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EFFECTS OF ACUTE B-ALANINE SUPPLEMENTATION ON
COUNTERMOVEMENT JUMP PERFORMANCE AFTER A 4X400
M RUNNING FATIGUE PROTOCOL: A RANDOMIZED, DOUBLE-

BLIND, PLACEBO-CONTROLLED TRIAL

Nikola Todorovic!, Asier Santibaifiez-Gutierrez'?, Djordje Milovanov', Valdemar Stajer’,
Sergej M. Ostojic'~, and Julen Fernandez-Landa'?

!Applied Bioenergetics Lab, University of Novi Sad, Serbia
’Department of Physical Education and Sports, University of the Basque Country, Spain
‘Department of Nutrition and Public Health, University of Agder, Norway

Original scientific paper
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Abstract:

This study aimed to examine the effect of acute beta-alanine (B-alanine) supplementation on jump
performance after a strenuous fatigue protocol. Twelve healthy young men (age 21.4+0.5 years, body height
180.2+5.8 cm, body mass 76.6+9.2 kg) volunteered to participate in this randomized, double-blind, placebo-
controlled trial. The experimental group ingested 3.2 g of B-alanine (separated into two 1.6 g dosages) mixed
with 23 g of glucose, whereas the placebo group ingested two dosages containing 23 g of glucose. Following
the supplementation intake, participants completed a jump protocol involving countermovement jump (CMJ)
and four consecutive countermovement jumps (CMJ-4). Subsequently, a 4x400 m running fatigue protocol
was carried out to produce fatigue. After the fatigue protocol, the same jumping tests were repeated, CMJ
and CMJ-4, to evaluate the loss in jump height. The Mann-Whitney U test was used to analyze differences
between the groups, whereas Wilcoxon signed-rank test was conducted to analyze differences within the
groups with statistical significance set at p<.05. After B-alanine supplementation, no significant decrease in
jump height was found in the experimental group in none of the tests after the fatigue protocol. Conversely,
a significant decrease was noticed in the placebo group in CMJ but not in the CMJ-4 test. In conclusion, an
acute B-alanine supplementation could attenuate jump height loss after the fatigue protocol. Therefore, athletes
and coaches should consider acute B-alanine supplementation to attenuate sports performance decrease after
high-intensity exercises in which muscle acidosis is highly increased.

Key words: beta-alanine, countermovement jump, acute supplementation, sports performance

Introduction

Beta-alanine (B-alanine) is a naturally occur-
ring non-proteogenic beta-amino acid endogenously
produced in the liver (Trexler, et al., 2015). The
main reason for f-alanine ingestion is to increase
muscle carnosine. It is essential to note that carno-
sine supplementation is not an efficient method
for increasing muscle carnosine levels because
it is metabolized before reaching skeletal muscle
(Gardner, Illingworth, Kelleher, & Wood, 1991).
On the other hand, B-alanine has been shown as
the rate-limiting precursor to endogenous carno-
sine production, where this compound, combined
with L-histidine, forms carnosine (Blancquaert, et
al., 2017). Beta-alanine is obtained through diet by
consuming foods such as poultry and meat (Trexler,
etal., 2015), while the most common supplementa-

tion method is to ingest B-alanine in doses ranging
from 1.6 to 6.4 g/day—1 (Saunders, et al., 2017; Saun-
ders, Sale, Harris, & Sunderland, 2012; Stelling-
werff, et al., 2012). In addition, B-alanine inges-
tion has been shown to increase muscle carnosine,
regardless of diet or baseline carnosine levels (Stel-
lingwerff, et al., 2012; Trexler, et al., 2015). There-
fore, supplementation with f-alanine could be the
most effective method to increase muscle carno-
sine levels.

The increase of muscle carnosine levels could
play a key role in exercise. Intracellular acid-based
regulation is considered the primary physiological
role of carnosine. Improvement of intracellular
buffer capacity causes fatigue delay and, there-
fore, prolongs exercise (Hobson, Saunders, Ball,
Harris, & Sale, 2012). Intramuscular carnosine
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reduces muscle acidity, decreasing the large produc-
tion of hydrogen ions (H+) (Cady, Jones, Lynn, &
Newham, 1989). Increased concentration of H+
instigates a diminution of actin and myosin cross-
bridge formation, which further causes a decrement
in muscle contraction (Fabiato & Fabiato, 1978).
This leads to a string of metabolic processes such as
a decrease in force production and a fatigue increase
(Dutka & Lamb, 2004). Therefore, muscle carno-
sine increase could influence power performance
after a fatigue protocol. In addition, this supplement
could also be susceptible to a placebo effect. Previ-
ously, other nutritional ergogenic aids have shown
a placebo positive influence on sports performance
(Hurst, et al., 2020).

Previous studies had shown improvements in
performance tests after B-alanine ingestion when
fatigue protocol was carried out, probably due to
the aforementioned physiological explanations.
Concretely, chronic (eight weeks) oral B-alanine
ingestion has been shown to significantly improve
power performance after a strenuous endurance
exercise, as shown in Van Thienen et al. study
on endurance-trained cyclists (Van Thienen, et
al., 2009). In addition, in another study (Carpen-
tier, Olbrechts, Vieillevoye, & Poortmans, 2015),
after two months of B-alanine intake, there was
a slight increase in power performance, meas-
ured as countermovement jumps (CMJ). However,
athletes usually ingest f-alanine as a “pre-exercise”
supplement (Gonzalez, Walsh, Ratamess, Kang, &
Hoftman, 2011), and there is a lack of information
concerning acute f-alanine intake in sports perfor-
mance (Huerta Ojeda, Tapia Cerda, Poblete Salva-
tierra, Barahona-Fuentes, & Jorquera Aguilera,
2020). To the best of the authors’ knowledge, there
are only three studies carried out with only acute
B-alanine ingestion on exercise performance with
diverse results, where one obtained positive results
(Huerta-Ojeda, et al., 2019), and the remaining two
showed no effects (Bellinger & Minahan, 2016;
Glenn, Smith, Moyen, Binns, & Gray, 2015) on
exercise performance. Moreover, none of the previ-

ously mentioned studies using the acute -alanine
ingestion were carried out after a strenuous exer-
cise protocol. To the best of the authors’ knowledge,
there is no research investigating the effects of the
acute B-alanine ingestion on performance after a
strenuous exercise. Therefore, the main objective
of this study was to evaluate the effects of the acute
B-alanine ingestion on performance after a stren-
uous fatigue protocol.

Methods

Participants

Twelve healthy, physically active students
from the Faculty of Sport and Physical Education,
University of Novi Sad (21.4+0.5 years, 180.2+5.8
cm, 76.6+9.2 kg) volunteered for the study. None
of the participants in the study consumed any
dietary supplements during the four weeks prior
to the study kick-off, and none of them reported
any musculoskeletal injury or disease. Volunteers
signed a consent form to participate in the study
after receiving a complete insight into the study
protocol. Each participant obtained written guide-
lines, including detailed information about the test
protocol, time frame, and responsibilities regarding
the study.

Study design

This study was based on a randomized, double-
blind, placebo-controlled, parallel design of evalu-
ating the effects of acute f-alanine ingestion. The
randomization was carried out by alternating group
assignment of participants into either the placebo
group (n=6) or the B-alanine group (n=6). The
study was approved by the Ethical Committee of
the Faculty of Sport and Physical Education in Novi
Sad (46-06-01-2020-1) and conducted according
to the principles of the Helsinki Declaration. This
experiment was divided into three different round-
ups: the pre-study protocol, baseline, and experi-
mental protocol (Fig. 1).

PRE-STUDY
PROTOCOL

Anthropometric

measurements

Familiarization

BASELINE EXPERIMENTAL
PROTOCOL
Test protocol Supplementation protocol
CMI Placebo
CMI-4 p-alanine
Fatigue protocol Test protocol
CMJ
4x400 m CMI-4
Test protocol Fatigue protocol
CM 4%400 m
CMJ-4
Test protocol
CMJ
CMI-4

Figure 1. Study design. CMJ, countermovement jump, CMJ-4, four consecutive countermovement jumps.
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The pre-study protocol was divided into two
different phases. The purpose of the first phase
was to obtain anthropometric measurements for all
of the included participants in order to assess the
homogeneity between the groups. Body mass (BM),
body mass index (BMI), and body fat percentage
(BF%) estimations were obtained using bioelec-
tric impedance (model InBody 230), whereas the
body height (BH) was calculated through a Seca
SE213 stadiometer. The second phase of the pre-
study protocol consisted of the familiarization of
participants with the performance test of the study
to minimize any potential learning influence on the
subsequent tests.

At baseline, participants performed a stand-
ardized warm-up before any test was carried out.
The warm-up consisted of five minutes of submax-
imal running followed by a previously established
dynamic warm-up: high knee and foot walk,
carioca, butt kicks, high skip, spiderman, lateral
slide with floor touch, low skip + long jumps, and
dynamic calf stretch (Stevanovic, et al., 2019).
Following the warm-up, participants completed the
countermovement jump (CMJ) and four consec-
utive countermovement jumps (CMJ-4). Jump
heights were measured on a force plate (Just Jump
System; Probotics, Huntsville, AL, US) and were
executed with voluntary knee flexion and keeping
the hands placed on the hips during all tests. Both
tests were performed three times, with a 1-minute
rest between the attempts, and only the highest
result was used for the analysis. Subsequently, a
fatigue protocol was performed to produce muscle
tiredness in the participants. This protocol consisted
of 4x400 meters running trials, interspersed with
three minutes of recovery between the trials. After
the fatigue protocol, the same jumping tests were
repeated, CMJ and CMJ-4.

For the experimental protocol, each group
ingested either a placebo or B-alanine supplementa-
tion four hours (the first dosage) and 45 minutes (the
second dosage) before the warm-up. The 3-alanine
group ingested a total dosage of 3.2 mg/kg, as previ-
ously other authors used the same dosage (Gross,
et al., 2014), and it was ingested at two different

moments so as to reduce possible side effects (e.g.,
paresthesia). The B-alanine group ingested two
dosages of 1.6 mg/kg of B-alanine mixed with 23 g
of glucose, whereas the control group ingested two
placebo dosages containing only 23 g of glucose.
Both groups received the same amount of drink
(500 ml) of similar color and smell. Beta-alanine
and glucose powder were obtained from THE Nutri-
tion®. After supplementation ingestion, volunteers
carried out a warm-up and performed the same
procedures as at baseline, i.e., the jump test, fatigue
protocol, and repetition of jump tests.

Statistical analysis

All quantitative data were recorded into an
Excel table and analyzed using Statistical Package
for Social Sciences version 26.0 (SPSS Inc.,
Chicago, IL, USA). Data are presented as mean (M)
+ standard deviation (SD). Given that the sample
size of each group is lower than 10, non-parametric
statistics were applied. Mann-Whitney U test was
used for the differences between the groups and
the Wilcoxon signed-rank test to analyze the differ-
ences within the groups between the pre- to post-
test measurements. Statistical significance was set
at p<.05.

Results

All the participants completed the interven-
tion, and no side effects associated with supple-
mentation were reported during the study. Partic-
ipants completed all individual running trials in
the range of 0:59—1:34 min, accumulating between
4.5-5.4 min of total high-intensity activity (four
running trials in total). Since participants ingested
the second dosage of supplement to the end of the
performance measurements, the duration was less
than two hours. Physical characteristics of the
[B-alanine group and control group were similar
at baseline, with no significant differences in age,
height, BM, BMI, or BF. Therefore, both groups
were considered to be homogeneous. Table 1
displays the details concerning both groups’ phys-
ical characteristics and body composition.

Table 1. Descriptive characteristics of ff-alanine and control groups

B-alanine group

Placebo group

Variable (n=6) (n=6) p value
Age (years) 20.9£2.9 22.0+£2.9 .808
Body height (cm) 180.2+5.8 180.2+4.3 748
Body mass (kg) 76.8+9.2 76.31+5.6 .873
BMI (kg/m?) 23.5+1.7 23.5+1.1 749
BF (%) 17.4+2.9 17.5+4.4 .873

Note. Data are expressed as mean + standard deviation. BMI, body mass index; BF, body fat; kg, kilograms; cm, centimeters; m,
meters; %, percentage; n, number of subjects; SD, standard deviation; p, statistical significance; bolded p values indicate statistical

significance (p<.05).
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Table 2. Jumping test performance data in baseline and after the experimental protocol

Baseline
-alanine group (n=6) Placebo group (n=6)
Before After p value Before After p value
CMJ (cm) 50.89+2.77 44.87+2.83 .028 58.58+6.90 52.17+7.20 .028
CMJ-4 (cm) 47.20+3.03 42.42+4.01 .028 51.92+5.71 46.52+7.06 .046
Experimental protocol
3-alanine group (n=6) Placebo group (n=6)
Before After p value Before After p value
CMJ (cm) 49.15+4.20 46.86+3.20 .249 57.20+7.30 53.97+6.90 .043
CMJ-4 (cm) 44.73+2.75 42.42+2.30 .345 50.44+6.90 46.37+6.10 .075

Note. Data are expressed as mean * standard deviation. CMJ, countermovement jump; CMJ-4, four consecutive countermovement

jumps; bolded p values indicate statistical significance (p<.05).

CMJ and CMJ-4 were measured before and
after the fatigue protocol in baseline and experi-
mental protocol. In baseline, both the f-alanine and
placebo groups significantly decreased their CMJ
and CMJ-4 values after the fatigue protocol. In the
experimental protocol, after the f-alanine supple-
mentation, no significant decrease in height was
found in none of the tests. Conversely, a significant
decrease was noticed in the placebo group in CMJ
but not in the CMJ-4 test. Jumping test values are
depicted in Table 2.

Discussion and conclusions

This study was carried out to determine the
effects of acute B-alanine supplementation on explo-
sive strength tests after a strenuous exercise. None
of the participants reported any side effects after
ingestion of this ergogenic aid. The results revealed
that the acute f-alanine supplementation provided
positive effects on CMJ and CMJ-4 performance,
attenuating the loss of jump height after the fatigue
protocol. Moreover, the study results could have
also been influenced by a possible placebo effect,
as shown placebo’s positive impact on the CMJ-4
performance.

The acute dosage of B-alanine was 3.2 g (sepa-
rated into two 1.6 g dosages), and none of the partic-
ipants suffered from paresthesia on the skin (Harris,
et al., 2006). It has been previously reported that
higher dosages than 0.8 g has been associated with
this side effect (Harris, et al., 2006). In order to
reduce the side effects of B-alanine, the ingestion
of the supplement was divided into two different
dosages taken four hours (the first dosage) and 45
minutes (the second dosage) before the warm-up.
Previously, it was reported that the peak increase of
B-alanine in plasma was 30-45 minutes upon this
supplement intake, and it is estimated that $-alanine
levels keep elevated even 3-4 hours after the inges-
tion (Harris, et al., 2006). Therefore, this supple-

mentation protocol was carried out with a mission
to maximize acute [-alanine/carnosine concentra-
tions to increase the effects on exercise performance
while reducing possible side effects.

Only three previous studies evaluated the
effects of acute f-alanine on exercise performance
(Bellinger & Minahan, 2016; Glenn, et al., 2015;
Huerta-Ojeda, et al., 2019). Two studies assessed
endurance performance with mixed results (Bell-
inger & Minahan, 2016; Huerta-Ojeda, et al.,
2019). Although results in these two studies may
be important, they are not comparable to our study’s
results due to different metabolic outcomes being
measured. On the other hand, the remaining study
assessing acute effects was conducted by Glenn et
al. (2015), who measured anaerobic performance.
Participants in that study ingested an acute dosage
of 1.6 g B-alanine and did not improve exercise
performance in three consecutive Wingate tests.
In comparison to the results found in the present
study, those authors possibly did not find signif-
icant results due to an insufficient acute dosage.
The differences between the findings of both works
could be explained by the fact that an acute dosage
of 3.2 g might be more effective than a 1.6 g dosage.
Therefore, a higher acute dosage of -alanine could
exert better results regarding sports performance. In
addition, in Glenn et al.’s study (2015) participants
were a trained population, while in this intervention,
the population was healthy young males. Therefore,
the difference between the studies’ results could
be explained by the following: it is more difficult
to achieve a significant improvement in a trained
population than in a healthy untrained population
(Spurway & MacLaren, 2006). To the best of the
authors’ knowledge, no study was carried out after
fatigue protocol with B-alanine alone. However, one
study measured the effects of the mixed supple-
mentation of B-alanine plus carnosine (2 g of both)
on jump performance after a fatigue protocol (45
seconds of CMJ) (Invernizzi, et al., 2016). These
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authors found similar results to ours attenuating
jump performance loss after strenuous exercise,
although the studies’ fatigue protocols differed.
The fatigue protocol could elevate muscle
acidosis and hence influence subsequent exer-
cise performance. In this study, fatigue protocol
consisted of 4x400 meter running trails, inter-
spersed with 3-minute ecoveries between the
trails. Participants completed all individual running
trials in the range of ~0:59-1:34 min, accumu-
lating between 4.5-5.4 min of total high-intensity
activity (four running trials in total). This fatigue
protocol was selected for the main purpose of elic-
iting a high amount of intra-muscle acidosis. The
ATP yield from glycolysis is highest in exhaustive
short-term exercise (i.e., 400 meters sprint), which
increases muscle acidosis (measured by blood
lactate) (Hirvonen, Nummela, Rusko, Rehunen, &
Harkonen, 1992). In addition, this level of acidosis
attains an individual maximum (Hirvonen, et al.,
1992) and stays elevated for 3-to-5-min post-exer-
cise (Divito, McLaughlin, & Jacobs, 2021).
Probably the physiological pathway to atten-
uate jump performance decrement after a fatigue
protocol could be explained by the indisputable role
of carnosine to act as a pH buffer under an acid
environment (Swietach, et al., 2013). Carnosine is
capable of binding muscle H+, reducing myocyte
cytoplasm pH (Swietach, et al., 2013). Dutka and
Lamb (2004) demonstrated that increased carno-
sine concentration inside cytoplasm could reduce
cytoplasm H+, augmenting Ca2+ sensitivity in
both slow-twitch and fast-twitch muscle fibers.
Therefore, there could be an increase in skeletal
muscle force production (Swietach, Leem, Spitzer,

& Vaughan-Jones, 2014). Furthermore, the results
of this work could also have been influenced by
a possible p-alanine induced placebo effect. A
previous meta-analysis suggested that nutritional
ergogenic aids’ produced placebo effect could exert
a small to moderate effect on sports performance
(Hurst, et al., 2020).

This study is not exempt from potential limita-
tions. Therefore, the findings of the present exper-
imental trial should be interpreted with caution.
Firstly, the sample size (n=12) involved in the
study could be considered small. Secondly, there
was a lack of biochemical markers to control the
B-alanine effect on exercise-induced acidity (e.g.,
blood lactate). Finally, the absence of muscle carno-
sine levels measurement could also be considered
a limitation of this study. For that reason, future
research might investigate the acute effects of
B-alanine supplementation on CMJ performance
after a fatigue protocol by increasing the sample
size and measuring the blood acidity and muscle
carnosine levels.

In conclusion, an acute dose (3.2 g) of f-alanine
supplementation, divided in two equal dosages (four
hours and 45 minutes prior to the exercise) could
attenuate jump height loss after a 4x400 running
bouts. Therefore, athletes, coaches, sport scientists
and nutritionist should consider acute f-alanine
supplementation to attenuate sports performance
decrease after high intensity exercises in which
muscle acidosis is highly increased. Nevertheless,
future studies evaluating acute -alanine supple-
mentation on sport-specific performance after stren-
uous exercise are needed to support these results.
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Abstract:

The aim was to analyze the mediation role of self-esteem in the interaction between social support from
the best friend, friends, and parents, and physical activity (PA). Participants were N=444 adolescents of both
genders (male= 205), aged between 12-18 years (M= 16.02; SD= 1.57). Structural equation modeling, serial
mediation and multigroup analysis were used to test the proposed hypothesis. Self-reported instruments were
used to collect both PA social support and self-esteem. Self-esteem mediates partially the interaction between
different social supports and vigorous PA, independently of adolescent sex. Interestingly, self-esteem was
fully mediating the interaction between parents’ social support and vigorous PA in female adolescents. In
contrast, self-esteem revealed no mediation in the interaction between social support and light and moderate
PA. In conclusion, self-esteem mediates the relationship between social support and vigorous PA, the strength
of mediation is higher in girls than in boys, in both genders the mediation is higher when the social support

has come from parents.

Key words: friends, parents, vigorous physical activity, best friends, self-worth, youth

Introduction

Physical activity (PA) participation is of utmost
importance since it represents a healthy way to
reduce chronic diseases and mortality (WHO, 2018).
The evidence on the health benefits of PA is consid-
erable, overwhelming, and irrefutable. The bene-
fits are not only evident in the prevention of phys-
ical diseases (Warburton & Bredin, 2017) but also
in the area of mental health and well-being (Fox,
1999; Pascoe, et al., 2020), and even in social rela-
tionships (Di Bartolomeo & Papa, 2019). Despite
this evidence, PA levels of the adolescent world
population are low. For instance, in 2016, 81% of
students aged 11-17 years, according to the current
WHO recommendation (WHO, 2020; participating
in 60 min of daily PA of moderatetovigorous inten-
sity or being active for at least 60 min on five days
per week), were insufficiently physically active
(Guthold, Stevens, Riley, & Bull, 2020).

Adolescence is a life period of dramatic
changes, from somatic to psychological ones. Social
interactions play an important role among adoles-

cents; parents, peers, friends as well best friends
may cause behavioral and lifestyle changes, namely,
they all may influence the young whether be or not
to be physically active and involved in exercise and
sports (Gill, et al., 2018). In addition, adolescence is
known as a period when PA levels decline (Dumith,
Gigante, Domingues, & Kohl, 2011; Farooq, et al.,
2018). Several factors could contribute to PA levels
in adolescents. For instance, Sallis, Prochaska, and
Taylor (2000), in a review study about the correlates
of PA in children and adolescents, identified a pool
of psychosocial variables related to adolescents’ (13
to 18 years) PA, namely social support from parents
and from others: peers, friends as well as the best
friend (Gill, et al., 2018; Mendonca, Cheng, Melo,
& De Farias Junior, 2014).

Social support can have a beneficial effect
on a person’s health and emotional state acting
as a motivating factor in positive health behav-
iors (Uchino, Cacioppo, & Kiecolt-Glaser, 1996)
and can be carried out in several ways: emotional,
instrumental, informational and appraisal support
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(Birch, 1998). In a systematic review (Mendonca,
et al., 2014), it was found that social support was
positive and consistently associated with the PA
level of adolescents in cross-sectional and longi-
tudinal studies. Those who received more overall
social support as well as support from both parents,
friends and family showed higher levels of PA.
Although parents are important actors in the social
support for adolescents’ PA, friends play a crucial
role (Cheng, Mendonga, & Junior, 2014; Lopes,
Gabbard, & Rodrigues, 2013; Marks, de la Haye,
Barnett, & Allender, 2015).

Several theories considering psychosocial
determinants have been proposed to explain PA
(Glanz, Rimer, & Viswanath, 2015) such as the
social cognitive theory (Bandura, 1998), the health
belief model (Janz & Becker, 1984), the theory of
planned behavior (Ajzen, 1991), the transtheoretical
model (Prochaska & DiClemente, 1982), as well
as the self-determination theory (Ryan & Deci,
2018). These theories have mainly been applied to
adults and are based on cognitive reflections, which
allow for conscious behavioral control, therefore,
they may not work well in adolescents. Adolescents’
brains are still in the state of development having
limited cognitive control (Andrews-Hanna, et al.,
2011; Luna, 2009)

Harter (1987) proposed the self-worth model
to explain motivation for behavior of children and
adolescents (8 to 18 years). The model is based on
a developmental perspective and simultaneously
considers the social and emotional factors (Harter &
Marold, 1991). In Harter’s model, social support and
perceived competence predict self-esteem (Harter,
1987, 1993). Weiss and Ebbeck (1996) adapted the
Harter’s model to PA domain proposing that self-
esteem was associated with PA levels. Perceived
competence and social support are determinants
of self-esteem and enjoyment and PA are outcomes
(Weiss, 2000).

Self-esteem has been recognized as a major
determinant of behavior throughout the history of
educational and social psychology. Some researchers
have suggested that self-esteem is a unidimen-
sional construct reflecting a general view of the self
(e.g. Rosenberg, 1979). Nevertheless, self-concept
researchers, who have relied primarily on the single
self-concept, have not provided strong support for
their interpretations (Harter & Marold, 1991).
There is a general agreement among researchers
that self-esteem is a multifaceted, hierarchical, and
dynamic construct (Harter & Marold, 1991; Marsh
& Redmayne, 1994; Marsh, Smith, & Barnes, 1983).
Shavelson, Hubner, and Stanton (1976) proposed a
model where general self-concept was at the apex
of a hierarchy with academic self-concept, social
self-concept, emotional self-concept, and physical
self-concept being considered as the second-order

factors. Fox and Corbin (1989) proposed a multidi-
mensional and hierarchical model of physical self-
concept, which is consistent with Shavelson et al.’s
approach. The model posits global self-esteem at
the apex of a hierarchy, followed by the physical
self-worth at the domain level, and sport compe-
tence, attractive body, physical strength, and phys-
ical condition at the sub-domain levels. Addition-
ally, they have devised the Physical Self-Percep-
tion Profile (PSPP), which assesses the four specific
facets of physical self-concept as well as the global
self-esteem and the physical self-worth (Fox &
Corbin, 1989). The PSPP is an instrument widely
used and validated (e.g., Bernardo & Matos, 2003;
Karteroliotis, 2008; Nezhad, Nordentoft, Gildeh, &
Stelter, 2011; Page, Fox, Biddle, & Ashford, 1993;
Welk & Eklund, 2005).

Early and more recent self-esteem theorists
have also suggested that self-esteem is a dynamic,
changing construct depending on one’s successes
and expectations (Baldwin & Hoffmann, 2002).
Quick physical, emotional, and social relationship
changes during adolescence could be demanding and
stressful, putting adolescents at risk of a decrease in
self-esteem (Baldwin & Hoffmann, 2002; Robins
& Trzesniewski, 2005). During adolescence, self-
esteem is a dynamic rather than a static construct
(Baldwin & Hoffmann, 2002).

