Poznan University of Physical Education

TRENDS in

SPORTSCIENCES

(formerly Studies in Physical Culture and Tourism)

N

quarterly ¢ number2 e« volume29 « year 2022



Chairman of the publishing board
Jan Celichowski (Poznan, Poland)

Editor-in-chief
Piotr Gronek (Poznan, Poland)

Technical Editor
Katarzyna Ambroszczyk (Poznan, Poland)

Topic Editors

Ildus Ahmetov (Kazan, Russia)
Patrizia Proia (Palermo, Italy)
Jacek Zielinski (Poznan, Poland)

Statistical Editors
Marcin Pszczota (Poznan, Poland)
Magdalena Lewandowska (Poznan, Poland)

Native Language Editor
Cain C.T. Clark (Coventry, Great Britain)

Editorial board address

Poznan University of Physical Education
ul. Krolowej Jadwigi 27/39

61-871 Poznan, Poland

tel. +48 61 835 51 96; +48 61 835 50 68

ISSN 2299-9590

Publisher

Poznan University of Physical Education
ul. Krolowej Jadwigi 27/39

61-871 Poznan, Poland

tel. +48 61 835 51 96

e-mail: gronek@awf.poznan.pl

e-mail: tss@awf.poznan.pl
www.tss.awf.poznan.pl

Printed by

ESUS Tomasz Przybylak
ul. Potudniowa 54
62-064 Plewiska, Poland

N =

The distribution is realized by the Publisher.
The price of polish subscription for one year (1-4/2022) equals 120 PLN. Payments with specified period

Editorial board

A. Abreu (Lisbon, Portugal), S. Balké (Usti nad Labem, Czech Republic),
X. Bigard (Grenoble, France), M. Bronikowski (Poznan, Poland), A. Cicchella
(Bologna, Italy), M. Collins (Cape Town, South Africa), J.M. Cummiskey
(Dublin, Ireland), R. Duarte (Lisbon, Portugal), C. Guilherme (Lincoln, NE, US),
A. Hokelmann (Magdeburg, Germany), B. Jost (Ljubljana, Slovenia), J. Jufikova
(Brno, Czech Republic), M. Kalinski (Kent, USA), P. Krutki (Poznan, Poland),
K. Laparidis (Thrace, Greece), S. Machida (Chiba, Japan), A. Maszczyk (Katowice,
Poland), L. Mataruna (West Midlands, UK), I. Mouratidis (Thessaloniki, Greece),
P. Neary (Regina, Canada), A. Nowak (Poznan, Poland), M. Ogurkowska (Poznan,
Poland), M. Pawlak (Wiirzburg, Germany), R. Podstawski (Olsztyn, Poland),
B. Pospieszna (Poznan, Poland), M. Posthumus (Cape Town, South Africa),
V. Pushkarev (Chelyabinsk, Russia), E. Sadowska-Kr¢pa (Katowice, Poland),
A. Straburzynska-Lupa (Poznan, Poland), T. Tasiemski (Poznan, Poland), H. Tscham
(Vienna, Austria), M. Vit (Brno, Czech Republic), S. Vujkov (Novi Sad, Serbia),
M. Wilk (Katowice, Poland)

Indexed in

SCOPUS

EBSCO Publishing, Inc.

SPORTDiscus

Ulrich’s International Periodical Directory
ICI Journals Master List

AGRO database

Index Copernicus (2017): 88.38 points
KBN/MNiSW (2019): 20 points

© Copyright by Akademia Wychowania Fizycznego w Poznaniu
No part of this publication may be reproduced in any form without permission from

the Publisher, except for the quotation of brief passages in criticism or any form of
scientific commentary.

of subscription are accepted at the following account:
Akademia Wychowania Fizycznego w Poznaniu, PKO BP Poznan nr 86 1020 4027 0000 1902 1271 4947

Please indicite the address for correspondence.

3. The price of foreign subscription for one year (1-4/2022) equals 60 euro or equivalent in the other currency.
Payments with specified period of subscription are accepted at the following account:
Akademia Wychowania Fizycznego w Poznaniu, PKO BP Poznan nr 86 1020 4027 0000 1902 1271 4947

Please indicite the address for correspondence.

4. We accept orders at any time, also for archival issues (unless the edition is sold out).



CONTENTS

ORIGINAL ARTICLE
Muscle fibre type, size and satellite cell pool in male volleyball players................... 45
Dimitrios G. Balasas, Athanasios Mandroukas, Yiannis Michailidis, Sotirios Drikos,
Konstantinos Sotiropoulos, Kosmas Christoulas, Thomas I. Metaxas,
Theodoros M. Bampouras

High-intensity physical performance parameters in soccer..............ccccccoceevveeneenee. 51
Daniel Rojano Ortega, Miguel Angel Martin Simoén

The effects of a repeated sprint ability program on youth soccer players’
physical performance..............o.oooiiiiiiiii e 57
Yiannis Michailidis, Nikos Motsanos, Thomas Metaxas

Differences between boys and girls in applied variables to assess motor skills......... 65
Franjo Lovri¢, Karla Polo, Miguel Angel Tapia-Serrano, Igor Jelaska,

Ivan Bara¢

Planned load reduction strategies to maintain optimal repetitions

for hypertrophy training in leg press for women ...................cccccoovviiiiiiiiniie e, 71
Danilo S. Machado, Alexander J. Koch, Marco Machado

INSTRUCTIONS FOR AUTHORS ..o 77

Vol. 29(2) TRENDS IN SPORT SCIENCES






ORIGINAL ARTICLE

TRENDS in

Sport Sciences

2022;29(2): 45-50
ISSN 2299-9590
DOI: 10.23829/TSS.2022.29.2-1

Muscle fibre type, size and satellite cell pool in male

volleyball players
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Abstract

Introduction. Longitudinal volleyball training stimuli can
cause an increase in muscle strength that is brought about by
neurological and morphological adaptations, such as changes
in muscle fibre composition percentage and cross-sectional area
(CSA). Aim of Study. The aim of this study was to examine the
biological adaptations of volleyball-players in terms of muscle
fiber type composition, cross-sectional area, myonuclei and
satellite cell pool in comparison to physically active controls.
Material and Methods. Ten professional volleyball-players (VG)
and five physically active-persons (CG) participated in this study.
Muscle biopsies were obtained from the vastus-lateralis of the
dominant leg. Results. Immunohistochemical analysis revealed
that although MHC I and MHC IIC muscle fibre distribution
was not different between the groups, MHC IIX and MHC
ITAX were totally absent in VG and appeared only in the CG.
The cross-sectional area revealed a slightly different pattern
as both MHC I and IIA were larger for the volleyball players.
In accordance, MHC II myonuclei number was moderately
larger in the volleyball players, while the satellite cells and their
ratio to number of fibres had a large and very large difference,
respectively. Conclusions. In conclusion, our study reveals that
volleyball training-induced hypertrophy for both type I and I1
muscle fibres in the vastus lateralis of volleyball players and
resulted in a specific shift in muscle fibres containing MHC II
isoforms. This hypertrophy of the muscle fibres is associated
with an increase in the myonuclear number and satellite cells.

KEYWORDS: volleyball, muscle fibre, cross-sectional area,
satellite cells.
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Introduction

eam sports, such as volleyball, require not only

high-level technique in all aspects of the game, but
also efforts characterised by maximum speed, strength
and power, which determine most of the winning-point
phases of the match [22]. It has been shown previously that
increased jumping height is a performance indicator for
high-level volleyball players [30] and a distinguishing
variable among players of different levels [11] due to its
importance in performing specific game tasks, such as
block, spike [25] and jump serve [19, 29].
In order to enhance performance of these tasks, strength
and/or plyometric training have always complemented
volleyball training. Such modes of longitudinal training
stimuli can cause an increase in muscle strength that
is brought about by neurological and morphological
adaptations, such as changes in muscle fibre composition
percentage and cross-sectional area (CSA) [10, 20].
Indeed, the differences in muscle fibre composition
percentage and CSA characteristics can determine muscle
performance. A high content of mitochondria and an
increased number of capillaries characterise slow-twitch
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fibres (type I) which exhibit long excitation time and
low maximum shortening velocity. On the other hand,
fast-twitch fibres (type II) are characterised by a high
ATPase activity, high content of creatine phosphate and
glycogen, and consequently short excitation time and
high maximum shortening velocity [7, 8]. Therefore,
the force-velocity curve of type Il fibres shows a less
steep decrease with increasing velocity compared to
type I fibres and higher maximum mechanical power
[8, 12].

In line with the above, it has been reported that 19 weeks
of heavy resistance training caused a decrease in the
percentage of type IIB (IIX, as presented by Smerdu et
al. [28]), and a concomitant increase in the percentage
of type IIA fibres, suggesting that heavy resistance
training affects MHC composition in skeletal muscle,
mainly showing adaptations in genetic expression [1].
In contrast, type I fibres seemed not to be affected
by strength training, as no changes in the distribution
of these type of fibres were observed after strength
training [3].

It has been well established that increases in CSA occur
after strength training [10]. The duration of training
seems to create a specific response, as 12 weeks of
strength training increased fibre CSA for both type I
(slow) and II (fast) muscle fibres [23], which seems to be
a common finding in “longitudinal” training studies [10].
In contrast, training for 6-10 weeks caused a preferential
hypertrophy of type II fibres specifically [10].

In terms of myonuclear adaptation, Kadi and Thornell
[18] reported that 10 weeks of resistance training
resulted in an increase in myonuclear and satellite cell
numbers in the trapezius muscle, concluding that the
additional myonuclei seem to assist the enlargement
of skeletal muscle fibres. The same lead author, in
a comparison between high-level powerlifters and
untrained subjects, revealed that the number of satellite
cells as well as myonuclear numbers were significantly
higher in athletes compared to the controls [15, 16].
Despite the popularity of volleyball worldwide only
a few studies have been published concerning muscle
characteristics of volleyball players. For example,
Sleivert et al. [27] reported a type II muscle fibre size
difference between volleyball players (and middle-
distance runners) in comparison to untrained subjects.
As volleyball requires explosive strength and power
[4] it seems that a higher proportion of type II fibres,
with an increased CSA of type Il fibres and an
increased myonuclear type Il number and satellite cell
pool, would possibly match the morphological and
immunohistochemical profile of long-term volleyball

46 TRENDS IN SPORT SCIENCES

training. Thus, this study aimed to track the biological
adaptations of volleyball players in terms of muscle
fibre type composition, CSA, myonuclei and satellite
cell pool in comparison to physically active controls.

Material and Methods

Participants

Ten volleyball players (age 26.5 + 4.6 years, height 1.88 +
+ 0.05 m, body mass 86.7 = 9.0 kg, 12.6 + 4.8 years of
volleyball training), free from injuries or any medication
that could affect the study, volunteered to participate
in this study. All were professionals competing at the
second highest Greek League (A2) and trained every
day with volleyball-specific training and twice a week
with resistance training. Measurements were taken at
the in-season period, two weeks before the league’s
Christmas break. Additionally, five physically active
participants (age 21.3 + 1.0 years, height 1.80 + 0.03 m,
body mass 80.1+9.4 kg), defined as taking part in at least
150 minutes of moderate-intensity exercise per week
were recruited from the student population to serve as
controls. The local ethical committee of the Department
of Physical Education and Sports Science approved the
study in accordance with the ethical standards in sport
and exercise research and the Declaration of Helsinki.
All the subjects were informed of the procedures,
possible risks and benefits and provided their written
consent before participation in the study.

