20+ 1.30 3.00+ 1.00
P-value 0.68 0.94 0.27
Men Basketball 17 (68) 5.94+ 3.05 6.29+ 0.92 3.35+1.32
Women Basketball 8(32) 6.25+2.05 6.50+.93 2.94+1.42
P-value 0.79 0.60 48
Men Martial arts 15 (100) 4.20+2.78 7.13+£0.74 2.27+0.96
Men Football 41(93.2) 6.59+ 2.63 6.44+1.03 3.12+£1.12
Men Hockey 29 (100) 4.45+2.06 7.19+1.33 1.55+0.71

Sleep quality, sleep latency after dinner, sleep rating on campus, and daytime sleepiness among male and female collegiate athletes.
PSQI = Pittsburgh Sleep Quality Index. A PSQI global score > 5 indicates poor sleep quality. “Sleep rating on campus” refers to the
athletes’ self-reported sleep satisfaction while residing in university dormitories (higher scores indicate better sleep).

Sleep environment factors and aids to help sleep

Table 3 displays statistics regarding sleep-disrupting causes
and sleep aids among male and female athletes. The prevalence
of sound as a sleep disturbance was highest among athletes,
affecting 27.1% of the whole population (27.6% of males and
24.4% of females). The temperature was the second most preva-
lent component, affecting 24.0% of the entire sample (23.5% of
males and 26.8% of females). Additional significant disruptions
were observed in the form of roommates (12.4% overall; 13.4%
males and 7.3% females), bathroom demands (7.4% overall;
6.9% males and 9.8% females), exposure to sunlight (7.8% over-
all; 7.4% males and 9.8% females), relationship tension (7.0%
overall; 7.4% males and 4.9% females) and other unspecified fac-
tors (14.3% overall; 13.8% males and 17.1% females). The most
commonly used sleep aid among athletes was a fan, which was
effective for 42.6% of participants (44.7% of males and 31.7% of
females). Additional forms of assistance included the utilization
of music (15.5% overall; 16.1% among males and 12.2% among
females) the implementation of unidentified methods (31.4%
overall; 29.0% among males and 43.9% among females), the
use of white noise (4.7% overall; 5.1% among males and 2.4%
among females) and the application of eye masks (5.8% overall;
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5.1% among males and 9.8% among females). Female athletes
had a much larger proportion (43.9%) of utilizing different
methods to enhance sleep compared to male athletes (29.0%).

Napping habits of athletes

Table 4 displays data regarding the sleep patterns also Chi-
square test results to examine the association between gender
and the frequency of napping habits among athletes, includ-
ing categories such as, nap time, never, everyday etc. When it
comes to how often athletes take naps, 39.1% of them stated
that they never nap. Among those who never nap, a larger
proportion of males (42.4%) than females (22.0%) were in-
cluded. Among athletes, 24.0% reported napping daily, with
26.3% of males and 12.2% of females engaging in this habit.
However, napping twice a week was more prevalent among
females (61.0%) than males (20.3%). The amount of time of
naps shown variation, with 39.1% of athletes avoiding from
napping entirely (42.9% males and 19.5% females) There is a
strong significant relationship between gender with napping
habit (p<0.0001). The most prevalent duration for naps was
between 10 and 30 minutes, accounting for 34.9% of the total.
Both males and females had similar proportions, with 34.6%
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Table 3. Chi-Square analysis of sleep environment factors and aids to help sleep by gender (n=258)

Total Male Female Chi-Square Value Degrees of p-value
n (%) n (%) n (%) Freedom (df)

Disturb during sleep

Bathroom 19(7.4) 15(6.9) 4(9.8)

Roommates 32(12.4) 29(13.4) 3(7.3)

Sound 70(27.1) 60(27.6) 10(24.4)

Sunlight 20(7.8) 16(7.4) 4(9.8) 2.503 6 0.86

Temperature 62(24.0) 51(23.5) 11(26.8)

Tension 18(7.0) 16(7.4) 2(4.9)

Others 37(14.3) 30(13.8) 7(17.1)

Thing that helps to sleep

White noise 12(4.7) 11(5.1) 1(2.4)

Eye mask 15(5.8) 11(5.1) 4(9.8) 5.954 4 0.20

Fan 110(42.6) 97(44.7) 13(31.7)

Music 40(15.5) 35(16.1) 5(12.2)

Others 81(31.4) 63(29.0) 18(43.9)

Environmental sleep-disrupting factors and sleep aids used by athletes, presented by gender. Sleep disturbances include noise, temperature,
roommates, sunlight exposure, relationship stress, and other factors. Sleep aids include fans, music, white noise, eye masks, and other
methods. Values represent frequencies (n) and percentages (%). Statistical comparisons were performed using chi-square tests.

and 36.6% respectively. 15.9% of athletes (13.4% males and
29.3% females) reported taking longer naps of 30-60 min-
utes, while 9.3% (8.3% males and 14.6% females) napped for
1-2 hours. However, there is also a significant relation build

up in between gender and length of sleep (p<0.05). Prior to
important competitions, 45% of athletes engaged in a period
of rest, with a greater proportion of females (58.5%) as op-
posed to males (42.4%). The duration of pre-game naps dif-

Table 4. Chi-Square Analysis of Napping Habits of Athletes by Gender (n=258)

Total Male Female Chi-Square Value Degrees of p-value
n (%) n (%) n (%) Freedom (df)

How often do you nap?

Never 101(39.1) 92(42.4) 9(22.0)

Every day 62(24.0) 57(26.3) 5(12.2)

Once in a week 3(1.2) 1(0.5) 2(4.9) 38.01 4 0.0001

Twice in a week 69(26.7) 44(20.3) 25(61.0)

Once a month 23(8.9) 23(10.6) 0(0.0)

Length of naps

Don't nap 101(39.1) 93(42.9) 8(19.5)

Less than 10 min 1(0.4) 1(0.5) 0(0.0)

10-30 min 90(34.9) 75(34.6) 15(36.6) 12.20 5 0.03

30-60 min 41(15.9) 29(13.4) 12(29.3)

1-2h 24(9.3) 18(8.3) 6(14.6)

2+h 1(0.4) 1(0.5) 0(0.0)

Do you nap before big game?

Yes 116(45) 92(42.4) 24(58.5) 3.63 1 0.056

No 142(55) 125(57.6) 17(41.5)

Length of naps before big games

Don't nap 142(55) 125(57.6) 17(41.5)

Less than 10 min 6(2.3) 4(1.8) 2(4.9)

10-30 min 37(14.3) 30(13.8) 7(17.1) 4.495 5 0.405

30-60 min 42(16.3) 33(15.2) 9(22.0)

1-2h 26(10.1) 21(9.7) 5(12.2)

2+h 5(1.9) 4(1.8) 1(2.4)

Distribution of napping habits among athletes, including frequency of naps, nap duration, and pre-competition napping behaviour, stratified by
gender. Values represent frequencies (n) and percentages (%). Chi-square tests were used to assess associations between gender and napping patterns.
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fered across athletes. Specifically, 55% of athletes did not nap
at all, with 57.6% of males and 41.5% of females abstaining
from napping. Additionally, 16.3% of athletes napped for 30-
60 minutes, with 15.2% of males and 22.0% of females falling
into this category. Finally, 14.3% of athletes napped for 10-30
minutes, with 13.8% of males and 17.1% of females in this
group. 10.1% of athletes, consisting of 9.7% males and 12.2%
females, took longer pre-game naps lasting 1-2 hours.

Associations between Pittsburg sleep quality index and after
dinner going to sleep with Body mass index

Table 5 indicates the associations between the PSQI and
the duration of time it takes to go to sleep after dinner, in

relation to BMI, among male and female athletes. Before
the adjustment, the PSQI demonstrated a notable positive
correlation with BMI (f = 0.142, 95% CI: 0.033 to 0.406, p
= 0.021), suggesting that lower sleep quality is linked to in-
creased BMI. The association remained statistically signif-
icant even after adjusting for other factors (f = 0.140, 95%
CI: 0.036 to 0.395, p = 0.019). Similarly, sleeping after din-
ner was found to be positively correlated with BMI before
adjustment (B = 0.136, 95% CI: 0.050 to 0.875, p = 0.028)
and this correlation remained significant after adjustment (8
= 0.140, 95% CI: 0.080 to 0.872, p = 0.019). These findings
suggest that athletes who go to sleep later after dinner tend
to have higher BMI.

Table 5. Associations between Pittsburg sleep quality index and after dinner going to sleep with Body mass index.

Before adjustment After adjustment
) BMI BMI .
Variables B (95% Cl) p-value B (95% Cl) p-value
Total (PSQI) 0.142(0.033,0.406) 0.021 0.140 (0.036,0.395) 0.019
After dinner going to sleep 0.136 (0.050,0.875) 0.028 0.140 (0.080,0.872) 0.019

Linear regression models examining associations between sleep quality (PSQI global score), time to fall asleep after dinner, and BMlI among
athletes. Results are shown as beta coefficients ($3), 95% confidence intervals (Cl), and p-values. Adjusted models account for age and sex.
Higher PSQI scores reflect poorer sleep quality. *p<0.05; 3 is adjusted for age and sex (male used as a referent group)

The study of sleep quality ratios across different sports
events indicates major trends. In the area of sports, participants
in Hockey showed the highest percentage of poor sleep at 62.1%,
whereas those engaged in Martial Arts reported the lowest per-
centage at 25%. In contrast, Martial Arts display the highest per-
centage of good sleep at 75%, with Volleyball following at 68.2%.
Other sports events, including Basketball, Cricket, and Football,
demonstrated little variations, with poor sleep percentages rang-
ing from 43.9% in Athletics to 50% in Football. Corresponding-
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ly, good sleep percentages varied, with 56.1% in Athletics and
50% in Football. Badminton showed an equal distribution of
sleep quality, with 50% classified as poor sleep and 50% as good
sleep. Participants in handball demonstrated a greater incidence
of poor sleep (53.8%) relative to good sleep (46.2%).

The data indicates that individuals involved with, hock-
ey and handball are likely to experience poorer sleep quality,
while those participating in martial arts and volleyball tend to
have better sleep quality.
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Figure 1. Distribution of Pittsburgh Sleep Quality Index (PSQI) categories across sport modalities among collegiate
athletes. The figure illustrates the proportion of athletes classified as having good sleep quality (PSQI < 5) and poor
sleep quality (PSQI > 5) across nine sport modalities. PSQI = Pittsburgh Sleep Quality Index.

Discussion

The current study assessed the sleep patterns, quality, and
duration of collegiate athletes in Bangladesh across both in-
dividual and team sports. It also explored factors such as the
time athletes go to bed after dinner and the environment in
which they sleep.