Physical activity, exercise and sports prac-
tice may be seen as factors that have the poten-
tial to stabilize or enhance physical self-perception
and self-esteem during adolescent years (Bowker,
2003; Fox, 2000). Engagement in physical exercise
contributed to a positive body image and positive
health perceptions among undergraduate students
(Korn, Gonen, Shaked, & Golan, 2013). In a system-
atic review (Ekeland, Heian, & Hagen, 2005), it
was found that exercise might have short term
beneficial effects on self-esteem in adolescents. A
meta-analysis (Liu, Wu, & Ming, 2015) found that
PA interventions were associated with increased
self-concept and self-esteem in adolescents. Other
studies found that global self-esteem was associ-
ated with increased PA levels, acting as a mediator
between pubertal development in girls at age 11
and PA at age 13 (Davison, Werder, Trost, Baker,
& Birch, 2007), and being a predictor of PA levels
during an 8-month period (Neumark-Sztainer,
Story, Hannan, Tharp, & Rex, 2003). On the other
hand, Inchley, Kirby, and Currie (2011) found that
high self-esteem was associated with PA among
girls but not among boys.

It was suggested (Harter, 1987; Weiss, 2000,
2008) that PA, social support and perceived compe-
tence for PA improve self-esteem. In addition,
high self-esteem will cause a positive affect, that
is, enjoyment in PA. Moreover, PA enjoyment and
self-esteem are hypothesized to predict the amount
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of PA. This model was tested by Jekauc et al. (2019),
and they concluded that the prominent role of self-
esteem in the model could not be confirmed. Despite
important insights provided by previous literature
(Ekeland, et al., 2005), there are still some issues
that should be addressed, especially in terms of the
relationship between PA and global self-esteem as
well as in terms of the mediation role of global self-
esteem between social support and different levels
of PA (Jekauc, et al., 2019).

Therefore, the aim of the present study was to
analyze the mediation role of global self-esteem in
the interaction between social support from the best
friend, friends and parents, and different intensity
levels of PA, including light, moderate and vigorous
ones, in male and female adolescents. More specif-
ically, in agreement with the above-mentioned
literature, we hypothesized that: (a) global self-
esteem mediates the association between social
support from the best friend, friends and parents
with different PA intensity levels, including light,
moderate and vigorous PA; (b) social support from
the best friend, friends and parents should be asso-
ciated positively with global self-esteem; (c) social
support from the best friend, friends and parents
should be associated positively with moderate and
vigorous PA; (d) social support from the best friend,
friends and parents should be associated positively,
but not significantly with light PA in both sexes, and
(e) global self-esteem should be positively associ-
ated with light, moderate and vigorous PA.

Methods

Participants and procedures

Participants were recruited from six different
secondary schools in the north of Portugal. All
students aged 12-18 years in the contacted schools
were invited to participate and refusal was minimal
(0.01%). To be eligible for this study, potential partic-
ipants needed to be aged between 12 and 18 years,
the age period accepted to correspond to adoles-
cence (Sacks, 2003). Participants were N=444
adolescents (male= 205), aged 12-18 years (M=
16.02; SD= 1.57). School directors provided their
authorization for data gathering. Written informed
consent was obtained from participants’ parents or
legal tutors. Adolescents gave their verbal consent
prior to data collection. Before data collection,
the study was approved by the ethics committee
of the institution of the first author, process No.
290221. All procedures were in accordance with
the Helsinki declaration (2013) and its later amend-
ments (World Medical Association, 2013).

The surveys were filled out in a classroom
during school hours. Before students started to
answer the surveys, researchers, who collected all
the data, explained the objective of each question-
naire, and removed any doubt.

Instruments

Physical activity

Physical activity behavior was assessed via
the International Physical Activity Question-
naire (IPAQ) — short form (Craig, et al., 2003;
Hagstromer, et al., 2008). This questionnaire was
self-administered. It referenced to the last seven
days of the recalled PA and asked about the three
specific types of activity: leisure time, domestic
activities, e.g., gardening/yard activities or work
activities (for the purpose of the present study,
this last domain was replaced with school related
PA, including activity during physical education
classes and breaks), and transport-related activity.
Furthermore, three specific levels of PA inten-
sity were assessed: walking, moderate (MPA) and
vigorous (VPA). Frequency was measured in days
per week and duration was measured by time per
day, which was collected individually for each
specific type of activity. The items were organized
to offer a distinct score on walking, moderate and
vigorous PA as well as a combined global score
of PA level, which was given in metabolic equiv-
alents per minutes per week (e.g., MET-min—1 -
week—1), using the following formulas: Walking:
MET-min - week—1 = 3.3 x walking minutes X
walking days; Moderate: MET-min - week—1 =4.0
x moderate-intensity activity minutes x moderate
days; Vigorous: MET-min week—1 = 8.0 x vigorous-
intensity activity minutes X vigorous-intensity days.
More details about this questionnaire are available
at https://sites.google.com/site/theipaq/. The short
version of the [PAQ has been tested extensively with
the reported reliability and validity of .80 and .30,
respectively (Craig, et al., 2003). Using a sample of
adolescents, the reported reliability was .49 to .83
and validity .24 to .55 (Guedes, Lopes, & Guedes,
2005).

Psychosocial variables

The Portuguese version of the Physical Self-
Perception Profile for Children and Youth (PSPP-
CY) (Bernardo & Matos, 2003) was used to measure
global self-esteem. The PSPP-CY consists of 36
items and uses Harter’s (1982) structured alter-
native format designed to minimize the tendency
towards socially desirable responses. This instru-
ment has six subscales: sport competence, phys-
ical condition, attractive body, physical strength,
physical self-worth, and global self-esteem. Each
subscale consists of six items in which participants
are presented with two contrasting descriptions
(e.g., those with unattractive bodies and those with
attractive bodies) and are asked which description
is most like themselves and whether the description
they select is “sort of true” or “really true” for them.
Item scores can range from 1 to 4. A value of 3 or 4
represents a positive perception and a value of 2 or 1
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anegative perception. The result of each subscale is
obtained with an average of six items belonging to
the scale. The reported internal consistency (alpha)
for the different subscales was between 0.73 and
0.85, while test-retest reliability was between 0.71
and 0.77 (Bernardo & Matos, 2003). Test-retest reli-
ability for our study sample varied between 0.63
and 0.91.

For the purpose of the present study, we used
only the global self-esteem subscale. The CFA
of this subscale displayed the following fit: (y*=
70.01 (9); SRMR=.048; B-Sp <.001; RMSEA=.078
[90%CI=.062, .081]; TLI=.907; CFI=.917). Internal
consistency showed a suitable value (.78).

Perception of social support from the best friend,
friends and parents was assessed through a Portu-
guese adaptation of the Friend Support Scale (Jago,
Page, & Cooper, 2012), which is an adaptation of
Prochaska, Rodgers, and Sallis’ Peers Support Scale
(2002). The only difference was the item stem used
before items-questions. In the case of the best friend,
the following stem was used: “How often does your
best friend...?””; regarding parents, the following
stem was used: “How often do your parents...?”;
in terms of friends, the following stem was used:
“How often do your friends...?”. The following
items-questions were used: (1) ... encourage you
to exercise or do sports?; (2) ... exercise or do sports
with you?; (3) ... tell you that you are doing well in
exercise or sports?; and (4) ... watch you take part
in exercise or sports?. The CFA of this question-
naire was the following: (y*= 16.76; SRMR=.026;
B-Sp= <.001; RMSEA=.077 [90%CI=.061, .080];
TLI=.946; CFI=982); (y*= 53.42; SRMR=.069;
B-Sp= <.001; RMSEA=.067 [90%CI=.059, .078];
TLI=9006; CFI=918); (y*= 6.12; SRMR=.018;
B-Sp= .236; RMSEA=.057 [90%CI=.003, .117];
TLI=981; CFI=.994), for the best friend, parents
and friends’ social support, respectively. Posteri-
orly, the items-questions were grouped into a single
factor, which aimed at the social support from the
best friend, friends, and parents. Internal consist-
ency showed suitable values of each social support:
the best friend social support (.86); friends social
support (.82) and parents social support (.77).

Statistical analysis

Data were initially screened for missing values
and normality. Descriptive statistics and bivar-
iate correlations were calculated using IBM SPSS
STATISTICS v.23. Data were imputed in partici-
pants with missing values >5% using the multiple
imputation approach (Allison, 2000).

According to Fritz and Mackinnon (2007), the
present sample size was in line with simulations
for mediation purposes with this number of varia-
bles, thus, ensuring proper statistical power. Finally,
multicollinearity diagnoses through tolerance and

variance inflation factor (VIF) were performed as
proposed by Hair, Babin, Anderson, and Black
(2019), considering scores < 10 as acceptable.

For hypothesis testing, paralel mediation
procedures (model 4) of Hayes (2018) were devel-
oped using IBM SPSS macro-PROCESS v.3.5 and
according to Hayes, suggestions. This procedure
allows the estimation of the direct and indirect
effects in the proposed models, while controling
for £ mediators influence between variables. Addi-
tionally, when the independent variables are signifi-
cantly correlated, it is advised to beware of possible
variables influence in the proposed test. Thus, the
independent variables not considered in each model
were included as covariates to account for their
effects in the proposed models (Hayes, 2018).

In all variable interactions, bias-correct boot-
strapped point estimates were calculated (consid-
ering standard errors and 95% CI). A 5000 samples
bootstrap was used according to several authors’
recommendations (Hayes, 2018; Williams &
MacKinnon, 2008), and significant indirect effects
were considered if the confidence interval did not
include zero (a = .05). The ratio of total indirect
effect over total effect (PM) was calculated to quan-
tify mediation strength (Shrout & Bolger, 2002).

Results

Preliminary analysis

Regarding normal distribution, no univariate
outliers were observed. The results showed that
both in tolerance and VIF tests scores were above
0.1 and below 10, respectively, ensuring the appro-
priate conditions to test the regression model.

Descriptive results (Table 1) revealed that the
participants perceived higher social support from
friends and the best friend than from parents. In
addition, all the bivariate correlations were positive
and significant, except for the associations across
different social support and self-esteem with light
and moderate PA.

Table 2 shows the results of the mediation
models between social support from the best friend
(model 1), friends (model 2), and parents (model 3),
and different levels of PA via self-esteem for the
whole sample. Overall, partial mediation appeared
in all the models with VPA, since the total indirect
effect was significant, but not higher than the total
direct effect. In addition, the mediator self-esteem
explained .21, .41, and .06 for models 1, 2 and 3,
respectively, of the interaction between different
sources of social support and VPA. No mediation
was observed with walking and MPA.

Table 3 shows the results of the mediation
models in the female sample. Partial mediation
occurred in models 1 and 2 and full mediation in
model 3. In the case of models 1 and 2, partial medi-
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Table 1. Descriptive statistics and zero order bivariate correlations

Whole sample

Variables M SD 1 2 3 4 5 6
1. SS-BF 3.10 .75 - - - - - -
2.F-SS 3.14 .64 .70** - - - - -
3.P-SS 2.72 75 .36 .36 - - - -
4. GSE 2.74 .54 .23** .34* A4 - - -
5. WPA 842.46 1033.07 .01 -.03 .03 -.01 - -
6. MPA 763.28 798.83 .05 .03 .03 .06 .22%* -
7.VPA 1842.49 1529.23 A4 A1 .08 16" A4 35"

Female sample

Variable M SD 1 2 3 4 5 6
1. SS-BF 3.07 .79 - - - - -

2.F-SS 3.1 .69 71 - - - -

3. P-SS 2.73 .75 43%* 48 - - -

4. GSE 2.72 .55 22** .39** A7 - -

5. WPA 891.43 1094.53 -.01 -.05 -.02 -.06 -

6. MPA 789.25 907.71 .07 .05 .05 .06 .24 -
7. VPA 1867.92 1541.32 10* .06* .26** 5% A18** A40%*

Male sample

Variables M SD 1 2 3 4 5 6
1. SS-BF 312 .71 - - - - - -
2.F-SS 319 .57 .70** - - - - -
3. P-SS 2.72 75 27 .20** - - - -
4. GSE 2.78 .53 .24 .24 14 - - -
5. WPA 779.97 947.88 .03 .01 .02 .08 - -
6. MPA 730.15 634.04 .02 .01 .04 .09 9% -
7.VPA 1810.05 1516.85 .20** .20** 16** 18** .08 .29*

Note. M = mean; SD = standard deviation; BF-SS = best friend social support; F-SS = friend’s social support; P-SS = parents’ social
support; GSE = global self-esteem; WPA = walking; MPA = moderate physical activity; VPA = vigorous physical activity; ** p<.01; *p<.05.

ation was observed with VPA, since the total indi-
rect effect was significant but not higher than the
total direct effect. In the case of model 3, full media-
tion was identified since the total indirect effect was
significant and higher than the total direct effect.
Furthermore, the mediator self-esteem explained
.31, .16, and .67 for models 1, 2 and 3, respectively,
of the interaction between different social supports
and VPA. However, in model 1, both in terms of
walking and moderate physical activity, the media-
tion was not observed since the indirect effect was
not significant. In model 1 (walking) and model 2
(MPA), no mediation was observed.

Table 4 shows mediation models between social
support from the best friend, friends, and parents,
and different levels of PA via self-esteem in male
sample. In general, partial mediation emerged in all
models with VPA, since the total indirect effect was
significant but not higher than the total direct effect.
In addition, the mediator self-esteem explained .18,
.20, and .56 for model 1, 2 and 3, respectively, of
the interaction between different social supports
and VPA. Regarding the models with walking and
moderate PA as an outcome variable, no mediation
was observed because the total indirect effect was
not significant.
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Table 2. Mediation analysis — the whole sample

Models Paths B Cl-95% Total indirect effect
BF-SS—GSE 19 [102, .204]
BF-SS—WPA .01 [-115, 134] -.001ns
GSE—-WPA -.01 [-181, .162]
BF-SS—GSE 19 [.102, .204]
Model 1 BF-SS—MPA M [.071, .275] .02ns
GSE—MPA .05 [-.072, 177]
BF-SS—GSE 19 [102, .204]
BF-SS—VPA 15 [.025, .271] .04 [.014; .071]
GSE—-VPA .25 [.078, .275]
F-SS—GSE .28 [.210, .357]
F-SS—WPA -.06 [-.208, .096] .004 ns
GSE—-WPA .02 [-163, .195]
F-SS—GSE .28 [.210, .357]
Model 2 F-SS—MPA .01 [-139, .165] .03 ns
SE—-MPA M [-.065, .192]
F-SS—GSE .28 [.210, .357]
F-SS—VPA 10 [.048, .252] .07 [.024; 126]
GSE—-VPA .26 [.079, .433]
P-SS—GSE 10 [.036, .168]
P-SS—WPA -.02 [-186, .153] -.001 ns
GSE—WPA .05 [-.019, .019]
P-SS—GSE 10 [.036, .168]
Model 3 P-SS—>MPA .09 [-.071, .269] .01 ns
GSE—-MPA .03 [-.093, .150]
P-SS—GSE 10 [.036, .168]
P-SS—VPA .29 [124, .459] .03 [.009, .053]
GSE—-VPA 10 [.023, .233]

Note. Model 1 = best-friend social support (independent variable), GSE = global self-esteem (mediator). WPA (walking), MPA (moderate
physical activity), and VPA (vigorous physical activity) are dependent variables. Model 2 = friends social support (independent variable),
SE = self-esteem (mediator). WPA (walking), MPA (moderate physical activity), and VPA (vigorous physical activity) are dependent
variables. Model 3 = parents social support (independent variable), SE = self-esteem (mediator). WPA (walking), MPA (moderate
physical activity), and VPA (vigorous physical activity) are dependent variables. BF-SS = best-friend social support; F-SS = friends
social support; P-SS = parents social support; B = effects; Cl 95% = confidence interval.
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Table 3. Mediation analysis — the female sample

Models Paths B Cl-95% Total indirect effect
BF-SS—GSE 16 [.073, .241]
BF-SS—WPA .07 [-162, .176] -02ns
GSE—-WPA 11 [-.349, 133]
BF-SS—GSE 16 [.073, .241]
Model 1 BF-SS—MPA .08 [-.096, .265]
.01ns
GSE—MPA .09 [-167, .349]
BF-SS—GSE 16 [.073, .241]
BF-SS—VPA 10 [.064, .253] 04.016; 112]
GSE—-VPA .25 [.078, .275]
F-SS—GSE .31 [.223, .405]
F-SS—WPA -.06 [-.263, .147] .02 ns
GSE—-WPA .08 [177,.332]
F-SS—GSE .31 [.223, .405]
Model 2 F-SS—>MPA .04 [-177, .263]
.03 ns
GSE—MPA 10 [.076, .370]
F-SS—GSE .31 [.223, .405]
F-SS—VPA .08 [.091; .195] 09 [.021; 164]
GSE—-VPA .27 [.034, .515]
P-SS—GSE 13 [.037, .217]
P-SS—WPA -.02 [-196, .157] -01ns
GSE—-WPA 1 [-.339, .137]
P-SS—GSE A3 [.037, .217]
Model 3 P-SS—MPA .07 [-120, .258]
.01 ns
GSE—-MPA 10 [.158, .357]
P-SS—GSE 13 [.037, .217]
P-SS—VPA A3 [.067, .165] 04 [,007, .067]
GSE—-VPA .28 [.051, .501]

Note. Model 1 = best-friend social support (independent variable), GSE = global self-esteem (mediator). WPA (walking), MPA (moderate
physical activity), and VPA (vigorous physical activity) are dependent variables. Model 2 = friends social support (independent variable),
SE = self-esteem (mediator). WPA (walking), MPA (moderate physical activity), and VPA (vigorous physical activity) are dependent
variables. Model 3 = parents social support (independent variable), SE = self-esteem (mediator). WPA (walking), MPA (moderate
physical activity), and VPA (vigorous physical activity) are dependent variables. BF-SS = best-friend social support; F-SS = friends
social support; P-SS = parents social support; B = effects; Cl 95% = confidence interval.
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Table 4. Mediation analysis — the male sample

Models Paths B Cl-95% Total indirect effect
BF-SS—GSE 18 [.077,.279]
BF-SS—WPA .02 [-169, .203] 03ns
GSE—-WPA 14 [.109, .388]
BF-SS—GSE 18 [.077,.279]
Model 1 BF-SS—MPA .04 [-.156, .165]
.03ns
GSE—MPA 13 [.089, .341]
BF-SS—GSE 18 [.077,.279]
BF-SS—VPA .24 [.040, .433] 05 [.003; 105]
GSE—-VPA .26 [.007, .517]
F-SS—GSE .22 [.098, .348]
F-SS—WPA -.02 [-.244, 173] 03 ns
GSE—-WPA 15 [.101, .397]
F-SS—GSE .22 [.098, .348]
Model 2 F-SS—MPA -.03 [-.226, 173]
.03 ns
GSE—MPA 13 [.080, .350]
F-SS—GSE .22 [.098, .348]
F-SS—VPA .29 [.042; .503] 06 [.006, 135]
GSE—-VPA .26 [.066, .519]
P-SS—GSE .07 [.025, 168]
P-SS—WPA 13 [.038, .199]
01 ns
GSE—WPA 13 [116, .367]
P-SS—GSE .07 [.025, .168]
Model 3 P-SS—MPA 14 [.009, .282]
.01ns
GSE—-MPA A1 [.100, .316]
P-SS—GSE .07 [.025, 168]
P-SS—VPA 16 [116, .245] 05,004, .063]
GSE—-VPA .32 [.061, .580]

Note. Model 1 = best-friend social support (independent variable), GSE = global self-esteem (mediator). WPA (walking), MPA (moderate
physical activity), and VPA (vigorous physical activity) are dependent variables. Model 2 = friends social support (independent variable),
SE = self-esteem (mediator). WPA (walking), MPA (moderate physical activity), and VPA (vigorous physical activity) are dependent
variables. Model 3 = parents social support (independent variable), SE = self-esteem (mediator). WPA (walking), MPA (moderate
physical activity), and VPA (vigorous physical activity) are dependent variables. BF-SS = best-friend social support; F-SS = friends
social support; P-SS = parents social support; B = effects; Cl 95% = confidence interval.

Discussion and conclusions

The aim of the present study was to analyze
the mediation role of global self-esteem in the
interaction between social support from the best
friend, friends, and parents, and different levels
of PA, including light (walking), moderate and
vigorous ones, in male and female adolescents.
Overall, hypotheses (a), (c), (d), and (e) were
partially confirmed, while hypothesis (b) was
fully confirmed. The zero-order correlation among

different sources of social support presented higher
values, while lower values were observed across
different sources of social support and global self-
esteem (moderate to low association) as well as with
different levels of PA (low associations). However,
most of these bivariate correlations are significant.
Therefore, it seems that all the studied variables will
interact with each other and are important to explain
PA levels in adolescents, namely VPA.
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As predicted, social support was found to
positively predict MPA and VPA but not walking,
although parents’ social support was only signifi-
cant in the case of VPA. Friends seem to be a more
important source of social support in both male
and female adolescents. For instance, in a study
developed by Stearns et al. (2019) it was found that,
in girls, the female best friends exhibited more
similar levels of overall PA than the non-friends
did, whereas in boys similar PA levels were only
presented among best friends. Similar results were
found by Lopes et al. (2013) and Lopes, Gabbard,
and Rodrigues (2015). The findings of the present
study confirm what has been observed in previous
studies (Duncan, Duncan, & Strycker, 2005;
Hohepa, Scragg, Schofield, Kolt, & Schaaf, 2007;
King, Tergerson, & Wilson, 2008) and demonstrate
that social support is an important component of PA
promotion in adolescents.

The results showed that the mediation effect
of self-esteem only exists between the association
of the different sources of social support (the best
friend, friends, and parents) with VPA, and not
with walking or MPA. Furthermore, the mediation
strength is different for girls and boys. For boys
and girls altogether, self-esteem partially medi-
ates social support and VPA, this mediation being
stronger in the case of a friend’s social support.

For girls, self-esteem also partially mediates the
associations between the best friend and friends’
social support with VPA, but it fully mediates the
relationship between parents’ social support and
VPA. For boys, self-esteem only partially medi-
ates the associations between social support and
VPA and the effect of this mediation is higher in
the relationship between parents’ social support and
VPA. These differences maybe lay in the difference
between boys and girls in their perception of social
support. Indeed, some studies showed differences
between adolescent boys and girls in perceived
social support (Gill, et al., 2018; Vaénéanen, Mart-
tunen, Helminen, & Kaltiala-Heino, 2014). The
present results mean that, for adolescents, social
support from friends is more relevant than from
best friends and parents. However, parents’ social
support leads to higher self-esteem, and then the
higher his or her self-esteem will be leading them
to attain greater VPA. These results are in line with
literature in this research field. For instance, in a
systematic review it was found that those adoles-
cents who received more support from both parents
and friends showed higher levels of physical activity
(Mendonca, et al., 2014). Gill et al. (2018) found that
support from family and friends were both consist-
ently strong predictors of adolescents’ PA. The prac-
tice of VPA is more demanding in terms of motiva-
tion and commitment, therefore it requires greater
social support, and usually this level of intensity is
reached in structured physical practices like sport.

According to Howie, Daniels, and Guagliano’s
(2018) review, and in line with our results, friend-
ships were key to both initiation and maintenance
of sports participation, whereas parents facilitated
participation.

According to Harter’s model of self-esteem
(Harter, 1987), adapted by Weiss and Ebbeck
(1996) for PA domain, the main factors for partici-
pating in PA are enjoyment, perceived competence,
and social support. Self-esteem acts as the medi-
ator of perceived competence and social support
in the relationship with PA. Our results show that,
in fact, self-esteem could act as the mediator, but
only with VPA. It makes sense, since VPA prac-
tice needs more motivation and effort than light
and moderate PA (Fenton, Duda, Appleton, &
Barrett, 2017; Teixeira, Carraga, Markland, Silva,
& Ryan, 2012), given its more strenuous physical
effort demands.

We test self-esteem as a mediator in the rela-
tionship between social support and PA. Although
there is a debate going on to know if self-esteem
is a cause or consequence of social support. For
instance, a study developed by Marshall, Parker,
Ciarrochi, and Heaven (2014), analyzed two models
(self-esteem as an antecedent and self-esteem as an
outcome) and concluded that self-esteem predicted
social support, while other studies (e.g., Bum &
Jeon, 2016; Haugen, Safvenbom, & Ommundsen,
2011) included self-esteem as an outcome. Bum and
Jeon (2016) showed that parents’, professors’, and
peers’ social support were significant antecedent
variables that increased the students’ self-esteem.
Haugen et al. (2011) found that increased levels of
PA were beneficial for global self-worth in male and
female adolescents ough enhancing their percep-
tions of physical self-esteem. Thus, future studies,
namely more longitudinal studies, systematic
reviews, and meta-analysis are needed to explore
these associations in more detail.

Although the present study contributes to the
understanding of the relationship between social
support, self-esteem, and PA, it has some limi-
tations. The study is cross-sectional, so we can
only address the associations among the variables
without determining their causality. In this sense,
longitudinal or experimental studies are necessary
to further examine the effects of the studied varia-
bles on each other. In addition, PA was assessed by
a questionnaire. Although [PAQ is extensively used,
valid, and reliable population wise, the use of ques-
tionnaires for assessing PA can be limitative, since
they rely on participants’ memory and, in the case
of IPAQ, their capability to remember PA in the last
seven days. Future research should include objec-
tive measures (e.g., pedometer and/or accelerom-
eter). The data from this study were from the north
of Portugal, which consequently imposes regional
limits on their generalizability. Hence, forthcoming
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studies should try, to make an effort and collect
a large and stratified sample of other regions of
Portugal and analyze these variables across regions.
To the best of our knowledge, it seems that this was
the first study to consider the self-esteem as a medi-
ator in the interaction between social support from
the best friend, friends, and parents, and different
levels of PA. Therefore, future studies should also
test our hypothesized model under similar contexts
and in different cultures. Finally, other variables
such as age and sports practice experience should
be included in future studies, and their interaction
as a mediator or moderator between social support
and PA might be considered. All in all, our find-
ings suggest that the proposed model operates in
the same way, independently of the adolescent
sex, particularly in terms of VPA, which strongly
corroborates previous findings (Reddon, Meyre,
& Cairney, 2017). In this regard, the findings of
the present study could help future researchers to
improve their intervention in terms of enhancing
PA levels in adolescents by considering the impor-

References

tance of self-esteem. In addition, another important
avenue is related to social support. While changes
toward lower self-worth, self-efficacy, self-esteem,
lower perception of social support may be attributed
to pubertal changes, an emerging capacity to think
abstractly about oneself, confusion and shifts in
roles and responsibilities as well as identity devel-
opment, the social support from friends, parents
and the best friends may be seen as one factor that
operates to improve levels of self-esteem in adoles-
cents and, consequently, to improve or maintain
their PA levels.