Muscle biopsies

A physician using Weil-Blakesley’s choncotom technique
obtained muscle biopsies from the middle portion of the
vastus lateralis muscle of the dominant leg. Prior to
the procedure local anesthesia was applied in the skin
penetrating the underlying fascia. The muscle tissue
was embedded in an embedding medium (Jung Tissue
Freezing) and immediately frozen in isopentane, pre-
cooled in liquid nitrogen and stored at —80°C until
analysed. On average, 440 + 186 muscle fibres were
classified in each sample of each participant.

Immunohistochemistry

Serial transverse sections of 5-7 um in thickness were
cut using a microtome at —22°C and mounted on glass
slides. Muscle biopsies were air dried, rinsed for 20 min
in phosphate buffered saline (PBS) and incubated for
20 min with diluted normal horse serum. Sections
were incubated overnight at +4°C with the primary
monoclonal antibodies (mAbs) diluted in bovine
serum albumin (BSA). The day after, the slides were
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washed in PBS for 20 min and incubated for 1 hour
with the diluted biotinylated horse antimouse secondary
antibody (Vector BA-9200, Burlingame, California).
The slides were then washed for 20 min in PBS and
incubated for 1 hour with a Vectastain ABC reagent.
In order to visualise the primary antibody binding, the
diaminobenzidine (DAB) substrate kit for peroxidase
(Vector, SK-4100, Burlingame, California) was used.
MHC expression was assessed using well characterised
mADbs tested against human MHC I (mAb A4.840) and
MHC I and ITA (mAb N2.261) [18]. The mAb A4.840
strongly stained type I fibres, whereas type I11A, [TAX
and IIX remained unstained (Figure 1A). The mAb
N2.261 strongly stained type IIA fibres, whereas type |
and IIAX fibres were equally weakly stained and
type 1IX fibres were unstained (Figure 1B). Type IIC
fibres were strongly stained with mAb N2.261 and
moderately stained with mAb A4.840. CSA of muscle
fibres was measured using TEMA image analysis system

Figure 1. Immunohistochermcal stamlng of serlal Cross-
sections with: A) antibody A4.840 and B) antibody N2.261,
for the identification of muscle fibre type distribution

X\

o

f

Figure 2. Immunohistochemical staining with antibody
CD 56 and counterstained with Mayer’s hematoxylin for
the visualisation of myonuclei (short arrow) and satellite
cells (long arrow)

-
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(Scanbeam, a/s, Handsund, Denmark). Satellite cells
were analysed using a monoclonal antibody directed
against the neural cell adhesion molecule (NCAM/
CD56) (Becton Dickinson, San Jose, California) [18]. To
visualise satellite cells the sections were counterstained
with Mayer’s hematoxylin. Satellite cells were stained
brown and images were acquired with a digital camera
(SPOT Insight, Diagnostics Inc., Sterling Heights,
Michigan) connected to a light microscope (Nikon
Eclipse E400, Badhoevedorp, The Netherlands).
Satellite cells were visualised at high magnification
(objective, X40 or X60) (Figure 2).

Statistical analysis

Following confirmation of normality of data distribution,
Welch’s t-test was used to compare the two groups
[24], with Holm—Bonferroni correction for multiple
pairwise comparisons [13], and the adjusted p values
are reported. All data are presented as mean + SD.
Significance was set at p < 0.05 and all the statistical
analyses were conducted using SPSS v25.0 software.

Results

The results suggest that volleyball players’ muscle
morphology shows some considerable differences
when compared to physically active controls.
Immunohistochemical analysis revealed that although
MHC I and MHC IIC muscle fibre distribution did not
differ between the groups, MHC IIX and MHC [TAX
were totally absent in volleyball players and appeared
only in the control group (MHC IIX 8.2 + 7.0% and
MHC ITAX 6.5 £ 3.8%) (Figure 3). The cross-sectional
area revealed a slightly different pattern, as both
MHC I and I1A were larger for the volleyball players
(Figure 4). In accordance, MHC II myonuclear number
was moderately higher in the volleyball players

70 4

60 - m Volleyball Players

50 Control Group

40 | ! I

30

20 Ak

10 | g

i M e
MHC | MHC IIA MHC 11X MHC IIAX MHCIC

*p < 0.05, #** p < 0.001

Figure 3. Mean muscle fibre type distribution (%) of volleyball
players (darker bars) and control group (lighter bars). Vertical
bars denote SD
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12000
m Volleyball Players
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Figure 4. Cross-sectional area of volleyball players and control
group
7
* = Volleyball Players
& Control Group
54
4 - T
T
34
2 4
1 i
0+ T
MHC I MHC I
*p<0.05

Figure 5. Number of myonuclei per MHC I and MHC II
of volleyball players and control group

0.20
0.18
0.16 m Volleyball Players

0.14 Control Group
0.12

0.10
0.08

0.06 '[

0.04
0.02
0.00 +

*p<0.05

Figure 6. Satellite cell number per muscle fibre of volleyball
players and control group

(Figure 5), while the satellite cells and their ratio to
the number of fibres showed a large and very large
difference, respectively (Figure 6).

Discussion

Volleyball requires explosive movements including
a high number of jumps, which are considered critical
to successful performance [30]. Indeed, good jumping
performance is required for blocking, spiking or serving
[25, 29] and it distinguishes the better players [11].

48 TRENDS IN SPORT SCIENCES

As a result, training modes such as strength and
plyometrics are routinely used for volleyball training
[5]. Longitudinally, this is a process that triggers
special adaptations within the musculoskeletal system
resulting in an enhanced physical performance. Our
study revealed that the vastus lateralis of volleyball
players is characterised by a higher proportion of MHC
ITA and a total absence of MHC 11X and MHC IIAX in
comparison to the control group, whereas MHC 1 and
MHC IIC showed no difference. This finding provides
evidence that the conversion capacity from MHC 11X
and IIAX into muscle fibres containing MHC IIA is
fully utilised in well-trained volleyball players.

It appears that volleyball players have converted all
MHC IIX and ITAX fibres to MHC IIA, which resulted
in this very large difference between the groups.
Similar findings have been reported in other studies,
which showed an increased proportion of fibres IIA
with a concomitant decrease in the percentage of type
IIX fibres after heavy resistance training. It suggests
that this type of training affects MHC composition in
skeletal muscle, mainly showing adaptations in genetic
expression [1, 19]. Moreover, it has been described
that type 1IB fibres (IIX as presented by Smerdu et al.
[28] constitute a pool of fibres that shift into IIA when
recruited systematically. Regarding fibres expressing
MHC I and the absence of differences between the
volleyball players and the controls, our results are
consistent with previous research, which suggested that
there were minimal if any at all, changes in the number
of fibres expressing MHC I after strength training [2].
It has been well established that resistance training
can increase fibre CSA, with a) increased hypertrophy
for both type I and II muscle fibres after longitudinal
studies, and b) preferential hypertrophy of type II
fibres only in shorter training protocols lasting 6 to 10
weeks [1]. For example, McCall et al. [23] reported that
12 weeks of strength training increased fibre CSA for
both type I (slow) and II (fast) muscle fibres. In the
present study the volleyball players’ group appeared to
have significantly higher CSA both in MHC I and MHC
IIA fibres in comparison to the control group. Given
the above studies, it may be reasonably assumed that
the long-term volleyball training adaptations elicited
from explosive training (e.g. strength, plyometrics) led
to an increase in both muscle fibre type I and I CSA.
Notwithstanding the lack of studies examining the
muscle characteristics of volleyball players using muscle
biopsies, our findings contradict findings by Sleivert et al.
[27] who reported no difference in the CSA of volleyball
players when compared to the controls and a higher
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type II / type 1 fibre area ratio per sample biopsy
of volleyball players in comparison to the controls.
However, this difference may have been caused by
a methodological difference, as in the study by Sleivert
et al. [27] the mean number of muscle fibres per biopsy
used was 56, while in the present study the respective
number was 440. Such a low muscle fibre number [6]
is likely to have resulted in a larger standard error [21],
potentially masking any differences in CSA, something
that the authors themselves identified. The standard
error is considerably reduced with numbers of muscle
fibres >100; it is worth noting that the same applies to
both type I and type II fibres [21].

Our study revealed that the myonuclear number of
MHC II in volleyball players also increased. It seems
that an acquisition of additional myonuclei occurred
in order to support MHC II fibre hypertrophy [18].
Kadi [14] observed a high number of myonuclei in
hypertrophied muscles of elite powerlifters and athletes
using anabolic steroids. Furthermore, Sinha-Hikim et al.
[26] showed that the myonuclear number per fibre was
significantly correlated with muscle fibre cross-sectional
area after 20 weeks of strength training and concurrent
steroid intake. Finally, in a comparison between high-
level powerlifters and untrained subjects Kadi et al. [15,
16] revealed that the number of satellite cells as well
as myonuclear numbers were significantly higher in
athletes than the controls. The mechanism responsible
for these changes in skeletal muscle fibres is connected
with the regulation of protein expression of defined
cytoplasmic volume and within all multinucleated
cells by each nucleus [9]. In the hypertrophic muscle
fibres, the nuclear to cytoplasmic ratio was maintained
by increased nuclear content. In mature muscle fibres,
myonuclei are unable to undergo mitosis. Hence,
satellite cells activate and subsequently incorporate into
muscle fibres during hypertrophy [15, 16].

Our study showed no significant differences in the
myonuclear number of fibres expressing MHC I, which
possibly means that the nuclear to cytoplasmic ratio of
these fibres was maintained by the existing myonuclear
content. Thus, the hypertrophy that MHC I may have
underwent was not sufficient to trigger proliferation of
satellite cells and form new myonuclei. Additionally,
our study revealed that there is an increased number of
satellite cells in the vastus lateralis of volleyball players
compared to the controls. It seems that the activation
and proliferation of satellite cells led to an increase in
satellite cell number. Our findings are consistent with
other studies showing that activated satellite cells
provide more stem cells in skeletal muscles [14, 17].

Vol. 29(2)

Conclusions

In conclusion, our study reveals that longitudinal
volleyball training-induced hypertrophy for both
type 1 and II muscle fibres in the vastus lateralis
of volleyball players resulted in a specific shift in
muscle fibres containing MHC II isoforms. The
hypertrophy of muscle fibres is associated with an
increase in the myonuclear number and the number of
satellite cells.
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Abstract

Introduction. High-speeds distances covered during a soccer
match are considered a good indicator of team success, especially
for some playing positions. These distances vary markedly among
different playing positions, and match congestion typically
results in a reduction of high-intensity activities. However, the
different playing levels might influence those results. Aim of
Study. 1) To analyze the differences in the total distance covered
during the match, and the high-intensity physical performance
parameters between the various playing positions in the four
highest-ranking teams in the 2018 FIFA World Cup. 2) To follow
the evolution of those parameters throughout the competition.
Material and Methods. Match data, reported by FIFA, of the
four teams classified for the semi-finals in the 2018 World Cup
were used. Differences between the different playing positions
and the different phases were analyzed. Results. The distances
covered at high speeds and the number of sprints performed
during a soccer match may differentiate team performance. The
distance covered at 20-25 km/h, at speeds exceeding 25 km/h,
and the total number of sprints were significantly lower (p <0.05)
for central defenders; they were higher for the wide-midfielders,
though not significantly likely due to the low sample size. No
significant differences were observed between the different phases
in most of the study variables. Conclusions. Understanding the
differences between the different playing positions in the highest-
ranking teams of the competitions may help coaches to carefully
design players’ rotations and include different soccer-specific
drills for each playing position to contribute to team success.
Together with a good technical and tactical strategy, promoting
post-match recovery may be the key for team success.