The primary findings reveal that male and female athletes

DOI 10.26773/mjssm.260308

in Bangladesh generally suffer from poor sleep quality, as ev-
idenced by their PSQI scores. Males exhibited higher PSQI
scores than females, indicating poorer sleep quality. Notably,
a significant association was found between sleep quality and
BMI, with a higher BMI correlating with lower sleep quality.
Moreover, a longer time to fall asleep after dinner was linked
to higher BMI, suggesting that athletes who go to bed later
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tend to have higher BMI levels. These results highlight the
widespread occurrence of sleep disturbances among colle-
giate athletes in Bangladesh and the urgent need for tailored
interventions aimed at improving sleep quality, which could
enhance both athletic performance and general well-being.
Sleep patterns among athletes are often influenced by stress,
anxiety, mood disorders, and inadequate social support, all of
which can contribute to poor sleep quality (Leduc et al., 2020).
Future studies should explore the underlying factors contrib-
uting to sleep deprivation and investigate effective strategies to
address these challenges.

This study included 258 athletes from 18 universities across
Bangladesh, representing 9 sport modalities. The participants
reported subpar sleep quality, with an average PSQI score of
5.52 + 2.75. The athletes in this study, particularly those living
in campus accommodations, experienced poor sleep quality
and tended to go to bed late after dinner. This study is among
the most comprehensive to examine sleep quality across a
broad range of sports, providing valuable insights into the
sleep patterns of collegiate athletes. The findings align with
previous research, such as a study involving 628 athletes from
29 sports, which found a similar average PSQI score of 5.38 =
2.45, indicating poor sleep quality (Mah et al., 2018). Further-
more, another study examining athletes in 20 Olympic sports
found that 52% of athletes had a global PSQI score greater
than 5, suggesting poor sleep quality (Halson et al., 2022).

Several factors can contribute to the lack of adequate sleep
in athletes. The physical demands of their sports, psychologi-
cal stress, competition-related tension, and intensive training
schedules often disrupt normal sleep patterns (Cook & Cha-
rest, 2023). Additionally, balancing academics and athletics
can further exacerbate sleep deprivation, as athletes struggle
to maintain regular sleep patterns (Copenhaver & Diamond,
2017). Environmental factors, such as the quality of sleep
accommodations in dormitories and disruptions caused by
travel, also negatively affect sleep quality (Mao et al., 2018).
Environmental factors, such as the quality of sleep accom-
modations in dormitories and disruptions caused by travel,
also negatively affect sleep quality (Silva et al., 2022). These
challenges create an environment where athletes struggle to
achieve adequate and restorative sleep.

Despite these challenges, many athletes reported sleep dis-
turbances due to noise, roommates, temperature, and stress.
To mitigate these disruptions, some athletes have turned to
sleep aids such as white noise machines, eye masks, fans, and
relaxing sounds to improve their sleep quality. This highlights
the need for practical solutions to help athletes optimize their
sleep environment and address the specific causes of their
sleep disturbances.

Research conducted on Australian athletes supports the
findings of this study, further emphasizing the prevalence of
inadequate sleep among athletes. In that study, 64.0% of par-
ticipants reported experiencing a decline in sleep quality at
least once in the evenings leading up to a major competition.
The most common sleep issue was insomnia (82.1%), partic-
ularly difficulties with sleep initiation. Contributing factors
included pre-competition cognitive rumination (83.5%) and
anxiety (43.8%). Notably, team sport athletes were less likely to
adopt sleep management strategies (59.1%) compared to indi-
vidual sport athletes (32.7%) (Juliff et al., 2015b).

In this study, 60.9% of athletes reported taking naps at least
once a week, with a third of them napping for 10-30 minutes.
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Additionally, 45% of athletes took a pre-game nap, with 14.3%
napping for 10-30 minutes and 16.3% napping for 30-60 min-
utes. Napping, when done properly, can have beneficial effects
on athletic performance. A brief 15-20 minute nap in the early
to mid-afternoon is shown to improve cognitive performance,
reduce stress, and enhance mood, which are essential for
sports performance(George et al., 2024). A pre-game nap can
also have significant advantages, such as improving sprint per-
formance, response times, and endurance (Romdhani et al,,
2020). Furthermore, naps can help alleviate pre-game anxiety
and provide mental relaxation, promoting focus and calmness
before competition. The optimal length of a pre-game nap is
generally considered to be 20-30 minutes (Lastella et al., 2021).

In our study, a positive correlation was found between
PSQI scores and both post-dinner sleep duration and BMI.
Specifically, athletes with lower sleep quality tended to have
higher BMI scores, with this association remaining significant
even after adjusting for age and sex. Additionally, the time it
took athletes to fall asleep after dinner was positively correlat-
ed with BMI. These results suggest that poor sleep habits, such
as going to bed late after dinner, may contribute to higher BMI
levels. This underscores the importance of improving sleep
quality for athletes, not only to enhance their health but also
to optimize their athletic performance.

Various factors contribute to the link between sleep quality
and BML. Sleep deprivation negatively impacts metabolic func-
tions, leading to reduced energy expenditure and increased fat
storage. Hormonal imbalances caused by poor sleep can dis-
rupt appetite-regulating hormones such as leptin and ghrelin,
leading to increased hunger and overeating (Markwald et al.,
2013). Moreover, lifestyle behaviors such as reduced physical
activity and late-night eating can further contribute to higher
caloric intake and poorer dietary choices, ultimately raising
BMI (Giinal, 2023).

The examination of the Pittsburgh Sleep Quality Index
(PSQI) findings disclosed major differences in sleep quality
across athletes participating in different sports. Table tennis,
swimming, and handball had the largest proportion of ath-
letes who reported having good sleep quality, as indicated by
a PSQI score of less than 5. In contrast, cricket players, foot-
ball players, and hockey players had a significant prevalence of
poor sleep quality (PSQI > 5), underscoring the necessity for
focused interventions aimed at enhancing sleep quality among
these populations.

The analysis of PSQI scores revealed notable differences in
sleep quality across athletes from different sports. Athletes in
sports such as table tennis, swimming, and handball reported
better sleep quality (PSQI scores < 5), while those in cricket,
football, and hockey experienced poorer sleep quality (PSQI
scores > 5). This emphasizes the need for targeted interven-
tions aimed at improving sleep among athletes in these sports.
The type of sport may influence sleep quality, with athletes
in team sports generally reporting worse sleep quality com-
pared to those in individual sports. Factors such as compe-
tition scheduling, travel commitments, and training intensity
all play a role in disrupting sleep (Gupta et al., 2017b; Roberts
etal., 2019). Sports such as rugby and cricket, with their phys-
ically demanding schedules and unpredictable timings, may
further exacerbate sleep problems (Swinbourne et al., 2016).
Tailored interventions are essential to address these challenges
and improve sleep quality, which will, in turn, enhance athletic
performance.
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Our study suggests that athletes, coaches, and sports man-
agers should familiarize themselves with the various com-
ponents of the PSQI, including sleep latency, sleep duration,
sleep disturbance, daytime dysfunction due to sleepiness, and
overall sleep quality. Understanding these components can
help in comprehensively assessing an athlete's sleep patterns
and identifying factors that may impair their performance.
This research provides valuable insights into the sleep habits
of Bangladeshi collegiate athletes and emphasizes the impor-
tance of optimizing sleep to improve both health and athletic
outcomes.

Limitations, strengths, and future directions

The current study utilized self-reported assessments to
gauge sleep quality and duration. It's noteworthy that these
self-reports may deviate from objective sleep measures, with
self-reported sleep duration potentially being overestimated.
Furthermore, the study was conducted during late winter to
pre- monsoon, spanning both in-season and off-season pe-
riods for collegiate teams, potentially yielding varying sleep
outcomes across these phases. Moreover, the PSQI used in the
study may have limited alignment with clinical assessments
of sleep quality, and it only inquired about weekday sleep du-
ration for the global score, omitting weekend sleep patterns.
Another potential weakness of this study is recollection bias,
which may impair the accuracy of participants' self-reported
data on sleep quality and behaviors. Because the Pittsburgh
Sleep Quality Index (PSQI) is retroactive, participants must
recollect their sleep patterns from the previous month, which
may result in reporting inaccuracies due to memory lapses or
subjective interpretation of their sleep experiences.

Despite these limitations, it is important to highlight some
strengths. This study encompasses athletes from 18 universi-
ties in Bangladesh. The comprehensive analysis of sleep qual-
ity and duration among athletes provides valuable insights
into the sleep patterns of this population. Additionally, the use
of self-reported assessments offers a practical and accessible
method for collecting data on sleep-related parameters. Fur-
thermore, the inclusion of athletes from various sports disci-
plines in the study enhances its relevance and applicability to a
diverse athletic population.

Future research could explore several avenues for en-
hancement. Integrating objective sleep measures alongside
self-reported assessments could offer a more comprehensive
understanding of sleep patterns among collegiate athletes.
Longitudinal studies across multiple seasons could elucidate
how sleep outcomes evolve over time in response to varying
training and competitive schedules. Additionally, investigat-
ing the association between sleep quality and performance
metrics could shed light on the impact of sleep on overall
athletic performance and well-being, guiding evidence-based
recommendations for optimizing performance through sleep
management strategies.

Conclusions

This study offers valuable insights into the sleep quality,
duration, and daytime functioning of collegiate athletes in
Bangladesh, emphasizing the importance of sleep for overall
health and athletic performance. The findings indicate that
both male and female athletes experience poor sleep quality,
with males showing worse outcomes as evidenced by their
higher PSQI scores. The study also identifies common sleep
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disturbances such as noise and temperature, with fans emerg-
ing as the most commonly used sleep aid among athletes. In-
terestingly, female athletes tend to use more methods to im-
prove sleep quality compared to their male counterparts.

Napping habits of athletes reveal that a significant portion
avoids naps altogether, while those who do nap generally pre-
fer shorter durations. Pre-competition rest patterns highlight
the importance of adequate rest for performance, particularly
among female athletes. The study also uncovers a significant
correlation between sleep quality and BMI, suggesting that
athletes with poorer sleep quality tend to have a higher BMI, a
relationship that persists even after adjusting for age, sex, and
other variables. Additionally, the time taken to fall asleep af-
ter dinner is positively correlated with BMI, with athletes who
sleep later tending to have higher BMI.

Our study suggests that athletes, coaches, and sports man-
agers should familiarize themselves with the various com-
ponents of the PSQI, including sleep latency, sleep duration,
sleep disturbance, daytime dysfunction due to sleepiness, and
overall sleep quality. Understanding these components can
help in comprehensively assessing an athlete's sleep patterns
and identifying factors that may impair their performance.
This research provides valuable insights into the sleep habits
of Bangladeshi collegiate athletes and emphasizes the impor-
tance of optimizing sleep to improve both health and athletic
outcomes.
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Abstract

The aim of this research was to determine whether there is a difference in the improvement of lung function
and reduction in abdominal fat thickness in obese individuals who follow a reduced diet programme and en-
gage in regular organised exercise, compared to those who only follow the diet. This prospective study includ-
ed 50 obese patients from the Obesity Outpatient Clinic of the Internal Medicine Clinic at Clinical Hospital Cen-
ter Rijeka. It was conducted from October 2023 to May 2024. All participants followed a reduced diet and were
given the option to take part in organised exercise sessions. They were divided into two groups: those who
exercised (n=25) and those who did not (n=25). Data on gender, age, weight, height, BMI, waist circumference,
abdominal fat thickness, and lung function parameters (FVC, FEV1, VC) were collected at the beginning and
end of the intervention. The results showed no statistically significant differences between the two groups in
final BMI (p = 0.154), waist circumference (p = 0.382), abdominal fat thickness (p = 0.435), FVC (p = 0.741), FEV1
(p = 0.676), or VC (p = 0.892). However, a statistically significant improvement (p < 0.001) was observed in all
measured parameters between the first and second measurement for all participants. There was no confirmed
difference between those who exercised and those who did not. Nonetheless, significant improvements were
observed in all subjects over time.