In conclusion, self-esteem mediates the relation-
ship between social support and VPA; the strength
of mediation is higher in girls than in boys; in both
genders the mediation is higher when the social
support has come from parents. Therefore, it could
be said that the more social support an adolescent
receives, particularly from the parents, the higher
his or her self-esteem will be, leading him or her
to attain greater ous physical activity.

Ajzen, 1. (1991). The theory of planned behavior. Organizational Behavior and Human Decision Processes, 50(2),
179-211. doi: 10.1016/0749-5978(91)90020-T

Allison, P.D. (2000). Multiple imputation for missing data. Sociological Methods and Research, 28(3), 301-309. doi:
10.1177/0049124100028003003

Andrews-Hanna, J.R., Mackiewicz Seghete, K.L., Claus, E.D., Burgess, G.C., Ruzic, L., & Banich, M.T. (2011).
Cognitive control in adolescence: Neural underpinnings and relation to self-report behaviors. PLoS ONE, 6(6),
€21598. doi: 10.1371/journal.pone.0021598

Baldwin, S.A., & Hoffmann, J.P. (2002). The dynamics of self-esteem: A growth-curve analysis. Journal of Youth and
Adolescence, 31(2), 101-113. doi: 10.1023/a:1014065825598

Bandura, A. (1998). Health promotion from the perspective of social cognitive theory. Psychology and Health, 13(4),
623-649. doi: 10.1080/08870449808407422

Bernardo, R.P.S., & Matos, M.G. (2003). Adaptag@o Portuguesa do Physical Self-Perception Profile for Children and
Youth e do Perceived Importance Profile for Children and Youth. Andlise Psicologica, 21(2), 127-144.

Birch, D.A. (1998). Identifying sources of social support. Journal of School Health, 68(4), 159-161. doi: 10.1111/j.1746-
1561.1998.tb06335.x

Bowker, A. (2003). Sports participation and self-esteem: Variations as a function of gender and gender role orientation.
Sex Roles, 49(1/2), 47-58. doi: 10.1023/a:1023909619409

Bum, C.-H., & Jeon, 1.-K. (2016). Structural relationships between students’ social support and self-esteem, depression,
and happiness. Social Behavior and Personality, 44(11), 1761-1774. doi: 10.2224/sbp.2016.44.11.1761

Cheng, L.A., Mendonga, G., & Junior, J.C.D.F. (2014). Physical activity in adolescents: Analysis of social influence
of parents and friends. 90(1), 35-41. doi: 10.1016/j.jpedp.2013.05.005

Craig, C.L., Marshall, A.L., Sjostrdom, M., Bauman, A.E., Booth, M.L., Ainsworth, B.E., . . ., & Oja, P. (2003).
International Physical Activity Questionnaire: 12-country reliability and validity. Medicine and Science in
Sports and Exercise, 35(8), 1381-1395. doi: 10.1249/01.MSS.0000078924.61453.FB

Davison, K.K., Werder, J.L., Trost, S.G., Baker, B.L., & Birch, L.L. (2007). Why are early maturing girls less active?
Links between pubertal development, psychological well-being, and physical activity among girls at ages 11
and 13. Social Science and Medicine, 64(12), 2391-2404. doi: 10.1016/j.socscimed.2007.02.033

Di Bartolomeo, G., & Papa, S. (2019). The effects of physical activity on social interactions: The case of trust and
trustworthiness. Journal of Sports Economics, 20(1), 50-71. doi: 10.1177/1527002517717299

Dumith, S.C., Gigante, D.P., Domingues, M.R., & Kohl, HW. (2011). Physical activity change during adolescence: A

systematic review and a pooled analysis. International Journal of Epidemiology, 40(3), 685-698. doi: 10.1093/
ije/dyq272

217



Lopes, V.P. and Monteiro, D.: CAN SELF-ESTEEM MEDIATE THE ASSOCIATION... Kinesiology 54(2022)2:208-220

Duncan, S.C., Duncan, T.E., & Strycker, L.A. (2005). Sources and types of social support in youth physical activity.
Health Psychology, 24(1), 3-10. doi: 10.1037/0278-6133.24.1.3

Ekeland, E., Heian, F., & Hagen, K.B. (2005). Can exercise improve self esteem in children and young people? A
systematic review of randomised controlled trials. Commentary. British Journal of Sports Medicine, 39(11),
792-798. doi: 10.1136/bjsm.2004.017707

Farooq, M.A., Parkinson, K.N., Adamson, A.J., Pearce, M.S., Reilly, J.K., Hughes, A.R., . . ., & Reilly, J.J. (2018).
Timing of the decline in physical activity in childhood and adolescence: Gateshead Millennium Cohort Study.
British Journal of Sports Medicine, 52(15), 1002-1006. doi: 10.1136/bjsports-2016-096933

Fenton, S.A.M., Duda, J.L., Appleton, P.R., & Barrett, T.G. (2017). Empowering youth sport environments: Implications
for daily moderate-to-vigorous physical activity and adiposity. Journal of Sport and Health Science, 6(4),
423-433. doi: 10.1016/j.jshs.2016.03.006

Fox, K.R. (2000). Self-esteem, self-perceptions and exercise. International Journal of Sport Psychology, 31(2), 228-240.

Fox, K.R. (1999). The influence of physical activity on mental well-being. Public Health Nutrition, 2(3a), 411-418.
doi: 10.1017/s1368980099000567

Fox, K.R., & Corbin, C.B. (1989). The Physical Self-Perception Profile: Development and preliminary validation.
Journal of Sport and Exercise Psychology, 11(4), 408-430. doi: 10.1123/jsep.11.4.408

Fritz, M.S., & Mackinnon, D.P. (2007). Required sample size to detect the mediated effect. Psychological Science,
18(3), 233-239. doi: 10.1111/j.1467-9280.2007.01882.x

Gill, M., Chan-Golston, A.M., Rice, L.N., Roth, S.E., Crespi, C.M., Cole, B.L., . . ., & Prelip, M.L. (2018). Correlates
of social support and its association with physical activity among young adolescents. Health Education and
Behavior, 45(2), 207-216. doi: 10.1177/1090198117714826

Glanz, K., Rimer, B.K., & Viswanath, K. (Eds.) (2015). Health behavior: Theory, research, and practice (4" ed.). New
York: Jossey-Bass/Wiley.

Guedes, D.P., Lopes, C.C., & Guedes, J.E.R.P. (2005). Reprodutibilidade e validade do Questionario Internacional de
Atividade Fisica em adolescentes. Revista Brasileira de Medicina do Esporte, 11, 151-158.

Guthold, R., Stevens, G.A., Riley, L.M., & Bull, F.C. (2020). Global trends in insufficient physical activity among
adolescents: A pooled analysis of 298 population-based surveys with 1.6 million participants. The Lancet Child
and Adolescent Health, 4(1), 23-35. doi: 10.1016/s2352-4642(19)30323-2

Hagstromer, M., Bergman, P., De Bourdeaudhuij, I., Ortega, F.B., Ruiz, J.R., Manios, Y., . . ., & Group., H.S. (2008).
Concurrent validity of a modified version of the International Physical Activity Questionnaire (IPAQ-A) in
European adolescents: The HELENA Study. International Journal of Obesity, 32(Suppl 5), S42-S48. doi:
10.1038/1j0.2008.182.

Hair, J., Babin, B.J., Anderson, R.E., & Black, W.C. (2019). Multivariate data analysis (8th ed.). Hoboken, NJ: Pearson
Educational, Inc.

Harter, S. (1982). The Perceived Competence Scale for Children. Child Development, 53, 87-97.

Harter, S. (1987). The determinants and mediational role of global self-worth in children. In M.E. Eisenberg (Ed.),
Contemporary topics in developmental psychology (pp. 219-242). New York: Wiley.

Harter, S. (1993). Causes and consequences of low self-esteem in children and adolescents. In R.F. Baumeister (Ed.),
Self-esteem: The puzzle of low self-regard (pp. 87-116). Boston, MA: Springer US.

Harter, S., & Marold, D.B. (1991). A model of the determinants and mediational role of self-worth: Implications for
adolescent depression and suicidal ideation. In J. Strauss & G.R. Goethals (Eds.), The Self: Interdisciplinary
approaches (pp. 66-92). New York, NY: Springer New York.

Haugen, T., Sdfvenbom, R., & Ommundsen, Y. (2011). Physical activity and global self-worth: The role of physical self-
esteem indices and gender. Mental Health and Physical Activity, 4(2), 49-56. doi: 10.1016/j.mhpa.2011.07.001

Hayes, A. (2018). Introduction to mediation, moderation, and conditional process analysis (2™ ed.). A regression-
based approach. New York, NY: Guilford Publications.

Hohepa, M., Scragg, R., Schofield, G., Kolt, G., & Schaaf, D. (2007). Social support for youth physical activity:
Importance of siblings, parents, friends and school support across a segmented school day. International Journal
of Behavioral Nutrition and Physical Activity, 4(1), 54.

Howie, E.K., Daniels, B.T., & Guagliano, J.M. (2018). Promoting physical activity through youth sports programs: It’s
social. American Journal of Lifestyle Medicine, 14(1), 78-88. doi: 10.1177/1559827618754842

Inchley, J., Kirby, J., & Currie, C. (2011). Longitudinal changes in physical self-perceptions and associations with
physical activity during adolescence. Pediatric Exercise Science, 23(2), 237-249. doi: 10.1123/pes.23.2.237

Jago, R., Page, A.S., & Cooper, A.R. (2012). Friends and physical activity during the transition from primary to secondary
school. Medicine and Science in Sports and Exercise, 44(1), 111-117. doi: 10.1249/MSS.0b013e318229df6¢e

Janz, N.K., & Becker, M.H. (1984). The Health Belief Model: A decade later. Health Education Quarterly, 11(1), 1-47.
doi: 10.1177/109019818401100101

Jekauc, D., Mnich, C., Niessner, C., Wunsch, K., Nigg, C.R., Krell-Roesch, J., & Woll, A. (2019). Testing the Weiss-

Harter-Model: Physical activity, self-esteem, enjoyment, and social support in children and adolescents. Frontiers
in Psychology, 10, 2568. doi: 10.3389/fpsyg.2019.02568

218



Lopes, V.P. and Monteiro, D.: CAN SELF-ESTEEM MEDIATE THE ASSOCIATION... Kinesiology 54(2022)2:208-220

Karteroliotis, K. (2008). Validation of the Physical Self-Perception Profile among college students. Journal of Education
and Human Development, 2(1).

King, K.A., Tergerson, J.L., & Wilson, B.R. (2008). Effect of social support on adolescents’ perceptions of and
engagement in physical activity. Journal of Physical Activity and Health, 5(3), 374-384. doi: 10.1123/jpah.5.3.374

Korn, L., Gonen, E., Shaked, Y., & Golan, M. (2013). Health perceptions, self and body image, physical activity and
nutrition among undergraduate students in Israel. PLoS ONE, 8(3), €58543. doi: 10.1371/journal.pone.0058543

Liu, M., Wu, L., & Ming, Q. (2015). How does physical activity intervention improve self-esteem and self-concept in
children and adolescents? Evidence from a meta-analysis. PLoS ONE, 10(8), ¢0134804. doi: 10.1371/journal.
pone.0134804

Lopes, V.P., Gabbard, C., & Rodrigues, L.P. (2013). Physical activity in adolescents: examining influence of the best
friend dyad. Journal of Adolescent Health, 52(6), 752-756. doi: 10.1016/j.jadohealth.2012.12.004

Lopes, V.P., Gabbard, C., & Rodrigues, L.P. (2015). Effects of psychosocial variables in the similarity and interdependence
of physical activity levels among adolescent best friend dyads. Journal of Sports Sciences, 34(9), 821-828. doi:
10.1080/02640414.2015.1075054

Luna, B. (2009). Developmental changes in cognitive control through adolescence. Advances in Child Development
and Behavior, 37,233-278. doi: 10.1016/s0065-2407(09)03706-9

Marks, J., de la Haye, K., Barnett, L.M., & Allender, S. (2015). Friendship network characteristics are associated
with physical activity and sedentary behavior in early adolescence. PLoS ONE, 10(12), e0145344. doi: 10.1371/
journal.pone.0145344

Marsh, HW., & Redmayne, R.S. (1994). A multidimensional physical self-concept and its relations to multiple
components of physical fitness. Journal of Sport and Exercise Psychology, 16(1), 43-55.

Marsh, HW., Smith, [.D., & Barnes, J. (1983). Multitrait-multimethod analyses of the self-description questionnaire:
Student-teacher agreement on multidimensional ratings of student self-concept. American Educational Research
Journal, 20(3), 333-357. doi: 10.3102/00028312020003333

Marshall, S.L., Parker, P.D., Ciarrochi, J., & Heaven, P.C.L. (2014). Is self-esteem a cause or consequence of social
support? A 4-year longitudinal study. Child Development, 85(3), 1275-1291. doi: 10.1111/cdev.12176

Mendonca, G., Cheng, L.A., Melo, E.N., & De Farias Junior, J.C. (2014). Physical activity and social support in
adolescents: A systematic review. Health Education Research, 29(5), 822-839. doi: 10.1093/her/cyu017

Neumark-Sztainer, D., Story, M., Hannan, P.J., Tharp, T., & Rex, J. (2003). Factors associated with changes in physical
activity. Archives of Pediatrics and Adolescent Medicine, 157(8), 803. doi: 10.1001/archpedi.157.8.803

Nezhad, M.M., Nordentoft, M., Gildeh, B.S., & Stelter, R. (2011). Validation of the Physical Self-Perception Profile
(PSPP) in a sample of depressed Danish psychiatric patients: Applying factor analyses. lranian Journal of
Health and Physical Activity, 2(1), 34-45.

Page, A., Fox, K., Biddle, S., & Ashford, B. (1993). Evidence of cross-cultural validity for the Physical Self-Perception
Profile. Personality and Individual Differences, 14(4), 585-590. doi: 10.1016/0191-8869(93)90151-R

Pascoe, M., Bailey, A.P., Craike, M., Carter, T., Patten, R., Stepto, N., & Parker, A. (2020). Physical activity and exercise
in youth mental health promotion: A scoping review. BMJ Open Sport and Exercise Medicine, 6(1), e000677.
doi: 10.1136/bmjsem-2019-000677

Prochaska, J.J., Rodgers, M.W., & Sallis, J.F. (2002). Association of parent and peer support with adolescent physical
activity. Research Quarterly for Exercise and Sport, 73(2), 206-210.

Prochaska, J.O., & DiClemente, C.C. (1982). Transtheoretical therapy: Toward a more integrative model of change.
Psychotherapy: Theory, Research and Practice, 19(3), 276-288. doi: 10.1037/h0088437

Reddon, H., Meyre, D., & Cairney, J. (2017). Physical activity and global self-worth in a longitudinal study of children.
Medicine and Science in Sports and Exercise, 49(8), 1606-1613. doi: 10.1249/mss.0000000000001275

Robins, RW., & Trzesniewski, K.H. (2005). Self-esteem development across the lifespan. Current Directions in
Psychological Science, 14(3), 158-162. doi: 10.1111/j.0963-7214.2005.00353.x

Rosenberg, M. (1979). Conceiving the self. New York, NY: Basic Books.

Ryan, R.M., & Deci, E.L. (2018). Self-Determination Theory: Basic psychological needs in motivation, development,
and wellness. New York; NY: Guilford Publications.

Sacks, D. (2003). Age limits and adolescents. Paediatrics and Child Health, 8(9), 577-577. doi: 10.1093/pch/8.9.577

Sallis, J.F., Prochaska, J.J., & Taylor, W.C. (2000). A review of correlates of physical activity of children and adolescents.
Medicine and Science in Sports and Exercise, 32(5), 963-975.

Shavelson, R.J., Hubner, J.J., & Stanton, G.C. (1976). Self-concept: Validation of construct interpretations. Review of
Educational Research, 46(3), 407-441. doi: 10.3102/00346543046003407

Shrout, P.E., & Bolger, N. (2002). Mediation in experimental and nonexperimental studies: New procedures and
recommendations. Psychological Methods, 7(4), 422.

Stearns, J.A., Godley, J., Veugelers, P.J., Ekwaru, J.P., Bastian, K., Wu, B., & Spence, J.C. (2019). Associations of
friendship and children’s physical activity during and outside of school: A social network study. SSM — Population
Health, 7, 100308. doi: 10.1016/j.ssmph.2018.10.008

219



Lopes, V.P. and Monteiro, D.: CAN SELF-ESTEEM MEDIATE THE ASSOCIATION... Kinesiology 54(2022)2:208-220

Teixeira, P.J., Carraga, EV., Markland, D., Silva, M.N., & Ryan, R.M. (2012). Exercise, physical activity, and self-
determination theory: A systematic review. International Journal of Behavioral Nutrition and Physical Activity,
9(1), 78. doi: 10.1186/1479-5868-9-78

Uchino, B.N., Cacioppo, J.T., & Kiecolt-Glaser, J.K. (1996). The relationship between social support and physiological
processes: A review with emphasis on underlying mechanisms and implications for health. Psychological
Bulletin, 119(3), 488-531. doi: 10.1037/0033-2909.119.3.488

Viidninen, J.-M., Marttunen, M., Helminen, M., & Kaltiala-Heino, R. (2014). Low perceived social support predicts
later depression but not social phobia in middle adolescence. Health Psychology and Behavioral Medicine, 2(1),
1023-1037. doi: 10.1080/21642850.2014.966716

Warburton, D.E.R., & Bredin, S.S.D. (2017). Health benefits of physical activity. Current Opinion in Cardiology, 32(5),
541-556. doi: 10.1097/hc0.0000000000000437

Weiss, M.R. (2000). Motivating kids in physical activity. President’s Council on Physical Fitness and Sports Research
Digest.

Weiss, M.R. (2008). Motivational orientations and sport behavior. In T.S. Horn (Ed.), Advances in sport psychology
(pp. 115-155). Champaign, IL: Human kinetics.

Weiss, M.R., & Ebbeck, V. (1996). Self-esteem and perceptions of competence in youth sport: Theory, research, and
enhancement strategies: The child and adolescent athlete. In O. Bar-Or (Ed.), The encyclopaedia of sports
medicine: The child and adolescent athlete (Vol. V1, pp. 364-382). Blackwell Science.

Welk, G.J., & Eklund, B. (2005). Validation of the children and youth physical self perceptions profile for young
children. 6(1), 51-65. doi: 10.1016/j.psychsport.2003.10.006

WHO — World Health Organization. (2010). Global recommendations on physical activity for health. Geneva: World
Health Organization.

WHO — World Health Organization. (2018). Global action plan on physical activity 2018 — 2030 More active people
for a healthier world. Geneva: World Health Organization.

Williams, J., & MacKinnon, D.P. (2008). Resampling and distribution of the product methods for testing indirect
effects in complex models. Structural Equation Modeling: A Multidisciplinary Journal, 15(1), 23-51. doi:
10.1080/10705510701758166

World Medical Association. (2013). World Medical Association Declaration of Helsinki: Ethical principles for medical

research involving human subjects. Journal of the American Medical Association, 310(20), 2191-2194. doi:
10.1001/jama.2013.281053

Submitted: November 6, 2020
Accepted: June 3, 2022
Published Online First: September 2, 2022

Correspondence to:

Prof. Vitor P. Lopes, Ph.D.

Instituto Politécnico de Braganga

Campus de Santa Apoldnia, 5300-223, Braganga,
Portugal

Research Centre in Sports Sciences Health Sciences
and Human Development (CIDESD), Vila Real,
Portugal

E-mail: vplopes@ipb.pt

ORCID: 0000-0003-1599-2180

Acknowledgments

This work was supported by the National Funding through the Portuguese Foundation for Science and Technology,
L.P., under the project UID04045/2020.
The authors would like to thank all the students that participated in this study.

220



Popowczak, M., Rokita, A. and Domaradzki, J.: EFFECTS OF TABATA TRAINING ON... Kinesiology 54(2022)2:221-229

EFFECTSOF TABATATRAININGONHEALTH-RELATEDFITNESS
COMPONENTS AMONG SECONDARY SCHOOL STUDENTS

Marek Popowczak, Andrzej Rokita, and Jarostaw Domaradzki

Faculty of Physical Education and Sport,
Wroclaw University of Health and Sport Sciences, Poland

Original scientific paper
DOI 10.26582/k.54.2.2

Abstract:

Physical education curricula in Polish schools should include more tasks to increase physical activity.
The Tabata Training Program can help regulate body weight and induce changes in body fat and physical
fitness. This study aimed to determine the effects of a 10-week PE curriculum supplemented by a Tabata
Training Program on health-related fitness in 16-year-old secondary school students. The study examined
187 students (66 boys and 121 girls) assigned to either a Tabata Training Program intervention or control
group. The intervention lasted 14 minutes during one physical education lesson per week. Pre- and post-
intervention, anthropometric measurements were taken, and each participant performed physical fitness
tests to evaluate muscular strength, flexibility, speed/agility, and cardiovascular efficiency. Boys of the
intervention group significantly reduced body fat (by 1.77%, p<.05) and increased cardiovascular efficiency
(the physical efficiency index was higher by 3.61 points, p<.05). Girls increased cardiovascular efficiency only
(the physical efficiency index increased by 5 points, p<.001). However, slight changes in motor parameters
were observed in all the participants. The Tabata Training Program demonstrated partial effectiveness but

should be individualized and sex differences should be considered.

Key words: physical education, intervention study, exercise training, youth

Introduction

Physical activity has comprehensive health
benefits for people of all ages. Generally, young
people (13—17 years old) need 60 minutes of
moderate-to-high-intensity physical activity daily
(Costigan, Eather, Plotnikoff, Taaffe, & Lubans,
2015), to which physical education (PE) classes
can significantly contribute. High-intensity interval
training (HIIT) can be used in these classes to help
cope with and prevent obesity and overweight
(Camacho-Cardenosa, et al., 2016; Costigan, et
al., 2018; Delgado-Floody, Latorre-Roman, Jerez-
Mayorga, Caamano-Navarrete, & Garcia-Pinillos,
2019).

Physical inactivity’s growing prevalence is
associated with child/adolescent overweight and
obesity: about 80% of young people do not perform
the minimum physical activity level recommended
by the World Health Organization (WHO) (Hallal,
et al., 2012). Even physically active people reduce
their activity by about 10% annually during adoles-
cence (Dumith, Gigante, Domingues, & Kohl,
2011). In Poland, the same patterns are present,
where regular physical activity decline surpasses
that in other European and world countries. Physical
education classes should improve students’ phys-

ical literacy and other skills in various sports and
promote health-related physical activity through the
implementation of intervention programs based on
increased exercise intensity (Heath, et al., 2012).
Positive correlations between the implemented
high-intensity exercises and a more favorable waist-
to-hip ratio (WHR), blood pressure, and body mass
index (BMI) have been indicated (Carson, et al.,
2014; Hay, et al., 2012).

The HIIT method, which uses a short interven-
tion time (up to a few minutes) with vigorous-inten-
sity exercise (at about 75% of maximum heart rate),
may offer a solution (Costigan, et al., 2015). Such an
intensity improves adolescents’ maximum oxygen
uptake and morphological features (i.e., WHR,
BMI, and body fat percentage). The mentioned
studies were conducted mainly in clinical condi-
tions, instead of in natural conditions during
school PE classes, and/or with rather small samples
(Buchan, et al., 2011; Camacho-Cardenosa, et al.,
2016; Delgado-Floody, et al., 2019). Further, studies
largely used repeated sprints for the HIIT exer-
cises, while others used a circuit-training method
(Lambrick, Westrupp, Kaufmann, Stoner, Faulkner,
2016; Weston, et al., 2016) or Tabata procedure
(Afyon, Miilazimoglu, & Altun, 2018; Ekstrom,
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Ostenberg, Bjorklund, & Alricsson, 2017). In Tabata
procedure, short rests between efforts are key for
increasing both aerobic and anaerobic capacity in
exercisers. In HIIT interval training experiments,
the program is usually run one, two, or three times
a week. However, results show that morphological
(fat reduction) and physiological changes occur even
after a single workout but also that increasing the
number of weekly workouts does not significantly
increase the observed changes (Chin, et al. 2020).
These different strategies for achieving high inten-
sity usually yield different results and, even when
used together, do not provide a holistic solution or
address both physical capacity and body weight/
height components.

Therefore, our research aimed to determine
the effects of a 10-week PE curriculum supple-
mented with the Tabata-based interval training on
16-year-olds regarding individual health-related
fitness (HR-F) components, such as morpho-
logical features, cardiovascular features, muscle
strength, and motor skills (divided by gender). In
Poland, no studies have been conducted to date on
the impact of PE lessons supplemented with HIIT
on morphological and physiological parameters.
Further, Poland has no recommendations for using
HIIT with PE lessons, so our results may contribute
to the development of PE classes that integrate
HIIT. They can also be used to justify changes to
Poland’s PE system regarding supplementing it with
various elements to improve physical performance
and prevent overweight and obesity among Polish
youth (Osinski & Kantanista, 2017), with no need to
abandon other sports conducted during PE lessons.

We hypothesized that the introduction of a
14-minute HIIT based on the Tabata training
program to one PE lesson/per week, run for 10
weeks, was sufficient to observe improvements in
health indicators such as fat reduction, physical
performance and motor skills performance.

Methods

Participants and procedure

The G*Power (version 3.1.) was used to calcu-
late the a priori sample size. For the general linear
multidimensional analysis of variance (MANOVA)
with repeated measures and the interaction term,
the effect size of 0.25 (medium effect size), a p-value
of .05, power of 0.80, number of groups (4), and two
measurements the suggested total sample size was
179 (Steyn & Ellis, 2009). This sample size was
accurate (sufficient but not excessive) for proper
interpretation of the results.

The sample of participants was comprised of
187 adolescents (66 boys: age 16.24+0.34 years;
121 girls: age 16.12+0.42 years) from a prese-
lected urban, comprehensive secondary school in
Wroclaw, whose school principal responded to the

invitation and consented to the study. Students were
of the same sociocultural level and lived in the same
geographical area (i.e., a big city of about 650,000
inhabitants). Before starting the experiment, all
participants’ parents provided the written informed
consent. A control group (CG) and experimental
group (EG) had randomly been selected from all
the first-year secondary school students (six classes
in total) before the school year began. All students
from the three first-year classes were assigned to
the EG (n=92), and all students from the other three
first-year classes were included in the CG (n=95).