KEYWORDS: recovery, sprints, high running speed, congested
matches.
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Introduction
Aside from technical demands, understanding the
physical requirements of elite soccer players has
received growing interest in the last decades [7, 8, 11].
A professional soccer player covers on average 9-12 km
throughout a match [12, 17], but that amount varies
depending on the playing position and the running
speed [6, 18, 21, 24].
Sprinting, along with other physical attributes, is
a desirable attribute associated with success in a soccer
match [5, 14, 22], and the distance covered at high
speeds seems to be a better indicator of success than
the total distance covered, especially for some playing
positions [2, 19]. According to Ugalde-Ramirez [24],
high-speed running performed by players of lateral
positions may differentiate team performance.
Different game tactics during a soccer match can affect
the physical demands of the players [9], including
the number of sprints performed during the match,
the amount of distance covered at high speeds, and
the maximum speed achieved. In any case, excluding
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goalkeepers, professional soccer players perform on
average more than 20 sprints per match [21, 24], cover
more than 200 m at sprinting speeds [3], and reach top
speeds of approximately 30 km/h [17, 24].

Previous studies reported that total distance covered
during a match and distances covered at high or very
high running intensities vary widely among the different
playing positions [7, 11, 17, 21, 24]. Data analyzed in
those studies included several or all teams in one of the
strongest leagues in the world [7, 17, 21], data from
58 teams playing in the European Champions League
and the UEFA Cup [11], and data from all matches of
the 2018 FIFA World Cup [24]. However, the highest-
ranking teams of those leagues and competitions
were not analyzed separately to determine if there
were differences between those teams and the other
participating teams.

As the match progresses, the amount of high-intensity
running usually decreases as a result of fatigue,
regardless of playing position or level [7, 19]. Similar
results were reported for the total distance covered and
the number of sprints [21, 24]. Additionally, Palucci et
al. [20] concluded that during a congested match (when
the team played two times a week), the players presented
a reduced number of high-intensity activities than during
a non-congested match. Kovacs et al. [16] also observed
that in the play-off stage of the 2015-2016 Future Talents
Cup International tournament match congestion resulted
in a reduction in the total distance covered.

To our knowledge, no study has investigated the
possible effect of fatigue on physical performance
parameters during the FIFA World Cup, during which
all matches are played within one month and players
may not achieve a full recovery between matches.
Therefore, the purpose of this study was two-fold: 1) To
analyze differences in the total distance covered during
the match, and high-intensity physical performance
parameters between the various playing positions in
the four highest-ranking teams in the 2018 FIFA World
Cup; 2) To follow the evolution of those parameters
throughout the competition.

Material and Methods

Design and participants

In this study, match data reported by FIFA for the 2018
FIFA World Cup was used [15]. The four teams that
qualified for the semi-final matches were analyzed.
Due to level differences between the first and last classified
of'each group at the beginning of the competition, players
from the strongest teams do not always play at full
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capacity. Therefore, only data from round of 16, quarter-
finals and semi-finals were used for subsequent analysis.
Players who performed at least 90 minutes during the
game were selected for analysis, excluding goalkeepers.
The players were classified into five different playing
positions: central defenders, wide defenders, central
midfielders, wide midfielders, and center-forwards. The
study followed the ethical guidelines of the Declaration
of Helsinki.

Measures

FIFA [15] reported 14 different physical activities for
each player during the entire match, the first half, and
the second half. For the purposes of this study only
five of them over the duration of the entire match were
used: total distance covered, distance covered at zone 4
(20-25 km/h), distance covered at zone 5 (>25 km/h),
top speed, and total number of sprints. The data were
obtained with a reliable real-time optical tracking
system at 25 frames per second [23, 24].

Statistical analysis

Statistical analysis was performed using the SPSS
software package for Windows, v. 22.0 (SPSS Inc.,
USA). To determine differences between the different
playing positions, data from the four teams and the
three phases were pooled and the means and standard
deviations of all variables were calculated. Data were
tested for normality using the Shapiro—Wilk test. When this
condition was fulfilled, one-way ANOVA with Bonferroni
post-hoc tests was performed to determine significant
differences between the five playing positions. When data
were not normally distributed, the Kruskal-Wallis H tests
with Dunn’s post-hoc tests and Bonferroni correction
were performed. To explore the differences of one group
across the different phases of the competition data from
the four teams were pooled and one-way ANOVA with
Bonferroni post-hoc tests was performed. Results were
considered statistically significant at p <0.05.

Results

Differences between playing positions

Table 1 shows the means and standard deviations of
all study variables, calculated with pool data from
the four teams and the three phases and taking into
consideration the specific playing positions. Significant
differences between positions are also shown in Table 1.
No significant differences were found for the top speed,
whereas a significant effect of playing position was
observed for the other variables. Post-hoc tests revealed
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Table 1. Descriptive statistics and differences between the different playing positions

Central Wide Central Wide Centre-
Variables defenders defenders midfielders midfielders forwards
n=31 n=17 n=25 n=9 n=16

Total distance (m) 9141.97 £475.41%

20-25 km/h distance
covered (m)

>25 km/h distance
covered (m)

344.19 £ 97.500cde

124.87 & 75 47>

Top speed (km/s) 28.40 +2.55

Number of sprints 21.45 £ 7.63b¢d¢

10099.94 + 828.44* 10745.84 + 893.54%4¢ 955433 + 1019.55¢

583.65 + 170.00*

257.76 £ 124.98*

29.00 + 1.94
37.59 +£11.43*

9641.19 + 839.68¢

572.76 £150.31° 609.67 + 163.18° 528.81 +126.89°

177.64 + 98.23* 326.89 + 85.28° 297.69 + 107.63*

28.60 +2.19 30.83+1.61 28.76 +2.43

31.88£9.98° 40.11 £9.09° 32.75 + 8.99°

# significantly different from central defenders (p < 0.05); ® significantly different from wide defenders (p < 0.05); © significantly different from
central midfielders (p < 0.05); ¢ significantly different from wide midfielders (p < 0.05); © significantly different from centre-forwards (p < 0.05)

that the distance covered at 20-25 km/h, at speeds
exceeding 25 km/h and the total number of sprints were
significantly lower (p < 0.05) for central defenders than
for the other playing positions. Additionally, the total
distance covered was also significantly lower for central
defenders than for wide defenders and central midfielders,
while it was significantly higher for central midfielders
than for wide midfielders and center-forwards.

The distance covered at 20-25 km/h, at speeds exceeding
25 km/h and the total number of sprints were greater for
wide midfielders, but the differences were not significant
likely due to low sample size.

Differences between phases of the competition
Table 2 shows the means and standard deviations of
all the study variables in each phase of the competition,

calculated with pool data from the four teams, both
depending on the specific playing position and regardless
of this position. Significant differences between the phases
are also shown in Table 2. No significant differences
were observed between the different phases in any of
the study variables, whether the players were grouped
or classified by position, except for the top speed
of the center-forwards, which significantly increased
(p <0.05) from round of 16 to the quarter-finals.

Discussion

The first purpose of this study was to analyze differences
in the total distance covered during the match and in
the high-intensity physical performance parameters
between the different playing positions in the four
highest-ranking teams of the 2018 FIFA World Cup.

Table 2. Descriptive statistics and differences between different phases of the competition

All plavers Central Wide Central Wide Centre-
Variables Phase of the pay defenders defenders midfielders midfielders forwards
competition
n=323135 n=11,10,10 n=15,6,6 n=28,8,9 n=3,1,5 n=15,6,5
9652.25 0149.18 10076.80 10448.13 8959.133 9476.80
Total distance ter-final 9899.29 9206.60 10302.83 10729.13 8918.00 9707.33
(m) quarter-fina +909.24 +406.95 +845.14 +912.79 +536.53
) 9952.40 9069.40 9916.33 11025.33 10056.60 9726.20
semi-final +1031.44 +533.79 +597.67 £817.13 £767.46 = 1188.25
478.59 339.09 606.40 534.25 544.67 529.00
round of 16 £163.73 £7219 £239.53 +131.98 +109.37 +119.67
i?séi Ckem/ h rter-final 500.77 341.50 607.33 590.88 53700 533.50
dtanes ) quarter-fina +173.12 £11691 +152.90 +175.29 +99.65
_ 514.86 352.50 541.00 590.89 663.20 523.00
semi-final +181.26 £110.04 £14082 +153.21 +197.99 +183.21
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Central Wide Central Wide Centre-
Variables Phase o.f.the All players defenders defenders midfielders midfielders forwards
competltlon
n=323135 n=11,10,10 n=>56,6 n=238389 n=31,5 n=>565
s ke round of 16 198.34 % 130.36 126.36 + 100.33 309.20 + 138.29 190.50 + 119.29 354.22 +80.70 164.80 + 99.29
distance quarter-final  184.32 £ 105.51 116.60 £ 48.58 260.50 = 152.79 171.38 + 96.87 292.00 220.33 + 76.06
covered (m) semi-final  197.09 £ 109.22 131.50 +72.90 212.17+78.66 171.78+89.66 317.40 + 101.53 235.40 + 151.16
roundof 16 2914287  2888+2.64  29.90+2.19  2933+336  31.95+228  2698+254*
anri ;Seed quarter-final 2908180 2856+202  29.35+2.06  2834+138 30.17 30.48 + 1.06*
semi-final 28.34+£215  27.72+3.01 27.89+123 2817+142  3029+1.09 2848+242
roundof 16~ 2922+11.34  2045+575 3820+15.64 3025+880 38.00+10.44  3260+9.71
i‘iﬁ’:f of quarter-final 30811148 2170£9.02  40.17+11.99  32.50+9.96 35.00 33.67 +8.52
semi-final 31311141 2230+£8.60  3450+7.66 32.78+11.84  4240+9.71  31.80=+10.76

* significant differences between round of 16 and quarter-final phases (p < 0.05)

Our main finding is that, excluding top speed, the
high-intensity physical performance parameters were
significantly lower for the central defenders than for the
rest of the playing positions, while it was higher, but not
significantly, for the wide midfielders.

Our results are not consistent with those reported by
Di Salvo et al. [11] or Ugalde-Ramirez [24]. Di Salvo
et al. [11] measured the total number of sprints in 67
European matches (the European Champions League
and the UEFA Cup) from 2002 to 2006. The data of 20
different countries were analyzed and the total number
of sprints differed between all the positions except wide
defenders and center-forwards. In addition, the number
of sprints was substantially smaller in all playing
positions when compared to the present study. Ugalde-
Ramirez [24] analyzed the data reported by FIFA for the
2018 World Cup and found no significant differences
in the high-intensity physical performance parameters
between the different playing positions.

Findings in this study, however, are very similar to those
observed by Bradley et al. [7], Mallo et al. [17] and
Rivilla-Garcia et al. [21]. Bradley et al. [7] collected
match performance data from players in the English FA
Premier League. While they did not report significant
differences between the different playing positions, their
data clearly showed that the distances covered at 20-
-25 km/h and at speeds exceeding 25 km/h were smaller
for central defenders and greater for wide midfielders,
with no differences observed between the other
positions in the study [7]. Mallo et al. [17] analyzed 111
matches of the Spanish First Division League and they
observed that the distance covered at very high-intensity
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running was significantly smaller for central defenders
and central midfielders, while it was greater, but not
significantly, for wide midfielders. Rivilla-Garcia et
al. [21] calculated the number of sprints and the sprint
distance per match with the data from 380 matches of
the Spanish First Division in the 2013-2014 season.
They concluded that the sprint distance per match and
the number of sprints performed were significantly
lower for central defenders and central midfielders, and
higher, although non-significantly, for wide midfielders
and wide defenders.