Keywords: functional abilities, obesity, organized exercise
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Introduction

Obesity is a global epidemic and represents a serious
health and social problem. The World Health Organisation
defines obesity as a condition characterized by a body mass
index (BMI) exceeding 30 kg/m® Adipose tissue is a meta-
bolic, immune and endocrine organ, and its excessive accu-

mulation is directly related to an increased risk of developing
vascular, pulmonary, endocrinological, musculoskeletal and
other diseases. The most common cause of obesity is excessive
consumption of foods rich in fat and refined sugar, as well as
a lack of physical activity (Ghesmaty Sangachin, Cavuoto, &
Wang, 2018).
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In obese individuals, structural changes in the thoraco-ab-
dominal region lead to reduced diaphragmatic mobility and
reduced rib movement, which impairs adequate breathing me-
chanics. Adipose tissue produces a large number of cytokines
and bioactive mediators, leading to a condition associated with
reduced lung development and an increased risk of developing
certain diseases in obese individuals. Ferreira et al. report that
adolescents with increased visceral adipose tissue exhibit altered
lung function, characterized by an increased forced vital capacity
(FVC). They also observed a reduction in forced expiratory vol-
ume in the first second (FEV 1) within this population (Ferreira et
al., 2022). Excess body mass is associated with significant changes
in lung volume and capacity values and altered respiratory me-
chanics in individuals with increased waist and hip circumfer-
ence, which are more pronounced in women than in men (Shan-
mugasundaram, Bade, Sampath, & Talwar, 2023). Obesity has a
detrimental effect on respiratory mechanics. This is probably due
to compression of the lungs, which causes a decrease in expiratory
parameters and leads to a compensatory increase in inspiratory
parameters to maintain a constant vital capacity (VC). Impaired
respiratory function can lead to broncho-obstruction, i.e. reduced
airflow through the airways, and the occurrence of local and sys-
temic hypoxia, which can be the cause of pathological changes in
all organ systems (Bhatti, Laghari, & Syed, 2019).

Excessive accumulation of adipose tissue in the abdominal
and ches wall regions can impair normal pulmonary function.
This leads to a reduction in respiratory volumes, particularly
functional residual volume and expiratory reserve volume, due
to restricted chest wall motion. The stress caused by obesity re-
duces the mobility of the chest wall and increases the respira-
tory rate. One of the main causes of respiratory insufficiency is
the pattern of rapid and shallow breathing, which is a predictive
factor for the reduction of vital lung capacity. Disorders related
to respiratory mechanics lead to an increased need for ventila-
tion. This leads to a weakening of the respiratory muscles, which
is a key feature of most diseases that predispose to respiratory
insufficiency (Chlif, Keochkerian, Choquet, Vaidie, & Ahmaidj,
2009). Obesity, especially severe and extreme central obesity, im-
pairs the physiology of the respiratory system, both at rest and
during physical activity. The reduction of the reserve expiratory
volume, the functional residual capacity and the impaired me-
chanics of the respiratory system lead to a restrictive ventilatory
defect. Low functional residual capacity and reduced expiratory
reserve volume increase the risk of expiratory flow limitation and
airway obstruction during sleep. Consequently, obesity can cause
expiratory flow limitation and the development of intrinsic pos-
itive end-expiratory pressure, especially in the supine position.
This increases the respiratory rate and the strain on the respirato-
ry muscles, leading to dyspnoea. Significantly reduced expiratory
reserve volume values can lead to ventilation flow disturbances
with airway obstruction in certain lung zones, causing ventila-
tion-perfusion mismatch and gas exchange abnormalities. Obe-
sity can also impair upper airway mechanical function and neu-
romuscular strength and increase oxygen consumption, which
in turn increases the work of breathing and impairs ventilatory
drive. The combination of disturbances in respiratory mechanics,
excessive production of carbon dioxide and reduced ventilatory
surface area in obese individuals may favour the occurrence of
hypoventilation syndrome (C.-K. Lin & Lin, 2012).

By normalising the values of the respiratory parameters, re-
spiratory mechanics are improved and ventilatory restriction is
alleviated. Improving respiratory volume values improves respi-
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ratory function, exercise intolerance and therefore quality of life
(Maloca Vuljanko & Petkovi¢, 2023). This considerations lead to
the aim of our study, which is to compare the values of FVC and
FEV1, the values of VC and the thickness of abdominal fat tissue
in obese people who exercise regularly with those who do not.

Methods
Study design

The prospective study was conducted over a six-month
period, from October 2023 to May 2024, at the Clinical Hos-
pital Centre Rijeka, in accordance with the principles of the
Declaration of Helsinki. Ethical approval was obtained from
the hospital’s Ethics Committee (Ref. No.: 2170-29-02/1-23-
2). The study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
for observational research (“STROBE,” n.d.).

Setting of the study

The respondents are patients of the Obesity Outpatient
Clinic, which operates in the Department of Endocrinology,
Diabetes and Metabolic Diseases of the Clinical Hospital Cen-
tre Rijeka (KBC). In the obesity outpatient clinic, all patients
receive dietary instructions based on an internal examination
and individual findings, are advised by a physiotherapist on
the importance of physical activity and receive psychological
counselling from a psychologist. Participation in organised ex-
ercise classes under the expert supervision of a physiotherapist
twice a week was voluntary.

Inclusion criteria: BMI over 27 kg/m2, patients registered
in the obesity outpatient clinic of Clinical Hospital Center Ri-
jeka in 2023 with a recommendation for organised exercise by
a doctor and physiotherapist.

Exclusion criteria: Presence of chronic lung disease, histo-
ry of pulmonary embolism, history of angina pectoris, history
of myocardial infarction, loss of consciousness for any reason
in the last 6 months, irregular exercise.

50 male and female subjects from the working population
with a diagnosis of obesity were included in the study. The
subjects were divided into two groups, the control group (KS)
and the experimental group (ES), and there were 25 subjects
in each group. The control group consisted of patients who
received lifestyle change instructions at the Clinical Hospital
Center Rijeka Obesity Clinic in the form of a restrictive diet
adapted to medically determined individual needs and were
not interested in organised exercise, while the experimental
group consisted of patients who, in addition to a restrictive
diet, exercised twice a week for 60 minutes.

Outcome Measures

Testing of subjects was carried out twice, before the start of
the organised training and after six months of participation in
the study for both groups. Body mass and height were measured,
on the basis of which BMI was calculated, as well as abdomi-
nal fat thickness and waist circumference. The thickness of the
abdominal adipose tissue was measured with a calliper and ex-
pressed in centimetres. The measurement was taken in a stand-
ing position. The examiner lifted the transverse skin fold 2 cm to
the side of the navel with his hand, covered it with the tips of the
caliper and read the result. In addition to the anthropological
measurements, spirometric tests, including forced vital capacity
(FVC), forced expiratory volume in the first second (FEV1), and
vital capacity (VC), were performed using a portable Spirolab
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Mini Flowmeter device. During the spirometric test, subjects sat
on a chair and held the spirometer attachment with their hand,
which has a sensor and a disposable mouthpiece. A special clip
was attached to the subject's nose to prevent air from escaping
from the nose. The test subjects were also instructed to hold the
mouthpiece firmly with their lips to prevent the airflow along
the mouthpiece from being lost. The subjects were then asked
to inhale as much air as possible through the mouthpiece and
then blow all the air from the lungs into the mouthpiece of the
spirometer in such a way that the exhalation lasts for 6 seconds,
which the examiner monitors on the screen. This is followed by
two more inhalations and exhalations in continuity in the same
manner described, without separating the lips from the mouth-
piece at any time (Malo¢a Vuljanko & Petkovi¢, 2023).

Statistical data processing

The programme Statistica 14.0.0.15 (TIBCO Software
Inc.) was used for statistical data processing. Nominal vari-
ables, gender and group, are given in absolute and relative fre-
quencies and are compared using the chi-square test. Other
variables tested in this study are expressed on an interval scale
(FVC, FEV1, VC and abdominal adipose tissue thickness) and
are also the dependent variables of this study. As the variables
were expressed on an interval scale but deviated from the nor-
mal distribution, they were described by median, interquartile
range (IQR), minimum and maximum values. The Wilcoxon
test was performed to investigate whether subjects differed in
body mass, body mass index, waist circumference, abdominal
fat thickness, forced vital capacity (FVC), forced expiratory
volume in the first second (FEV1) and vital capacity (VC) at
the first and second measurement in terms of participation

EXERCISE BENEFITS IN OBESITY | D. ZEZELIC ET AL.

in physical activity (NV1 - 1st and 2nd measurement, NV2
- participation or non-participation in physical activity). The
Friedman ANOVA was used to analyse the difference between
the subjects' parameters at the first and second measurement
depending on whether or not they took part in sport (NV1
- 1st and 2nd measurement, NV2 - participation or non-par-
ticipation in sport). The parameters analysed were body mass,
body mass index, waist circumference, abdominal fat thick-
ness, forced vital capacity (FVC), forced expiratory volume
(FEV1) and vital capacity (VC). The Mann-Whitney U-test
was used to measure the differences between the group of ex-
ercisers and the group of non-exercisers after the second mea-
surement. The level of statistical significance was set at p<0.05.

Results
Demographic characteristics of the respondents

The sample on which the study was conducted is homo-
geneous in terms of age, gender and number of respondents
in both the experimental group (N=25) and the control group
(N=25). 19 (76%) women and 6 (24%) men were randomly se-
lected in both groups. Significantly more women participated
in the study (p<0.001). Median age and interquartile range was
52 (49-59) for ES and 52 (48-61) for the control group. ES had
an age range of 23-64 years and KS of 26-64 years.

The demographic characteristics of the respondents can be
found in Table 1.

The Wilcoxon test confirmed that the subjects had a sta-
tistically significant lower body mass (p<0.001), a lower body
mass index (p<0.001), a lower waist circumference (p<0.001)
and a lower abdominal fat thickness (p<0.001) at the second
measurement. (Table 1).

Table 1. Descriptive data for the analysed parameters of the anthropological measurements

Variables Measurements Median IQR Min-max Wilcoxon test p
1. 103 92-114 69-157
Body mass <0.001
2. 97 88-105 66-144
1. 35.18 33-41 28-64
Body mass index <0.001
2. 34.16 31-39 27-56
1. 117 110-124 92-145
Waist circumference <0.001
2. 114 105-120 88-140
1. 13 11-16 8-23
Abdominal fat thickness <0.001
2. 12 10-15 6-20

Legend: IQR= interquartile range; min-max= minimum and maximum result;

In the second measurement, the Wilcoxon test confirmed
that the subjects achieved statistically significantly higher
values for all measured parameters than in the first mea-

surement: forced vital capacity (p<0.001), forced expirato-
ry volume in the first second (p<0.001) and vital capacity (
p<0.001) (Table 2).