Participants of the EG performed a 14-minute
HIIT exercise regimen based on the Tabata training
program (TAP), presented as a video during one of
three weekly PE lessons carried out in the fitness
room. The TAP was used in the EG group for 10
weeks (from the 5th week of the school year) from
9:00 a.m. to 12:30 p.m. The remaining PE lessons
were conducted according to the school’s regular
curriculum for the first-year secondary students.
Participants of the CG followed the regular PE
curriculum. The stretching or gym exercises were
used instead of HIIT exercises used in the EG.
Participants were instructed to maintain normal
levels of their physical activity and refrain from
other organized physical activities except for PE
(Cvetkovié, et al., 2018). During the other two
weekly PE lessons, both the EG and CG participated
in various team sports, dance, and gym exercises.

The results of 19 EG and 26 CG participants
were excluded from further analyses due to various
reasons. These included the participants involved
in organized physical activity (i.e., attendees of
a fitness gym) or additional recreational activi-
ties during the previous six months (17 students),
those who had medical contraindications for motor
activity and/or those with cardiovascular/respira-
tory diseases (10 students), those who discontinued
PE class participation (due to school or class change:
nine students), and those who did not complete
all the tests (nine students). No participant with-
drew from the program because of fatigue or lack
of interest. Therefore, 73 EG participants (girls:
n=42, body height 164.89+6.08 cm; boys: n=31,
body height 176.47+6.21 cm) and 69 CG participants
(girls: n=47, body height 163.92+6.96 cm; boys:
n=22, body height 177.13+5.98 cm) were analyzed.

The particular school was chosen since it offered
a sufficient number of students and one researcher
had contact to the school before the start of the
study.

The project was approved by the Ethics
Committee of the University of the Physical Educa-
tion in Wroclaw (ECUPE No. 33/2018). All students
and their legal guardians were informed in detail
about the design of the study, including the poten-
tial risks and benefits, before providing their written
informed consent to participate. Then all legal
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guardians were asked to sign a consent document
prior to testing.

Intervention

During one weekly PE lesson, the EG partici-
pants performed the TAP (Fig. 1). This training
aimed to improve aerobic and anaerobic effi-
ciency, strengthen the ligamentous and muscular
system, and improve resting metabolism, which
should lead to gradual body fat reduction (Tabata,
etal., 1996). In the current study, the TAP program
was introduced in only one PE lesson per week
for two reasons. First, measuring students” TAP
outcomes was feasible once per week at this stage
of the project. Second, the TAP implementation
once a week allowed maintaining students’ interest
in other sports disciplines while still facilitating
changes in HR-F components (Chin, et al., 2020;
Logan, et al., 2016). During PE lessons, students
were improving their physical literacy and other
skills in various sports (e.g., volleyball, basket-
ball, football, gymnastics, athletics, dancing, table
tennis, Nordic walking). Thus, this research serves
as a starting point for any further research with a
larger sample size.

A PE lesson (total duration time 45 minutes)
started with a standardized 10-minute warm-up
of 5-minute slow jogging and 5-minute stretching
(dynamic and static). The lesson’s main activity was
14 minutes of TAP, which comprised three sessions,
each lasting four minutes. Each session’s Tabata
protocol consisted of eight cycles of two exercises.

The following exercises were used in the first
session: push-ups and high knees. In the second
session: dynamic lunges, spider crawl, and in the
third: plank to push-up and side squeeze (Afyon,
Miilazimoglu, & Altun, 2018; Logan, et al., 2016;
Wilke, et al., 2018). The exercises utilized were
chosen because they require no or minimal exercise
equipment and target several large muscle groups.
Each cycle started with a maximum-intensity exer-
cise lasting 20 seconds of as many repetitions as
possible and then a 10-second active rest (low-
intensity exercise) followed. There was a 1-minute
break between each session during which no exer-
cise was performed. After the TAP, the final PE
lesson activity (flexibility and relaxation exercises)
was performed for several minutes as a part of the
regular curriculum of the subject. At the begin-
ning and at the end of the lesson, organizational
tasks were carried out and discussions on the Tabata
protocol, its effects and research on Tabata training
were presented.

The authors prepared the exercises (for the
experimental purposes), recorded, and played
them during the PE lesson on a screen so the exer-
cise and rest times were measured accurately. To
verify exercise intensity during the TAP, adoles-
cents’ maximum heart rate was determined with
the formula HR,,, = 208 — 0.7 % age (16 years)
(Tanaka, Monahan, & Seals, 2001) where HR .,
was maximum heart rate. The calculated maximum
heart rate (197 bpm) was used to compute the high-
intensity exercise ranging 75%—80% of maximum

| Baseline ‘ | 10 weeks | After intervention
| 4th week of the school year | weeks of the school year I 15th week of the school year I
5|6 7|3|9|1o|11|12|13|14
Measurements of HR-F : Measurements of HR-F
components on one day Bedmng e e essonsatineeck components on one day
‘ Single TAP |
10" warm-up: 14 minutes 710’ after TAP:
* 5, slow jogging, ) « flexibility exercises,
+ 9'strefching (dynamic, static) 1stset 2nd gt et + relaxation exercises
4 1" rest 4 1" rest 4
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Figure 1. Scheme of the intervention. TAP — Tabata training program, PE — physical education.

223



Popowczak, M., Rokita, A. and Domaradzki, J.: EFFECTS OF TABATA TRAINING ON...

Kinesiology 54(2022)2:221-229

heart rate (145—157 bpm). Students’ heart rates were
monitored during the first PE lesson with TAP
using a Polar H1 heart rate monitor (Polar Electro,
Kempele, Finland). The monitors were fitted to each
student’s chest, leveled with the xiphoid process and
underneath clothing. Heart rate was displayed on
the Polar H1 watch screens during TAP exercises
to encourage users to maintain an adequate inten-
sity level. The EG achieved an average of HR=155.8
bpm (£18.2; CI 121-184). In subsequent lessons of
the Tabata protocol, the exercise intensity of HR
measurement was similar to the intensity recorded
during the first PE lesson.

Instruments

HR-F components were measured for the EG
and CG pre- and post- TAP (in the 4th and 15th
weeks of the school year). The tests were conducted
on one day, from 8:00 a.m. to 1:00 a.m., in sports
halls under the same conditions for each group.
Each participant wore a T-shirt, shorts, and sports
footwear. Only anthropometric measurements were
conducted without sneakers.

Measurements of HR-F components

Measurements were taken pre- and post-inter-
vention in the following order: anthropometric
measurements, muscular strength and flexibility,
speed and agility, and cardiovascular (physical) effi-
ciency. Each measurement’s protocol was based on
HR-F measurement recommendations.

Anthropometric measurements

Two body height measurements were taken
with an accuracy of 0.1 cm using anthropometers
(GPM Anthropological Instruments). Body weight
and body fat percentage were measured with a body
composition analyzer using the InBody230 bioelec-
tric impedance method (InBody Co. Ltd, Cerritos,
CA, USA). The above data were used to calculate
BMI.

Cardiovascular parameters

The physical efficiency index (PEI) that
defines cardiovascular efficiency was determined
using the Harvard Step Test. Participants stepped
up and down on a 16.25 inch (41.3 cm) high stool
at a pace of 30 cycles per minute with a metro-
nome set at 120 bpm. The exercise continued for
up to 300 seconds, unless participants’ volitional
exhaustion. Recovery pulse was recorded within
1.5 minutes into the recovery. Prior to each test,
Polar H1 heart rate monitors were fitted to each
student as per the afore-mentioned process. Resting
heart rate, heart rate changes during exercise, and
recovery pulse were measured. Heart rate moni-
tors sampled participants’ pulse at 5-second inter-
vals and transmitted them to a smartwatch (Polar,

Polar Electro; Kempele, Finland). PEI was calcu-
lated using the following formula (Bajaj, Appadoo,
Bector, & Chandra, 2008):

PEI = (100 x L)/(5,5 X p)

where L = duration of the test in seconds, L < 300
seconds, and p = heart rate within 1.5 minutes after
the subject stopped the test.

Musculoskeletal component parameters

To determine the musculoskeletal component
parameters, hand muscular strength (HST) meas-
urement, 30-second sit-up test (abdominal muscular
strength) and sit-and-reach test (SRT; flexibility)
were used. All the tests were performed according
to the Eurofit guidelines (Adam, Klissouras, Ravaz-
zolo, Renson, & Tuxworth, 1988). The Eurofit tests
demonstrate very good test-retest reliability and
validity (Tomkinson, et al., 2018).

HST was measured using the handgrip strength
test via a hydraulic hand dynamometer (Baseline,
FEI, Irvington, NY, USA). The dynamometer was
sized to the individual with its spine parallel to
the performer’s thumb. The participant gripped
the have demonstrated (with or without chalk, as
desired) with a neutral wrist and squeezed it for
3-5 seconds. Any dynamometer pumping was
considered a failed trial because it seemed to cause
a falsely high reading, and the test was repeated.
The better score of two trials was recorded for each
hand.

The 30-second sit-up test measured the number
of sit-ups with the hands placed at the side of the
head, knees bent at 90°, and feet securely held by
a partner. A full sit-up was defined as touching the
knees with the elbows and returning shoulders to
the ground. A total number of correctly performed
sit-ups during 30 seconds was recorded. During the
tests, the evaluators announced remaining time at
the 10-, 20-, and 30-second marks. No other verbal
encouragement other than counting the repetitions
aloud was given during the test. Each participant
performed the test once.

In the SRT, participants sat on the ground with
straight legs against a standard reach box with 23
cm marked at the feet level. They were instructed
to bend smoothly forward and sustain the extreme
reach position for two seconds. The better score of
two trials was recorded.

Motor component

The 4x10 m shuttle run test (agility) and the
vertical jump test (VJT) were used to determine
the motor component.

The 4x10 m shuttle run was performed
according to Ortega, Ruiz, Castillo, and Sjostrom,
(2008). Two parallel lines were drawn on the floor
10 m apart. Participants ran as fast as possible from
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the starting line to the other line and returned to the
starting line, crossing each line with both feet every
time. The researcher stood at the starting line and
stopped the stopwatch when participants crossed the
line with one foot. The time taken to complete the
test was recorded to the nearest tenth of a second.
Participants wore sportswear and performed the
test twice with a 5-minute rest, and the best time
was selected.

Vertical jumping ability was assessed using
the static vertical jump procedures in the VIT. In
the VJT, a static position with a 90° knee flexion
angle was maintained for two seconds before a
jump attempt without any preparatory movement
(Pereira, et al., 2018). All jumps were executed with
the hands on the hips. Three attempts at each jump
were performed, interspersed by 15-second inter-
vals. Jumps were performed on a g-force tracker
(Vert Jump; VERT, Fort Lauderdale, USA) with the
obtained flight time (¢) used to estimate the height
of the rise of the body’s centre of gravity (%) during
the vertical jump (i.e., h=g#*/8, where g=9.81 m/s?).
The best attempt was analyzed.

All measurements met HR-F guidelines. The
scientific rationale for the selection of all the tests
used, including their reliability for young people,
have been previously verified (Bajaj, et al., 2008;
Ortega et al., 2008, 2011).

Data analysis

The Shapiro-Wilk test was used to evaluate data
distribution normality; all the data were normally
distributed. Descriptive data were presented as mean
+ standard deviation and skewness. General linear
multidimensional analysis of variance (MANOVA)
with repeated measures was used to evaluate the
statistical significance of changes between the pre-
and post-intervention measurement and the differ-

ences in all measurements between the EG and CG
(boys and girls). Three factors were controlled for:
gender, intergroup differentiation (EG vs CG), and
intervention (repeated measures factor). We used
Wilk’s A and n,’ to interpret multidimensional
statistical results. When statistically significant
differences were observed, ANOVA with detailed
comparisons of post-hoc tests (Tukey’s HSD tests)
was used. Statistical significance was set at a=.05.
We used Statistica version 13.0 (StatSoft Polska,
Cracow, Poland) for data analysis.

Results

Descriptive statistics of variables for the EG
and CG pre- and post- intervention are presented
in Table 1 and Table 2.

The pre-intervention MANOVA showed no
statistically significant variation (group x gender
interaction effect; A=.87, F=1.3, p=.20, n,*=.13)
between the EG and CG (both boys and girls). Thus,
the groups had a similar initial level in terms of
body composition and aerobic and motor perfor-
mance.

The MANOVA with repeated measures
confirmed statistically significant changes in the
variables following 10 weeks of the intervention
(A=.43, F=12.500, p=.000, ,’=.566). The interven-
tion factor explained 57% of parameter variability.
There was a statistically significant interaction of
the first order of the intervention and intergroup
differentiation factors (A=.77, F=2,800, p=.001,
n,°=.228), meaning both factors were modified
by their interaction and produced different results
between the EG and CG. To identify the gender
subgroups that showed differences in individual
variable results, the second-order interaction of
intervention, intergroup differentiation, and gender
factors was analyzed. This interaction was statisti-

Table 1. Changes in body composition, aerobic performance, and motor performance before and after the 10-week intervention

in boys; data are M+SD, skewness

Experimental group

Control group

Post

Pre

Post

Variables
Pre

BW [kg] 65.24+13.67, 1.41
BMI [points] 20.9043.92, 1.67
WHR 0.83+0.06, 1.44

FAT% 15.67+ 7.03, 1.22
PEI [points] 42.96+4.23,0.68
HST [kgF] 44.61+7.90, 0.57
AbS (n) 26.19+3.58, -0.14
Flex (n) 21.58+7.53, -0.64
Ag [s] 10.0840.55, 0.79
VJ [cm] 57.35+9.43, -0,55

63.81+11.81, 1,43
20.44+3.19,1.33
0.81%0.05, 1.53
13.90+6.14*, 1.02
46.57+4.27%,1.51
44.71£7.40, 0.27
27.48+3.73,-0.19
23.29+8.29, -0.45
10.25+0.78, 0.88
54.35+8.37, 0.04

65.69+10.89, 0.85
20.89+2.96, 1,10
0.82+0.05, 1.55
14.78+6.74, 1.89
43.41+4.03, 0.03
42.10+7.24, 0.48

26.38+3.58, -0.98

23.95+8.59, -0.04
9.92+0.81, 1.63
55.62+7.65, 0.25

66.87+11.34, 0.93
21.21£3.10, 1,17
0.82+0.06, 1.44
14.11£7.38, 1.68

43.84+2.20, -0.60
44.05+7.57, 0.54

30.10+5.081, 0.28
25.98+8.57,-0.14
10.05+1.11, 1.23

55.21£9.39, -0.33

Note. Pre — the first examination before the intervention, post — the second examination after 10 weeks of the intervention, BH —
body height, BW — body weight, BMI — body mass index, WHR — waist-hip ratio, FAT% — fat percentage, PEI — physical efficiency
index, HST — handgrip strength test, AbS — abdominal strength, Flex — flexibility, Ag — agility, VJ — vertical jump, post-hoc Tukey’s

test results: * p<.05, # p<.01, tp<.001.
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Table 2. Changes in body composition, aerobic performance, and motor performance before and after the 10-week intervention

in girls; data are M£SD, skewness

Experimental group

Control group

Post

Pre

Post

Variables
Pre

BW [kg] 56.08+7.48, 0.68
BMI [points] 20.57+1.93, 0.07
WHR 0.85+0.05, 0.65
FAT% 26.72+4.92, 0.57
PEI [points] 42.17+5.47, 0.61
HST [kgF] 31.31+4.28, 0.28
AbS (n) 19.29+4.79, 0.22
Flex (n) 27.2046.06, 0.14
Ag [s] 11.42+0.78, 0.42
VJ [cm] 41.6446.63, 0.17

56.22+7.71, 0.69
20.62+2.01, -0.01
0.85+0.05, 0.41
26.57+5.23, 0.34
4717£5.101, 0.58
31.86+4.66, -0.09
23.26+4.271, -0,68
28.80+6.13%,-0.13
11.56+0.70, 0.72
41.83+6.77, 0.64

57.27+12.23, 1.63
21.24+3.83, 1.68
0.85+0.05, 1.01
28.77+6.14, 0.56
44.34+5.58, 0.10
32.0946.23, 1.42
20.57+3.55, 0.19
26.28+6.85, -0.32
11.24+0.78, 0.77
43.32+5.93, 0.69

57.43+12.26, 1.61
21.30+3.87, 1.63
0.86+0.07, 1.22
27.81+7.46, 1.14
43.50+3.77, 0.52
33.28+6.66, 0.94

22.49+3.65#, -0.22

28.39+8.091, -0,76
11.43+0.74, 0.43
43.14+6.46, 0.53

Note. Pre — the first examination before the intervention, post — the second examination after 10 weeks of the intervention, BH —
body height, BW — body weight, BMI — body mass index, WHR — waist-hip ratio, FAT% — fat percentage, PEI — physical efficiency
index, HST — handgrip strength test, AbS — abdominal strength, Flex — flexibility, Ag — agility, VJ — vertical jump, post-hoc Tukey’s

test results: * p<.05, # p<.01, tp<.001.

cally significant (A=.81, F=2.30, p=.01, n,>=.19) and
indicated differentiation in individual parameters
between the four subgroups.

A series of ANOVAs identified variables
that contributed to the changed post-intervention
measurement (Table 1, Table 2). The comparison
of results pre- and post- intervention revealed
statistically significant effects of TAP on body fat
percentage and physical fitness improvement in
EG boys, who reduced body fat by 1.77% (p<.05).
They significantly improved their PEI score by 3.61
points (p<.05, Table 1). Among EG girls, there was
a statistically significant improvement (by 5 points)
in physical capacity (p<.001, Table 2). Interestingly,
motor ability test results also improved in some
groups: abdominal muscle strength in EG girls (by
3.97, p<.001), CG girls (by 1.92, p<.0l), and CG
boys (3.72, p<.001). Changes also occurred in girls’
flexibility; in EG girls, flexibility was improved by
1.6 cm (p=.04) and by 2.11 cm in CG girls (p<.001).

Discussion and conclusions

The study was mainly expected to achieve
effects related to body weight and its components
and the cardiovascular system. Detailed analysis
of post-hoc tests confirmed a significant reduction
of body fat and physical capacity improvements in
EG boys and girls versus CG peers.

Similar results were obtained by Engel, Engel,
Ackermann, Chtourou, and Sperlich (2018), who
found improvements in certain aerobic and anaer-
obic performance variables in athletes aged 8—18
years following a HIIT training protocol. Favorable
changes in aerobic and anaerobic capacity develop-
ment in young female volleyball players were docu-
mented by Afyon et al. (2018) following six weeks
of TAP participation. Furthermore, Cvetkovic¢ et

al. (2018) observed an insignificant reduction in
body fat and a physical performance improvement
in 11 to 13-year-old boys after their participation in
a 12-week HIIT training program. In 14-year-olds in
PE classes, Racil et al. (2016) found reduced body
fat and improvement in maximal oxygen uptake and
maximal aerobic speed following 12 weeks of HIIT
or moderate-intensity interval training programs.
Additionally, Camacho-Cardenosa et al. (2016)
compared changes in 11-year-olds following a HIIT
program and found increased fat mass percentage in
the CG. However, there was no significant increase
in body fat in the EG, which can be considered a
positive result.

Therefore, the present study confirms the
importance of HIIT protocols in physical activity
aimed to reduce adolescents’ body fat and improve
their physical capacity. Regarding body composi-
tion (BMI or fat mass percentage), these changes
may be minor, which may be because total energy
expenditure is limited during interval training
(Cvetkovi¢, et al., 2018). However, the HIIT
training effect size may depend on training sessions
frequency (Weston, et al., 2014). In the current
study, Tabata exercises were used during one out
of three weekly PE lessons, since the aim was to
attract students’ interest to this physical activity that
can complement regular programs implemented
in schools. Moreover, a short-term, intense exer-
cise can cause positive changes in HF-R compo-
nents in students. Furthermore, male adolescents
respond more quickly and to a greater extent to
external factors, like the high-intensity training
used in our study (Silva, Rodrigues, Clemente,
Bezerra, & Cancela Carral, 2019); in girls, however,
body fat is more stable (Pulit, Karaderi, & Lind-
gren, 2017). No changes in girls’ body fat might
also have depended on their exercise involvement.
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Boys tend to be more motivated during physical
exercise. Girls after puberty are reluctant to start
and fully engage in physical activity (Whitehead &
Biddle, 2008). Despite PEI improvements observed
in girls, this could have translated into insignificant
body fat changes.

Because of the TAP, changes also occurred
in EG girls in motor tests measuring abdominal
strength and flexibility. However, similar changes
occurred in CG girls. Therefore, it is not possible
to state that Tabata exercises were critical to devel-
oping abdominal strength and flexibility, because
changes could have come from different activities
performed by all the first-year secondary schoole
students in other PE classes.

Both groups of boys showed an improvement in
strength after 10 weeks, despite the fact that signifi-
cant changes occurred only in abdominal strength
of CG. It may be a proof of the different pace of
strength development in young boys. At the same
time, it is difficult to identify the factors of power
development, which may be largely determined by
the sexual maturation of peasants (Garcia-Bafios,
Rubio-Arias, Martinez-Aranda, & Ramos-Campo,
2020).

TAP has proved very safe for young people
implementing the PE program. No one has reported
any adverse effects or injuries resulting from partic-
ipation in this form of exercise (Weston, et al., 2014).

A study limitation is that participants were local
youths; students from other geographical locations
may have different physical fitness characteristics/
preferences and be involved in other forms of phys-
ical activity. Therefore, similar studies are needed
in different countries to evaluate TAP’s usefulness
during PE lessons in improving physical fitness and
preventing overweight and obesity. Furthermore,
participants’ motor activity in their free time was
not monitored (apart from pre- and post- interven-
tion instructions).

Another important factor involves controlling
for sexual maturation, which could have affected
our results’ consistency with previous studies.
Sexual maturation can greatly affect metabolic
outcomes, so considering puberty’s effect on metab-
olism is important for results’ validity (Camacho-
Cardenosa, et al., 2016).

Moreover, research on the effectiveness of inter-
vention interval protocols included in PE classes
should also consider nutritional aspects.
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Abstract:

The use of cupping therapy prior to sports events has increased in popularity, with limited evidence to
support its efficacy. The purpose of this study was to evaluate the efficacy of dry and wet cupping therapy on
subsequent Wingate anaerobic test (WAnNT) performance. Twelve trained men participated in this repeated-
measures randomized crossover study (age 24.9 + 4.8 years; body mass index 27.6 + 14.3 kg.m). Participants
were familiarized with the ergometer and the Wingate anaerobic test on three separate occasions. They
then randomly performed three experimental Wingate tests separated by 48-72 h after either dry cupping
(DRY), wet cupping (WET), or no treatment (CON). Repeated measures ANOVA and Pearson’s correlation
coefficient were used to analyze data and determine the relationships between WANT and peak lactate and
heart rate (HR). Peak power (PP), mean power (MP), and fatigue index (FI) were similar in all treatments
(p=.47-.72). Heart rate (HR) and lactate increased similarly at all time points in all treatments (p<.001 for
all comparisons). Post-WAnT peak HR was moderately negatively correlated with PP in all treatments and
MP in CON only (p<.05 for all correlations). No other significant correlations were detected. The present
findings demonstrate no beneficial effects of wet and dry cupping therapy, and hence do not support its use
prior to high-intensity anaerobic sports events.

Key words: Wingate test, anaerobic power, fatigue, sprint cycling, all-out exercise performance,

bloodletting cupping

Introduction

Cupping is a complementary and alternative
therapy used worldwide in various clinical condi-
tions for the management of pain and wellbeing (Al
Bedah, et al., 2016). The main forms of this therapy
include dry and wet cupping, and both involve nega-
tive pressure applied through a vacuum mecha-
nism at selected skin sites. The negative pressure
causes upward distraction of the skin and the under-
lying tissues. Additionally, wet cupping involves
prior incisions to the superficial skin, which will
be followed by cups suction for bloodletting (Al
Bedah, et al., 2016; Stephens, Selkow, & Hoffman,
2020; Wang, et al., 2020). Recently, cupping treat-
ment has become more popular in athletic popula-
tions as a sports medicine treatment for musculo-
skeletal disorders, and purportedly for enhancing
recovery and maximal effort performance (Bridgett,
Klose, Duffield, Mydock, & Lauche, 2018; Cao, Li,
& Liu, 2012; Chiu, Manousakas, Kuo, Shiao, &
Chen, 2020; Ekrami, Ahmadian, Nourshahi, &
Shakouri, 2021). Despite the use of cupping by some

athletes in the 2016 Rio Olympics and other sports
events, there has been limited evidence to support
its efficacy in improving the high intensity exercise
performance (Bridgett, et al., 2018).

Cupping is traditionally considered a recovery
modality, given that it has been shown to reduce
post-exercise inflammatory response and systemic
oxidative stress (Ekrami, et al., 2021; Tagil, et al.,
2014). The use of cupping is growing as a pre-
event strategy, where studies have examined the
effects2153 of dry cupping on indices of aerobic
fitness, isokinetic strength, balance, and flexi-
bility parameters (Antush, Brilla, Suprak, Watson,
& Olinger, 2020; Becerra, Wang, VanNess, &
Jensen, 2021; Stoner, Petrizzo, Wygand, & Otto,
2017). Although providing limited benefits on the
above performance parameters, cupping has been
suggested to improve movement biomechanics
through manipulating the fibrous adhesiveness of
fascia layers, widely known as myofascial decom-
pression (Okamoto, Masuhara, & Ikuta, 2014;
Warren, LaCross, Volberding, & O’Brien, 2020).
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Moreover, cupping has been shown to modulate
metabolic acidosis, improve muscle oxygenation,
blood flow and indices of vascular function (Arce-
Esquivel, Cage, Tulloch, & Ballard, 2020; Stephens,
et al., 2020; Wang, et al., 2020), and hence demon-
strates potential to improve anaerobic exercise
performance where metabolic acidosis and inad-
equate oxygen supply may be limiting factors.
Anaerobic capacity is critical for athletic perfor-
mance in power and team sports including soccer,
football, sprinting, speed skating, basketball,
lacrosse — and for endurance events particularly at
the start- and end-spurts (Noordhof, Skiba, & De
Koning, 2013; Scott, Roby, Lohman, & Bunt, 1991).
Yet, the authors are unaware of research exam-
ining the influence of cupping treatment on anaer-
obic capacity. Given the emerging use and poten-
tial to benefit, it is important to assess the impact
of cupping on this type of physical performance.