The discrepancies and similarities of the present study
compared to previous studies can be attributed to the
teams and the players analyzed. In this study only the
four highest-ranking teams of the 2018 FIFA World Cup
were analyzed, while Di Salvo et al. [11] used the data
of 20 different countries and 67 European matches and
Ugalde-Ramirez [24] used all data from the 2018 World
Cup. This indicates that the high-intensity physical
performance parameters do not adhere to the same
pattern for the highest-ranking teams compared to the
other teams participating in European and World soccer
competitions. However, the physical characteristics as
well as the physical and physiological demands of many
players in the English FA Premier League and the Spanish
First Division, being two of the strongest leagues in the
world, must be similar to those for the best teams of our
study, which explains the similar results found.

It was also observed that central defenders covered less
distance per match than the other playing positions,
but differences were only significant with central
midfielders and wide defenders. For this parameter, our
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results are not in line with those reported by Bradley
et al. [7], Mallo et al. [17] or Rivilla-Garcia et al. [21].
Furthermore, the total distance covered in the different
playing positions differs from many studies [4, 7, 10,
17, 21], and also varies between them. These different
results suggest that the success of a soccer match is not
affected by the total distance covered. However, soccer
match success may rely on high-intensity performance
parameters and, of course, on a superior technical and
tactical strategy, as it is suggested by Di Salvo et al. [13]
and Abbott et al. [1].

The second purpose of this study was to analyze the
evolution of the total distance covered during the match
and the high-intensity physical performance parameters
of the four highest-ranking teams throughout the 2018
FIFA World Cup, from round of 16 to semi-finals.
According to some authors [16, 20], match congestion
may reduce the total distance covered and the number of
high-intensity activities during the match. However, no
significantdifferenceswereobservedbetweenthedifferent
phases, except for the top speed of the center-forwards.
These results show that the highest-ranking teams of the
2018 FIFA World Cup suffered no detrimental effects on
high-intensity physical performance parameters, even if
the three matches analyzed were played within 10 days.
Along with a superior technical and tactical strategy, this
may be evidence why those four teams classified for the
semi-finals.

Conclusions

The findings of this study confirm that the distances
covered at high speeds and the number of sprints
performed during a soccer match may differentiate team
performance, especially in some playing positions. Our
results show that the wide midfielders of the highest-
ranking teams in the 2018 FIFA World Cup covered more
distance at speeds exceeding 20 km/h and performed
a higher number of sprints than the rest of the players.
Understanding these differences may help coaches to
carefully design players’ rotations and include different
soccer-specific drills for each playing position to
contribute to team success. The findings of this study
also revealed that the highest-ranking teams in the 2018
FIFA World Cup did not experience detrimental effects
on high-intensity physical performance parameters due
to congested matches. Together with a good technical
and tactical strategy, promoting post-match recovery
may be the key for team success.
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Abstract

Introduction. Soccer trainers in their effort to be effective by
saving time for technical tactical training try to use methods
that have positive effects on multiple physical abilities. High-
intensity interval training (HIIT) is widely used in soccer. Aim
of Study. The purpose of the study was to investigate the effect of
a repeated sprint training (RST) program on the performance
of soccer players under the age of 17. Material and Methods.
Twenty-nine youth players participated in this study. Players
were randomly separated into two groups: control group (CG,
n = 14) and intervention group which performed RST program
(IG, n = 15). The duration of the training program was four
weeks. Sprint 10 m, 30 m, countermovement jump (CMJ),
squat jump (SJ), Illinois agility test, Yo-Yo intermitted recovery
test 2 (YYIRT2) and repeated sprint test (RSA: RSAbest,
RSAmean, RSAdecrement) were measured pre and post of the
training program. Results. The performance in 30 m, RSAbest,
RSAmean and RSAdecrement improved in IG group (P = 0.049,
n? = 0.171, P = 0.017, n* = 0.307, P = 0.002, n*> = 0.622, and
P < 0.001, n? = 0.774, respectively). The performances of the
two groups differed in post measurement of 30 m, RSAbest
and RSAmean (P = 0.044, ?> = 0.160, P = 0.048, > = 0.014, and
P = 0.038, 1> = 0.226, respectively). Conclusions. This study
supports that a short-term program of HIIT can improve sprint
and repeated sprint ability performance. The results reflect
the training principle of the specialization of the stimulus. The
improvement in performance presented in tests that had similar
characteristics to training stimuli.

KEYWORDS: youth, soccer, fitness, high intensity interval
training.
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Introduction
S occer is an intermittent sport characterized by periods
of low, moderate and high intensity efforts [4]. The
development of technology has made it possible to record
actions carried out both during matches and training
sessions of teams. Thus, in professional soccer players
during a match cover 9-14 km, of which about 10% is
covered with a speed of more than 19 km/h [26]. It results
both from literature sources and from practice that the
distances covered at high intensity are the most important
for the performance of the player and for the result of
the match [11]. Knowledge of the requirements of the
“match” helped trainers to focus on important factors
they need to develop in order to improve performance of
their players. Such key factors are the ability to repeated
sprints, endurance, the ability to sprint and power.
Trainers in their effort to be more effective by saving time
for technical tactical training try to use training methods
that have positive effects on multiple physical abilities.
One such method is the high intensity interval training
(HIIT) proposed by Buchheit and Rabbani [6]. This form
of training includes five subcategories: 1) training using
racing games, 2) interval training with sprints >20-30 s
with long breaks (3 min), 3) training of repeated sprints
<10 s, 4) HIIT long time (no maximum exercise for
2-4 min), and 5) HIIT short time (no maximum exercise
for <45 s) [4].

TRENDS IN SPORT SCIENCES 57



MICHAILIDIS, MOTSANOS, METAXAS

Several studies have shown positive effects of these
training methods on power, speed, high intensity running
and the ability to repeat speeds in youth soccer players
[3, 5, 8, 10, 16, 23]. However, results of the studies are
difficult to compare as they use different training protocols
(different characteristics of the charge: volume, intensity,
break, density) and different ages of participants. For
example, it is known that age and biological maturity can
affect effectiveness of a fitness program [13]. Therefore,
any research on the effect of HIIT on performance of
teenage soccer players contributes to an overall picture.
Thus, the purpose of this study was to study the effect of
a short 4-week repeated sprint training (RST) program
on physical abilities of youth soccer players under 17
(U17) of a certain biological age. The hypothesis of
the study was that this short program would improve
performance in repeated sprinting ability, speed, power
and endurance.

Material and Methods

Design

This study used a two-group (intervention group, IG,
and control group, CG), randomized controlled trial
design to compare effects of a short RSA training
program on U17 youth soccer players. The study was
conducted during the in-season period for four weeks.
Each group participated in four training sessions and
one soccer game per week. The CG performed only
the conventional soccer practice. The IG performed
a RSA program twice a week, 72 hours apart. The two
experimental groups had the same duration of training
sessions (90 min). The RSA program was performed
immediately after warm-up to ensure full neuromuscular
activation, and the CG during the intervention carried
out technical and tactical exercises. Two weeks before
the study the soccer players familiarized with the tests
in order to minimize the learning effect error. During the
first visit after the two weeks the soccer players had their
body mass, height and percentage of body fat measured.
During the next two visits they performed fitness tests:
countermovement jump (CMJ), squat jump (SJ), speed
(10 m and 30 m), change of direction (Illinois agility test),
Yo-Yo intermittent recovery test level 2 (YYIR2). The
tests were repeated after four weeks of training and were
conducted 48 hours after the last training session and with
the same sequence each testing day. At the beginning
of each testing session the soccer players performed
a 15-minute warm-up and at the end a 10-minute cool-
down period. Soccer players consumed water ad libitum
to ensure proper hydration during training and testing.
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Subjects

Power analysis was performed before the study by
setting an effect size of 0.6, a probability error of 0.05
and a power of 0.9 for two groups and two measurements
points (pre- and post-test). Power analysis (G*Power,
version 3.1.9.2, Universitét Kiel, Diisseldorf, Germany)
estimations were based on studies that examined effects
of training protocols on performance of soccer players
[8]. The analysis indicated that 24 subjects were the
smallest acceptable number of participants. The inclusion
criteria to participate in the study were as follows: 1) no
musculoskeletal injuries for >6 months prior to the study,
2) having participated in >95% of training sessions
and seven or more of the intervention trainings for
IG, and 3) not to be taking any medication. A total of
29 male youth soccer players under the age of 17 (U17)
participated in the study. The players came from two
local soccer academies. They did four training sessions
and one game a week and all of them had at least
10 years of systematic soccer training. The players were
randomly assigned into two groups, the intervention
group (IG, n = 15) and the control group (CG, n = 14).
All the participants were informed of the potential risks
and benefits of the study and signed a consent form for
their participation. For the research the requirements of
the Research Code of Ethics of the Aristotle University
of Thessaloniki were fulfilled in compliance with
the Helsinki Declaration. The researcher conducting
the assessment tests was blinded to the participants’
allocated group. Participant characteristics are presented
in Table 1.

Table 1. Participants’ physical characteristics

CG (n= 14) IG (n = 15)
pre- post- pre- post-
training training training training
Age (years) 158+0.2 159+03 16+£02 16.1+£0.2
Height (cm) 1777 178 £6 176 £6 1776
Weight (kg)  65.7+8.8 662+8.6 664+11.3 659+11.9
Body fat (%) 154+53 158+58 165+55 159+6.2

Note: CG — control group, IG — intervention group

Intervention program

The intervention program lasted four weeks with
a frequency of two times a week with two days being
48 hours apart. The total duration of the sessions was
90 minutes. In addition to the soccer teams’ program,
IG also performed the intervention program, while
CG participated exclusively in the teams’ athletic
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program. The intervention lasted 12-20 minutes (9 min
in the first week to 22 min in the fourth week) and
took place immediately after the warm-up period. The
characteristics of the RSA program are presented in
Table 2.

Table 2. Description of the four weeks of repeated sprint
ability training program and features of each session

Week Sessions RST Rest between
Sprint ~ Sets
Set Reps Meters Speed (s) (min)
Ist 2 6 40 max 20 4
Ist
2nd 2 6 40 max 20 4
3rd 3 6 40 max 20 4
2nd
4th 3 6 40 max 20 4
5th 4 6 40 max 20 4
3rd
6th 4 6 40 max 20 4
7th 4 6 40 max 20 4
4th
8th 4 6 40 max 20 4

Note: RST — repeated sprint training

Anthropometric measurements

Body mass was measured to the nearest 0.1 kg using
an electronic digital scale with the participants in
their underclothes and barefoot. Standing height was
measured to the nearest 0.1 cm (Seca 220e, Hamburg,
Germany). Body fat percentage was estimated based on
the sum of four (biceps, triceps, suprailiac, subscapular)
skinfold thicknesses measured with a specific caliper
(Lafayette, Ins. Co., Indiana) on the right side of the
body as described [22]. Estimation of body density was
calculated according to the Durnin and Rahaman [9]
equation for males under the age of 16 and estimated by
the equation of Siri [21].

Speed testing

A30-msprinttest with 10-msplits (0-10m were measured
as well) was used to measure speed performance. Sprint
testing was performed with the participants wearing
soccer shoes on the synthetic grass of a soccer field. After
a 5-second countdown the participants ran in front of
three infrared photoelectric gates (Microgate, Bolzano,
Italy) that recorded times at each gate. The participants
sprinted from a standing starting position with the toe
of the front foot approximately 0.3 m behind the first
gate. Photocells were placed 0.6 m above the ground
(approximately at hip level) to capture the movement
of the trunk rather than a false signal because of a limb
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motion [18]. The coefficient of variation for test—retest
trials was 3.2%.