Table 2. Descriptive data for the lung function parameters tested

Variables Measurements Median IQR Min-max Wilcoxon test p

1. 3.11 2.77-3.52 2.25-5.20

FVC <0.001
2. 3.25 2.87-3.59 2.25-547
1. 2.66 2.33-3.04 1.86-4.2

FEV1 <0.001
2. 2.70 2.77-3.52 2.25-5.2
1. 2.76 2.55-3.03 2.34-4.23

VC <0.001
2. 2.80 2.58-3.07 2.35-4.27

Legend: FVC- forced vital capacity; FEV1- forced expiratory volume in the first second; VC- vital capacity; IQR= interquartile range; min-max=
minimum and maximum result;
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Functional outcomes

As differences were found between the first and second
measurements for all parameters, only the parameters deter-
mined in the second measurement for the group of test sub-
jects who exercised (experimental group) and for the group
of test subjects who did not exercise (control group) were

analysed further. The differences were calculated using the
Mann-Whitney U test.

Tables 3 and 4 show the medians and interquartile ranges
of the parameters of the subjects who were divided into two
test groups — subjects who exercised (1) and subjects who did
not exercise (2). The parameters for body mass, body mass in-

Table 3. Medians and interquartile ranges for the parameters of the anthropological measurements between the
two test groups

Variables Exercise Measurements Median IQR p
1. 101 92-108
1. < 0.001
2. 95 88-103
Body mass
1. 106 87-110
2. < 0.001
2. 100 87-110
p* 0.244
1. 35 33-39
1. <0.001
2. 33 31-35
Body mass index
1. 38 33-41
2. <0.001
2. 37 31-40
p* 0.154
1. 118 107-123
1. < 0.001
2. 100 102-118
Waist circumference
1. 117 111-124
2. <0.001
2. 115 108-120
p* 0.382
1. 13 11-15
1. < 0.001
Abdominal fat 2. 12 10-14
thickness 1. 13 11-16
2. < 0.001
2. 12 10-15
p* 0.435

Legend: Exercise— 1 = group that trained, 2 = group that did not train; measurement - 1. first measurement, 2. second
measurement; IQR = interquartile range; P*significance determined by the Mann-Whitney test for the second measurement
between the groups of exercisers (1) and non-exercisers (2);

Table 4. Medians and interquartile ranges for lung function parameters between the two test groups

Variables Exercise Measurements Median IKR p
1. 1. 3.11 2.82-3.63 <0.001
2. 3.25 2.99-3.65
FvC
2. 1 3.13 2.64-3.54 < 0.001
2. 3.25 2.81-3.62
p* 0.741
1. 2.66 2.37-3.13 < 0.001
2. 2.69 2.4-3.16
FEV1
2. 1 2.71 2.29-3.05 0.009
2. 2.76 2.33-3.12
p* 0.676
1. 2.72 2.55-3.35 <0.001
2. 277 2.58-3.38
VC
2. 1 2.78 2.51-3.01 < 0.001
2. 2.85 2.56-3.03
p* 0.892

Legend: Exercise — 1 = group that exercised, 2 = group that did not exercise; measurement - 1. first measurement, 2. second
measurement; IQR = interquartile range; P*significance determined by the Mann-Whitney test for the second measurement
between the groups of exercisers (1) and non-exercisers (2);
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dex, waist circumference, abdominal fat thickness, forced vital
capacity (FVC), forced expiratory volume (FEV1) and vital
capacity (VC) are shown. The differences between the groups
were calculated using Friedman's ANOVA.

Discussion

The research results showed that there were no differences
in functional recovery of lung function and anthropological
characteristics between the group that exercised and the group
that did not exercise in any of the variables tested. Examin-
ing Table 3 and the descriptive statistics between groups, most
variables show better outcomes in the exercising group com-
pared to the non-exercising group. However, the additional
effect of physical activity may be difficult to detect statistically,
likely due to the calorie-restrictive diet to which both groups
were subjected.

The proportion of women in the research was significant-
ly higher than that of men. A meta-analysis by Mabira et al.
on the influence of age, gender and BMI on the effect of fast
walking in obese people also shows a higher representation of
women compared to men. The above data supports the hy-
pothesis that women are more prone to developing obesity, but
at the same time are more willing to accept the consequences.
They are more willing to adopt lifestyle habits that have an im-
pact on improving their condition, which is most likely related
to social factors (Mabire, Mani, Liu, Mulligan, & Baxter, 2017).

Chheda et al. investigated the effect of 6 weeks of exercise
on FEV1 in obese people and found no statistically significant
improvement in the measured parameter. They concluded that
regular physical activity can have a positive effect on improv-
ing lung function, but that other lifestyle habits of the subjects,
such as diet and environmental factors, should also be taken
into account (Chheda & Manwadkar, 2021).

Sa-nguanmoo et al. investigated the influence of physical
activity on lung function and respiratory muscle strength in
obese young adults. They were categorised into groups ac-
cording to the metabolic equivalent of physical activity. They
concluded that higher FEV1 and MIP (maximum inspiratory
pressure) measured in physically active young adults indicate
that regular physical activity positively affects lung function
and inspiratory muscle strength in overweight individuals
(Sa-nguanmoo, Chuatrakoon, Pratanaphon, Thanagosai, &
Sriarpon, 2023).

Chlif et al. also investigated the effect of aerobic exercise
training on ventilatory efficiency and respiratory drive in obese
individuals. The subjects exercised five times a week for eight
weeks. The results showed that there was no significant differ-
ence in the predictive values of predicted FEV and FVC1 be-
fore and after the study (Chlif, Chaouachi, & Ahmaidi, 2017).

Numerous studies highlight various factors influencing
the functional improvement of lung function in overweight
patients. The statistically significant improvement in the
measured parameters relates not only to physical activity, but
also to other aspects of obesity, such as BMI and the extent of
central obesity. In their study, Svartengren et al (2020) used
data from the Swedish EpiHealth cohort study, which was
conducted with the primary aim of investigating how inter-
actions between lifestyle factors and genotypes contribute to
the development of certain disorders in humans. They found
that increased waist circumference was associated with lower
FEV1 independently of BMI, and similar results were found
for FVC. They found that only subjects with a high level of
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physical activity had an improvement in FVC values; FEV1
and VC (C.-K. Lin & Lin, 2012).

The relative improvement in respiratory parameters was
also confirmed in the study by Silva-Rais et al., which looked
at the effect of physical activity in combination with resistance
training and aerobic exercise on improving lung function and
mechanics in overweight or obese women. After a 12-week
physical activity programme, they concluded that combined
training had a beneficial effect on reducing visceral adipose
tissue and improving functional capacity in middle-aged
women who had increased body mass or obesity. It was also
found that people with overweight and 1st degree obesity have
an increased amount of visceral fat, which negatively affects
the mechanics of the lungs by damaging the airways, resis-
tance and elasticity of the tissue (Silva-Reis et al., 2022).

The influence of intensity and duration of physical activity
on the reduction of adipose tissue was analysed by a group
of Canadian experts (Cowan et al). The subjects were divided
into groups that exercised at different intensities, determined
by the percentage of maximum oxygen uptake, and there was
a control group of non-exercisers. The loss in the amount of
subcutaneous abdominal fat thickness was not statistically
different between the groups of exercisers, but a statistically
significant difference was confirmed between the group of
non-exercisers and exercisers. In addition, body weight and
waist circumference decreased in all groups that exercised
compared to the non-exercising group. The study confirmed a
significant reduction in total and abdominal fat thickness and
concluded that exercise is a good strategy for reducing obesity
when done appropriately (Cowan et al., 2018).

Performing aerobic training to test respiratory function
in obese men emphasises the positive result of the study by
Isleyen and Daglioglu (iSleyen & Daglioglu, 2020). They con-
cluded that after performing an aerobic training programme 3
times a week at 70% of maximal oxygen uptake, there was an
improvement in respiratory parameters, namely VC, FVC and
FEV1 (iSleyen & Daglioglu, 2020). A very similar study was
conducted to determine the effect of selected aerobic exercises
on lung function in obese adolescents. A statistically signifi-
cant difference was found for VC, FVC and FEV1 between the
experimental groups that performed aerobic physical activity
and the control group that did not exercise (Irandoust, 2015).

Scientists from California investigated the effects of aerobic
exercise and an anti-atherosclerotic diet on the amount of vis-
ceral adipose tissue and subcutaneous abdominal adipose. They
concluded that there was no statistically significant difference
between the results of subjects who performed aerobic physical
activity and followed an anti-atherosclerotic diet and subjects
who followed a diet alone, i.e. the control group who neither ex-
ercised nor followed a diet (J.-H. Lin, Liang, Fang, & Teng, 2021).
As both groups followed a calorie-restrictive diet, the diet itself
could have significantly influenced the results and partly masked
the effects of physical activity. Caloric restriction mobilises body
fat, reducing both visceral and subcutaneous fat depots, which
decreases skinfold thickness and body mass index regardless
of physical activity level. Fat reduction in the abdominal and
thoracic regions lowers the mechanical load on the lungs and
diaphragm, potentially improving pulmonary function (FEV,,
FVC) and ventilatory parameters. The combination of diet and
exercise may have reduced differences between groups, as the
diet alone already induced metabolic and biological changes af-
fecting the respiratory system and body composition.
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Kordi et al. (2015) investigated the effect of abdominal
muscle strengthening exercises on abdominal fat tissue in
obese women. After a 12-week intervention with abdominal
muscle strengthening exercises and a diet programme com-
pared to a diet-only programme, no significant differences
were found in measurements of subcutaneous adipose tissue
thickness, waist circumference, hip circumference and BMI,
although all participants lost body weight (Kordi, Dehghani,
Noormohammadpour, Rostami, & Mansournia, 2015).

Limitations of the study

This study has several methodological and statistical lim-
itations that should be considered when interpreting the re-
sults. The wide age range (from 23 to 64 years) may have influ-
enced outcomes due to age-related differences in physiological
responses to exercise. In addition, the inability to precisely
monitor exercise intensity limits interpretation of the dose-re-
sponse relationship between physical activity and the observed
changes. Moreover, information on whether participants in the
control group engaged in independent physical activity outside
the programme was not collected, which could have influenced
the results. From a statistical perspective, interaction effects
between group and time were not assessed, preventing defin-
itive conclusions regarding differential changes in outcomes
between exercisers and non-exercisers over the study period.

Conclusion

There was no confirmed difference between subjects who
exercised in an organised manner and those who did not, but
a statistically significant difference was found between the first
and second measurement in all subjects. The results obtained
suggest that the application of a restrictive diet has a positive
effect on the improvement of anthropometric characteristics
and lung function parameters in overweight or obese subjects.