The aim of this study is to evaluate the effect
of wet and dry cupping treatment on the anaerobic
function of physically active participants using the
Wingate anaerobic test (WANT). According to the
potential positive effects of cupping, we hypothe-
sized that prior cupping treatment would improve
subsequent performance and the associated physi-
ological responses during the WAnT.

Methods

Participants

Twelve healthy participants completed all
procedures of the study (age 24.9 + 4.8 years; body
height 174.8 + 5.8 cm; body mass 72.9 + 7.7 kg; body
mass index 27.6 + 14.3 kg.m?; % body fat estimated
from seven skinfold sites 9.2 + 2.6%; waist-to-hip
ratio 0.8 + 0.02). Due to the global lockdowns,
this was the maximum sample size that could be
recruited under the severe pandemic restrictions. A
post-hoc power analysis for within-factor repeated
measures ANOVA revealed a power of 0.83 for the
current sample size with a calculated effect size
f(V) 1, a = 0.05, and nonsphericity correction 1
using G*Power (version 3.1 Kiel, Germany). Partici-
pants were involved in high-intensity (3 — 4 days per
week, 75 + 27.9 min per day) and moderate-inten-
sity physical activities (3 — 5 days per week, 63.4
+ 31.1 min per day). Participants were competitive
(n = 3) and recreational (n = 7) soccer players, a
competitive distance runner (n = 1), and a concur-
rent training recreational athlete (n = 1). Partici-
pants were first screened for cardiovascular, meta-
bolic, and respiratory diseases and/or the associ-
ated symptoms and were informed of the benefits
and risks of the study before providing a written
informed consent. The institutional review board
of King Abdullah University Hospital approved the
study procedures (GM7601).

Experimental design

The present study utilized a randomized cross-
over design to investigate the effect of dry and wet
cupping on anaerobic exercise performance test.
Participants visited the laboratory on seven sepa-
rate occasions at the same time of the day; three
familiarization sessions, three experimental trials,
and a session for wet cupping procedure which
was performed 24 h prior to its respective experi-
mental trial (Fig. 1). All participants were familiar-
ized with the cycle ergometer, laboratory setting,
and the WANT during three separate familiariza-
tion trials. The 1** familiarization trial included pre-
participation health and physical activity screening,
as well as body composition examination. This was
followed by a 30-min cycling at 70 — 75% HRmax
and WANT. The 2" familiarization trial included
a 30-min cycling at 70 — 75% HRmax followed
by the WAnNT. The purpose of the 30-min cycling
sessions were to extensively familiarize the partic-
ipants to cycling, due to their limited experience
with this exercise modality. The third trial consisted
of a single WAnNT effort performed with full exper-
imental procedures and measurements. In total,
participants performed two 30-min cycling sessions
at 70 — 75% HRmax on the 1* and 2™ familiariza-
tion trials, and three WAnNTs on the 1, 2", and 3"
familiarization trials. Following 72 h from the last
familiarization trial, participants were randomly
assigned to perform three experimental WAnT
trials preceded either by: 1) no treatment, which
served as the control trial (CON); 2) dry cupping
(DRY); or 3) wet cupping (WET) (Fig. 1). All famil-
iarization and experimental trials were carried out
at 22 — 23 °C between 10:00 and 13:00 a.m., with
48 — 72 h separating each trial. Participants were
required to refrain from caffeine, alcohol, and
supplements consumption, as well as strenuous
exercise 24 h before the day of testing. Further,
they were instructed to maintain same sleeping
hours, and to replicate food and liquid intake the
night before each day of testing. Participants were
asked to consume 500 ml of water about 30 min and
same type and quantity of fruits at least 2 h prior to
reporting to the laboratory.

Wingate test

The WANT is a reliable 30-second all-out test
widely used to assess anaerobic power of athletes
in a variety of sports (Ramirez-Vélez, et al., 2016;
Zupan, et al., 2009). The WAnNT was performed
on a mechanically braked cycle ergometer (894 E,
Monark, Sweden), with seat and handlebar heights
recorded at the most comfortable position and repli-
cated throughout the experimental trials for each
participant. The test was preceded by a standard
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Fig. 1. A summary of the study design.
warm-up protocol of 8-min at 70 — 75% HRmax Cupping

interspersed by three 5-second sprints at the 3, 5,
and 7™ minute. Participants rested for 3-min after
the warm-up, during which they were free to walk
within the laboratory. The WAnT commenced with
flying starts, while the participant accelerating for
approximately five seconds (unloaded) to achieve
maximum cadence before performing an all-out
30-second effort against a braking load corre-
sponding to 7.5% of individual body mass. Strong
verbal encouragement was given throughout the test.
The resistance was immediately lifted following
the 30-second effort, and participants continued
pedaling for 1 — 2 min at low intensity. The test
was video recorded and analyzed using Kinovea
0.8.15 (Kinovea.org, France) for pedal revolutions.
Peak power output (PP), mean power output (MP),
and fatigue index (FI) were calculated. PP was iden-
tified from the highest mechanical power produced
during five consecutive seconds, which was attained
during the first five seconds for all the participants.
MP was identified as the average power produced
during the entire 30-second performance. FI was
identified as the percentage drop-off from the PP to
the lowest power produced in the last five seconds.

HR and lactate measurements

HR measurement was obtained using a chest
belt placed at the xiphoid process level linked to a
GPS watch (Polar V800, Polar Electro Oy, Finland).
HR was monitored throughout the familiarization
trials and warm-up, and recorded at pre-, immedi-
ately post-, and 3-min-post WAnT. Capillary blood
was collected through a finger prick and analyzed
for lactate determination using a hand-held system
(Lactate Scout+, SensLab GmbH, Germany) at pre-
warm-up, pre-WAnT and at 3-min post-WAnT. All
HR and blood lactate measurements were taken
with participants seated on the cycle ergometer.

Wet cupping (i.e., WET trial) was performed 24
h prior to the WAnT (Fig. 1). Wet cupping procedure
followed the three-steps method: cupping, punc-
turing and cupping (CPC) as previously described
in detail (El Sayed, Mahmoud, & Nabo, 2013).
Participants first cycled for 10 min at low-moderate
intensity before starting the cupping procedure.
This short exercise was aimed at increasing blood
flow and providing a gradient for the infiltration
from blood capillaries at the sites of cupping (Goto,
et al., 2007; Pober & Sessa, 2014). The cupping
sites were thoroughly disinfected by 70% ethanol.
During step 1 of the CPC, five disposable plastic
cups were placed on the back of the participant: one
cup below the C7 at between the two middle trape-
zius muscles (Cul), two cups below the T12 each
at the middle part of the latissimus dorsi muscle
(Cu2 and Cu3), and two cups at the lower back each
above the iliac crest at between the lower part of
the latissimus dorsi and the thoracolumbar fascia
(Cu4 and Cu5). Suction pressure was first applied
at each site using a handpump gun for 5-min. The
negative pressure was able to raise the skin surface
2 — 2.5 cm within each cup. During step 2 of the
CPC, negative pressure was released and multiple
superficial skin incisions, each 6 — 8 mm in length
were applied within the diameter of each cup using
a stainless steel sterile surgical blade (No. 15). Step
3 of the CPC included the application of suction
pressure again as previously described in step 1
for another 10 min for bloodletting. The cupping
sites were then cleaned and disinfected with 10%
povidone-iodine and left to air dry. A total of 109.2
+ 37 ml of blood was collected during wet cupping
and was distributed as follows: Cul 32.6 + 13.5;
Cu2 32.6 £ 13.5; Cu3 19.6 £ 6.6; Cu4 20.1 £ 11.2;
and Cu5 16.6 = 8.8 ml. The collected blood was
discarded once volume was determined.
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The dry cupping procedure was similar to the
wet cupping procedure, except that the dry cupping
did not include skin incisions and bloodletting, i.e.,
it included only step 1 of the CPC. The suction
pressure was applied for 15 min to parallel the
total suction duration performed during the wet
cupping. Cupping sites were cleaned, and partici-
pants immediately started the pre-WAnT warm-up.
The participants were seated during both the wet
and dry cupping on bar chair without back support.
Participants received neutral recommendation
towards both cupping procedures, i.e., might posi-
tively or negatively impact performance, to avoid
any psychological effect of either procedure.

Statistical analysis

Data are presented as mean = SD. Shapiro-
Wilk test was performed to determine normality,
to which all variables conformed to normal distri-
butions. One-way repeated measures ANOVA
followed by the Tukey’s post-hoc test was used to
detect differences in WANT performance outcomes
between the three trials (CON, DRY, and WET).
A two-way (trial and time) repeated measures
ANOVA was used for analyzing the HR and lactate
results at the allotted measurement time points.
When time x trial interaction and omnibus main
effects were detected, Student paired #-tests were
utilized to find the differences at the individual time
points. Sphericity assumption was evaluated using
Mauchly’s W. Pearson’s correlation coefficient was
used to determine the relationship between WAnT
performance (PP and MP) and peak lactate at 3-min
post-WANT and maximum HR immediately post-
WAnNT. The strength of the relationships were clas-
sified according to the Pearson’s coefficient (r) value
as very strong (r > 0.8), moderately strong (r = 0.6
—0.8), fair (r=0.3 — 0.5), and poor (r < 0.3) (Chan,
2003). The Statistical Package for Social Sciences
(SPSS, Inc., Chicago, IL, USA) was used for all
analysis. Significance was set at p<.05. In addi-
tion, effect sizes (Cohen’s d) were calculated where
appropriate to indicate trivial, small, moderate,
large, and very large effect when the obtained d
was <0.2,0.2-0.6,0.6— 1.2, 1.2-2.0, and >2.0,
respectively (Al-Horani, Wingo, Ng, Bishop, &
Richardson, 2018; Cohen, 1992).

Results

The WANT performance outcomes for the three
conditions are presented in Table 1. There were no
significant differences between the conditions for
PP (p=.47), MP (p=72), and FI (p=.53). The effect
sizes of treatments were trivial for PP (Cohen’s d
=0.05 - 0.13), and MP (Cohen’s d = 0.006 — 0.08),
and trivial to small for FI (0.06 — 0.2) between any
two trials.

The HR responses at the pre-warm-up, pre-
WAnNT test, immediately post-WAnT, and 3-min

Table 1. WAnT performance outcomes (mean + SD), peak power
(PP), mean power (MP), and fatigue index (FI), following
control (CON), dry cupping (DRY), and wet cupping (WET)

CON DRY WET
PP (W) 772 + 86 767 + 91 778 + 76
MP (W) 565 + 56 565 + 65 570+ 63
Fl (%) 48+5 45 + 11 47 £ 7

post-WANT were similar for all the trials (Fig. 2).
There was no significant effect of treatment (p=.06)
and treatment x time interaction (p=.3) on HR
responses. Not surprisingly, there was a significant
increase in HR across time in all the trials (p<.001)
where HR was similar at the pre-warm-up for all
the trials (p=.2) and increased similarly at all the
time points during and following WANT (p<.001
for all comparisons). The effect size of treatments
was trivial to small at the pre-warm-up (d = 0.05
—0.6), and small at the pre-WAnT (d = 0.3 — 0.6),
post-WAnNT (d=0.2-0.6), and 3-min post-WAnT (d
=0.2 —0.5) for all the between treatments compar-
isons.

Figure 3 shows the lactate responses to the three
trials. There was no significant treatment (p=.46)
or treatment x time interaction (p=.99) effect on
lactate responses; however, there was a significant
time effect (p<.001). Blood lactate was significantly
elevated after the warm-up and peaked at the 3-min
post-WAnNT compared to baseline (p<.001 for all
the trials at pre-WANT and 3-min post-WAnT). The
effect size of treatment was trivial to small at the
pre-warm-up (d = 0 — 0.5), and trivial at the pre-
WAnNT and 3-min post-WAnT (d = 0.05 — 0.1) for
all the comparisons.

A moderate negative correlation was detected
between PP and post-WAnT HR during all the
trials (Table 2). However, only CON demonstrated

CJCON @R DRY BE WET
*
200- A
I
150- *
* I I
—

Heart rate (bpm)
)
(=]
1

3]
<

0-
pre-WU pre-WAnT post-WAnT post-WANnT3

Fig. 2. Heart rate changes from prior to warm-up (pre-WU)
to immediately before commencing the WANT (pre-WAnT),
immediately after the WAnT (post-WAnT), and to 3-min after
finishing the WAnT (post-WAnT3) during control (CON), dry
cupping (DRY), and wet cupping (WET) trials. * Significant
difference from pre-WU in all conditions at p<.05.
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Table 2. The Pearson’s correlation coefficients (r) for WAnT outcomes, peak power (PP) and mean power (MP), and the HR
immediately post- and lactate 3-min post-WAnT for control (CON), dry cupping (DRY), and wet cupping (WET)

CON DRY WET
PP (W) MP (W) PP (W) MP (W) PP (W) MP (W)
Heart rate (bpm) -0.77* -0.66* -0.62* -0.21 -0.65* -0.51
Lactate (mmol/L) -0.15 -0.18 0.30 -0.51 0.40 0.43

" Significant correlation at p<.05
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Fig. 3. Blood lactate changes prior to warm-up (pre-WU) to
immediately before commencing the WAnT (pre-WAnT), and to
3-min after finishing the WAnT (post-WAnT3) during control
(CON), dry cupping (DRY), and wet cupping (WET) trials. *
Significant difference from pre-WU in all conditions at p<.05.

a significant moderate negative correlation between
MP and post-WAnT HR. No significant correlations
were observed for lactate with PP and MP.

Discussion and conclusions

The present study investigated the effect of
pre-exercise dry and wet cupping on the anaerobic
performance during a 30-second all-out Wingate
anaerobic test. There was no influence of dry or wet
cupping on PP, MP, F1, or lactate and HR responses
during WAnNT performance. We hence conclude that
cupping therapy prior to short-term all-out high-
intensity exercise confers no ergogenic effects.

Cupping has been purported to enhance exer-
cise performance through facilitating myofascial
decompression, increased vascular function and
tissue oxygenation, and reduced inflammatory
response and oxidative stress (Antush, et al., 2020;
Becerra, et al., 2021; Ekrami, et al., 2021; Stephens,
et al., 2020; Stoner, et al., 2017; Tagil, et al., 2014).
Accordingly, despite the increasing use of cupping
therapy prior to sports events (Bridgett, et al., 2018;
Musumeci, 2016), there is limited research exam-
ining of the efficacy of this modality on anaerobic
exercise performance. The present study demon-
strates no performance or physiological benefit
when dry or wet cupping therapy is performed prior
to a WANT effort. Our findings contribute to the

literature demonstrating minimal beneficial effects
of dry cupping on various physical performance
indices such as muscle strength and power, running
economy, maximal oxygen uptake and range of
motion (Antush, et al., 2020; Becerra, et al., 2021;
Stoner, et al., 2017; Wygand, Stoner, Petrizzo, &
Otto, 2017). In addition, the effect of wet cupping
on subsequent anaerobic performance was lacking
within the literature, to which we have provided
preliminary evidence.

Blood lactate and HR responses to WAnT were
not altered following cupping treatment compared
to the control. Our findings somewhat contrast the
purported physiological mechanisms surrounding
cupping therapy, including modulating metabolic
acidosis, decreased oxidative stress, enhanced mito-
chondrial function, and increased oxygen availa-
bility and utilization (Arce-Esquivel, et al., 2020;
Dun, et al., 2015; Ekrami, et al., 2021; Hofmann,
et al., 2007; Powers & Jackson, 2008; Tagil, et al.,
2014). Consequently, these were plausible mecha-
nisms that could modify the physiological responses
to the anaerobic exercise, to which the present study
reports no beneficial effects based on HR and lactate
responses. Possibly, these suggested mechanisms
underpinning cupping therapy are either rapidly
transient or site specific. More investigations are
highly warranted to further explore the physiolog-
ical impacts of cupping therapy.

The correlation coefficients analysis revealed an
inverse relationship between MP and peak HR only
within CON during WAnT. It is unclear yet why
the peak HR — MP relationship remained signifi-
cantly negative without treatment compared to the
cupping therapy. It is likely that cupping might have
contributed to changing this relationship through
differentially redistributing blood flow during exer-
cise compared with no treatment, since cupping
has been shown to induce reactive hyperemia and
increase skin blood flow by more than 16 folds
(Wang, et al., 2020). Peak blood lactate and WAnT
performance outcomes were not related in all the
trials. Moreover, negative associations between
PP and peak HR were observed for all the trials.
In contrast to our findings, lactate and HR were
previously found to positively relate to power output
during a repeated force-velocity exercise (Temfemo,
Carling, & Ahmaidi, 2011). However, the repeated
force-velocity exercise involved repeated 6-second
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sprints with increasing load every repetition, and
every two repetitions were interspersed with a long
recovery period (5 min). Thus, comparison between
these responses with the responses during a single
30-second all-out sprint performed under constant
load during the WANT is not appropriate. There-
fore, establishing relationship patterns between the
physiological responses and performance outcomes
in a single all-out anaerobic sprint are warranted in
different athletic populations.

The authors are highly confident of the reli-
ability and validity of the current findings, given
that WANT has been shown to retain a very high
test-retest reliability (intraclass correlation coeffi-
cient > 0.98, > 0.97, > 0.95, 0.93, and 0.94% for
PP, MP, FI, peak heart rate, and lactate responses,
respectively) using a range of braking forces (7.5
— 11% of body mass) on mechanically- or elec-
tromagnetically-braked cycle ergometers (Brin-
ghurst, Wagner, & Schwartz, 2020; Jaafar, et al.,
2014; Watt, Hopkins, & Snow, 2002; Weinstein,
Bediz, Dotan, & Falk, 1998). Reliability has been
shown to improve further when adding a practice
session prior to baseline measurement, suggesting
that a minimum of one full familiarization trial is
required to increase the reliability of power output
(Barfield, Sells, Rowe, & Hannigan-Downs, 2002;
Bringhurst, et al., 2020). In our study, there were
three 30-second all-out cycling practice sessions,
during which full experimental procedures were
undertaken with one of them. Additionally, strin-
gent measures were adhered to prior to all the
experimental trials to determine and isolate whether
cupping therapy will be an effective strategy to
enhance anaerobic performance. These included
replicating sleeping hours, food and liquid intake,
the time-of-day of testing, abstinence from potential
ergogenics, alcohol and intensive exercise, many of
which have been shown to influence WANT perfor-
mance (Grgic & Mikulic, 2021; Souissi, Sesboii¢,
Gauthier, Larue, & Davenne, 2003). In addition, to
eliminate the psychological effect of the cupping
therapy, neutral feedback was given to the partici-
pants regarding the treatments’ efficacy. Therefore,
we are confident that dry and wet cupping treat-
ment provided no beneficial performance effect on
the Wingate anaerobic performance and associated
physiological responses when administered within
24 h or less.

Limitations

It might be argued that the cupping sites were
not at the major muscle groups involved in cycling.
While previous work have reported localized effects
such as increased tissue oxygenation, hyperemia
and myofascial decompression (Arce-Esquivel,
et al., 2020; Stephens, et al., 2020; Warren, et al.,
2020), it is not certain whether systemic effects
are evident with cupping therapy. Nevertheless.

previous reports have shown no additional effects
of cupping therapy on a subsequent exercise perfor-
mance compared to no treatment when cupping was
applied at the major body sites involved during
the exercise (Antush, et al., 2020; Becerra, et al.,
2021; Stoner, et al., 2017). Further, this study did
not measure the physiological biomarkers related
to the potential mechanisms of cupping therapy,
such as inflammatory cytokines, oxidative stress,
and tissue oxygenation, which may assist in iden-
tifying future directions in cupping and exercise
research. The current procedure, therefore, could
not identify how long the effects of cupping lasted
after the treatment on these biomarkers, if there
were any. It might be speculated that the effects of
cupping remained until the following trials, and the
results could be confounding. The authors, however,
are unaware of any study that determines the long-
lasting effects of cupping on performance-related
factors in healthy subjects. Nonetheless, the rand-
omization of trials may have helped in ameliorating
this suspicion and eliminating the bias that may
result from treatments order. One more limitation
that might be argued about was different time gaps
between the cupping treatment and exercise testing
in WET and DRY. Dry cupping has been shown
to induce immediate effects on factors that might
be related to performance such as increased blood
flow and reduced muscle stiffness (Jan, et al., 2021;
Wang, et al., 2020). It seemed appropriate that the
performance task was undertaken soon after the
cupping procedure. On the other hand, wet cupping
has been reported to confer delayed effects that may
last >12 hours post-treatment, such as increased
arterial O, saturation (Hekmatpou, Moeini, &
Haji-Nadali, 2013). Importantly, exercise imme-
diately following the wet cupping was reportedly
unwanted amongst our athletes during piloting due
to the unpleasant marks, skin incisions and blood
loss. Nevertheless, investigating the time gap effect
between cupping treatment and exercise testing is
warranted in future studies.

The present findings demonstrate no beneficial
effect of pre-exercise dry and wet cupping therapies
on anaerobic performance outcomes and the asso-
ciated physiological responses. Anaerobic perfor-
mance is critical for power and team sports including
—soccer, football, sprinting, speed skating, basket-
ball, lacrosse. Therefore, coaches and practitioners
working with team or power athletes are not encour-
aged to use cupping therapy prior to sports events.
However, athletes may still wish to use cupping
treatment for recreational or therapeutic purposes
before such events. Our findings demonstrated no
detrimental effect resulting from cupping therapy,
and hence athletes may opt to continue with this
therapy if it is part of their standard routine proce-
dure or if they perceive an ergogenic benefit.
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Abstract:

The primary objective of this study was to discover the positional attack performance indicators of the
winning Netherlands women’s national handball team during the 2019 World Championship in Japan. An
ideographic, follow-up and multidimensional observational design was used to record and analyse positional
attacks disputed in equal numbers of players (6v6) excluding attacks with an empty goal. Polar coordinates
allowed us to determine behaviour patterns as well as performance indicators related to attack continuity,
situations used to destabilise the opponents’ defence, and actions involved in completing the attack. Two
levels of analysis were used: each match individually and all the team’s matches as a whole. Results show that
each match had its own specific game dynamics as different behaviour patterns were activated and different
performance indicators were observed depending on the match. These findings highlight the variability
and dynamic nature of the offensive behaviours and performance indicators of the world champion team,
emphasising the need to study performance indicators with research projects that respect that they are

specific and changing.

Key words: match analysis, behaviour patterns, polar coordinates analysis

Introduction

Performance indicators are diverse variables;
examples of these are technical, tactical or stra-
tegic aspects which are associated with achieving
sporting success. They not only report variables
that facilitate winning a specific match or cham-
pionship, but also shed light on successful behav-
iours in the different phases of the game (Higham,
Hopkins, Pyne, & Anson, 2014). Performance indi-
cators therefore set winning teams apart from the
rest, creating performance profiles that athletes
aspire to. In handball, access to performance indi-
cators has provided valuable information on the
game dynamics in a given championship or on
the evolution of the game, after comparing data
from different championships (Prieto, Gomez, &
Sampaio, 2015).

Obtaining performance indicators is therefore
of great interest to coaches and researchers. Two
research approaches can be differentiated when
reporting on performance indicators in handball:
static and dynamic (Prieto, et al., 2015). The static
approach is the most common and also the least
complex; it only analyses some actions during the

match, mainly when a team loses the ball, such
as shots and turnovers. Static research is based
on the analysis of data obtained at the end of one
or more matches, being used in other team sports
such as basketball or volleyball (Sampaio, Ibafiez,
& Lorenzo, 2013). It mainly analyses behaviours
of different teams competing in the same cham-
pionship, whether the men’s world championship
(Gruic, Vuleta, & Milanovi¢, 2006; Ohnjec, Vuleta,
Milanovi¢, & Grui¢, 2008; Srhoj, Rogulj, Padovan,
& Kati¢, 2001; Vuleta, Milanovic, & Sertic, 2003),
Olympic Games (Montoya, Moras, & Anguera,
2013) or European leagues (Rogulj, Srhoj, & Srhoj,
2004). Also, some studies using this approach also
compare performance indicators obtained from
different championships (Meletakos & Bayios, 2011;
Meletakos, Vagenas, & Bayios, 2011; Volossovitch,
Dumangane, & Rosati, 2010). Nevertheless, scien-
tific knowledge regarding women’s elite team hand-
ball demands is limited, highlighting an important
review of the physical and physiological charac-
teristics related to women’s team handball players’
performance (Manchado, Tortosa-Martinez, Vila,
Ferragut, & Platen, 2013).
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Research projects carried out using the static
approach have paid a lot of attention to completing
of attacks; they focus on analysing what happened,
paying little attention to how it happened. Conse-
quently, some elements with a decisive influence on
game development (score, playing time, opponent
actions, tactical means used, etc.) are not taken into
account (Sampaio, et al., 2013).

Differently, the dynamic approach pays more
attention to game context (Prieto, et al., 2015),
studying some elements that decisively condition
actions such as systems of play (Lozano, Camerino,
& Hileno, 2016), players on the court at a particular
time (Flores & Anguera, 2018) or the result and
playing time. Behaviours of players are also studied
in chronological order to ascertain changes in game
dynamics during a match (Lames, 2006; Lames &
McGarry, 2007; Russomanno, et al., 2021). Research
conducted according to the dynamic approach has
used different tools: sequential analysis, polar coor-
dinates analysis, probabilistic analysis and even
neural networks.

Whether using a static or dynamic approach,
most research projects offer a stable, fixed image of
performance indicators, a general rule that winning
teams always meet. Furthermore, performance
indicators have mainly been obtained by mixing
data from multiple matches played with different
teams (Lames & McGarry, 2007). This can present
certain problems. Firstly, this type of performance
indicator does not respect the emerging, dynamic
nature of actions in handball. The sport is devel-
oped in contexts of great uncertainty, where players
rarely face the same situation twice due to complex
interactions between the elements present (Balagué
& Torrents, 2011). Behaviours of a team in attack
are specifically conditioned by multiple elements,
for example: characteristics of players, the use of
certain game-play systems, the opponent defence
system, style of actions at a given time, refereeing
style, the score or playing time (Martins, Mesquita,
Mendes, Santos, & Afonso, 2021). These factors
can also change during a match and throughout a
championship. Therefore, considering performance
indicators as fixed and stable can be at odds with
the dynamic reality of the game. On the other hand,
obtaining performance indicators that are equally
valid for all teams can be a difficult task: Do all
teams have the same ability to take long-range
shots, to play with a line player, or to score from
the wing? Specific performance indicators must be
found for each team, ones which also respect the
specific nature of each match (Laporta, et al., 2021).