Vertical jump testing

Participants performed two vertical jump tests. The
first test was the squat jump (SJ) where the players
from a static half-sitting position (90° angle knee bend)
performed a maximum vertical jump. The second test
was the countermovement jump (CMJ). Participants
started the jump from an upright position, making a quick
preliminary movement by bending their knees and hips at
90°, followed by an explosive jump upwards extending
their knees and hips. The jumps were performed with
the hands on hips. Participants wore athletic shoes and
made two attempts in each jump. The jump height was
measured using with the Chronojump electronic leap
mat (Chronojump, Boscosystem, Barcelona, Spain). The
coefficients of variation for the test-retest trials were
three and 2.8% SJ and CMJ, respectively.

linois agility test

Participants started from an upright position, 30 cm
behind the gate. From position A (starting position) they
sprinted to position B, where they turned out of the cone
at position C and continued with zig-zags to position D
and returned in the same way to position C. From this
position they sprinted to position E, where they turned
out of the cone sprinting to position F (finish position)
(Figure 1). At the starting and closing points there were
photocell-reflector gates (Microgate, Bolzano, Italy). The
coefficient of variation for the test—retest trials was 3.9%.

2.5m

10 meters

¢ 2 . ’l
‘C‘ ‘ ~
) |

.

-------_-_-_->

b -

Figure 1. Description of the Illinois agility test

Repeated sprint ability test

The RSA test included 6 x 40 m (20 + 20 m sprints with
180° turns) shuttle sprints separated by 20 s of passive
recovery (19). Participants started from an upright
position, sprinted for 20 m, touched a line with a foot

TRENDS IN SPORT SCIENCES 59



MICHAILIDIS, MOTSANOS, METAXAS

and came back to the starting line. At the starting line
there was one photocell-reflector gate [19] (Microgate,
Bolzano, Italy). Immediately after the warm-up each
soccer player performed a single sprint of 20 + 20 m
with a turn of 180°. This time was used to test the players’
maximum effort in the RSA test. If the time of the first
sprint in the RSA test was 3% greater than the single
sprint test, the test was terminated and the subjects
were required to repeat the RSA test with maximum
effort after 5 minutes. Three seconds before the start
of each sprint the subjects assumed the ready position
and waited for the acoustic start signal. The best time
(RSAbest — the best time of the six sprints), mean time
(RSAmean — the average time of the six sprints) and
decrement (RSAdec = RSAmean/RSAbest — the rate of
performance decrement) were determined [19].

Yo-Yo intermitted recovery test level 2

The YYIR2 test consisted of 2 x 20 m intervals of
running interspersed by regular short rest periods (10 s).
Furthermore, signals were given by a CD-ROM to
control the speed. The player run 20 m forward and
he adjusted his speed so as to reach the 20-m marker
exactly at the time of the signal. Additionally, a turn was
made at the 20-m marker and the player ran back to the
starting marker, which was to be reached at the time of
the next signal. Then the player had a 10 s break to run
slowly around the third marker, which was placed 5 m
behind him. He had to wait at the marker until the next
signal. The course was repeated until the player failed
to complete the shuttle run two times in a row. The first
time, when the start marker was not reached a warning
was given (“yellow card”), while at the second one
the test was terminated (“red card”). The last running
interval that a player had completed before being
excluded from the test was recorded and the test result
was expressed as the total running distance covered in
the test [7].

Statistical analysis

The SPSS software (version 18.0, SPSS Inc., Chicago,
IL) was used for all analyses. Data are presented as
means =+ standard deviation (SD). In addition, confidence
intervals (Cls) were reported for fitness variables. Data
normality was verified by the 1-sample Kolmogorov—
Smirnov test. Therefore, no non-parametric test was
necessary. The two-way analysis of variance (ANOVA)
(trial x time) with repeated measurements was performed.
Wherever a significant difference was found, post hoc
LSD was applied. Furthermore, the effect size vian?was
calculated. The significance level was set at P < 0.05.
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As mentioned earlier, power analysis was performed to
estimate the smallest acceptable number of participants
to analyze the interaction between group and time points
of measurements.

Results

The two groups did not differ in chronological age,
height, body fat and all other fitness tests at the beginning
of the study. Also, soccer training and the intervention
program did not affect the participants’ anthropometric
profile (Table 1).

After the intervention the IG participants demonstrated
a reduction of sprint time in the 30 m sprint (IG: 2.4%,
P = 0.049, n> = 0.171). No differences were observed
in the 10 m results (IG: 3.6%, P = 0.454, n*> = 0.047).
In the CG results no changes were observed between
the pre- and post-test measurements for both tests, 30 m
(CG: 0.4%, P = 0.216, n* = 0.039) and 10 m (CG:
0.5%, P =0.632, n* = 0.024). Differences between the
groups were found in post measurements for the 30 m
sprint (P = 0.044, n* = 0.160). The differences are
presented in Figure 2. The confidence intervals of all
the measurements are presented in Table 3.

Table 3. Confidence intervals of fitness measurements

Confidence interval

Variable IG CG Pre Post
30-m (s) 421-476  4.46-4.68 4.42-471  4.33-4.65
10-m (s) 1.83-2.06 1.89-2 1.91-2 1.84-2
SJ (cm) 25.49-33.85 25.84-33.21 26.13-31.56 27.28-33.41

CMIJ (cm) 28.34-37.09 25.59-35.11 28.64-34.33 30.21-35.95

Illinois test (s) 15.89-16.71 16.04-16.51 16.11-16.63 15.96-16.45

YYIR2 (m) 611-796 207-872 409-750 473-854
RSAbest (s)  7.26-7.59  7.33-7.56  7.39-7.63  7.23-7.47
RSAmean (s) 7.63-8.09  7.65-7.98 7.8-8.08 7.57-7.9
RSAdec 1.03-1.06  1.03-1.05 1.05-1.06  1.03-1.04

Note: CG — control group, IG — intervention group, SJ — squat
jump, CMJ — countermovement jump, Y YIR2 — Yo-Yo intermittent
recovery test level 2, RSAbest — the best time of the six sprints,
RSAmean — the average time of the six sprints, RSAdec — the rate of
performance decrement

The performance of both groups did not change in
the Illinois agility test (IG: P = 0.075, n*> = 0.104, CG:
P = 0.124, n?> = 0.088). No differences were observed
between the groups at the post measurement (P =0.902,
n?=0.001). The differences are presented in Figure 2.
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Figure 2. Performance changes in: A) 10 m, B) 30 m,
C) Illinois agility test

Jumping performance for both groups between pre- and
post-test measurements was not changed. The IG results
showed an increment of 10% both in SJ (P = 0.056,
n? = 0.237) and in CMJ (P = 0.063, n? = 0.258). The
performance of CG in SJ changed by 1.6% (P = 0.223,
n?=0.078) and in CMJ by 0.1% (P =0.869, n* = 0.022).
Additionally, no differences were observed between
the groups in post-test measurements for SJ (P = 0.956,
n? = 0.015) and CMJ (P = 0.736, n* = 0.006). The
differences are presented in Figure 3.
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Note: CG — control group, IG — intervention group, CMJ — coun-
termovement jump, SJ — squat jump, YYIR2 — Yo-Yo intermittent
recovery test level 2

Figure 3. Performance changes in: A) countermovement jump,
B) squat jump, C) Yo-Yo intermittent recovery test level 2
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No changes were observed for both groups in the
post-test measurement for the YYIR2 test (IG: 20%,
P=0.115,1*=0.307; CG: 6.9%, P=0.322,1?=0.082).
No differences were observed between groups. The
differences are presented in Figure 3.

The IG group improved its performance in RSAmean
(4.7%, P =0.002, n? = 0.622). The change in RSAbest
was 2.8% (P=0.017,11>=0.288), while in RSAdecrement
it was 2.8% (P < 0.001, n* = 0.774). In CG no changes
were observed in all the variables of the RSA test
(RSAbest: 1.5%, P = 0.386, n?> = 0.096; RSAmean:
0.4%, P = 0.625, n* = 0.116; RSAdecrement: 0.95%,
P =0.784, n* = 0.126). Differences between the groups
were observed in post-test measurements of RSAmean
(P=0.048,1>=0.226) and RSAbest (P=0.038,11>=0.014).
The differences are presented in Figure 4.
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RSAdecrement

Note: CG — control group, IG — intervention group, RSAbest — the
best time of the six sprints, RSAmean — the average time of the six
sprints, RSAdec — the rate of performance decrement

* denotes significant differences with Pre (P < 0.05); ** denotes si-
gnificant differences with Pre (P < 0.01); *** denotes significant
differences with Pre (P < 0.001); * denotes significant differences
with CG (P < 0.05)

Figure 4. Performance changes in: A) RSAbest, B) RSAmean,
C) RSAdecrement

Discussion

From the results of the study it appeared that this type
of training did not affect the participants’ performance.
However, the IG had the tension to improve its
performance in the YYIR2 test. A recent study
comparing RSA programs in terms of recovery time
showed that a shorter time (15 to 30 s) had a greater
effect. More specifically, the program with the 15 s rest
between the sprints further improved the performance
in YYIRT2 [16]. Perhaps the shorter break activates
to a greater extent both the anaerobic mechanism and
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the aerobic mechanism in the body’s effort to respond
to the continuous maximum stimuli without adequate
recovery [4]. In a more recent study comparing
repeated sprint training (RST) programs performed in
a straight line or with a change of direction no changes
in performance were recorded in the YYIRI test [1].
Sanchez-Sanchez et al. [20] compared the effect of
different aerobic levels in young footballers on the
effectiveness of RSA programs. The results showed
that the programs improved performance of YYRT1
in players with lower aerobic capacity, which however
did not differ from those with high aerobic capacity. As
mentioned above, the impact of the programs is difficult
to compare as they differed in many characteristics
of the load. However, this type of training places
a greater strain on the body’s anaerobic mechanism,
with footballers receiving a greater neuromuscular load
and the respiratory chain of the aerobic system being
less burdened. It seems that this type of training is not
the most suitable for improving aerobic capacity [4].
In the present study it was shown that IG improved
its performance. In a similar study reported recently,
Tennessen et al. [25] observed an improvement in
performance in the RSA test. Also improvements in
indicators of RSA tests are reported by recent studies
[1, 8, 16, 20]. However, there are also studies that do
not report any improvement in performance in RSA
after a repeated sprint training program [10, 14, 15].
The similarity of the RSA evaluation tests to the form
of training may be a reason for an improvement in this
ability. Also, the ability of RSAs depends on metabolic,
nervous and mechanical factors [2]. Training programs
that can improve one or more of these factors at the
same time cause improvement in the RSA.

Based on the results it seems that IG improved its
performance in the 30 m test. The literature shows
that the impact of RST programs on the RSA is not
clear. More specifically, there are studies that report
significant improvement in a 30-40 m sprint [8, 25],
but also studies that did not observe any improvement
in performance [3, 16, 17]. Beato et al. [1] studied the
incorporation of a change of direction in RST and while
they noticed no improvement in the sprint (>20 m), they
observed that the group that trained with a change of
direction improved its acceleration in the 10 m test. The
improvement may be due to various mechanisms. The
RST training may have increased muscle metabolites,
such as phosphocreatine, leading to better performance.
Also neuromuscular changes such as increment in
muscle fiber recruitment, firing frequency and motor unit
synchronization can lead to improved performance [24].
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In the present study no changes were observed in
jumping performance. Based on literature sources it
may be concluded that the jumping ability does not
improve after the application of RST [12]. This method
of training stimulates neuromuscular factors that could
affect the jumping ability; however, it seems that the
stimulus is not sufficient to act in this way. Since the goal
is to improve jumping ability, more targeted contents in
the reactive strength and stretch-shortening cycle (SSC)
need to be applied.