Despite the lack of significant differences between the ex-
ercise and non-exercise groups in this study, existing research
demonstrates that weight loss contributes to functional recov-
ery. Therefore, it remains essential to include regular physi-
cal activity as a primary method for restoring the functions
of various organ systems in individuals with obesity and for
reducing numerous associated risk factors.
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Abstract

High-frequency plyometric jump training (PT) may benefit tennis players, but little is known about how its week-
ly distribution affects performance and acute perceived soreness. The aim was to investigate the effects of PT,
conducted at different weekly frequencies, on physical performance and muscle soreness in competitive tennis
players. Eighteen competitive tennis players were randomly assigned to PT-1 (1 session/week) (n=9; age 17.0£2.0
yrs) or PT-3 (3 sessions/week) (n=9; age 19.0+3.9 yrs), both performing 180 jumps over 8 weeks. Countermove-
ment vertical (CMVJ) and squat jumps (SJ), single-leg horizontal hop (SLHH), 10- and 20-m sprints, and a repeated
change-of-direction (COD) test were measured pre- and post-intervention. Muscle soreness was recorded be-
fore and immediately after each PT session using a 7-point Likert scale. Both groups improved jump height, hop
distance, sprint time, and repeated COD performance (p<0.05). No between-groups differences were noted for
CMVJ (p=0.419), SJ (p=0.692), SLHH (p=0.512), 10- and 20-m sprints (p=0.658 and p=0.741), nor repeated COD
performance (p=0.191). Distributing the same PT volume over three weekly sessions produces performance gains
comparable to a single weekly session. However, the increase in muscle soreness was significantly lower in PT-3
than in PT-1 group. Higher-frequency, lower-dose PT may reduce acute muscle soreness perception while main-
taining performance improvements.
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Introduction

The stretch-shortening cycle (SSC) involves a rapid eccen-
tric-concentric muscle action that underpins plyometric train-
ing (PT). By leveraging the SSC, PT enhances force and power
in multidirectional movements (Moran et al., 2017).

In tennis, players frequently engage in high-intensity SSC
movements across the court (Hughes & Meyers, 2005), includ-
ing accelerations, decelerations, jumps, and lateral movements
(Trecroci et al., 2024), often under unpredictable conditions.
PT is recognized for its efficacy in enhancing these critical
demands by inducing neuromuscular adaptations that im-
prove key performance determinants (Markovic & Mikulic,
2011) such as reactive strength, speed, and change of direction
(COD) ability (Sinkovic et al., 2023). Previous research has in-
vestigated the effects of PT combined with regular tennis-spe-
cific training on upper- and lower-body physical performance
in young players (Fernandez-Fernandez et al., 2016) report-
ing positive effects on vertical and horizontal jump, 20-m
sprint, and modified 505 COD test. However, tennis-specific
evidence on high-frequency PT (> 3 sessions/week) is scarce,
especially regarding how distributing an equivalent volume
across in-season weeks may impact physical performance and
perceptual responses (e.g., muscle soreness).

Recent studies have examined how different PT session
distributions (i.e., 1 vs. 2 sessions per week) impact physi-
cal performance in young athletes of multidirectional sports
(Bouguezzi et al., 2020; Moran et al., 2024; Ramirez-Campillo
et al., 2018; Yanci et al,, 2017), revealing comparable results.
Similarly, no significant differences were observed between 1
vs. 2 PT sessions per week in jump performance, sprint and
service speed among volleyball players (Hernandez-Martinez
et al,, 2023). Of note, tennis has distinct biomechanical (e.g.,
lateral push-offs and unilateral stroke actions) and temporal
(i.e., intermittent rally—rest patterns) constraints compared
with team sports (Hughes & Meyers, 2005). Therefore, ten-
nis-specific evidence is required to confirm whether the po-
tential frequency-response association applies to tennis.

On one hand, the appropriate frequency of PT for optimal
physical performance improvements has not yet been eluci-
dated, even though a high number of weekly sessions (>2 per
week) has previously been suggested for court-based sports
such as tennis (Booth & Orr, 2016). This approach would help
athletes to better tolerate the in-season training load by a lower
PT dose per session. On the other hand, evidence comparing
low- versus high-frequency PT programs (e.g., 1 vs. > 3 ses-
sions/week) under volume-matched conditions, is still limited.

While PT remains an effective strategy for enhancing ath-
letic performance, it can also impact muscle soreness, espe-
cially if introduced without proper caution alongside regular
tennis-specific training (Kovacs, 2006). Given the neuromus-
cular and biomechanical demands of tennis activities, players
often experience muscular fatigability due to frequent stop-
and-start movements, and prolonged periods of rapid first-
step explosiveness (Kovacs, 2006).

In this scenario, without appropriate recovery strategies,
the integration of PT sessions during the week could exacerbate
muscle soreness by exceeding the capacity to tolerate repetitive,
high compressive and shear forces, consequently increasing in-
jury risk (Davies et al., 2015; Kovacs, 2006). Hence, the imple-
mentation of PT requires careful attention, not only to training
structure and volume but also to session frequency, as previous-
ly reported in adolescent soccer players (Trapletti et al., 2025).
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Although a high-frequency PT distribution may be de-
sirable, there is still limited evidence on how various training
distributions influence physical performance and muscle sore-
ness in tennis players. This remains a key aspect to effectively
manage the weekly training load and recovery.

Therefore, the aim of this study was to investigate the ef-
fects of PT, conducted at different weekly frequencies, on
physical performance and muscle soreness in competitive
tennis players. We hypothesized that PT weekly distribution
would lead to comparable improvements in physical perfor-
mance (Liu et al., 2024), regardless of session frequency. We
also hypothesized that a high-frequency distribution would
elicit a lower acute perceived soreness response potentially due
to the reduced PT dose per session.

Methods
Participants

Eighteen competitive tennis players from the same club
volunteered to participate and were randomly allocated to two
experimental groups. Nine participants (7 males, 2 females)
underwent PT once per week (PT-1; age = 17.0 + 2.0 yrs,
height = 175.0 + 10.8 cm, body mass = 64.0 + 11.8 kg, rank-
ing 2.8 + 4.0 arbitrary units) while the other nine participants
(7 males and 2 females) received a total volume-matched
program distributed over three weekly sessions (PT-3, n = 7
males and 2 females, age = 19.0 £ 3.9 yrs, height = 176.0
8.1 cm, body mass = 67.0 + 5.7 kg, ranking 2.8 + 5.0 arbitrary
units) for an 8-week training period. The ranking of each par-
ticipant refers to the Italian Tennis and Padel Federation. To
be included, participants had to engage in a minimum of 3
training sessions per week (90 min/session), and one official
game per week. Participants were excluded if they had chronic
conditions (e.g., asthma), illnesses (e.g., flu-like conditions),
musculoskeletal and osteoarticular disorders (i.e., injuries).
As only the 18 recruited players who met all eligibility crite-
ria were available during the in-season period, we performed
a sensitivity analysis in G*Power 3.1.9.7 (F tests, RM-ANO-
VA within-between interaction; groups = 2; measurements =
2; r = 0.50; € = 1). With the available sample of 18 players, a
= 0.05 and power = 0.80, our study could detect an interac-
tion effect of at least f = 0.66 on the primary outcome (i.e.,
single-leg horizontal hop). Prior to the intervention, players
and their parents or legal guardians were informed about the
protocol used and provided a signed informed consent. The
Ethics Committee of the local University approved the study
(approval number 29/24), which was conducted in accordance
with the principles of the Declaration of Helsinki.

Procedures

A randomized parallel group design was conducted at a
single tennis academy during the 2023/2024 season. Partici-
pants were familiarized with all procedures prior to the ex-
periment. Testing occurred at the same time of day, one week
before and after the intervention over a three-day period. First,
stature and body mass were measured using a stadiometer
(SECA 213, Germany) and portable scale (SECA 813, Ger-
many) with an accuracy of 0.1 cm and 0.1 kg, respectively. To
minimize fatigue, performance assessments were split: vertical
and horizontal jumps on day two, and sprints on day three.
A standardized 10-min warm-up consisting of slow running,
dynamic mobility exercises, progressive acceleration and de-
celeration drills, bilateral and unilateral jumping activities
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preceded physical tests (Trecroci, Bongiovanni, et al., 2020;
Trecroci, Rossi, et al., 2020). All tests were conducted indoors
with players wearing habitual tennis shoes.

Field-based physical performance assessment

Jump performance. Participants performed countermove-
ment vertical jump (CMV]), squat jump (SJ) and a single-leg
horizontal hop (SLHH) tests. In the CMV], the participants
performed three maximal vertical jumps interspersed by 2
min of rest. During each jump, the participants were asked to
keep their hands on the hips without bending the legs from
the take-off and landing phases (Bongiovanni et al., 2021). In
the SJ, players also performed three maximal attempts starting
from a static semi-squat position with no countermovement.
For both CMV] and §]J, the Ergojump® system (Ergojump ap-
paratus, Globus Italia, Codogne, Italy) recorded contact and
flight times while returning jump height. The highest jump
performance in both tests was used for the analysis. The SLHH
consisted of a horizontal single-leg jump with the toe at the
starting line and free use of the arms. Each participant was
instructed to sink to a self-selected depth as quickly as possible
and then jump as far forward as possible. They were instructed
to land on the same leg by holding the final position for at least
2 s. The distance was measured by a measuring tape (accuracy
of 0.1 cm) from the starting line to the heel of the foot, at the
point of impact on the landing surface. Participants performed
three jumps with the right and left leg, and the longest jump
with each leg was used for analysis.

Sprint performance. Each subject performed three maximal
10 m and 20 m sprints with a free departure, interspersed by 2
min of passive recovery. The starting position was in a two-stag-
gered stance. The best performance time was considered in the
analysis. An electronic timing system based on photocells (Wit-
ty, Microgate, Bolzano, Italy) was employed to measure sprint-
ing time. The photocells were placed at a height of 0.7 m near
the start and finish lines. The athletes were positioned 0.3 m
away from the start timing gates to prevent an early trigger of
the electrical instrumentation due to the leaning trunk.

Shuttle run test 6x8 m. This test consisted of six maximal
sprints over 8 m, requiring a 180° COD at each 8-m interval
course. It is traditionally used by the Italian Tennis and Padel
Federation as part of the athletes’ assessment protocol of their
repeated COD ability. Indeed, the 8-m distance closely repli-
cates the standard width of a single tennis court. Completion
time was recorded using the same timing gate system em-
ployed for linear sprint assessment.

Perceptual assessments. Players’ muscle soreness was re-
corded by a 7-point Likert scale (Impellizzeri & Maffiuletti,
2007) that includes seven descriptive values, from 0 to 6, where
0 corresponds to complete absence of muscle soreness and 6
to soreness that limits the participant's ability to move. In an
upright position, participants reported thigh and leg muscle
soreness from the nondominant limb, operationally defined as
the leg not preferred for push-off when jumping. The 7-point
Likert scale was administered before and immediately after
each PT session. The delta values (post-pre) were computed
for each PT session and averaged within each week for analysis.