Likewise, the study of performance indicators
must also be consistent with the variability inherent
to the actions performed during handball games.
That variability is expressed as the ability to adapt
a given action to unforeseen changes that occur in
a sporting context and as the ability to solve the

same game situation in a different way (Correia,
Carvalho, Araujo, Pereira, & Davids, 2018). In fact,
variability in attacking behaviours is a character-
istic of teams that perform well (Corréa, Bastos,
Silva, Clavijo, & Torriani-Pasin, 2020).

For this reason, the primary objective of this
study was to discover the positional attack perfor-
mance indicators of the winning Netherlands
women’s national handball team during the 2019
World Championship in Japan. Behaviour patterns
carried out specifically in each match and also
during the overall championship were therefore
analysed.

Methods

This study was conducted according to the
follow-up/ideographic/multidimensional (F/I/M)
observational design (Anguera, Blanco-Villasefior,
Hernandez-Mendo, & Losada, 2011): (a) ideographic
because behaviour of different handball players was
studied who, as members of the same team, worked
as a unit; (b) follow-up because various matches
were analysed, and also an intra-session follow-up
during each match that contributed the frequency
and sequence of the behaviours recorded; and (c)
multidimensional because several response levels,
collected using the observation instrument, were
studied.

Participants

Six matches of the Netherlands national team,
winners of the 2019 Japan Women’s World Hand-
ball Championship, were analysed: preliminary
round matches: Netherlands—Serbia and Neth-
erlands—Norway; main round matches: Nether-
lands—Germany and Netherlands—Denmark; the
semi-final match: Netherlands—Russia; and the
final match: Netherlands—Spain. In total, six out of
the ten matches played by the Netherlands national
team during the championship were analysed.

The study was conducted in accordance with
the ethical principles set out in the Declaration of
Helsinki and in accordance with the Belmont Report
(1978); neither informed consent nor a review by the
relevant ethics committee were necessary since:
(a) the study involved observing people in a public
setting (sports facility); (b) the people and groups
observed had no reasonable expectation of privacy
(matches were broadcast around the world); and
(c) the study did not involve any intervention by
researchers or direct interaction with the individ-
uals studied.

Instruments

Observation instrument

An ad-hoc observation instrument was created
(Table 1) in order to record the most relevant behav-
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iours in relation to the objectives proposed. A design
was chosen that combined the field format with
comprehensive and mutually exclusive category
systems. This combination leveraged the strengths
of both instruments; category systems offer theo-
retical consistency, while the field format lends flex-
ibility when recording the specific behaviours to
be studied (Anguera & Hernandez-Mendo, 2013).
The observation units were the positional
attacks of the Netherlands national team disputed
in equal numbers of field players (6v6), excluding
attacks with an empty goal. Positional attack and
fast break are the two offensive phases of handball.
A positional attack is organised and played against
an organised defence. Therefore, each observation
unit began at the beginning of the positional attack
and ended when the Netherlands team lost the ball
(due to a shot taken or a turnover) or following a

Table 1. Observation instrument

referee’s decision with no change in possession,
such as a free throw or throw-in (Lozano, et al.,
2016).

The observation instrument was developed in
three phases. (1) Two national handball coaches with
prior experience in observational studies created an
initial version in order to collect the most important
behaviours in the different sub-phases of the posi-
tional attack: beginning, development and comple-
tion (Gruic, et al., 2006; Montoya, et al., 2013). (2)
The instrument was then subjected to a caution test
(Anguera, 2003), which consisted of recording three
matches not included in the sample. This test was
used to either add, amend or eliminate criteria and
categories from the initial version of the instrument.
The caution test was considered passed when no
new behaviours were detected in any criteria. (3)
The instrument was judged by five experts, univer-

Criteria Categories

Number (NUM)

Six against six (6v6) / seven against six (7v6) / six against six with empty goal (E6v6) / six
against five (6v5) / six against five with empty goal (E6v5) / other (XvX).

Defensive System (SDF) mixed defence (MIX).

Defensive system used against the attack: 6:0 (SIX) / 5:1 (AVN) / 4:2, 3:3 or man marking (ABI) /

Offensive System

3:3 offensive system (T33) / One wing moves from its position to the second line player (DEX) /

(SAT) left, right or centre back leaves its position to play as a line player (T24).

A new sequence begins when play is interrupted (for example, a free throw is called) and

Sequence (SEC)

possession is not lost: first sequence (SQ1) / second sequence (SQ2) / third sequence (SQ3) /
fourth sequence or more (S4M).

A situation involving two or three players trying to destabilise the opponent defence (Figure 1):
2v2 centre back-line player, with the line player between the left and right middle defenders
(A34) / 2v2 centre back-line player, with the line player between the middle and half defenders
(A45) / 2v2 left or right back-line player, with the line player between the half and middle

Type of main attack

defenders (A23) / 2v2 left or right back-line player, pairing the line player with the outside

(TAF)

defender (A12) / 2v2 left or right back-line player, with the line player between the half and
outside defenders (A22) / a situation played by the centre back, left or right back and line player
positions, after the wing has moved to the line player position (CLP) / 1v1 by the left or right back
with the line player between the middle defenders (LPA) / 3v3 by the left or right back and two
line players (LPP) / attempting to destabilise the opponent defence with a situation other than the
above (OTR).

Place of main attack (LAF)

Place where team tries to destabilise the defence: left attacking area (Z1Z) / right attacking area
(ZDE) / centre (ZCN).

Main attack player (JAF)

A player involved in destabilising situation: number 18 (N18) / number eight (N08) / number nine
(N09) / number 79 (N79) / number six (NO6) / number 5 (NO5) / other (NIN).

Number of passes after the
main attack (PAF)

The number of passes after the destabilisation and before the completion: from zero to one pass
(P01) / from two to three passes (P23) / four or more passes (P4M).

Crosses and/or swaps after
the main attack (XAF)

The number of crosses during the attack, either to destabilise the defence or after it has been
completed: zero (X00) / two (XP2) / three or more (X3M).

Place of completion (LFI)

Area where attack is completed: left attacking area (FIX) / right attacking area (FDE) / centre
(FCN).

Completing player (JFI)

First line player who completes attack or gives an assist to the winger or line player: number 18
(F18) / number eight (FO8) / number nine (FO9) / number 79 (F79) / number 6 (FO6) / number five
(FO5) / other (FOT).

Completion action (AFI)

Individual action that completes the attack: action by the line player (PIV) / action by the winger
(EXT) / fake or penetration by the first line player (J6M) / a long-range shot or action around the
nine-metre line (JOM).

Attack outcome (DFI)

Attack ending in: goal scored, penalty throw or two-minute suspension for a defender (G72) /
missed shot (MIS) / turnover (PER) / free throw or other interruption of play with no change in
possession (NOL).
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Figure 1. Graphic representation of categories in the ‘Type of main attack (TAF)’ criterion.

sity handball teachers and national coaches. They
filled in a rating template indicating whether they
agreed or disagreed with each criterion and cate-
gory. Finally, all criteria and categories included
in the observation instrument achieved a rating of
80% or more, i.e., at least four of the five experts
approved them. The final observation instrument
consisted of 13 criteria and 60 categories.

Recording instruments

The observation instrument was entered into
the Dartfish 5.5. program in order to record and
code actions; this software was therefore used as
the recording instrument. The polar coordinates
analysis was applied using HOISAN 1.2 software
(Hernandez-Mendo, Lopez, Castellano, Morales, &
Pastrana, 2012). Prior to calculating polar coordi-
nates and as a prerequisite, a sequential lag analysis
was performed using GSEQ 5.1 software (Bakeman
& Quera, 2011); +1 to +5 were considered posi-
tive lags for the prospective perspective, and -1 to
-5 for the retrospective perspective. Finally, after
completing the polar coordinates analysis, signif-
icant associations were represented graphically
using Snowflake 0.2.

Procedure

Actions were recorded and coded by two
observers, handball coaches with experience in
observational methodology. Both took part in
creating the observation instrument, had experi-
ence in observational studies, and were familiar
with the recording instrument. To optimise the

reliability of their observations, the observers took
part in a training process in which they recorded
matches not included in the sample. The training
process ended when concordance levels over 0.80
in Cohen’s Kappa statistic were obtained for all
criteria, both at the intra-observer level (a single
session recorded by the same observer at two
different times 18 days apart), and at the inter-
observer level (a single session recorded by the two
observers). After the training phase, behaviours in
each of the six matches included in the study sample
were recorded and coded. Intra- and inter-observer
concordance levels were calculated; in both cases a
Cohen’s Kappa index of over 0.95 was obtained in
all criteria. According to Landis and Koch (1977,
p. 165), the level of agreement in both tests can be
considered ‘almost perfect’.

Data analysis

A polar coordinates analysis offers informa-
tion on behaviour patterns that emerge during the
match. This analysis is used in team sports research
studies (Castafler, et al., 2016). This analysis means
that activation and inhibition associations in the
behaviours studied can be represented in graphic
form. The behaviours analysed in the polar coor-
dinates analysis take on two roles: focal behaviour,
considered to be the generator of relationships, and
conditioned behaviour, which are all other behav-
iours analysed.

A prospective and retrospective lag sequen-
tial analysis must be conducted prior to calcula-
tion. The same number of lags in both perspec-

241



Flores-Rodriguez, J. and Alvite-de-Pablo, J.R.: VARIABILITY IN PERFORMANCE...

Kinesiology 54(2022)2:238-248

tives is considered, from 1 to 5 for prospective and
-1 to -5 for retrospective. The prospective perspec-
tive reports on conditioned behaviours that are acti-
vated or inhibited after the focal behaviour has been
performed. In turn, the retrospective perspective
reports on conditioned behaviours that activated
or inhibited the appearance of the focal behaviour
(Anguera, et al., 2011).

After completing the prospective and retrospec-
tive sequential analyses, the polar coordinates anal-
ysis integrates them using Zsum statistic (Sackett,
1980), a powerful data reduction technique. Each
prospective and retrospective Zsum can be either
positive or negative. Thus, the combination of signs
(+ or -) will determine in which of the four possible
quadrants (I, I1, 111, I'V) to place significant associa-
tions, those with a radius greater than 1.96 (p<.05),
between the focal behaviour and conditioned behav-
iours. Quadrant I indicates a mutually activating
relationship between focal and conditioned behav-
iours; quadrant I'V indicates that the focal behaviour
activates the conditioned behaviour, yet is inhib-
ited by it; quadrant I1I shows a mutually inhibiting
relationship between the behaviours; and finally,
quadrant II points to the focal behaviour inhibiting
the conditioned behaviour, while the conditioned
behaviour activates the focal behaviour (Anguera,
et al., 2011).

Results

Figures 2 and 3 and Tables 2 and 4 show the
results obtained after the polar coordinates analysis.
Each figure has seven polar coordinates maps that
represent significant associations between the focal
and conditioned behaviours, one for every single
match analysed plus another one that shows the
analysed records from the six matches as a whole.
Figure 2 shows the behaviour patterns that emerged
during attacks in equal numbers with six attackers
against six defenders. Therefore, the 6v6 category
acted as the focal behaviour while the conditioned
behaviours were the rest of the categories of the
observation instrument. Associations in quadrants
I'and I'V are represented, i.e., behaviours activated
by the focal behaviour. Figure 3 shows the perfor-
mance indicators, therefore the union of 6v6 and
(72 categories acts as the focal behaviour and the
other behaviours in the observation instrument are
conditioned. Associations in quadrants [ and II are
represented to ascertain which behaviours took
place first and activated offensive success, in attacks
developed in equal conditions with six attackers
against six defenders.

Behaviour pattern analysis

In Figure 2, the seven maps show how positional
attacks with six attackers against six defenders
activated (quadrants I and 1V) different behav-

iours related to main attacks and completions. In
relation to main attacks, in match Netherlands—
Serbia were activated: A23 (2v2 left or right back-
line player), LPA (1vl from the left or right back)
and LPP (left or right back attacks with two players
at the line player), as well as those right attacking
area (ZDE); in match Netherlands—Norway were
activated A23 and A45 (2v2 centre back-line player,
with the line player between the central and half
defenders); in match Netherlands—Germany A23;
in Netherlands—Denmark A34 (2v2 centre back-
line player, with the line player between the central
defenders), A45 and LPP (3v3, with the left or right
back and two players in the line player position);
in the semi-final match Netherlands—Russia: A45;
and in the final match Netherlands—Spain situa-
tions A34, CLP (centre back, left or right back and
line player playing 3v3 after the wing has moved
to the line player position) and LPP were activated.
Finally, when the records from all the matches are
analysed as a whole, the main attacks A45, LPA,
CLP, and LPP were activated.

Regarding completions, in Netherlands—Serbia
were activated: completions from the centre (FCN),
by the line player (PIV) and by player number 18
(F18); in match Netherlands—Norway completions
from the right attacking area (FDE); in match Neth-
erlands—Denmark completions from the central
attacking area (FCN); in the semi-final match
Netherlands—Russia completions from the centre
(FCN) and attacks with two or three passes after
the main attack (P23). In the final match Nether-
lands—Spain were activated: completions from the
central attacking area (FCN), from the nine-metre
line (J9M) and from six metres (J6M). Finally,
when the records from all matches are analysed as
a whole, completions from the centre (FCN), by the
line player (PIV) and completions involving player
number 79 (F79) were activated.

Performance indicator analysis

The behaviours firstly performed that acti-
vated success (quadrants I and IT) were different in
each match. In match Netherlands—Serbia: attacks
against a 5:1 defence (AVN) and main attacks LPA
and A12 (2v2 pairing the line player with the outside
defender). In match Netherlands—Norway: attacks
against a 6:0 defence (SIX), main attack A23 and
attacks with two or three passes after the main
attack (P23). In match Netherlands—Germany
there were no behaviours that significantly acti-
vated success. In match Netherlands—Denmark:
main attack A34 and completions involving players
number six (F06) and number five (FO5). In the
semi-final match: main attacks by player number
eight (NO8), attacks with no cross or swap (XPO0)
and attacks with a maximum of one pass after the
main attack (P01). In the final match: attacks using
the 3:3 system from start to end of the positional
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Figure 2. Behavior patterns analysis.
Table 2. Behaviour patterns analysis
L Lo Main Round. Main Round.
Nethzrrelgrﬂg?sryei?au?géQ?,) NechrrleaI:EISrl?\lrgrvRvg;rng-zs) Nether'?;g_sz‘ SG)e”"a”y Nethe”?;f_sz'%e”mark
C. Q. R. A. C. Q. R. A. C. Q. R. A. C. Q. R. A.
S4M | 2.42 83.61 | AVN | 2.49 70.76 | NIN | 2.27 55.54 | MIX | 219 85.52
A23 | 3.24 70.01 | A23 | 3.29 52.56 | N79 | 2.50 64.27 | T33 | 4.44 1144
A45 | 2.35 50.08 | N79 | 213 5430 | A23 | 310 53.73 | A34 | 3.81 36.69
N18 | 2.02 4418 | NIN | 2.09 49.89 | F79 | 2.45 4014 | LPP | 2.73 59.98
N09 | 3.65 5473 | ZDE | 2.38 50.00 | FO6 v 2.87 290.98| NO8 | 411 4794
NIN | 5.46 50.55 | FDE | 3.56 3712 ZCN | 6.88 51.43
ZDE | 461 51.21 | F06 | 2.09 42.86 XP1 | 3.42 4747
XP2 | 2.62 48.28 | F05 | 2.84 4919 FCN | 2.63 61.09
P23 | 3.31 81.00 | F18 v 428 278.23 A45 \Y, 3.01 339.77
PIV | 2.08 15.26 | T33 v 2.41 27761 N18 \Y, 210 291.37
FCN | 2.00 26.15 | SQ3 v 227 27797 P23 \Y, 211 297.61
F18 | 2.09 5798 | A45 v 479 272.34
FOT | 240 5812 | PO1 v 3.49 29447
AVN \Y, 2.55 295.95
LPP \Y, 3.49 227.27
Semi-final. Final. All matches as a whole
Netherlands-Russia (33-32) Netherlands-Spain (30-29)
C. Q. R. A. C. Q. R. A. C. Q. R. A. C. Q. R. A.
T33 | 3.79 0.62 SIX | 3.46 257 SIX | 3.92 3878 | NIN | 3.31 4014
A45 | 4.09 46.94 | AVN | 272 36.65 | MIX | 274 7111 | XP1 | 2.29 15.00
N79 I 3.79 51.76 | DEX I 246 3793 | DEX | 3.60 89.28 | PIV I 2.58 80.24
ZCN | 3.59 51.26 | CLP | 2.08 14.80 | LPA | 2.26 79.60 | FCN | 455 5217
P23 I 2.57 70.99 | LPP I 3.07 50.08 | CPL | 274 36.75 | F79 | 229 5144
FCN | 3.62 56.74 | NO8 | 241 5288 | LPP | 197 6.06 | T33 \Y, 3.04 329.37
ZIz I 3.58 52.54 | OTR | 236 73.39 | A45 v 2.75 335.91
NO08 | 2.69 85.82 | ZCN v 2.98 297.69

Note. C: category; Q: quadrant; R: radius; A: angle
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Figure 3. Performance indicators analysis.

Table 3. Performance indicators analysis

Preliminary Round. Preliminary Round. Nethg?;:dz?éldr;nany Nethv\l\eﬂr?ai\:(ic-)gr;i.mark

Netherlands-Serbia (36-23) Netherlands-Norway (30-28) (23-25) (24-27)
C. Q. R. A. C. Q. R. A. C. Q. R. A. C. Q. R. A.
LPA | 250 84.19 | A23 Il 213 109.23 A34 | 2.88 18.74
NIN | 243 12.63 | P23 Il 2.08 14419 NO08 | 3.78 36.35
XP2 | 2.85 39.47 | F06 Il 2.08 114.30 FO8 | 2.06 34.85
FOT | 3.06 25.03 | SIX Il 2.73 109.84 FO5 | 2.83 57.07
AVN Il 2.86 160.43
S4M Il 3.62 119.14
A12 Il 216 120.44
OTR Il 232 13215

Semi-final. Final. All matches as a whole

Netherlands-Russia (33-32) Netherlands-Spain (30-29)
C. Q. R. A. C. Q. R. A. C. Q. R. A. C. Q. R. A.
NO08 Il 215 167.26 | SQ1 | 245 38.59 | PAM | 316 19.30 | P23 Il 2.00 164.86
X00 Il 2.34 122.61| T33 Il 3.47 14799 | FCN | 250 42.09 | PIV Il 2.40 105.60
P01 Il 2.36 164.67 | ZCN Il 2.66 161.20| S4M I 318 13214 | F06 I 3.19 173.68

EXT Il 2.08 9573 | A23 I 2.04 175.34

Note. C: category; Q: quadrant; R: radius; A: angle

attack (T33), main attacks from the centre (ZCN)
and completions from the wing (EXT). Finally, once
all the matches were analysed as a whole, the behav-
iour that activated success were: main attacks A23
and LPA (1v1 on the left or right back), attacks with
two or three passes (P23) and attacks with four or
more passes after the main attack (P4M), as well as
completions from the line player (PIV), in the centre
(FCN) and involving player number six (F06).

Discussion and conclusions

The primary objective of this study was to
discover the positional attack performance indica-
tors of the winning Netherlands women’s national
handball team during the 2019 World Championship
in Japan. Behaviour patterns carried out specifically
in each match and also overall during the champi-
onship were therefore analysed. The results of the
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polar coordinates analysis indicated that the Neth-
erlands national handball team achieved success
in different ways and with different styles of play,
depending on the demands of each match.

Behaviour pattern analysis

The analysis of the records from all the matches
as a whole offered information on overall behaviour
trends in the Netherlands team during the cham-
pionship. With regard to the area from which the
main attack was carried out, an activation asso-
ciation was found from the centre. However, the
picture was different when analysing each match
individually: main attacks were activated from the
right in the preliminary round matches, Nether-
lands—Serbia and Netherlands—Norway; from
the centre in the main round match Netherlands—
Denmark and the semi-final Netherlands—Russia;
while main attacks were activated from the left in
the final Netherlands—Spain. These results prove
that each match had its own play dynamics, in line
with the findings of Lames (2006) and Russomanno
et al. (2021).

This divergence is repeated when studying the
situations used for the main attack. The following
situations were activated when analysing all the
championship matches as a whole: A45, LPA and
CLP. Different results were found when analysing
each match independently: situation A23 was acti-
vated in the first three matches of the champion-
ship, A34 against Denmark, and LPA only in the
final against Spain. These diverging results can be
explained by the strategic approach to each match. It
is logical that the Netherlands coaching team would
select the elements of their game model that allow
them to exploit the weaknesses of each opponent.
The variety of situations used by the Netherlands
team to attack 6:0 defensive systems reinforces the
findings of Laporta et al. (2021) when they claimed
that teams can be successful using different ways
of playing.

Attack completion was less variable as comple-
tions were activated from the centre in four out of
the six matches. These results coincide with Srhoj et
al. (2001), in his research on the 1999 Men’s World
Handball Championship, who pointed out that the
most frequent completions were from the centre of
the attack. The use of main attack LPP (left or right
back and two line players playing 3v3) could also be
considered a team behaviour trend when the oppo-
nent uses a 5:1 defensive system as this type of main
attack was activated in both matches where this
defensive system was used. In view of the results,
it seems that the Netherlands team shows greater
variability in its offensive behaviours when facing
the 6:0 defensive system than against the 5:1 system.

Regarding behaviours related to attack comple-
tion, all the matches analysed as a whole showed
completions involving player number 79 and

completions from the line player position. The
results were different when analysing each match
individually. Completions from 9 metres and
from the 6-metre line were activated in the final,
behaviours not activated in any other match. This
criteria also shows that the development of each
match is different. Therefore, in line with Lames
and McGarry (2007), the usefulness of performance
indicators obtained from analysing matches as a
whole can present some problems.

Performance indicator analysis

As for performance indicators, different behav-
iours were found related to attack continuity
(expressed as the number of passes after the main
attack), main attacks and completions activating
success. As with behaviour patterns, two types of
analysis were conducted: each match individually
and all the matches as a whole. The joint analysis
found that attacks with two or more passes after the
main attack activated success. This does not match
the findings of other research (Rogulj, et al., 2004;
Vuleta, Sporis$, Purgar, Herceg, & Milanovic¢, 2012),
which indicated that winning teams completed
short positional attacks. In our research, this is only
true in the championship semi-final where success
was activated by attacks with a maximum of one
completed pass.

In relation to main attacks, joint analysis of
records from all the matches found that situation
A23 activated success in attack. The same result
was found in only one match (Netherlands—
Norway) when analysing each match individually.
In the Netherlands—Serbia match, situations A12
and LPA acted as performance indicators, while
it was A34 in Netherlands—Denmark. These
results highlight two issues: (1) the importance of
playing with the line player to destabilise the oppo-
nent defensive system, in line with Meletakos et al.
(2011); and (2) the variety of situations used by the
Netherlands national team to destabilise the oppo-
nent defence associated with success.

Completions from the centre were associated
with success when all the matches were analysed as
a whole. The joint analysis also found that comple-
tions by the line player came before offensive
success, in line with the findings of other studies
that emphasise the effectiveness of shots from the
six metres in the centre (Srhoj, et al., 2001). As with
other performance indicators, these results were
not observed when matches were analysed one by
one. For example, completions from the wing acti-
vated success in the final, coinciding with other
research studies (Montoya, et al., 2013; Vuleta, et
al., 2003) that associated completions from the wing
with winning teams. However, the Netherlands
team did not show this result in any other cham-
pionship match. In this criterion, the Netherlands
national team also shows variability in their behav-
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iour typical of elite athletes (Correia, et al., 2020).
Although most research papers on handball
have offered fixed and stable performance indica-
tors, this paper has verified that the world champion
team does not play in the same way throughout the
championship and that its performance indicators
vary with each match. It seems logical that the Neth-
erlands national team, and any other team, would
change elements of its game model and strategy
depending on the demands of each match: to exploit
opponent team weaknesses, to surprise and deac-
tivate the opponent’s strategy, or due to injuries,
penalties or changes in player fitness (Martins, et al.,
2021). Therefore, in line with Lames and McGarry
(2007), the usefulness of performance indicators
obtained by jointly analysing various matches can
be problematic as the dynamic and variable char-
acteristics of the sport cannot be reflected. Further-
more, if a given behaviour or game situation is asso-
ciated with success, this does not mean that it should
be repeated continuously, as there is a risk of attacks
becoming predictable and helping the defence. This
highlights the non-linearity of sport (Balagué¢ &
Torrents, 2011) and, therefore, of performance indi-
cators: a behaviour that led to success in one match
may not have the same effect in another, not even
in another match against the same opponent as the
opponent team may change aspects of its defensive
system to counteract them. Likewise, some behav-
iours that did not initially lead to success may later
do it after some adjustments have been made.
Performance indicators obtained after analysing
the behaviours of different teams as a whole, in
one or more championships, have also served to
understand general trends in play at a given time,
to understand the effect of any change in regula-
tions, or to observe how the pace of play gradually
increases (Meletakos & Bayios, 2010; Volossovitch,
et al., 2010). However, for performance indicators
to help coaches in their day-to-day, whether to fine
tune the design of training programmes or to stra-
tegically prepare for a competition, they must be
specific to a team. The ecological perspective and
from the theory of non-linear dynamic systems help
us to understand that, depending on their charac-
teristics and the other elements that condition the
game, teams organise themselves in a certain direc-
tion, performing the behaviours that are successful
for them (Balagué & Torrents, 2011). Consequently,
a game-play model design, training process plan-
ning and preparation for a competition are specific
and original processes for a given team. Behav-

iour pattern and performance indicator analysis
can help to prepare these processes, with informa-
tion on behaviours in certain situations during the
competition (what behaviours are displayed against
a 5:1 defensive system, what actions are carried
out when the referees threaten to call passive play,
what strategies are used at the end of a match with
a tied score, etc.). Moreover, not only technical,
tactical and strategic performance indicators must
be specific but also performance indicators related
to physical training as implementing a certain game
model has its own demands, different from other
game models.

In relation to the objective of this study and
taking the results obtained into account, the
following conclusions can be drawn:

* The Netherlands national team does not play
the same way throughout the championship,
varying its behaviours depending on the match.

» Performance indicators are dynamic and vari-
able behaviours; they change according to the
match analysed.

*  The practical usefulness of performance indica-
tors obtained from analysing various matches
together is in doubt.

*  Most situations used to destabilise the oppo-
nent defensive system include the line player.

» Situations used to destabilise the 6:0 defensive
system are more variable than those used against
the 5:1.

* Some behaviours offer great stability: comple-
tions from the centre.