No changes were observed for agility performance.
In the available literature there are studies, which
findings are in agreement with ours [1]. However, some
studies mentioned improvement in the performance of
soccer players in agility tests [8]. Agility tests include
accelerations and decelerations, therefore the use of
the stretch-shortening cycle (SSC) phenomenon is
crucial in this performance. As in the jumps, a more
specialized training stimulus is required in order to have
an improvement in performance.

As mentioned above, each of the five different types
of high intensity interval training causes different
adjustments in athletes. Also, differences of programs in
the characteristics of the load may explain the different
findings. Finally, another factor that makes it difficult to
compare the results is the different evaluation tests used
in the studies.

Conclusions

In conclusion, in this study a significant improvement
in performance was observed in the 30 m test, the
RSAbest, the RSAmean and the RSAdecrement after
the implementation of a HIIT-RST program that was
applied two times a week for four weeks. The use of
HIIT training is particularly widespread, as it improves
performance in a short period of time, saving time
for technical and tactical training. However, the lack
of improvement in some tests indicates a relationship
between the type of load and the adjustment achieved.
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Abstract

Introduction. Physical fitness is the capacity to perform different
activities involved in everyday life. Aim of Study. The main
goal of this study was to investigate gender differences among
second graders in the physical activity level, physical fitness and
fundamental movement skills. Material and Methods. In doing
50, a sample of 78 children (35 girls, 43 boys, overall mean 7.34 +
+ 0.53 years) was measured using NPAQ (Netherland Physical
Activity Questionnaire), FMS-Polygon, BOT-2 (Bruininks—
Oseretsky Test of Motor Proficiency), F3 test and BMI. Results.
The between-subject t-test was applied to determine whether
a significant difference exists between the genders. Differences
were found between boys and girls in applied physical fitness
tests in two tests: F3 (t = 3.05; p = 0.003) and FMS-Polygon
(t=-2.7; p=0.007), while no significant differences were observed
for BOT-2, physical activity (KA), sedentary activity (SA) and
BMI. Conclusions. The applied between-subject t-test showed
significant differences between the genders. Such differences
were found between boys and girls in applied physical fitness
tests in two tests F3 (t = 3.05; p = 0.003) and FMS-Polygon
(t = -2.7; p = 0.007), while no significant differences were
observed for BOT-2, physical activity (KA), sedentary activity
(SA) and BMI.
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Introduction

hysical fitness, defined as the capacity to perform

physical activity, includes integrated measures of
mostbody functions (skeletomuscular, cardiorespiratory,
hematocirculatory, psychoneurological and endocrine-
metabolic) involved in everyday physical life activity
and physical exercise [24]. Therefore, physical fitness
includes two categories: skill-related fitness described
based on agility, speed, coordination, balance, power
and reaction time, and health-related fitness such as
cardiorespiratory fitness, muscular endurance, muscular
strength and flexibility [21]. Studies report that a higher
motor skill proficiency during childhood positively impacts
physical activity among young people [6, 7]. Furthermore,
increased physical activity is likely to have positive effects
on preschool health and skill-related fitness qualities [14].
Moreover, a high level of physical fitness can also
increase health outcomes and prevent chronic diseases,
musculoskeletal problems and psychological health
issues. It has been treated as a powerful marker of health
[24]. Moreover, the acquisition of fundamental movement
skills at preschool age is one of the most important
predictors of physical fitness because of the natural form
of movementin preschoolers, which is important in further
specific sports skills [12]. Insufficiently stimulated and
underdeveloped motor skills and knowledge at a young
age may lead to decreased or delayed development of
motor creativity [19].
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Furthermore, previous studies had identified gender
differences in physical fitness, which may to a greater
extent affect adolescents [9]. Thus preschool-age boys
have better results on some tests such as standing
broad jump, shuttle run and arm hanging, while
girls have better results in coordination and manual
dexterity; nevertheless, the differences were small [18].
Researchers have reported that boys spend more time
in various physical activities during the day than girls
[14, 17]. Some studies have also reported a significant
difference between genders in locomotor skills, where
boys performed better in object control skills [5, 16]. In
contrast, girls tend to have better locomotor skills [16].
Consequently, despite some gender differences some
researchers state that there are no significant differences
between genders in physical fitness [5]. Therefore, there
is a lack of evidence in previous studies in identifying
gender differences in this context. Therefore, this study
aimed to investigate gender differences among second
graders in their physical activity level, physical fitness
and fundamental movement skills.

Material and Methods

Participants

The sample included 78 children (35 girls, 43 boys)
with an average age of 7.34 &= 0.53 years. Participants
for this study were recruited from two elementary
schools attending the second grade according to the
nine-year curriculum in Bosnia and Herzegovina. With
the school principal’s consent to conduct the research,
a meeting was held with the parents of the respondents.
Children with health problems and motor disorders
were not included. All the participant’s parents signed
written consent forms and were fully informed of the
purpose of the study. The research was conducted fully
in accordance with the Declaration of Helsinki and
approved by the institution’s Ethics Committee.

Measures and procedures

Two experienced observers took all measurements
at the beginning of June for five consecutive days
before training at approximately the same time of the
day between 9:00 a.m. and 10:30 a.m. during physical
education classes. The FMS-Polygon test was taken
three times and all the other tests were repeated once.
Gender was the independent variable analyzed in
this study. Additional dependent tests included six
quantitative variables. For the evaluation of physical
activity and sedentary activity of children, parents
were asked to complete the NPAQ [22] determining
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psychometric characteristics. The NPAQ consists of
two sections: assessment of (1) physical activity, and
assessment of (2) sedentary activities. The section that
evaluates activity contains seven statements that parents
must answer using a Likert scale (1-5) regarding how
much they agree with the statement, with the total score
being the mean value of all answers (KA). The part that
evaluates the child’s inactivity contains only two questions
related to the average daily time spent doing sedentary
activities (watching television and using a computer).
The total is calculated by summing the two responses
(SA). To assess fundamental movement skills an (3)
obstacle polygon was used [29]. An obstacle polygon
was designed with its reliability and validity proved [20].
More precisely, the polygon is based on the scientifically
founded hierarchy of fundamental movement skills
and includes the following tasks: passing and catching
a volleyball against the wall as representing motor skills
for object manipulation, jumping over sponge obstacles
50 cm high as representing motor skills to overcome
obstacles, lifting and carrying 3 kg medicine balls as
representing motor skills to overcome resistance and
a 20-m run as representing motor skills to master
space. The result required to overcome the polygon
(FMS-Polygon) was recorded with a pair of photocells.
In addition to the FMS-Polygon, a short form was
used to assess the degree of motor skills acquisition,
(4) Bruininks-Oseretsky Test of Motor Proficiency,
second edition (BOT-2) [8]. The short version consists
of 14 tests covering all 8 motor areas. The scoring
system depends on the individual test (range of 2 to
13-point scales). The sum of all results gives the total
motor quotient. Furthermore, children were tested in
(5) F3 test (running distance in 3 minutes). Performance
was determined from the running distance in meters
covered in 3 full minutes in an track outdoor field. To
gain a more detailed view of morphological features of
the observed sample (6) the body mass index (BMI)
was also calculated.

Statistical analysis

All data were presented as means + standard deviation,
minimum and maximum results. Gender differences
were evaluated using the t-test for independent samples.
Statistical analyses were performed using the Statistica
13.2 data analysis software system (Dell Inc., Tulsa,
OK, USA). The type one error was set at o, = 5%.

Results

Means + SD values, minimum and maximum values in
both observed groups were presented (Table 1).

June 2022



DIFFERENCES BETWEEN BOYS AND GIRLS IN APPLIED VARIABLES TO ASSESS MOTOR SKILLS

Table 1. Descriptive statistics for parameters between genders

Total Male Female
Variables Min Max P
M £ SD M £ SD M £ SD
F3 (meters) 479.56 £38.87 491.1+36.41 465.40+37.55 396 568 <0.001
BOT-2 (sum of point scale) 63.69 £5.94 63.47 +6.59 4.10+0.50 46 75 0.71
Physical activity (hours) 4.01 £0.63 4.10£0.50 3.89+0.74 1.57 5 0.16
Sedentary active (minutes) 147.44 +67.47 150.23+65.88 144.00 +70.18 30 390 0.68
FMS-Polygon (seconds) 25.51 +£2.81 24.75+2.73 26.46 +£2.65 20.89 33.66 <0.01
Body mass index (kg/m?) 17.71 £2.68 17.55+2.73 16.79 +£2.59 12.95 28.21 0.22

The t-test was applied to determine whether a significant
difference exists between the genders. As can be seen
in Table 1, there were significant difference between
male and female first graders in F3 (t=3.05; p =0.003)
and PBMZ (t = -2.7; p = 0.007), while no significant
differences were observed for BOT-2, KA, SA and
BMI.

Discussion

This study confirmed that there are general gender
differences in physical fitness. Differences between boys
and girls in applied physical fitness tests were identified
in two tests, F3 and FMS-Polygon, while BOT-2,
NPAQ and BMI showed no significant differences in
performance related to locomotor and manipulative
motor skills in children aged 6-7 years [20]. These
findings are in agreement with the frequently observed
gender differences in aerobic performance [11, 27].
Previous research studying aerobic capacity assumed that
body composition has an impact on gender differences
[9]. In this case, the F3 test confirms the distance
between boys and girls. Accordingly, Armstrong and
Welsman [3] claimed that these differences are due to
changes in lean-body weight, body fat, hemoglobin and
hormonal changes, but increase during puberty. To put
it differently, girls have a higher level of leptin, which
is strongly related to adipose tissue [26]. Also, some
authors compared heart size with an aerobic difference,
because girls have smaller heart sizes, indicating a smaller
stroke volume [20].

Additionally, in terms of muscle mass boys also have an
advantage over girls, which leads to gender differences
[2]. Furthermore, girls have more imbalances in the
development of a high burst of power [4]. For the
most part, these claims are not so readily apparent in
preschoolers and first graders, as all explanations have
been speculative and rejected [13, 25].
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Not only the F3 test, but also the FMS-Polygon, which
can be characterized as a test assessing locomotor
and manipulative motor skills, had shown gender
differences, because in most cases boys are better in
fundamental movement skills, where they are superior
in object manipulation [28]. More precisely, they have
an advantage over girls in strength and endurance [30].
Although this may be true, researchers concluded that
this polygon test is also age-sensitive [10].
Furthermore, the BOT-2 test in the paper contains all
motor skills, the sum of which gives the result of the
total motor space, showed no gender differences. On the
other hand, the differences were confirmed in the FMS-
Polygon, which can be characterized as a test assessing
locomotor and manipulative motor skills. Therefore,
the obtained results certainly open the space for
additional research that would determine the background
responsible for the skills that differentiate boys and girls
in fundamental movement skills. Based on previous
knowledge, it can be argued that gender differences in
fundamental motor skills are primarily defined by sports
activities that children practice [23]. Nevertheless,
similarly as the NPAQ test, BMI does not significantly
affect performance in locomotor and manipulative
motor skills in children aged 6-7 years [20].