Training intervention

The PT intervention in both PT-1 and PT-3 lasted 8 weeks,
with 1 or 3 training sessions per week, respectively. During the
intervention, players continued their sport-specific and habit-
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ual strength and conditioning activities, which were compa-
rable between groups and unchanged throughout the study.
The PT was integrated after the regular tennis-specific session.
The PT combined double- and single-leg jumps in different
directions, with a particular focus on horizontal jumps. The
work-to-rest ratio was 1 to 27 to ensure recovery periods of at
least 260 s between sets.

Participants were familiar with the drills included in the
PT intervention, although they did not apply the drills sys-
tematically (nor with the same volume, intensity) into their
regular tennis training sessions. The PT interventions followed
a non-periodized structure, maintaining a consistent total
training volume and session duration throughout the inter-
vention. This approach was adopted to reflect the in-season
practice and to minimize additional load fluctuations during
the competitive period. Players were instructed to perform
each jump with maximal effort, with minimal contact time
and maximal propulsion phase. Additionally, each session was
carefully monitored, maintaining a 1:4 coach-to-player ratio
to ensure proper execution through demonstrations and con-
tinuous feedback.

The PT-1 involved 180 jumps per session (per week), dis-
tributed in three drills: Drill #1: 5 [sets] x 6 [repetitions] dou-
ble-leg forward jumps and single-leg forward hops (both over
hurdles of 30 cm); Drill #2: 6 x 6 double-leg forward jumps
combined with double-leg lateral jumps and 6 x 4 single-leg
forward hops combined with single-leg lateral jump; Drill #3:
4 x 7 double-leg forward jump followed by a vertical jump
upon landing and 4 x 8 single-leg forward bounds with alter-
nating foot contacts.

The PT-3 completed the same 180 jumps per week as the
PT-1 group, although distributed in 60 jumps per session,
with the same drill structure and content applied respectively
to session #1, #2, and #3. The distribution considered that 250
foot contacts per session are suggested for court sport athletes
(Booth & Orr, 2016).

Statistical Analyses

Normality was checked using the Shapiro—WilKs test.
Relative reliability was assessed with the intraclass correla-
tion coefficient (ICC, model 3,k) and 95% confidence inter-
vals (CI), interpreted as poor (< 0.50), moderate (0.5-0.74),
good (0.75-0.90) and excellent (> 0.90) (Koo & Li, 2016).
Absolute reliability utilized the coefficient of variation (CV
= (SD/mean) x 100) categorized as poor (>10%), moderate
(5-10%), or good (<5%) (Banyard et al., 2017). Sensitivity
was determined by the Bland-Altman limits of agreement
(LoA) calculated as the mean difference + 1.96 times the
standard deviation of the differences, providing the range
within which most measurement differences are expected
to fall (De Vet et al., 2006). A two-way repeated-measures
ANOVA (group x time) was employed, followed by Bonfer-
roni’s post-hoc test for multiple comparisons. The Hedges g
(g) effect size (Wasserman et al.,, 1988) was calculated and
reported as a point estimate, with thresholds: g < 0.2 (trivial),
0.2 < g < 0.5 (small), 0.5 < g < 0.8 (moderate), and g > 0.8
(large). The small worthwhile change (SWC) was computed
as 0.2 x between-subject SD from baseline measures (Batter-
ham & Hopkins, 2006), assessing practical significance. Data
are reported as mean * SD, and relative changes as mean *
95% CI. All analyses were performed using JASP software
(version 0.18.1, JASP team, Amsterdam, Netherlands).
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Results

Table 1 presents reproducibility values of each physical
performance variable. Absolute and relative data reported ex-
cellent reliability, with overall ICC > 0.9 and CV% < 2.5%. Sen-

sitivity values expressed by LoA were narrow across all tests,
upper and lower bounds close to zero. From pre- to post-inter-

vention, all physical performance outcomes, percentage chang-

es, and their effect sizes for PT-1 and PT-3 are shown in Table 2.

Table 1. Physical performance measure’s reliability.

ICC Upper

(95% Cl) CV (%) LoA Lower LoA
Squat jump height (cm) 0.99 (0.98-0.99) 1.9 0.09 -0.45
Countermovement vertical jump height (cm) 0.98 (0.96-0.99) 2.5 0.01 -0.07
Single-leg (R) horizontal hop distance (cm) 0.96 (0.91-0.98) 23 0.00 -0.05
Single-leg (L) horizontal hop distance (cm) 0.97 (0.93-0.98) 1.9 0.01 -0.05
10-m sprint time (s) 0.91 (0.83-0.96) 1.7 0.02 -0.02
20-m sprint time (s) 0.94 (0.88-0.97) 1.7 0.04 0.00
6 x 8 m shuttle-test total time (s) 0.95 (0.87-0.98) 1.5 0.27 -0.03

Note: LoA = limits of agreement, ICC = intraclass correlation coefficient, Cl = 95% confidence interval,
CV = coefficient of variation, R =right, L = left.

Table 2. Changes in physical performance following PT interventions (PT-1 and PT-3).

PT-1 PT-3
Mean SD %A g Mean SD %A g
Squat jump height (cm)

Pre 37.84 7.77 36.17 8.71

2.6 0.12 3.1 0.12
Post 38.82 8.22 37.28 8.60

Countermovement vertical jump
height (cm)

Pre 38.74 7.67 36.57 8.00

25 0.12 2.1 0.09
Post 39.72 7.61 37.33 7.99

Single-leg horizontal hop distance

(cm)
Pre 1.82 0.22 1.79 0.22

33 0.26 2.8 0.18
Post 1.88 0.22 1.84 0.20

10 m sprint time (s)

Pre 2.00 0.15 1.97 0.14

2.0 0.27 2.0 0.28
Post 1.96 0.13 1.93 0.13

20 m sprint time (s)

Pre 3.36 0.24 3.31 0.31

3.6 0.49 39 0.43
Post 3.24 0.23 3.18 0.27

6 x 8 m shuttle-test total time (s)

Pre 12.41 0.83 12.15 0.89

2.0 0.37 0.13
Post 12.17 0.83 12.03 0.89

Note: PT-1 = plyometric training intervention with one session per week, PT-3 = plyometric training intervention with three
sessions per week, SD = standard deviation, %A = post—pre percentage change, g = Hedges' g effect size.

The SWC values were as follows: S] = 1.61 cm, CMV] =
1.54 cm, SLHH = 0.04 cm, 10-m sprint = 0.028 s, 20-m sprint
=0.05 s, and 6 x 8-m = 0.17 s. For muscle soreness, a main
effect of group (F(1,16) = 45.44, p < 0.001) was observed, al-
though no interaction (F(7, 112) = 0.13, p = 0.996) nor main
effect of time (F(7, 112) = 0.60, p = 0.749) were found between
PT-3 and PT-1 (Figure 1).

For S] height, no interaction (F(1,16) = 0.16, p = 0.692)
nor group effect (F(1,16) = 0.16, p = 0.687) were found. How-
ever, a main effect of time (F(1,16) = 42.70, p < 0.001) was
revealed. Similarly, CMV] height and SLHH distance showed
a main effect of time (F(1,16) = 43.63, p < 0.001 and F(1,16)
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= 64.78, p < 0.001, respectively), but no interaction (F(1,16) =
0.68, p = 0.419 and F(1,16) = 0.45, p = 0.512, respectively) nor
group effect (F (1,16) = 0.38, p=0.546 and F (1,16) = 0.15,p =
0.697, respectively) were found. In the 10 m and 20 m sprint,
no interaction (F(1,16) = 0.20, p = 0.658; F(1,16) = 0.11, p =
0.741, respectively) nor group effect (F(1,16) = 0.25, p = 0.620;
F(1,16) = 0.17, p = 0.678, respectively) were found. However, a
main effect of time (F(1,16) = 43.23, p < 0.001; F(1,16) = 70.75,
p <0.001, respectively) was revealed. For 6 x 8 m sprint, no in-
teraction (F(1,16) = 1.86, p = 0.191) nor group effect (F(1,16)
= 0.25, p = 0.623) were found. However, a main effect of time
(F(1,16) = 19.87, p < 0.001) was revealed.
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Figure 1. Weekly delta (A) muscle soreness (post—pre) in tennis players that performed one (PT-1) or three
(PT-3) plyometric sessions per week (W) across the 8-week intervention.
Note: @ = denotes significant (p < 0.05) difference between groups.

Discussion

The PT-1 and PT-3 groups achieved similar improvements
in performance (S], CMVJ, SLHH, COD). However, muscle
soreness was significantly lower in PT-3, suggesting that a high-
er weekly frequency (3 sessions) may optimize PT stimuli while
better managing perceived soreness. This strategy is particularly
relevant given the high work-to-rest ratios (1:3 to 1:5) typical of
competitive tennis (Kovacs, 2006), which demands high toler-
ance for repetitive, high-impact actions. However, no physiolog-
ical responses on recovery can be drawn from the present data.

From a practical perspective, vertical jump improvements
(SJ] and CMV]) were trivial (below SWC), suggesting limited
relevance for tennis. According to this, the detected significant
improvements should be inferred with caution. Conversely,
changes in SLHH and sprint performance exceeded the SWC,
indicating a practically meaningful enhancement. This dispar-
ity is likely due to the training program, which predominantly
included horizontal and unilateral specificity (Watkins et al.,
2021) that mirror the neuromechanical demands of tennis-spe-
cific actions like lateral movements, rapid push-offs, and stop-
and-start actions (Trecroci et al., 2024; Watkins et al., 2021).
These changes may contribute to faster court coverage during
rallies, although such an interpretation is indirect, as no in-
match tracking metrics were collected. Taken together, these
findings, consistent with previous work on sprinting (Gonza-
lo-Skok et al., 2019), support prioritizing unilateral and hori-
zontal jump exercises within PT programs for tennis players.

Our results align with existing evidence in team sports
(Trapletti et al., 2025), which shows that PT enhances low-
er-limb power regardless of weekly frequency (7-10). For in-
stance, both one and two weekly PT sessions provided equally
effective improvements in jump performance, sprint, and ser-
vice speed in young volleyball players. Similarly, comparable
gains in sprint performance, COD ability, and horizontal jump
were seen in futsal (Yanci et al., 2017), and in soccer when
comparing two versus four weekly sessions (Liu et al., 2024).
These results support the hypothesis that the weekly distribu-
tion of PT may not critically affect performance gains in ex-
plosive and multidirectional tasks, especially when volume is
equated. It is worth noticing that evidence on > 3 weekly PT
sessions in tennis is scarce, thereby the present study provides
novel insights into in-season performance and perceived sore-
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ness data. However, in light of the sample size, the non-signif-
icant group x time interaction between PT frequency distri-
butions might not be interpreted as evidence of equivalence.
Additional large-sample studies are desirable to corroborate
the current results while reducing the chance of type II error
in court-based sports.

An interesting side finding was the significant improve-
ment in the 6 x 8 m shuttle test, albeit its practical relevance
was limited. The higher per-session load in PT-1 (180 jumps)
than in PT-3 (60 jumps) might have provided a greater neu-
romuscular stimulus. Nevertheless, this remains speculative
and should be investigated employing a clear assessment of
biochemical markers (i.e., creatine kinase) and neuromuscu-
lar function (i.e., vertical and horizontal jump kinetics) from
pre to post PT.