Although this study provides valuable informa-
tion on the variability of attacking behaviours and
performance indicators of the world champion team,
it does have some limitations. It cannot analyse the
intrinsic dynamics of each match and, therefore,
understand changes in strategy during the match.
Nor does it analyse behaviours according to which
players are on the court at a given time and occupy
key positions, such as the centre back (Flores &
Anguera, 2018). Furthermore, the study of behav-
iour patterns and performance indicators did not
take into account the influence of prior actions. If
we imagine that during a given match the last two
attacks have ended with a pass to the line player,
during the next attack, the defence is likely to try to
fall back to protect against this action, assuming the
risk of conceding a long-range shot. Taking these
aspects into account could help future research
studies aiming to delve deeper into the variability
inherent to performance indicators in handball.
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Abstract:

The number of injuries and accidents at the workplace are constantly rising, and the most pronounced
injuries are related to the musculoskeletal health. Numerous studies have revealed that city bus drivers have a
high incidence of musculoskeletal pain. The aim of this study was to determine whether physical activity levels
might be a mediator between the non-ergonomic position of the body’s upper segments and musculoskeletal
health in professional bus drivers. The study protocol included the assessment of participants’ musculoskeletal
health using the Orebro Musculoskeletal Pain Questionnaire, assessment of the non-ergonomic position of
the upper body segments when seated by means of the Rapid Upper Limb Assessment, and measuring of
the level of physical activity using the Yamax 200 pedometer. The sample consisted of 115 bus drivers, from
40 to 55 years of age, with a minimum work service of 15 years. The relationships among variables were
tested using the Spearman correlation coefficient and the Wilcoxon rank sum test to include the selected
variables in the multivariate linear regression model. The Box-Cox test indicated the need for logarithmic
transformation of the OMPQ results used to measure musculoskeletal health, so a log-linear model was used
in the regression analysis. The normality of the distribution of the residual regression models was tested
by the Shapiro-Wilk test. The main findings of this study indicate that 95.6% of participants reported the
presence of musculoskeletal pain and in 24.4% of them a very high risk of the musculoskeletal disorder was
observed, which indicated the need for urgent changes. The average number of steps per day was 5,090.8.
The physical activity proved (obtained by the regression analysis) as a mediator between the non-ergonomic
position of the upper body segments and musculoskeletal health (p=.027). The obtained data may serve as
an important argument for designing future public health and kinesiology interventions for the improvement
of the health of professional bus drivers.

Key words: ergonomics, driver’s workplace, health, walking

Introduction

Musculoskeletal health problems are consid-
ered to be one of the important groups of disorders

disorders in bus drivers, namely: cardiovascular
diseases, gastrointestinal disorders, and musculo-
skeletal problems. Some of the studies researched

that are fully or partially caused by unfavourable
working conditions such as repetitive movements,
repetitive application of force, static and non-ergo-
nomic body posture and vibrations (NIOSH, 2014)
and they often depend on the type of occupation.
The available data show that 85% of nurses, 86%
of tractor drivers and 83% of bus and truck drivers
report disorders in their musculoskeletal system
(NIOSH, 2014). Almost 40 years ago, Backman
(1983) identified three key categories of health

only the presence of musculoskeletal pain in bus
drivers, without possible impacts of risk factors,
and the results showed that about 61% of respond-
ents experienced back pain, about 52% had cervical
pain, 48% experienced shoulder pain, 35% had pain
in the knee/thigh, and somewhat less than 20%
experienced pain in other parts of the body (Grace
& Peggo, 2007).

However, some studies indicate the possible
reasons for the occurrence of musculoskeletal
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pain, so they mention the occurrence of localized
fatigue of the erector spinae muscle, which was
observed in bus drivers during prolonged non-
ergonomic sitting, as well as the lack of physical
activity and ergonomic and psychosocial condi-
tions (Casagrande & Ferreira, 2022; Krogh-Lund
& Voss, 1989).

Studies evaluating the non-ergonomic posi-
tion while sitting have shown that when, due to the
workstation discomfort, the body is bent, tilted to
one side, twisted in flexion and strained for more
than four hours; all these can increase the proba-
bility ratio of developing musculoskeletal pain due
to the creation of mechanical strain on the spine
(Alperovitch-Najenson, Katz-Leurer, et al. 2010;
Bovenzi & Zadini, 1992; Bridger, Groom, Jones,
Pethybridge, & Pullinger, 2002; De Vitta, et al.,
2013; Keyserling, Punnet, & Fine, 1988; Massa-
cessi, et al., 2003; Pynt, Higgs, & Mackey, 2002).

Many authors, encouraged by these indicators,
try to explain the risk and preventive factors that
could be associated with musculoskeletal health.

Physical activity is one of the preventive factors
whose influence has been investigated in numerous
studies. Studies have shown that the respondents
who had higher levels of daily physical activity also
had lower levels of disorders in their musculoskel-
etal system (Lordan & Pakrashi, 2014; Yarandi,
Koohpaei, Arsang-Jang, & Ebrahimi, 2018).

Studies conducted on the impact of physical
activity and musculoskeletal health in bus drivers
show that musculoskeletal pain is more common in
drivers who are not physically active (Alperovitch-
Najenson, Santo, et al. 2010, Katz-Leurer, Santo,
Goalkeeper, & Kalichman, 2010).

Furthermore, it is important to emphasise
the interrelationship between health and physical
activity since many studies have established the
benefits of physical activity. Thus, the US Depart-
ment of Health and Human Services (1996) points
out that an active and individualized lifestyle has
many health benefits and that sedentary habits are
associated with an increased risk of numerous
chronic diseases and reduced longevity.

Based on the previous research, a study has
been designed that examines physical activity as a
possible mediator between musculoskeletal health
and the non-ergonomic position of the upper body
segments at the driver’s workplace, which is also
an important prerequisite for developing the guide-
lines for the design of future public health and kine-
siology interventions aiming at preserving muscu-
loskeletal health. To our knowledge, this is the first
study of this kind dealing with this topic and there-
fore the results obtained are even more significant,
for both science and practice. It is necessary to take
the required steps to preserve the health of every
human being, especially those in high-risk jobs,
such as the occupation of bus drivers.

Methods

Participants

This cross-sectional study was conducted with a
sample of professional bus drivers, employees of the
Zagreb Electrical Tram (ZET), a public city trans-
portation service of the Croatian capital. The study
included male drivers with a minimum service
experience of bus driving for ZET of 15 years and
it did not include the participants who were under
40 or over 55 years of age. All the drivers were in
permanent employment and capable of performing
the job of bus drivers. The participants of the study
were selected by a systematic random selection.
Each bus driver was equally likely to be selected
if they met the criteria that were predefined in this
research (age, gender, and length of service). The
analysis was performed on data collected from 115
bus drivers. All the respondents signed informed
consent, participated in the research voluntarily and
anonymously, and they could withdraw from the
survey at any time.

Procedures

The study used the Orebro Musculoskeletal
Pain Questionnaire (OMPQ), which was imple-
mented in several scientific studies in various coun-
tries (Linton & Boersma, 2003). It was developed
to determine possible risks of developing persistent
back pain problems. This paper used the usual cate-
gorization proposed by Linton and Halldén (1998):
OMPQ < 90: a low risk of long-term incapacity for
work, 90 < OMPQ < 105: a moderate risk of long-
term incapacity for work, and OMPQ >105: a high
risk of long-term incapacity for work. The descrip-
tive analysis of the OMPQ questionnaire results
included the original OMPQ values as well as cate-
gorized values in accordance with the described
procedures. In the analysis of the interrelationship
of OMPQ results and other characteristics observed
in this study, the original OMPQ values were used,
i.e., OMPQ was used as a continuous variable so as
not to lose some of the information that this variable
contained, which is inevitable during the categori-
zation process.

To assess the impact of non-ergonomic working
conditions on the musculoskeletal system, the
method for assessing the condition of the upper
limbs was used (Rapid Upper Limb Assessment—
RULA). RULA was developed as a measuring
instrument to assess the exposure of the workers
to non-ergonomic risk factors associated mainly
with disorders of the upper segments of the muscu-
loskeletal system that are important in bus drivers.
The level of musculoskeletal risk is divided into four
score groups, based on points (Mirmohammadi,
Mehrparvar, Olia, & Mirmohammadi, 2012): 1 —2
points: a negligible risk, nothing needs to be done,
3 —4 points: a low risk, a change may be necessary,
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5—6 points: a medium risk, further research, imme-
diate intervention needed, and 6 + points: a very
high risk, urgent change needed. Also, short inter-
views with the drivers led to a better understanding
of their tasks while driving and the complexity of
the job itself.

In this study, physical activity levels of bus
drivers were measured using a pedometer that
measured the number of steps made in a given
time, so exclusively step-based physical activity
was monitored. A Yamax 200 pedometer was
used, which proved to be stable and suitable for
scientific research (Schneider, Crouter, & Bassett,
2004). The respondents wore a pedometer for four
days, three working days and one non-working day
(due to the specifics of working hours, instead of a
weekend day a day off was used) that recorded their
number of steps made during the entire measure-
ment period. For the purposes of statistical anal-
ysis, the average number of steps per day for each
respondent was calculated.

Statistical analysis

The relationships among variables were tested
using the Spearman correlation coefficient and the
Wilcoxon rank sum test. Based on the results of
these tests, variables for inclusion in the multivar-
iate linear regression model were identified. The
Box-Cox test indicated the need for logarithmic
transformation of the OMPQ results used to measure
musculoskeletal health, so that a log-linear model
was used in the regression analysis. The normality
of the distribution of the residual regression models
was tested by the Shapiro-Wilk test and graphical
review of their distribution. P-values less than or
equal to 0.05 were considered statistically signifi-
cant. Statistical analysis was carried out using the
SAS System software package (SAS Institute Inc.,
North Carolina, USA).

Results

The Orebro Musculoskeletal Pain Question-
naire (OMPQ) indicated a moderate or high risk of
long-term incapacity for work observed in almost
every fifth driver (22 of them, i.e., 19.1%). A low risk
of long-term incapacity for work was present in the
majority of drivers (93 drivers, i.e., 80.9%) (Table 1).

The majority of respondents, 110 of them
(95.6%), reported the presence of musculoskeletal
pain. Observing the participants who reported pain,
the lower back was the most common area of pain
(81 drivers, i.e., 70.4%), followed by the neck (36
drivers, i.e., 31.3%), leg (28 drivers, i.e., 24.3%),
shoulders and upper back (24 drivers, i.e., 20.9%)
and arms (15 drivers, i.e., 13.0%) (Table 2). Other
types of pain usually included problems with hips
(seven drivers) and knees (three drivers).

The assessment of exposure of the muscu-
loskeletal system to non-ergonomic upper body

postures (RULA) indicated that in the majority of
drivers, 66 of them, i.e., 57.4%, a medium risk of
the occurrence of musculoskeletal disorders was
observed, i.e., the need for immediate intervention
was observed; further, in 21 drivers (18.3%) a low
risk was observed and in 28 drivers (24.4%) a very
high risk of musculoskeletal disorder, which indi-
cated the need for urgent changes at their workplace
and of their lifestyle (Table 3).

The level of physical activity was measured
by pedometers over four days (three working days
and one non-working day). For each participant, an
average number of steps per day was calculated.
The distribution of the average number of daily
steps was analysed in Table 4. The average number
of steps per day amounted to 5,090.8 (2,883.3), and
the median was 4,809.8 (3,424.0 — 5,937.0).

The results of the regression analysis of the
physical activity as a mediator between the non-
ergonomic position of the upper body segments and
musculoskeletal health are presented in Table 5.
The Shapiro-Wilk test indicated an approximately
normal distribution of the regression model residual
(p-value=.144). White’s heteroscedasticity test indi-
cated the homogeneity of the residual variance

(p=.131).

Table 1. Distribution of categorized OMPQ values

Risk of long-term

incapacity for work OMPQ value N %

Low OMPQ <90 93 80.9
Moderate 90 < OMPQ <105 13 11.3
High OMPQ >105 9 7.8

Table 2. Pain in musculoskeletal system according to the
affected areas of the body

Pain-affected area of the body N %

Lower back 81 70.4
Neck 36 31.3
Leg 28 24.3
Shoulders 24 20.9
Upper back 24 20.9
Arm 15 13.0
Other 14 12.2

Table 3. Distribution of RULA values

Risk level of

musculoskeletal RULA N %
disease

Negligible risk RULA <2 . .
Low risk 3<RULA<4 21 18.3
Medium risk 5<RULA<6 66 57.4
Very high risk RULA > 6 28 24.4
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Table 4. The indicators of the distribution of average number of steps per day

Variable X SD

Med Q1 Q3 Min Max

Number of steps 5,090.8 2,883.3

4,809.8

3,424.0 5,937.0 965.0 18,331.3

Note. x = arithmetic mean; SD = standard deviation; Med = median; Q1 = first quartile; Q3 = third quartile; Min = minimum; Max =

maximum.

Table 5. Regression analysis of physical activity as a mediator between non-ergonomic body position and musculoskeletal health

(dependent variable is the logarithmic value of the OMPQ result)

Variable Coefficient Exp (coefficient) Standard error p-value Tolerance Inﬂa.tlon of
variance

Constant 3.080 0.425 <.001

Number of daily 0.114 1121 0.073 119 0.031 32.236

steps (in 000)

Posture (RULA) 0.219 1.245 0.071 .003 0.245 4.078

Number of daily steps

(in 000) * Posture -0.028 0.973 0.012 .027 0.031 31.807

(RULA)

R? =0.192; Corrected R? = 0.170.

Physical activity was shown to be a mediator
between the non-ergonomic position of the upper
body segments and musculoskeletal health. This
was indicated by the interaction between the average
number of daily steps and RULA points, which was
significant (p=.027). This means that the effect of
the upper body segments on musculoskeletal health
depends on the physical activity of the drivers —in
the case of those who were more physically active,
the effect on musculoskeletal health was smaller
(based on the OMPQ result) as compared to the
drivers who were less physically active.

Discussion and conclusions

Our study has found a high incidence of pain in
the bus drivers’ musculoskeletal system, in as many
as 96%, out of which 70.4% of the pain was reported
in the lower back and 31% in the neck, followed by
24% of leg pain, 21% of shoulder and upper back
pain, and 13% of reported pain sites were arms. The
categorization of OMPQ values indicated a low risk
of long-term incapacity for work in the majority
of drivers (81%), while a moderate and high risk
of long-term incapacity for work was observed in
almost every fifth driver (19%). The average OMPQ
value was 66.9. The results have shown that phys-
ical activity may be a mediator between musculo-
skeletal health and the non-ergonomic position of
the body’s upper segments.

Many other studies have also reported a high
level of pain incidence in bus drivers. Thus, Netter-
strom and Juel (1989) indicate in their study that the
incidence of lower back pain was present in 57%
of cases among bus drivers. Furthermore, a five-
year study by Krause, Ragland, Fisher and Syme
(1998), examining over 1,000 Californian drivers
of various vehicles, identified 501 injuries to the
lower back. The results of more recent studies keep

reporting a high rate of incidence of the disorder
of the musculoskeletal system in bus drivers, i.e.,
about 55% (Pradeepkumar, Sakthivel,and Shankar,
2020).

One of the possible explanations for such a high
rate of pain in the musculoskeletal system of bus
drivers may be associated with uncomfortable and
irregular upper segment body postures during long
hours of driving. In their studies, the authors report
that in bus drivers, uncomfortable/incorrect body
postures and asymmetrical body positions when
sitting can cause mechanical strain in the spine,
and therefore, lower back and neck pain (Grace &
Peggo, 2007).

In this study, the RULA method was used
for the ergonomic assessment of mechanical and
postural load at work the participating bus drivers
were exposed to. RULA assesses the exposure of
the workers to non-ergonomic risk factors related
mainly to the disorders of the upper segments of
the musculoskeletal system that are quite impor-
tant in bus drivers. The majority of drivers (57%)
had a moderate risk of developing a musculoskel-
etal disease, 1.e., the need for immediate interven-
tion; in 18% of drivers a low risk and in 24% of
them a very high risk of developing a musculoskel-
etal disorder was recorded. The latter indicated the
need for urgent changes. The non-ergonomic posi-
tion of the upper body segments may contribute to
ever greater muscle strain, higher compression on
the joints and spine and higher load force on the
joints involved in driving. This is precisely why it
is possible that the factors such as deviations from
the natural position of the body and the prolonged
duration of these actions may result in a higher rate
of disorders in the musculoskeletal system (Grace
& Peggo, 2007; Westgaard, 2000).
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Some of the authors agree that just sitting itself
does not represent a risk of pain, but rather that the
unnatural twisting of the body through flexion or
extension, for longer than four hours, can increase
the probability ratio of developing musculoskeletal
pain (Casagrande & Ferreira, 2022; Lis & Black,
2007; Massaccesi, et al., 2003).

Previous studies on the level of physical activity
usually used questionnaires, and by examining the
available literature no research could be found in
which the level of physical activity of bus drivers
was determined using objective and more accurate
pedometer measurements. The average number
of steps per day amounted in our participants to
5,091, whereas the maximum number of steps was
18,331.3, and the minimum was 965. Considering
the values of the level of physical activity, it can be
concluded that the obtained values were still below
the recommended level of daily physical activity
that, for the population between 20 and 65 years
of age, is 7,000 — 8,500 steps (Tudor-Locke, et al.,
2011). Physical activity is undoubtedly an impor-
tant factor in maintaining the optimal level of health
as confirmed by many authors around the world
(Eyler, Browson, Bacak, & Housemann, 2003; Lee
& Paffenbarger, 2000; Pate, et al., 1995). It can be
therefore assumed that the explanation of the high
incidence of pain in 96% of the bus drivers resulted
from their insufficient and inadequate physical
activity (Hildebrandt, Bongers, Dul, & Kemper,
2000; Toroptsova, Benevolenskaya, Karyakin,
Sergeev, & Erdesz 1995).

Krause, Rugulies, Ragland, and Syme (2004)
monitored the professional bus drivers with the
reported pain in their musculoskeletal system for
7.5 years. Their study provided strong evidence of
physical risk factors at the workplace for the occur-
rence of pain. The results of that study showed that
the professional bus drivers who had rated the ergo-
nomic issues as high had a significantly higher risk
of musculoskeletal disorders. They also pointed out
that by correcting the ergonomic conditions, lower
back pain may be reduced by 19% in all bus drivers.
Addressing this issue could prevent disorders in
the musculoskeletal system and reduce the occu-
pational disabilities in this high-risk occupation
and reduce significant economic expenses related
to lower back pain.

Observing physical activity as a mediator
between the non-ergonomic position of the upper
body segments and musculoskeletal health, the
results indicated statistical significance (p=.027)
of physical activity as a mediator between ergo-
nomics and health. This means that in the drivers
who were more physically active, one may expect
that the effect of a poorer posture of the upper body

segments had less impact on their musculoskeletal
health (Table 5). In the research by Hildebrandt et al.
(2000) the authors also concluded that stimulating
physical activity can represent one of the methods of
reducing musculoskeletal problems in the working
population, especially in workers who spend a lot
of time sitting at their workplace.

Results of our research suggest that physical
activity mediates the effect of the non-ergonomic
position of the upper body segments on the muscu-
loskeletal health level; a higher level of physical
activity could promote the health of the musculo-
skeletal system in non-ergonomic working condi-
tions among bus drivers. Although according to the
available literature, there is no research on phys-
ical activity as a mediator between the ergonomic
working conditions and the health of musculoskel-
etal systems in professional bus drivers, the physical
activity variable has been the subject of considera-
tion in many studies.

In the present study, physical activity levels
were determined using a pedometer. Using this
method, enabled us to avoid possible mistakes made
by the participants’ subjective self-evaluation of the
level of their physical activity, which is one of the
advantages of this research.

This research has a limitation that should be
considered when generalizing the results. The
research was conducted on a convenience sample,
and it is not possible to generalize the results to the
population of Croatian bus drivers aged between 40
and 55 years. Only male bus drivers were surveyed
in this study; however, since women have recently
become involved in these occupations as well,
professional female bus drivers should be included
in the next research. Female drivers could have
an even higher disorder incidence and pain in the
musculoskeletal system due to anthropometric
factors because they are smaller, and the driver’s
seats are designed for male drivers.

Taking into account the obtained results of this
research, it is first of all necessary to make a good
strategy of promoting physical activity among bus
drivers as one of the possible factors for improving
the health of the musculoskeletal system. Further-
more, it is necessary to program the guidelines
for designing the kinesiology and public health
programs that will focus on educating bus drivers
about the proper upper body segment posture while
driving and increasing the level of their physical
activity in the form of walking and other kinesi-
ology programs to reduce the incidence of pain in
the musculoskeletal system. It is also important to
emphasise that the introduction of such strategies
can greatly contribute to preserving the health of the
younger generations of drivers who are yet to come.
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Abstract:

The combat sports athletes developed great gains in both muscular function and fatigue resistance by
utilizing high-intensity interval training (HIIT). However, it has not been investigated fully whether different
work-to-rest ratios of HIIT show the effectiveness on muscle function in adolescent athletes. The purpose of the
study was to compare different work-to-rest ratios by applying different rest times in response to the identical
work time during HIIT on muscle function in adolescent tackwondo athletes. Forty-seven adolescent male
tackwondo athletes (mean age: 16.7+0.8 years) were randomly assigned to the control group (n=11) vs. three
HIIT groups by work-to-rest ratios; (1) 1:2 [30s:60s] (n=12), (2) 1:4 [30s:120s] (n=12), and (3) 1:8 [30s:240s]
(n=12). All groups completed 10 experimental sessions over four weeks, while the control group maintained
their regular tackwondo training. Muscular functions were measured by assessing isokinetic muscle strength
and endurance of the knee extensor and flexor. The participants performed three sets of twenty maximal
extension and flexion contractions at 120°s" with a 1-min interval between the sets for fatigue resistance.
Blood samples were collected to measure free-testosterone, cortisol, creatine kinase, and urea as stress-to-
recovery indicators. A positive effect on improving muscle fatigue resistance was observed at the first set of
assessments in the HIIT with 1:4 (A10.2%, p<.05) and 1:8 groups (A8.6%, p<.05). Additionally, the 1:4 group
exhibited fatigue resistance improvement in the second set (A7.7%, p<.01) without any changes of stress-to-
recovery indicators, while the other groups did not show any improvement. The 30s all-out work with 120s
rest time, lasting over a brief 4-week period, improved participants’ fatigue resistance. A certain amount of
rest time between high-intense movements is required to optimize muscle development in adolescent athletes
compared with insufficient rest time.

Key words: HIIT, muscle function, stress-to-recovery indicator, optimal protocol, adolescent athlete

ability, and recruitment threshold) (Kinnunen, Piit-
ulainen, & Piirainen, 2019). The increase in rate of

Introduction
High-intensity interval training (HIIT) has

become increasingly popular in the field of strength
and conditioning training because of its time-
efficient improvements on athletic performance,
specifically muscle function (Engel, Ackermann,
Chtourou, & Sperlich, 2018). Previous literature has
shown that HIIT increases the rate of large motor
unit recruitment through the alteration of motor unit
properties (i.e., discharge rate, discharge rate vari-

force development is associated with the develop-
ment of type Il muscle fibers, and it is evidenced
that HIIT increases the number of type II muscle
fibers in well-trained athletes (Kohn, Essén-
Gustavsson, & Myburgh, 2011). It is also postu-
lated that enhancement in athletic performance
with HIIT stems from an increase in ATP content
and glycogen storage, and/or from a decrease in the
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accumulation of hydrogen ions (H") and lactate in
skeletal muscle (Bishop, Edge, Thomas, & Mercier,
2008). Despite its merit, it is unknown if there is an
optimal combination of working and resting time
(i.e., work-to-rest ratio) for the muscle function and
fatigue resistance described above (Seo, Lee, Jung,
Jung, & Song, 2019).

Previous studies have compared various work-
to-rest ratios of HIIT in an attempt to find proto-
cols yielding the greatest improvements in muscle
function. Lloyd Jones, Morris, and Jakeman (2017)
investigated the effect of three different work-to-rest
ratios of sprint training on exercise performance in
physically active adults. The study found that 10 x 6
seconds “all-out” sprints on a cycle ergometer with
a 1:8, 1:10, or 1:12 work-to-rest ratio demonstrated
similar improvements on peak power, with no differ-
ences among the protocols. Moreover, Ouergui et
al. (2020) reported that 10 x 35 m sprint running
for four weeks could not improve the neuromus-
cular performance in adolescent tackwondo athlete
and Ojeda-Aravena et al. (2021) did not show any
change in physical performance utilizing a 4-week
HIIT in tackwondo athletes. However, Seo et al.
(2019) demonstrated that the protocol involving a
30s all-out sprint running with a 120s recovery time
led to better aerobic and anaerobic capacity devel-
opments during the HIIT in adolescent athletes
compared with 60s and 240s. The studies highlight
that a certain amount of rest time can be a primary
deriver of generating optimal improvement in phys-
ical performance.

Neural and muscular mechanisms are respon-
sible for muscle fatigue, impairing exercise perfor-
mance as evidenced by reductions in speed and
power output (Girard, Mendez-Villanueva, &
Bishop, 2011). HIIT-induced neuromuscular adap-
tations may increase fatigue tolerance (or resist-
ance), thereby increasing the ability to endure the
extreme physiological and/or psychological stress
associated with this training (Carroll, Taylor, &
Gandevia, 2017; Reilly, Drust, & Clarke, 2008).
Consequently, HIIT increases central fatigue toler-
ance and develops exercise performance through
improvements in the neuromuscular system. As a
result, the capacity to endure the extreme physi-
ological and/or psychological stress is improved
through being affected during the continued high-
intensity movements (O’Leary, Collett, Howells, &
Morris, 2017). However, the relationship between
fatigue resistance and various HIIT protocols has
not been studied previously. Tackwondo compe-
tition is an official Olympic sport that consists of
intermittent attacks and defenses executed by high-
intensity movements such as kicks and punches.
Particularly, muscle fatigue resistance is an impor-
tant variable affecting the competition success in
tackwondo athletes. Examining the muscle fatigue

resistance adaptations in response to various HIIT
protocols can reveal an optimal HIIT strategy for
adolescent tackwondo athletes.

Optimal balance between training load and
recovery is crucial for enhancing maximal athletic
performance (Siegl, et al., 2017). Stress-to-recovery
indicators are valuable surrogate serum markers for
evaluating the physiological response associated
with training-induced fatigue because of their high
accuracy and precision (Hecksteden, et al., 2016).
These surrogate markers can also help to minimize
the risk of overtraining syndrome or injury.