The presented results suggest a careful observation
of gender as a predictor of physical activity in early
elementary school age. Correspondingly, from the
observed six areas of physical fitness, differences
were found in some tests, while in others there were
no differences. It is in line with findings from previous
research [15]. Therefore, it is an indicator of the need for
individual analyses of different areas of physical fitness
in the context of gender differences. In this way it would
be possible to find the most effective teaching models
for physical education as sports training in elementary
school pupils in relation to gender differences [1].
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Conclusions

The present study results indicate that differences in boys
and girls were identified mainly in aerobic performance
due to body composition. Also, differences are observed
in fundamental movement skills characterized by
strength and endurance, where boys have an advantage.
Although we can say that the results of this study are
generally accepted facts, they are often neglected in
practice. This is especially true for the implementation
of teaching physical education in the lower grades of
elementary school, through which due to organizational
shortcomings gender differences can be neglected.
Moreover, differences can also be observed in sports
clubs of younger age groups, where girls and boys train
together. This practice certainly has many advantages,
but it is still necessary to consider gender as a crucial
factor in specified areas of physical fitness.
Consequently, the practical value of this paper is to
point out once again the complexity of the approach
to the implementation of physical education programs
in view of gender differences and various aspects of
physical fitness.

Therefore, it is obvious that gender cannot be
unambiguously viewed as a predictor of physical
fitness, but it is necessary to take into account the
specifics of individual factors of fitness and observe
them individually. This approach will ensure the most
complete development of all areas of physical fitness in
boys and girls.
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Abstract

Introduction. According to the ACSM’s position stand on
resistance training, there is strong evidence (category A) that the
optimal number of repetitions to optimize hypertrophy should
be between 8 and 12 repetitions per set for each exercise. Aim of
Study. We investigated which intensity scheme would maintain
8-12 repetitions during repeated sets of resistance exercise
performed until muscular failure. Material and Methods.
Twenty-eight resistance-trained women (age = 26.1 + 6.6 years,
body mass = 66.2 + 5.94 kg, height =165 £ 6 cm) were tested over
a five-week period. In week 1 the subjects were tested for 10RM
leg press. In weeks 2-5 the subjects completed four sets of leg
presses performed until muscular failure, with 60 s inter-set rest
intervals in a randomized, counterbalanced order. Set 1 of each
bout was performed at 10RM, with differing intensity for sets
2-4 as follows: (CON) 10RM load for all sets, (RED5) 5% load
reduction after each set, (RED10) 10% load reduction after each
set, and (RED15) 15% load reduction after each set. Results. The
number of repetitions completed differed (p < 0.001) depending
on the conditions. Repetitions were reduced below set 1 in sets
2-4 under CON (p < 0.05) and for sets 3-4 (p < 0.05) in REDS.
RED10 and RED15 resulted in increased repetitions during sets
2-4 (p 60%) of sets in the range of 8-12 repetitions, where both
CON and RED1S resulted in <50% of sets in the range of 8-12
repetitions. Time under tension (TUT) was kept within a 20-70 s
per set window for most sets (95% CI) for RED10 and RED15.
Conclusions. Load reductions of 5-10% in subsequent sets
should allow for the maintenance of 8-12 repetitions for most
sets of resistance exercise, with load reductions of 10% more
likely to maintain optimal TUT.
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Introduction
Training to optimize muscle hypertrophy is a common
goal for health and performance. Several training
variables (intensity level, numbers of sets, number of
repetitions per set, movement tempo, rest intervals
between sets and sessions, exercise order, etc.) have
been proposed as necessary to optimize gains in muscle
hypertrophy [5, 7, 8, 14].
The number of repetitions per set, for example, has
been typically proposed as a vital program component
ensuring optimum hypertrophy. The ACSM points
to support from evidence category A (evidence from
well-designed randomized control trials) that provide
a consistent pattern of findings in the population, for
which the recommendation is made [1, 2, 7] that the
optimal number of repetitions to optimize hypertrophy

EEYVXOITIDS: resistance  training,  volume, intensity,  ¢hoyld be between 8 and 12 repetitions per set for

YPErropay: each exercise. This proposal is shared by several other

S authors [4, 9, 17]. Related to the number of repetitions
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: (TUT) placed on muscles during an exercise bout is

Vol. 29(2) TRENDS IN SPORT SCIENCES 71



D.S. MACHADO, KOCH, M. MACHADO

thought to be key to muscle hypertrophy as well, with
TUT recommendations to optimize hypertrophy ranging
from 20-70 s per set over multiple sets [12-14].

The ability to complete a given number of repetitions, of
course, is dependent on the load lifted. It has anecdotally
been proposed that loads lifted must be sufficient to
accrue a certain degree of fatigue during each work set,
independent of the number of repetitions performed
[3, 9]. Thus some researchers have proposed that no
fixed number of repetitions should be established;
instead trainees should rather work to failure (voluntary
exhaustion) during every work set [3]. The case for
maintaining repetitions in the 8-12 range is enhanced
(vs lifting heavier loads for fewer repetitions or lighter
loads for more repetitions) by TUT recommendations
for achieving hypertrophy [14], which tend to coincide
with the 8-12 range. It is still controversial which method
would be more efficient to optimize muscle hypertrophy.
The major difficulty has been to develop a methodology
that allows for an efficient comparison of the two
proposals [15, 17].

When training to failure, volume and intensity have an
inverse relationship. Thus, when choosing the number of
repetitions to perform, the load must allow for completion
of all planned repetitions in each set. This format is
difficult to fulfill, as has been amply demonstrated in
the literature that fatigue from previous sets performed
reduces the number of repetitions completed per set and
consequent TUT [9, 15, 16]. The length of the rest interval
between sets crucially affects performance, with the
obvious inverse relationship between the rest interval and
the amount of work that may be performed [17]. A fairly
short (1-2 min) inter-set rest intervals is recommended to
optimize hypertrophy during resistance exercise [1].
Planned load reductions, in which the load lifted is
reduced by a fixed amount over several sets, have been
investigated as a strategy to allow for the maintenance
of repetition numbers over multiple sets in the face
of accumulated fatigue. Several studies have shown
that load reductions in the range of 5-15% per set can
preserve or even increase the number of repetitions
completed over several successive sets [7, 17]. In
theory, maintaining repetitions within this range should
provide a superior stimulus for hypertrophy, though the
only training study investigating load reduction to date
[5] found equal results between constant loading and
either 5 or 10% load reduction over a 16-week period.

Aim of Study
Thus, several studies have been carried out to verify
which would be the best load reduction condition to
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allow for the maintenance of repetitions in the optimal
hypertrophy range [5, 7, 8, 15]. However, only one
study [17] employed women subjects, creating a gap
in knowledge and making it difficult for athletes and
coaches to adopt the method. The purpose of this
study is to investigate how much load reduction (in
relative terms) is necessary to maintain the majority of
repetitions per set and TUT within a target zone (8 to 12
repetitions, 20-70 s) for the leg press exercise in women
with a 1-minute interval between sets.

Material and Methods

Experimental approach to the problem

The current study was conducted over five weeks; during
the first week anthropometric measures (e.g. height,
body mass) were collected and 10RM leg press tests
were repeated 72 hours apart to verify reliable loads.
During each of the succeeding four weeks the subjects
performed one resistance exercise session that involved
performance of leg press. During each session one of
the following randomly ordered loading condition was
applied: a) a constant 10RM load for all the four sets
(CON), b) a 5% reduction following each set (REDS)
(i.e. 10RM, 95% of 10RM, 90% of 10RM, and 85% of
10RM), c) a 10% reduction following each set (RED10),
and d) a 15% reduction following each set (RED15).
The 1-min rest interval between sets has been previously
recommended as a training strategy to maximize
hypertrophy [1]. The premise behind is that shorter rest
intervals increase metabolic and hormonal response to
exercise [4, 5], which may have a positive impact on
stimulating greater muscle protein synthesis. Multiple
sets to failure with short rest intervals are often practiced
in hypertrophy training.

Subjects

Twenty-eight women (age = 26.1 + 6.6 years; body mass =
= 66.2 £ 5.94 kg; height = 165 £ 6 cm; BMI = 244 +
+ 1.5) with min. two years of recreational resistance
training experience participated in the current study.
All the subjects were characterized by the following
training history: consistent participation in a resistance
training program during the two previous years with
a minimum training frequency of three sessions per
week; one hour per session; three to five sets per
exercise; six to fifteen repetitions per set; leg press
experience; experience in repetitions maximum sets (to
failure); and 1 to 2 minutes rest intervals between sets.
Additional exclusion criteria were: a) subjects could
not be using drugs or nutritional supplements that
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could affect repetitions performance within min. three
previous months; b) subjects could not exhibit bone,
joint or muscular problems that could limit the effective
execution of leg press exercise; and c¢) subjects could
not be performing any extraneous structured exercise
for the duration of the study. All the participants read
and signed an informed consent form, which thoroughly
explained the testing procedures; the experimental
procedures were approved by the Unig Campus V Ethics
Committee and were in accordance with the Declaration
of Helsinki by the World Medical Association (WMA)
as a statement of ethical principles for medical research
involving human subjects.

Procedures

Each subject completed one exercise session per week
for five weeks. Each exercise session was conducted
on a consistent day and time each week. A strength and
conditioning specialist supervised each exercise session
to ensure proper technique and provide spotting and
verbal encouragement.

Week 1 was the preparatory period, during which I0RM
loads were established for the leg press according to
previously published procedures [4]. The 10RM for
each exercise was assessed two times with 72 hours
between tests. Before the 10RM tests each subject
completed 5 minutes of low-intensity aerobic activity
(i.e. jogging/walking). Two warm-up sets preceded
testing of each exercise at 50% of the perceived
10RM load for 10 repetitions each. After the warm-
ups sets were completed, the load was increased to
the perceived 10RM and one set was performed to
voluntary exhaustion (i.e. muscle failure). The same
spotters closely supervised each 10RM attempt and the
subjects were instructed to give a verbal signal when
voluntary exhaustion was reached. If fewer than or
more than 10 repetitions were accomplished during
a given 10RM attempt, the load was adjusted during
the next testing session. Load adjustments during these
sessions followed this plan — in cases of fewer than 10
repetitions lifted, the load was reduced by 10%. In cases
where the subject continued beyond a 10th repetition,
testers stopped the subject on the 11th repetition and
a subjective determination, from 5-10%, was made for
increased load on the second session. Several (three)
subjects required a third testing session to establish
a 10RM. In these cases an additional 72 h rest was
provided before the final I0RM determination.

The 10RM loads established during the preparatory period
were used to design subsequent testing sessions. Weeks 2,
3,4, and 5 were the data collection period, during which
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the subjects completed one lower-body testing session
per week under one of the following load conditions:
(a) constant load for all sets (CON), (b) 5% load reduction
after each set (REDSY), (c) 10% load reduction after each
set (RED10), and (d) 15% load reduction after each set
(REDL15). The conditions were randomized and counter-
balanced to control order effects.

Each testing session during the data collection period
began with 5 minutes of low-intensity aerobic activity
(i.e. jogging/walking). Two warm-up sets were
performed at 50% of the predetermined 10RM for 15
repetitions each.

Three minutes after the warm-up sets four consecutive
sets were performed to the point of voluntary exhaustion
(i.e. full repetition maximums). The subjects were
allowed exactly 1 minute of rest between sets. The rest
intervals were precisely controlled through the use of
a handheld stopwatch.