The present study presents some limitations that should
be acknowledged. First, the small and heterogeneous sample
size limits the statistical power (i.e., type II error) and gener-
alizability, even though comparable sizes have been previously
employed (Ramirez-Campillo et al., 2018; Yanci et al., 2017).
Additionally, the reliance on a subjective 7-point Likert scale
for muscle soreness is also limited without objective confirma-
tion on delayed soreness (>24 h), and pre-post-session data on
physiological and neuromuscular status.

Conclusions

A volume-matched PT with different weekly frequencies
led to similar performance gains, but only SLHH and sprint
performance were practically meaningful for competitive
tennis players. Crucially, distributing PT volume over three
weekly sessions (~60 jumps each) may represent a viable alter-
native to compress volume within a single session, potentially
reducing perceived soreness while eliciting comparable per-
formance improvements.
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The form of an author’s name is first name, middle initial(s), and last name. In one line list all authors with full names separated
by a comma (and space). Avoid any abbreviations of academic or professional titles. If authors belong to different institutions,
following a family name of the author there should be a number in superscript designating affiliation.

2.1.5. Affiliations

Affiliation consists of the name of an institution, department, city, country/territory(in this order) to which the author(s) belong and to which

the presented / submitted work should be attributed. List all affiliations (each in a separate line) in the order corresponding to the list of
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authors. Affiliations must be written in English, so carefully check the official English translation of the names of institutions and departments.
Only if there is more than one affiliation, should a number be given to each affiliation in order of appearance. This number should
be written in superscript at the beginning of the line, separated from corresponding affiliation with a space. This number should also

be put after corresponding name of the author, in superscript with no space in between.

If an author belongs to more than one institution, all corresponding superscript digits, separated with a comma with no space in
between, should be present behind the family name of this author.

In case all authors belong to the same institution affiliation numbering is not needed.

Whenever possible expand your authors’ affiliations with departments, or some other, specific and lower levels of organization.
2.1.6. Corresponding author

Corresponding author’s name with full postal address in English and e-mail address should appear, after the affiliations. It is preferred
that submitted address is institutional and not private. Corresponding author’s name should include only initials of the first and
middle names separated by a full stop (and a space) and the last name. Postal address should be written in the following line in
sentence case. Parts of the address should be separated by a comma instead of a line break. E-mail (if possible) should be placed in
the line following the postal address. Author should clearly state whether or not the e- mail should be published.

2.1.7. Manuscript information

All authors are required to provide word count (excluding title page, abstract, tables/figures, figure legends, Acknowledgements,
Conflict of Interest, and References), the Abstract word count, the number of Tables, and the number of Figures.

2.2. Abstract

The second page of the manuscripts should be the abstract and key words. It should be placed on second page of the manuscripts
after the standard title written in upper and lower case letters, bold.

Since abstract is independent part of your paper, all abbreviations used in the abstract should also be explained in it. If an abbreviation
is used, the term should always be first written in full with the abbreviation in parentheses immediately after it. Abstract should not
have any special headings (e.g., Aim, Results...).

Authors should provide up to six key words that capture the main topics of the article. Terms from the Medical Subject Headings
(MeSH) list of Index Medicus are recommended to be used.

Key words should be placed on the second page of the manuscript right below the abstract, written in italic. Separate each key word
by a comma (and a space). Do not put a full stop after the last key word. See example:

Abstract

Results of the analysis of...
Key words: spatial memory, blind, transfer of learning, feedback

2.3. Main Chapters

Starting from the third page of the manuscripts, it should be the main chapters. Depending on the type of publication main manuscript
chapters may vary. The general outline is: Introduction, Methods, Results, Discussion, Acknowledgements (optional), Conflict of
Interest (optional), and Title and Abstract in Montenegrin (only for the authors from former Yugoslavia, excluding Macedonians
and Slovenes). However, this scheme may not be suitable for reviews or publications from some areas and authors should then adjust
their chapters accordingly but use the general outline as much as possible.

2.3.1. Headings

Main chapter headings: written in bold and in Title Case. See example:
v" Methods
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Sub-headings: written in italic and in normal sentence case. Do not put a full stop or any other sign at the end of the title. Do not
create more than one level of sub-heading. See example:
V' Table position of the research football team

2.3.2 Ethics

When reporting experiments on human subjects, there must be a declaration of Ethics compliance. Inclusion of a statement such as
follow in Methods section will be understood by the Editor as authors’ affirmation of compliance: “This study was approved in advance
by [name of committee and/or its institutional sponsor]. Each participant voluntarily provided written informed consent before
participating” Authors that fail to submit an Ethics statement will be asked to resubmit the manuscripts, which may delay publication.

2.3.3 Statistics reporting

MJSSM encourages authors to report precise p-values. When possible, quantify findings and present them with appropriate indicators of

« »

measurement error or uncertainty (such as confidence intervals). Use normal text (i.e., non-capitalized, non-italic) for statistical term “p”
2.3.4. ‘Acknowledgements’ and ‘Conflict of Interest’ (optional)

All contributors who do not meet the criteria for authorship should be listed in the ‘Acknowledgements’ section. If applicable,
in ‘Conflict of Interest’ section, authors must clearly disclose any grants, financial or material supports, or any sort of technical
assistances from an institution, organization, group or an individual that might be perceived as leading to a conflict of interest.

2.4. References
References should be placed on a new page after the standard title written in upper and lower case letters, bold.

All information needed for each type of must be present as specified in guidelines. Authors are solely responsible for accuracy of each
reference. Use authoritative source for information such as Web of Science, Medline, or PubMed to check the validity of citations.

2.4.1. References style

MJSSM adheres to the American Psychological Association 7th Edition reference style. Check the Publication Manual of the American
Psychological Association (2019), Seventh Edition that is the official source for APA Style, to ensure the manuscripts conform to this reference
style. Authors using EndNote® to organize the references must convert the citations and bibliography to plain text before submission.

2.4.2. Examples for Reference citations

One work by one author
v In one study (Reilly, 1997), soccer players...
v" In the study by Reilly (1997), soccer players...
v" In 1997, Reilly’s study of soccer players...

Works by two authors
v" Duflield and Marino (2007) studied...
v In one study (Duffield & Marino, 2007), soccer players...
v In 2007, Duffield and Marino’s study of soccer players...

Works by three or more authors: cite only the name of the first author followed by et al. and the year
v Bangsbo et al. (2008) stated that...
v In one study (Bangsbo et al., 2008), soccer players...

Works by organization as an author: cite the source, just as you would an individual person
v According to the American Psychological Association (2000)...
v In the APA Manual (American Psychological Association, 2003), it is explained...

Two or more works in the same parenthetical citation: citation of two or more works in the same parentheses should be listed in the

order they appear in the reference list (i.e., alphabetically); separated by a semi-colon
v" Several studies (Bangsbo et al., 2008; Duffield & Marino, 2007; Reilly, 1997) suggest that...
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2.4.3. Examples for Reference list

Works by one author
Borg, G. (1998). Borg’s perceived exertion and pain scales: Human Kinetics.

Works by two authors
Duftield, R., & Marino, E E. (2007). Effects of pre-cooling procedures on intermittent-sprint exercise performance in warm conditions.
European Journal of Applied Physiology, 100(6), 727-735. https://doi.org/10.1007/s00421-007-0468-x

Works by three to twenty authors
Nepocatych, S., Balilionis, G., & O’Neal, E. K. (2017). Analysis of dietary intake and body composition of female athletes over a
competitive season. Montenegrin Journal of Sports Science and Medicine, 6(2), 57-65. https://doi.org/10.26773/mjssm.2017.09.008

Works by more than twenty authors

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A.,... Bangsbo, J. (2003). The yo-yo intermittent recovery
test: physiological response, reliability, and validity. Medicine & Science in Sports & Exercise, 35(4), 697-705. https://doi.
org/10.1249/01.mss.0000058441.94520.32

Works by group of authors

NCD-RisC. (2017). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled
analysis of 2416 population-based measurement studies in 128.9 million children, adolescents, and adults. Lancet, 390(10113),
2627-2642. https://doi.org/10.1016/s0140-6736(17)32129-3

Works by unknown authors
Merriam-Webster’s collegiate dictionary (11th ed.). (2003). Merriam-Webster.

Journal article (print)
Scruton, R. (1996). The eclipse of listening. The New Criterion, 15(3), 5-13.

Journal article (electronic)

Aarnivala, H., Pokka, T., Soininen, R., Mottonen, M., Harila-Saari, A., & Niinimaki, R. (2020). Trends in age- and sex-adjusted body
mass index and the prevalence of malnutrition in children with cancer over 42 months after diagnosis: a single-center cohort
study. European Journal of Pediatrics, 179(1), 91-98. https://doi.org/10.1007/s00431-019-03482-w

Thesis and dissertation
Pyun, D. Y. (2006). The proposed model of attitude toward advertising through sport. [Unpublished Doctoral Dissertation]. The Florida
State University.

Book
Borg, G. (1998). Borg’s perceived exertion and pain scales: Human Kinetics.

Chapter of a book

Armstrong, D. (2019). Malory and character. In M. G. Leitch & C. J. Rushton (Eds.), A new companion to Malory (pp. 144-163). D.
S. Brewer.

Reference to a Facebook profile

Little River Canyon National Preserve (n.d.). Home [Facebook page]. Facebook. Retrieved January 12, 2020 from https://www.
facebook.com/lirinps/

2.5. Tables

All tables should be included in the main manuscript file, each on a separate page right after the Reference section.
Tables should be presented as standard MS Word tables.
Number (Arabic) tables consecutively in the order of their first citation in the text.

Tables and table headings should be completely intelligible without reference to the text. Give each column a short or abbreviated
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heading. Authors should place explanatory matter in footnotes, not in the heading. All abbreviations appearing in a table and not
considered standard must be explained in a footnote of that table. Avoid any shading or coloring in your tables and be sure that each
table is cited in the text.

If you use data from another published or unpublished source, it is the authors’ responsibility to obtain permission and acknowledge
them fully.

2.5.1. Table heading

Table heading should be written above the table, in Title Case, and without a full stop at the end of the heading. Do not use suffix
letters (e.g., Table 1a, 1b, 1c); instead, combine the related tables. See example:
v’ Table 1. Repeated Sprint Time Following Ingestion of Carbohydrate-Electrolyte Beverage

2.5.2. Table sub-heading

All text appearing in tables should be written beginning only with first letter of the first word in all capitals, i.e., all words for
variable names, column headings etc. in tables should start with the first letter in all capitals. Avoid any formatting (e.g., bold, italic,
underline) in tables.

2.5.3. Table footnotes
Table footnotes should be written below the table.

General notes explain, qualify or provide information about the table as a whole. Put explanations of abbreviations, symbols, etc.
here. General notes are designated by the word Note (italicized) followed by a period.
v Note. CI: confidence interval; Con: control group; CE: carbohydrate-electrolyte group.

Specific notes explain, qualify or provide information about a particular column, row, or individual entry. To indicate specific notes,
use superscript lowercase letters (e.g. *><), and order the superscripts from left to right, top to bottom. Each table’s first footnote must
be the superscript *.

v *One participant was diagnosed with heat illness and n = 19.>n =20.

Probability notes provide the reader with the results of the texts for statistical significance. Probability notes must be indicated with
consecutive use of the following symbols: * 1+ £ § € || etc.
v *P<0.05,1p<0.01.

2.5.4. Table citation

In the text, tables should be cited as full words. See example:
v' Table 1 (first letter in all capitals and no full stop)
v' ..as shown in Tables 1 and 3. (citing more tables at once)
v' ..result has shown (Tables 1-3) that... (citing more tables at once)
v’ ...in our results (Tables 1, 2 and 5)... (citing more tables at once)

2.6. Figures
On the last separate page of the main manuscript file, authors should place the legends of all the figures submitted separately.

All graphic materials should be of sufficient quality for print with a minimum resolution of 600 dpi. MJSSM prefers TIFE, EPS and
PNG formats.

If a figure has been published previously, acknowledge the original source and submit a written permission from the copyright
holder to reproduce the material. Permission is required irrespective of authorship or publisher except for documents in the public
domain. If photographs of people are used, either the subjects must not be identifiable or their pictures must be accompanied by
written permission to use the photograph whenever possible permission for publication should be obtained.

Figures and figure legends should be completely intelligible without reference to the text.

The price of printing in color is 50 EUR per page as printed in an issue of MJSSM.
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2.6.1. Figure legends

Figures should not contain footnotes. All information, including explanations of abbreviations must be present in figure legends.
Figure legends should be written bellow the figure, in sentence case. See example:
v Figure 1. Changes in accuracy of instep football kick measured before and after fatigued. SR - resting state, SF - state of
fatigue, *p>0.01, +p>0.05.

2.6.2. Figure citation

All graphic materials should be referred to as Figures in the text. Figures are cited in the text as full words. See example:
v Figure 1

X figure 1

X Figure 1.

v’ ....exhibit greater variance than the year before (Figure 2). Therefore...
v ....as shown in Figures 1 and 3. (citing more figures at once)

v’ ...result has shown (Figures 1-3) that... (citing more figures at once)
v

...in our results (Figures 1, 2 and 5)... (citing more figures at once)
2.6.3. Sub-figures
If there is a figure divided in several sub-figures, each sub-figure should be marked with a small letter, starting with a, b, c etc. The
letter should be marked for each subfigure in a logical and consistent way. See example:
v’ Figure la

v ...in Figures la and b we can...
v’ ...data represent (Figures la-d)...

2.7. Scientific Terminology
All units of measures should conform to the International System of Units (SI).

Measurements of length, height, weight, and volume should be reported in metric units (meter, kilogram, or liter) or their decimal
multiples.

Decimal places in English language are separated with a full stop and not with a comma. Thousands are separated with a comma.

All other units of

Percentage Degrees Ratios Decimal numbers
measure
v 10% v 100 v 10 kg v 122 v 0.056
X 10 % X 10° X 10kg X 12:2 X .056

Signs should be placed immediately preceding the relevant number.

v 45+3.4 v p<0.01 v" males >30 years of age
X 45+34 X p<0.01 X males > 30 years of age

2.8. Latin Names

Latin names of species, families etc. should be written in italics (even in titles). If you mention Latin names in your abstract they
should be written in non-italic since the rest of the text in abstract is in italic. The first time the name of a species appears in the text
both genus and species must be present; later on in the text it is possible to use genus abbreviations. See example:

v' First time appearing: musculus biceps brachii

v’ Abbreviated: m. biceps brachii
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Sport Mont Journal (SMJ) is a print (ISSN 1451-7485) and electronic scientific journal (€lSSN 2337-0351) aims to present
easy access to the scientific knowledge for sport-conscious individuals using contemporary methods. The purpose is to
minimize the problems like the delays in publishing process of the articles or to acquire previous issues by drawing advantage
from electronic medium. Hence, it provides:

+ Open-access and freely accessible onling;

* Fast publication time;

* Peer review by expert, practicing researchers;

+ Post-publication tools to indicate quality and impact;
«  Community-based dialogue on articles;

+ Worldwide media coverage.

SMJ is published three times a year, in February, June and October of each year. SMJ publishes original scientific papers,
review papers, editorials, short reports, peer review - fair review, as well as invited papers and award papers in the fields of
Sports Science and Medicine, as well as it can function as an open discussion forum on significant issues of current interest.

SMJ covers all aspects of sports science and medicine; all clinical aspects of exercise, health, and sport; exercise physiology
and biophysical investigation of sports performance; sport biomechanics; sports nutrition; rehabilitation, physiotherapy;
sports psychology; sport pedagogy, sport history, sport philosophy, sport sociology, sport management; and all aspects of
scientific support of the sports coaches from the natural, social and humanistic side.

Prospective authors should submit manuscripts for consideration in Microsoft Word-compatible format. For more complete
descriptions and submission instructions, please access the Guidelines for Authors pages at the SMJ website: http://www.
sportmont.ucg.ac.me/?sekcija=page&p=51. Contributors are urged to read SMJ’s guidelines for the authors carefully before
submitting manuscripts. Manuscripts submissions should be sent in electronic format to sportmont@ucg.ac.me or contact
following Editors:

Dusko BJELICA, Editor-in Chief — sportmont@t-com.me
Zoran MILOSEVIC, Editor-in Chief — zoranais@eunet.rs
Borko KATANIC, Managing Editor — borkokatanic@gmail.com
Nedim COVIC, Managing Editor — nedimcovic@gmail.com

Publication date: Summer issue — June 2026
Autumn issue — October 2025
Winter issue — February 2027



Founded in 2003 in Podgorica (Montenegro), the Mon-
tenegrin Sports Academy (MSA) is a sports scientific society
dedicated to the collection, generation and dissemination of
scientific knowledge at the Montenegrin level and beyond.

The Montenegrin Sports Academy (MSA) is the lead-
ing association of sports scientists at the Montenegrin level,
which maintains extensive co-operation with the correspond-
ing associations from abroad. The purpose of the MSA is the
promotion of science and research, with special attention to
sports science across Montenegro and beyond. Its topics in-
clude motivation, attitudes, values and responses, adaptation,
performance and health aspects of people engaged in phys-
ical activity and the relation of physical activity and lifestyle
to health, prevention and aging. These topics are investigated
on an interdisciplinary basis and they bring together scientists
from all areas of sports science, such as adapted physical activ-
ity, biochemistry, biomechanics, chronic disease and exercise,
coaching and performance, doping, education, engineering

The main scientific event organized by the Montenegrin Sports
Academy (MSA) is the annual conference held in the first week of

April.

Annual conferences have been organized since the inaugura-
tion of the MSA in 2003. Today the MSA conference ranks among
the leading sports scientific congresses in the Western Balkans.
The conference comprises a range of invited lecturers, oral and
poster presentations from multi- and mono-disciplinary areas, as
well as various types of workshops. The MSA conference is attend-
ed by national, regional and international sports scientists with
academic careers. The MSA conference now welcomes up to 200

participants from all over the world.

It is our great pleasure to announce the upcoming 24th Annu-
al Scientific Conference of Montenegrin Sports Academy “Sport,
Physical Activity and Health: Contemporary Perspectives” to be
held in Budva, Montenegro, from 16 to 19 April, 2026. It is planned
to be once again organized by the Montenegrin Sports Academy,
in cooperation with the Faculty of Sport and Physical Education,

MONTENEGRIN SPORTS ACADEMY

and technology, environmental physiology, ethics, exercise
and health, exercise, lifestyle and fitness, gender in sports,
growth and development, human performance and aging,
management and sports law, molecular biology and genetics,
motor control and learning, muscle mechanics and neuromus-
cular control, muscle metabolism and hemodynamics, nutri-
tion and exercise, overtraining, physiology, physiotherapy, re-
habilitation, sports history, sports medicine, sports pedagogy,
sports philosophy, sports psychology, sports sociology, train-
ing and testing.

The MSA is a non-profit organization. It supports Mon-
tenegrin institutions, such as the Ministry of Education and
Sports, the Ministry of Science and the Montenegrin Olym-
pic Committee, by offering scientific advice and assistance
for carrying out coordinated national and European research
projects defined by these bodies. In addition, the MSA serves
as the most important Montenegrin and regional network of
sports scientists from all relevant subdisciplines.
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University of Montenegro and other international partner institu-

tions (specified in the partner section).

The conference is focused on very current topics from all areas
of sports science and sports medicine including physiology and sports medicine, social sciences and humanities, bio-
mechanics and neuromuscular (see Abstract Submission page for more information).

We do believe that the topics offered to our conference participants will serve as a useful forum for the presentation
of the latest research, as well as both for the theoretical and applied insight into the field of sports science and sports

medicine disciplines.
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Journal of Anthropology of Sport and Physical Education (JASPE) is a print (ISSN 2536-569X) and electronic scientific
journal (elSSN 2536-5703) aims to present easy access to the scientific knowledge for sport-conscious individuals using
contemporary methods. The purpose is to minimize the problems like the delays in publishing process of the articles or to
acquire previous issues by drawing advantage from electronic medium. Hence, it provides:

+ Open-access and freely accessible online;

Fast publication time;

+ Peer review by expert, practicing researchers;
Post-publication tools to indicate quality and impact;
« Community-based dialogue on articles;

+ Worldwide media coverage.

JASPE is published four times a year, in January, April, July and October of each year. JASPE publishes original scientific
papers, review papers, editorials, short reports, peer review - fair review, as well as invited papers and award papers in the
fields of Anthropology of Sport and Physical Education, as well as it can function as an open discussion forum on significant
issues of current interest.

JASPE covers all aspects of anthropology of sport and physical education from five major fields of anthropology: cultural,
global, biological, linguistic and medical.

Prospective authors should submit manuscripts for consideration in Microsoft Word-compatible format. For more complete
descriptions and submission instructions, please access the Guidelines for Authors pages at the JASPE website: http:/
www.jaspe.ac.me/?sekcija=page&p=51. Contributors are urged to read JASPE’s guidelines for the authors carefully before
submitting manuscripts. Manuscripts submissions should be sent in electronic format to jaspe@ucg.ac.me or contact
JASPE's Editor:

Fidanka VASILEVA, Editor-in Chief — vasileva.jaspe@gmail.com

Publication date: Spring issue — April 2026
Summer issue — July 2026
Autumn issue — October 2026
Winter issue — January 2027
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We have expanded the quality of our journals considerably over
the past years and can now claim to be the market leader in
terms of breadth of coverage.

As we continue to increase the quality of our publications across

the field, we hope that you will continue to regard MSA journals
as authoritative and stimulating sources for your research. We
would be delighted to receive your comments and suggestions,
Email: damirsekulic.mjssm@gmail.com mostly due to the reason your proposals are always welcome.
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impact; Community-based dialogue on articles; Worldwide media coverage. SMJ is published three times
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Montenegrin Journal of Sports Science and Medicine (MJSSM) is published biannually, in September and
March of each year. MJSSM publishes original scientific papers, review papers, editorials, short reports, peer
review - fair review, as well as invited papers and award papers in the fields of Sports Science and Medicine,
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