Proper execution of the leg press was defined as
follows: subjects started in an initial position of 0°
knee flexion (extended knees) and then participants
were asked to lower the sled by bending their knees
and flexing their hips in a controlled manner up to
a position of 90° knee flexion and 60° hip flexion, which
was set as the turnover point. The subjects’ feet were
positioned a shoulder-width apart at the middle point
on the leg press footplate. Repetitions were performed
at a cadence determined by a metronome (2 s between
sounds) — with a goal tempo of 2/0/2/0, meaning 2 s each
for eccentric and concentric movements and no pause in
the transition phase [12].

Statistical analysis

All data are presented as means + standard deviation.
Reliability of the 10RM loads for leg press exercise
was assessed with the intraclass correlation (ICC)
and reliability was described as ‘excellent’ for ICC
values in the range of 0.8-1.0 and ‘good’ for 0.6-0.8,
whereas values below 0.6 were ‘poor’ [10]. Repetitions
completed were assessed with a two-way mixed model
analysis of variance (4 sets x 4 load conditions) with
repeated measures. Multiple comparisons were made
according to Bonferroni’s method with a significance
level p <0.05. Volume load (total repetitions completed
x load) was calculated and compared between the
applied conditions. Statistical analyses were completed
using JAMOVI 1.8 software (Sydney, Australia).

Results
We observed a significant difference in the number
of repetitions performed depending on the conditions
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(ANOVA repeated measures with the Greenhouse—
Geisser sphericity correction; p < 0.001; n?> = 0.857)
(Table 1). Sphericity was not assumed (Mauchly’s W
p <0.001).

Table 1. Number of repetitions per set (mean £ SD [95%
CI]) at four conditions: CON (without load reduction), REDS5
(with 5% load reduction for each set), RED10 (with 10% load
reduction for each set), RED15 (with 15% load reduction for
each set)

Condition 1st set 2nd set 3rd set 4th set
11.2+1.0 7.3+0.8 58+1.2 42+1.0
CON [10.8t0o11.7] [7.0t07.7] [5.3t06.4] [3.7t04.6]
(a) (a,b) (a,b,c)
11.6 £0.9 8.4+0.8 7.1+1.3 54+14
REDS5 [11.2t012.0] [8.1t08.8] [6.5t07.7] [4.7t0 6.0]
(c,d) (a,c.d,e) (a,d.e) (a,be.fg)
11.2+1.3 92+1.3 82+1.2 73+1.1
RED10 [10.6to 11.8] [8.6t09.8] [7.7t08.8] [6.8to 7.8]
(b,c,d,fig,h) (ab,cdehi) (ac.dehij) (ac,deh,k)
11.2+1.0 11.7+14 13.1+14 140+14
RED15 [10.8to 11.7][11.0 to 12.3][12.4 to 13.7] [13.3 to 14.7]
Q) M (m) (m)

Statistical results from post hoc test (Bonferroni’s correction):
(a) difference from control 1st set (p < 0.05); (b) difference from
control 2nd set (p < 0.05); (c) difference from control 3rd set
(p <0.05); (d) difference from control 4rd set (p < 0.05); (e) differen-
ce from REDS 1st set (p < 0.05); (f) difference from REDS 2nd set
(p < 0.05); (g) difference from REDS5 3rd set (p < 0.05); (h) dif-
ference from REDS 4th set (p < 0.05); (i) difference from RED10
Ist set (p < 0.05); (j) difference from RED10 2nd set (p < 0.05);
(k) difference from RED10 3rd set (p < 0.05); (1) difference from
all other values (p < 0.05) except for CON and REDS5 1st set; (m)
difference from all other values (p < 0.05)

Table 2. Average number of repetitions (mean = SD [95%CI])
across sets and volume load (sets x repetitions x load) for
each condition: CON (without load reduction), REDS (with
5% load reduction for each set), RED10 (with 10% load
reduction for each set), RED15 (with 15% load reduction for
cach set)

CON REDS RED10 REDI15
Average
repetitions 72+£0.7 82+£0.7* 9.0+0.9%* 12.5+1.0°°
per set [6.9to 7.5] [7.8to 8.5] [8.6t09.4] [12.0 to 13.0]
(range)
Volume load 5575+ 540 5965 + 481 6078+627* 7410 + 569+b¢
completed [5326 to [5743 to [5788 to [7148 to
per bout (kg) 5825] 6187] 6368] 7673]

* difference with CON (p < 0.01); * difference with RED5 (p <0.01);
¢ difference with RED10 (p < 0.01)
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Table 3. Time under tension (seconds) per set (mean = SD
[95%CI]) at four conditions: CON (without load reduction),
RED 5 (with 5% load reduction for each set), RED10 (with
10% load reduction for each set), RED15 (with 15% load
reduction for each set)

Condition 1st set 2nd set 3rd set 4th set
449+40 293+34 233+48 16.7+39
[43.0 to [27.8 to [21.1to [14.8 to
CON 46.7] 30.9] 25.6] 18.5]
(@) (a,b) (a,b,c)
462+34 338=+3.1 284+53 21.6+57
[44.6 to [32.3 to [26.0 to [18.9 to
REDS 47.8] 35.2] 30.9] 24.6]
(c,d) (a,c,d,e) (a,d.e) (a,b,e.f,g)
447+52 369+£52 329+49 29.1+43
[42.3 to [34.6 to [30.6 to [27.1 to
REDIO 47.1] 39.3] 35.1] 31.1]
(b505d9£g9h) aib’c'd’e’hﬁi) (a"c’d’e’hﬁi’j) (a’c5dbebhﬁj9k)
449+40 46.7+57 522+57 56.0+5.7
[43.0 to [44.1 to [49.6 to [53.4 to
REDIS 46.7] 49.3] 54.9] 58.6]
) ) (m) (m)

Statistical results from post hoc test (Bonferroni’s correction):
(a) difference from control Ist set (p < 0.05); (b) difference from
control 2nd set (p < 0.05); (¢) difference from control 3rd set (p < 0.05);
(d) difference from control 4rd set (p < 0.05); (e) difference from
REDS 1st set (p < 0.05); (f) difference from REDS5 2nd set (p < 0.05);
(g) difference from REDS5 3rd set (p < 0.05); (h) difference from
REDS 4th set (p < 0.05); (i) difference from RED10 1st set (p < 0.05);
(j) difference from RED10 2nd set (p < 0.05); (k) difference from
REDI10 3rd set (p < 0.05); (1) difference from all other values (p < 0.05)
except for CON and REDS Ist set; (m) difference from all other
values (p < 0.05)

The analysis of variance (ANOVA) showed a statistically
significant difference (p < 0.001) when comparing the
average number of repetitions performed per condition
(Table 2) and TUT (Table 3).

Specifically, for sets 2-4 all RED conditions allowed for
more repetitions performed and longer TUT than CON
(p <0.001). Total volume load lifted across all the sets
was increased (p < 0.01) above CON in RED10 (+9%)
and RED15 (+33%) (Table 2).

We also found a large effect size (12 = 0.859).
Homogeneity of variance (Levene’s p = 0.186) and the
normality test (Shapiro—Wilk’s p=0.211) were adequate
for ANOVA. Similar results were found in total load
(sets x repetitions % load) (p < 0.001; n*> = 0.620).

Discussion

The main finding of the present study is that short rest
intervals (60 s) greatly reduce the training volume
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performed over successive sets, but this can be
compensated by an adequate load reduction. These results
were consistent with prior studies that examined exercises
with a constant load [6, 14] and with load reduction in men
[5, 7, 11] and women [17]. On the other hand, RED15
induced significant increases in repetitions per set.

In an earlier study on load reduction Willardson and
Burkett [15] compared men’s performance in back squat,
leg curl and leg extension exercises. They found that
back squat and leg curl required 15% load reductions
per set to maintain repetition performance and load
reductions were not necessary for leg extension. In
another study women’s performance on the bench press,
wide grip front lat pulldown and back squat with 5, 10
and 15% load reductions was compared with a constant
load [17]. In this case the authors found that for the
wide grip front lat pulldown and back squat a 10% load
reduction was necessary following the first and second
sets to accomplish 10 repetitions on all three sets. For
the bench press a load reduction between 10% and 15%
was necessary. For the back squat a 15% load reduction
resulted in an increase in the number of repetitions
performed (9.8 £0.3 vs 14.0 £ 1.7 vs 14.5 £ 1.4).

In our study of the leg press CON (7.2 = 0.7), REDS5
(8.2 £ 0.7) and REDI10 (9.0 = 0.9) completed an
average of <10 repetitions per set. This is an issue if
the trainer or athlete intends to work 10RM loads with
short rest intervals between sets. We can speculate that
even shorter intervals (such as 30 or 45 s) will possibly
unproductively reduce the volume of repetitions.
Similar to the prior findings of Willardson et al. [17]
for the back squat exercise, the present study found the
REDI15 resulted in an increase in the number of leg
press repetitions performed over consecutive sets. In
both cases the increase in repetitions performed over
successive sets led to repetition numbers higher than
the 8-12 window recommended for hypertrophy, which
may indicate that the load was lightened below optimal
levels for developing hypertrophy.

Findings in the present study are similar to those of
Medeiros et al. [7], who investigated load reduction
in the leg press exercise in men under very similar
conditions. In both studies four sets of leg press with
60 s rest were compared under CON, REDS, RED10 and
REDI15 conditions in recreationally trained subjects.
Similarly to the present data, Medeiros et al. [7] found
both REDS5 and RED10 allowed for the maintenance of
most repetitions within an 8-12 range.

Time under tension and repetition tempo are not as often
addressed as the number of repetitions training variables;
however, they are recognized as important contributors
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to muscle hypertrophy [14]. Logically TUT is related
to the number of repetitions performed, while in the
present study, in which repetitions were performed at
a set (2/0/2/0) cadence, the pattern of change between
TUT over sets was identical to the pattern seen with the
number of repetitions (Table 3). Namely, RED5 and
RED10 maintained TUT above levels seen on CON,
while RED15 resulted in an increased TUT above all
conditions. The optimal window for TUT has been
suggested to be between 20 and 70 s per set [14]. Under
REDI10 and REDI15 conditions most subjects (95%
CI) were able to maintain this level of TUT over four
successive sets, but not for CON and REDS.

In theory, load reduction should allow for the completion
ofagreatervolume load lifted over time and consequently
provides a greater stimulus to develop skeletal muscle
hypertrophy. Todate, evidence supporting this theory is
lacking. Lima et al. [5] provided the only longitudinal
study comparing the effects of training with load
reduction (REDS and RED10) to constant loading. In their
study recreationally-trained men completed 16 wks of
3d-wk! training on two forms of bicep curls. At the
conclusion of 16 wks no measurable differences were
observed in muscle hypertrophy, 10RM bicep curl
strength, or average volume load lifted throughout the
intervention. The subjects who trained with a RED10
protocol during this study did achieve similar results
to the other conditions, although while experiencing
a lower perception of effort during training [5].

Conclusions

Our work has the novel aspect that it evaluated
performance on leg press and focused on women subjects.
The volume load lifted could be important for resistance
training adaptations [2, 5, 9]. Counterintuitively,
load reduction had more effect on the number of
repetitions than on volume load, as all load reductions
differed from CON in repetitions completed (Table 2). Of
note in this experiment, RED10 produced a maintenance
of repetitions in the 8-12 range, TUT within the
recommended optimal window and a significantly higher
volume load lifted than CON, all of which may possibly
be advantageous for increasing muscle hypertrophy over
chronic training periods. This result is not supported by
previous studies [5, 7, 11, 15, 17], but as the number of
studies is still low, an analysis of how the total weight
lifted is affected by the sex of the participants needs to
be further evaluated.
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