HIIT has been shown to positively impact
athletic performance in various sports athletes;
however, there is a lack of research that has exam-
ined the effects of different HIIT protocols during
in-season training on muscle function in adoles-
cent tackwondo athletes. We hypothesized that
although muscle function and fatigue resistance
would improve in all HIIT groups, the 30s of
sprint running with 120s of active recovery time,
compared with 60s and 240s of recovery time,
would provide greater improvements in muscle
function after the intervention (Seo, et al., 2019).
The aim of the present study was to compare the
effects of different work-to-rest ratios on muscle
function and fatigue resistance in adolescent taek-
wondo athletes by applying different recovery times
in response to the identical exercise time during
HIIT.

Methods

Participants

In the present study, 55 adolescent male taek-
wondo athletes, aged 15-18 years (mean age 16.7 &
0.8 years), were recruited from South Korea. They
had been regularly performing both strength and
conditioning programs and skill and technique
training at least five times a week (15 to 21 hours/
week) for a minimum of three years. The inclusion
criteria for the present study were the following: (1)
no history of medical conditions, medications use,
and disease states, and (2) no injuries experienced in
the last six months. All participants were affiliated
with the Korea Tackwondo Association. A power
analysis using G*Power program 3.1.9.2 (Diissel-
dorf, Germany) was used to determine the sample
size required to detect within- and between-factor
differences for a repeated-measures ANOVA. With
an estimated power of 0.80 and alpha of 0.05, a total
sample of 40 was required to detect a medium effect
size (effect size of f=.33). Written informed consent
was obtained from the participants, their legal
guardians, and coaches after the study procedure,
withdrawal process, potential risks, and benefits
had carefully been explained to them. The present
study was carried out following The Code of Ethics
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of the World Medical Association (Declaration of
Helsinki) and approved by the Institutional Review
Board at Kyung Hee University (KHSIRB-17-39).

Randomized controlled trial (RCT)

Fifty-five adolescent athletes initially partic-
ipated in the present study and were randomly
assigned to the following four groups (Figure 1): (1)
1:2 (30s:60s) group (n=14), (2) 1:4 (30s:120s) group
(n=14), (3) 1:8 (30s:240s) group (n=14), and (4) the
control group (CON, n=13). However, eight partic-
ipants dropped out during the intervention period
due to personal reasons and injuries that were not
due to the applied HIIT program. Note that four
participants were excluded due to the quadriceps
or ankle strains during the simulated tackwondo
sparring session. Eventually, forty-seven partici-
pants completed the present study.

Training intervention
A certified strength and conditioning specialist
(CSCS) from the National Strength and Condi-

tioning Association conducted the HIIT program.
Table 1 details the HIIT program. The HIIT

program was implemented in ten sessions over
four weeks: two times in the 1* and the 3 week,
and three times in the 2™ and the 4™ week. All
participants in the 1:2, 1:4 and 1:8 work:rest ratio
groups performed either six for week 1 and 2 or
eight repetitions for week 3 and 4 of 30s all-out
sprint exercise, and rested between repetitions for
60s, 120s, and 240s, respectively. Participants had
their heart rates recorded during training sessions
(Polar RS400, Polar Electro Oy, Kempele, Finland)
while performing a sprint running on the track.
Heart rate monitors were set to record heart rate
at five-second intervals. The HIIT intensity was
aiming at achieving 90% or higher than individual
HR,,,, interspersed with rest periods of walking
(active recovery). The CSCS verbally encouraged
each participant to sprint at an “all-out” effort. In
addition, each participant completed a tackwondo
technique and skill training program along with
their regular in-season training program. The
taekwondo technique and skill training, led by a
coaching staff, included 20 sessions over four weeks
and was executed at the light to moderate intensity
for 2.0 to 2.5 hours.

Enroliments

Assessed for eligibility
(n=55)

l

Randomized (n=55)

l Allocation
r Y Y
Allocated to infervention Allocated to intervention Allocated to intervention Allocated to intervention
to 1:2 group (n=14) to 1:4 group (n=14) to 1:8 group (n=14) to control group (n=13)
l Follow-up
r r r
Lost to follow-up (n=2) Lost to follow-up (n=2) Lost to follow-up (n=2) Lost to follow-up (n=2)
l Analysis
Yy
Intervention analyzed Intervention analyzed Intervention analyzed Intervention analyzed
(n=12) (n=12) (n=12) (n=11)
Figure 1. Flow chart of the study.
Table 1. HIIT protocol
Total volume
Exercise Weeks Intensit Reps Total
type Yy P work time 1:2 group 1:4 group 1:8 group
(30s:60s) (30s:120s) (30s:240s)
30-s 1-2 6 3min 9min 15min 27min
running All-out
sprint 3-4 8 4min 12min 20min 36min
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Anthropometric measurements and body
composition

Participants’ standing body height and weight
were measured to the nearest 0.1 cm using a stadi-
ometer (T.K.K. Takei Scientific Ins Co., Tokyo,
Japan) and balance beam scale (Seca 841, Gmbh
& Co. KG, Hamburg., Germany) to the nearest 0.1
kg, respectively. Body mass index (BMI) was calcu-
lated as body weight (kg) divided by the square
of height (m?). Body composition variables (i.e., %
body fat, fat tissue, and lean tissue) were measured
by dual X-ray absorptiometry (DXA: QDR-4500W,
Hologic, Marlborough, MA, USA). All participants
were measured while wearing light clothing, bare-
foot, and after removing all metal from their person
in a whole-body scan. The coefficient of variance of
scanning was 1.5 % or less, which was in accord-
ance with that indicated by the manufacturer. The
reliability of the repeated measurements and intra-
class correlation coefficient (ICC) was 0.99.

Muscle function

Muscle function was assessed by isokinetic
muscle strength and endurance of the quadriceps
(knee extensor) and hamstrings (knee flexor) with
an isokinetic dynamometer (Cybex Humac Norm
Model 770, Computer Sports Medicine Inc., New
York, NY, USA). Prior to the measurement, the chair
rotation scale, dynamometer rotation scale, and
morale scale-secure chair were adjusted according
to participants’ preferences. Participants performed
a full range of motion for peak torque with five
maximal effort contractions at 60°'s'. Total work
done was measured with twenty maximal effort
contractions at 180°-s!. The data were normalized
with each participant’s body mass and calculated
as peak torque and total work done ([Nm] + [kg]).

Fatigue resistance

The fatigue resistance was assessed using an
isokinetic dynamometer (Dipla, et al., 2009). The
participant performed three sets of twenty maximal
extensions and flexion contraction at 120°s* with
I-minute intervals, and the researcher provided
verbal feedback of encouragement. Only the domi-
nant leg of preference was assessed. Total work
done was calculated as the sum of work done during
the three sets, and each set was recorded. Rating
of perceived exertion (Borg scale; baseline RPE:
17.041.16, post-test RPE: 16.7+6.77) and heart rate
were recorded at baseline and post-tests of each set
(baseline peak heart rate: 155.1£14.05 bpm, post-test
peak heart rate: 155.1%13.06 bpm). Blood samples
for lactate concentration (mmol/L) were collected
from fingertip with strips (Accutrend® lactate,
Roche Diagnostics, Mannheim, Germany) by
Accutrend® Plus (Roche Diagnostics, Mannheim
Germany), before, immediately after, and 5 min

and 10 min after the rest (baseline peak lactate: 8.9
mmol/L, post-test peak lactate: 8.6 mmol/L). The
reliability of the repeated measurements assessed
by the ICCs ranged from 0.92 to 0.97.

Stress-to-recovery biomarkers

Fasting venous blood samples were obtained
at the beginning of baseline, after two weeks (i.e.,
mid-term test), and three days after the intervention
period. We performed an additional analysis for a
blood sample at mid-term period in order to identify
the changes between exercise load changes (number
of repetitions, weeks 1 to 2: six times; weeks 3 to 4:
eight times) in HIIT programs. Participants arrived
at the laboratory at a standardized time (between
08:00 and 08:30) after a 12 hour overnight fast and
avoided moderate to vigorous physical activity or
training 48 hours after training. Fasting venous
blood samples (5 ml) were taken by a medical labo-
ratory technician from the left arm’s antecubital
vein area and separated into individual serum sepa-
rator tubes. Participants rested in the seated posi-
tion for 10 to 15 min before blood collection. The
clotted blood was separated using centrifugation
at 3000 rpm for 15 min and was stored at -80C° in
a mechanical freezer for later analysis. The blood-
borne markers assays were performed at the national
committee for experiments in the clinic laboratory
(Green Cross Lab Cell, certified by the Korea labo-
ratory accreditation scheme, South Korea). Stress-
to-recovery biomarkers, including FT, C, CK, and
urea U, were analyzed. FT was analyzed by an auto-
matic radioimmunoassay (RIA) analyzer system
(R counter, Packard, Meriden, USA) with free
Testosterone RIA CT kit (Asbach Medical Prod-
ucts, Obrigheim, Germany). C was assessed using
an automatic ECLIA (Electro-chemiluminescence
Immunoassay) analyzer (Cobas 8000, Roche Diag-
nostics, Mannheim, Germany) with Cortisol II kit
(Roche Diagnostics, Mannheim, Germany). CK,
a marker of muscle damage, was analyzed with a
creatine kinase kit (Roche Diagnostics, Mannheim,
Germany) and estimated on an auto-analyzer
(Roche Diagnostics, Roche Cobas 8000 Modular,
Mannheim, Germany), which is a UV (ultraviolet)
assay. U was analyzed with a UREAL kit (Roche
Diagnostics, Mannheim Germany), a kinetic UV
assay. The inter- and intra-class coefficient of vari-
ance was between 0.2 and 4.8%.

Statistical analyses

The data were analyzed using SPSS, version
26 for Windows (SPSS Inc, Chicago, IL, USA).
All data were presented as means (M), standard
deviations (SD), and 95% confidence interval (CI).
Repeated measures ANOVAs were used to assess
the interaction effect for the group by the time. In
addition, one-way repeated-measures ANOVAs
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with Bonferroni correction and dependent -test
were used to compare within-group values. If there
were any significant differences in baseline varia-
bles, repeated measures ANCOVAs were conducted
adjusted for baseline covariate. Effect sizes were
calculated as dependent Cohen’s d and partial eta-
squared values. The statistical significance level
was set at 0.05.

Results

Anthropometric measurements and body
composition

Table 2 summarizes the baseline characteristics
of the participants. There were no significant differ-
ences in height, weight, and BMI at baseline among
the four groups. Table 3 displays changes for body
composition of the participants during four weeks
of HIIT training. There were no significant inter-
action effects for the group by time in body weight,

Table 2. Baseline characteristics of the participants

percent body fat, fat tissue, and lean tissue during
the training period.

Muscle function and fatigue resistance

There were no significant group by time interac-
tion effects for all groups in the lower limb muscle
strength and endurance (Tables 4 and 5). However,
repeated-measure ANOVA confirmed significant
interaction effects in the fatigue resistance (Figure
2). There was a significant interaction effect for
group by time on the first (p<.05, n’,=.45) and
second set in fatigue resistance (p<.05,n’,=.50). The
first set of fatigue resistance increased significantly
in the 1:4 and 1:8 groups. However, the second set
of fatigue resistance improved significantly in the
1:4 group only, while the 1:2, 1:8, and CON groups
did not show any significant changes (Figure 3). No
significant interaction effect for the group by time
on the third set in fatigue resistance was found.

Variables 1:(2ng:(;l)1p 1:3152%”3 1:3,122%”3 Con(t;glﬂ;oup p-value
Age (years) 16.7+0.78 16.9+0.67 16.5+£0.90 16.5+£1.04 .64
Body height (cm) 174.7£7.10 176.1£6.98 175.4+5.36 174.7+4.64 .94
Body weight (kg) 66.3+11.80 66.4+12.51 65.416.04 66.7+11.71 .99
BMI (kg'm?) 21.7£¢2.99 21.3+2.89 21.3+1.27 21.8+2.88 .95

Note. Values are expressed as mean + SD. BMI — body mass index.

Table 3. Change in body weight and body composition between baseline and post-test in adolescent athletes

Group Time Group
Variables Group Baseline (95% Cl) Post (95% ClI) Cohen’s d Time
(ES) (ES) (ES)
1:2 66.3+11.80 (58.8-73.8) 66.1+11.22 (59.0-73.3) 015
Body weight 1:4 66.4+12.51 (58.5-74.4) 66.3+12.11 (58.6-74.0) 0.16 0.06 0.85 259
(kg) 1:8 65.4+6.04 (61.6-69.3) 65.4+6.13 (61.5-69.3) 0.06 (0.06)  (0.14) (0.43)
CON 66.7+11.71 (58.8-74.6) 67.7411.63 (59.9-75.5) 0.56
1:2 12.6+4.74 (9.5-15.6) 12.3+5.10 (9.1-15.5) 0.29
Percent body 1:4 11.6+2.46 (10.1-13.2) 11.1+2.36 (9.6-12.6) 0.94 1.06 571 1.45
fat (%) 1:8 13.7+3.03 (11.8-15.6) 13.8+2.39 (12.3-15.3) 0.10 (0.27)  (0.36) (0.32)
CON 13.6+3.71 (58.8-74.6) 13.143.59 (10.8-15.8) 0.72
1:2 8.7+5.61 (5.2-12.3) 8.645.58 (5.1-12.2) 0.23
_ 1:4 7.9+2.86 (6.1-9.7) 7.6+2.71 (5.9-9.3) 0.59 0.30 239 0.27
Fat tissue (kg)
1:8 9.0+2.32 (7.5-10.5) 8.9+2.17 (7.6-10.3) 0.04 (0.15)  (0.24) (0.14)
CON 9.2+4.29 (6.4-12.1) 9.1+4.17 (6.3-11.9) 0.27
1.2 54.8+6.57 (50.6-59.0) 55.56.30 (51.5-59.5) 0.48
Lean tissue 1:4 56.0+9.77 (49.8-62.2) 56.8+9.21 (50.9-62.7) 0.51 0417 1450+ 0.01
(kg) 1:8 53.8+5.07 (50.6-57.0) 54.5+5.75 (50.9-58.2) 0.61 (0.11)  (0.58) (0.03)
CON 55.3+7.97 (49.9-60.6) 56.0+8.12 (50.5-61.5) 0.63

Note. Values are expressed as mean + SD. ES — partial eta squared. *Significant main effect, *p<.05, ***p<.001.
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Figure 2. Comparisons of the first set of fatigue resistance following various protocols with HIIT. Values are expressed as mean

and standard error of mean. Significant difference between pre- and post-test, ‘p<.05
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Figure 3. Comparisons of the second set of fatigue resistance following various protocols with HIIT. Values are expressed as mean

and standard error of mean. Significant difference between pre- and post-test, **'p<.01

Table 4. Change in bilateral isokinetic muscular strength between baseline and post-test in adolescent athletes

Group  Time Group
Variables Group Baseline (95% ClI) Post (95% Cl) Cohen’s d (ES) (ES) Time
(ES)
Right 12 333.3+43.3(302.0-364.7)  336.1+47.5 (305.9-366.3) 0.16
extefllstOf 1:4 3451+51.0 (312.7-377.5)  354.0+48.12 (232.4-384.6) 0.27 232 003 0.93
eak torque
J:,BW a 1.8 302.1+52.76 (268.6-335.6) 296.0+36.84 (272.6-319.4) 0.18 (0.40) (0.03)  (0.25)
(N-m/kg) CON  326.0+56.00 (288.4-363.6) 317.46+61.88 (275.9-359.0) 0.28
_ 1:2 184.3+20.89 (171.0-197.5)  196.6+28.49 (178.5-214.7) 0.58
Right flexor
peak torque 1:4 197.0+22.63 (182.6-211.4)  219.7+19.22 (207.5-231.9) 112 282 1291 1415
"/KIBV/VK 1.8 183.0420.72 (169.8-196.2)  192.1+29.81 (173.1-211.0) 0.33 (0.44) (0.59)  (0.28)
‘m
( 9 CON  176.8+32.87 (154.7-198.9)  182.3+39.90 (155-5-209.1) 0.21
12 340.1+45.25(311.3-368.8)  339.3+52.46 (305.9-372.6) 0.03
Left extensor
peak torque 1:4  349.6+25.98 (333.1-366.1)  349.4+35.20 (327.1-371.8) 0.01 179 284 256
EVKIBV/VK) 1:8  312.2439.99 (286.8-337.6)  312.4+37.77 (288.4-336.4) 0.01 (0.35 (2.56)  (0.42)
‘m
g CON  343.1+44.82 (313.0-373.2) 311.5+66.81 (266.6-356.3) 0.64
1:2 178.5+19.81 (165.9-191.1)  186.4+21.79 (172.6-200.3) 0.40
'-Eftkf'teXOF o 1:4 195.9+33.85 (174.4-217.4)  209.8+24.88 (1940-225.6) 0.40 237 416" 0.01
peak torque'
BW(N.m/kg)° 1:8  181.5£22.91 (166.9-196.1)  186.5%17.38 (175.5-197.5) 0.20 (0.41)  (0.31)  (0.03)
CON  183.4+25.01 (166.6-200.2)  186.5+30.37 (166.1-206.9) 0.17

Note. Values are expressed as mean + SD. ES — partial eta squared. "Significant main effect, *p<.05, ***p<.001.
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Table 5. Change in bilateral isokinetic muscular endurance at 180%s between baseline and post-test in adolescent athletes

Group Time Group x
Variables Group Baseline (95% ClI) Post (95% CI) Cohen’s d Time
(ES) (ES) (ES)
1o 3809.7+702.22 4230.8+487.12 0.81
: (3363.5-4255.8) (3921.3-4540.2) :
Right 14 3978.7+448.33 4433.2+388.87 107
_(Ie_xtelnsor K ’ (3693.8-4263.5) (4159.1-4980.2) ’ 0.44  23.22+ 1.28
otal wor
%BW 18 3954.3+445.84 4182.6+363.35 0.80 (018)  (0.74)  (0.30)
(N-m/kg) (3671.0-4237.5) (3951.7-4413.4)
3945.9+574.5 4094.5+566.54
CON (3560.0-4331.8) (3713.9-4475.2) 0.28
1o 2551.8+534.47 2758.1+419.33 0.57
: (2212.2-2891.4) (2491.7-3024-5) :
_ 14 2461.0+437.41 2724.4+438.73 1.09
?'?hlt f'exlf[y : (2183.1-2738.9) (2445.7-3003.2) : 044  6.43" 1.32
otal wor
BW (N_m,kg; 18 2527.4+348.66 2588.3+537.01 0.08 (018)  (0.39)  (0.30)
: (2305.9-2748.9) (2227-1-2909-5) :
2450.0+410.45 2470.6+476.20
CON (2174.3-2725.7) (2150.7-2790.6) 0.07
1 3921.9+568.33 4209.8+492 47 110
: (3560.8-4283.0) (3895.9-4255.7) :
14 3836.3+422.74 4164.6+394.62 0.80
#ezt leXtefl‘(S;f : (3567.7-4104.9) (3913.9-4415.3) : 041 14.63* 159
otal wor
BW (N_m,kg; 18 4030.8+485.38 4155.1+340.14 0.38 (0.08)  (0.58)  (0.33)
: (3722.4-4339.2) (3939.0-4371.2) :
4014.5+419.12 4066.5+481.62
CON (3733.0-4296.1) (3743.0-4390.1) 012
1o 2636.3+633.45 2660.8+356.57 0.06
' (2233.8-3038.7) (2434.3-2887.4) :
14 2573.3+413.74 2697.3+323.16 0.28
#e? If'eXOIF( y : (2310.5-2836.2) (2492.0-2902.7) : 137 0.41 0.45
otal wor
BW (N.m,kg; 18 2571.6+251.10 2510.6339.21 019 (0.31)  (0.10) (0.18)
: (2412.0-2731.1) (2295.1-2726.1) '
2343.5+418.05 2404.3+472.30
CON (2062.6-2624.3) (2087.0-2721.6) 013

Note. Values are expressed as mean + SD. ES — partial eta squared. *Significant main effect, *p<.05, ***p<.001.

Table 6. Change in stress-to-recovery indicate biomarkers between baseline, mid-, and post-tests in adolescent athletes

Variables Grou Baseline Mid Post Within groups  Group  Time G_}?;r;x
P (95% Cl) (95% Cl) @5%Cl)  posthoc(ES) (ES) (ES) o
_ 40.8:7.23 433767  411:9.69
12 (36.3-455)  (38.5-481)  (34.9-470) /A (002)
_ 4744137 4814113 47.7+10.80
1:4 (38.5-56.2)  (411-554)  (414-547)  VA(0.00)
Free 415:6.94  49.2+10.9  40.4:9.65 Mid >
testosterone 18 (374-459)  (42.2-56.2)  (341-46.3)  Loaseline, 146 095  3.34"
(pmol/L) c R o Post (0.16)  (0.32) (0.15)  (0.48)
44141516 36.3£9.1 40.4+13.36
CON (33.8-543)  (301-422)  (31.6-49.2)  A(012)
Between o
groups N/A (0.09) 4 268;7)CON N/A (0.13)

post-hoc (ES)
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1 9.242.30 11.3+3.57 10.6+2.34 >Mé‘;';ﬁ§te
: (7.7-10.6) (9.0-13.6) (9.2-12.1) 0,00
_ 8.6+1.99 12.2+2.92 11.242.56
14 (7.4-9.9) (103-140) (@528  NA027)
Cortisol . 9.842.22 8.9+3.13 11.3+3.47 NA@Qy M1 660" 346
(ug/dL) : (8.4-11.2) (6.9-10.8) (9.1-13.5) : (0.39) (0.62)  (0.49)
9.042.14 8.13.94 10.0£3.10
CON (8.4-11.2) (5.5-10.8) (7.9-12.1) N/A (0.16)
Between 1:2,1:4 >
groups N/A (0.06) CON, N/A (0.04)
post-hoc (ES) 1:4 > 1:8 (0.28)
_ 4534+178.60 524.0+179.49  320.7+124.9
12 (325.6-581.2) (410.0-638.0) (241.3-400.0) VA(0-04)
_ 506.4+1761  554.1£359.0 535.6+507.85
1:4 (388.1-624.7) (326.0-782.2) (145.2-028.9) VA (0.00)
Creatine , 22248976  283.9+96.07  248.9:91.09 . ) )
kinase 18 (165.4-279.4) (222.9-345.0) (191.0-306.8) VA (0.08) ?0-4713) %%50) (26%82)
(UL CON 213.3£65.26  315.0197.7  336.8+180.08 .\ (o) ’ ' '
(169.4-2571)  (250.6-381.3) (208.0-465.6) :
Between
1:2,1:4>1.8 1:2,1:4>1.8
groups ’ ’ ’ ’ N/A (0.09)
posthoe(gs) CON(049)  CON(0.27)
, 32.1£7.59 29.947.92 27.9+5.31
12 (25.3-35.6)  (22.8-34.3)  (23.4-31.3)  /A(0.06)
_ 32.94717 29.646.41 29.047.14
1:4 (286-40.5)  (274-361)  (23.9-335)  WA(0.05)
_ 28.3t594  26.9:+3.89  29.0+6.80
Urea 1.8 Q4521  (adoes)  (a6ssm NAODD) 051 298 082
(mg/dL) (019) (0.26)  (0.25)
29.948.15 28.1%5.28 29.846.12
CON (23.0-36.2)  (25.5-32.4)  (25.0-341)  N/A0.00)
Between
groups N/A (0.09) N/A (0.08) N/A (0.01)

post-hoc (ES)

Note. Values are expressed as mean + SD. ES — partial eta squared,

*p<.05, *p<.01.

Stress-to-recovery biomarkers

A significant interaction effect for group by time
on FT (p<.01, n°,=.48), C (p<.01, n’°,=.0.49), and
CK (p<.05, n’,=.32) (Table 6) was observed. FT
increased significantly in the 1:8 group at the mid-
term test (mid > baseline and post), while the 1:2,
1:4, and CON groups did not show any significant
changes. The post-hoc results revealed the 1:4 and
1:8 groups had a significantly higher value of FT
than the CON group in the mid-term test (n°,=.27).
The C levels of the 1:2 group increased significantly
at mid-term and post-test when compared to base-
line (mid, post > baseline, n’,=.16), while the 1:4,
1:8, and CON groups did not show any significant
improvements. There was a significant difference in
C at the mid-test among the groups (1:2, 1:4 > CON,
1:4 > 1:8, n°,=.28). CK increased significantly in
the 1:2 group (baseline, mid > post, n°,=.20) during
the intervention. Moreover, there were no signif-
icant changes from baseline, mid-term and post-
test in CK in the 1:4, 1:8, and CON groups, and the
1:2 and 1:4 groups had a significantly higher level
of CK than the 1:8 and CON groups at baseline

N/A — not aplicable. *Significant main and interaction effect,

(n°,=-49) and mid-test (n°,=.27). However, repeated
ANCOVA with baseline as a covariate showed no
significant interaction effects for the group by time
on creatine kinase.

Discussion and conclusions

The optimal HIIT protocol that maximally
increases muscle function and fatigue resistance
still remains unknown. The present study compared
the effects of various work-to-rest ratios of HIIT on
muscle function and fatigue resistance in adoles-
cent athletes. The major findings of the study are
as follows: (1) the HIIT 1:4 group improved fatigue
resistance at the first and second sets over a 4-week
period, and (2) the 1:4 group better maintained a
stress-to-recovery balance compared to the other
groups.

This study found that various work-to-rest
ratios of HIIT displayed no changes in lower limb
muscle strength and endurance measured by an
isokinetic dynamometer in adolescent athletes. This
finding was in line with previous literature where
six sessions of HIIT over 2-3 weeks were insuffi-
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cient to improve the isokinetic muscle strength and
endurance of healthy young adults (Astorino, Allen,
Roberson, & Jurancich, 2012). Based on these
results, it is assumed that an insufficient training
period was provided for well-trained athletes to
elicit positive effects (DeWeese, Hornsby, Stone,
& Stone, 2015; Handsfield, et al., 2017). Previous
studies have also found that resistance training is
a potent stimulator of neuromuscular adaptations
that increase muscle strength. Thus, further study is
needed to establish optimal long-term (> 24 weeks)
or mid-term (> 12 weeks) effects of HIIT interven-
tions in combination with resistance training on
muscle strength and endurance (Ross, et al., 2009;
Sabag, et al., 2018; Seo, Jung, Song, & Kim, 2015).

Muscle fatigue is defined as a decline in muscle
performance that occurs in response to repetitive
muscle contractions and associated muscle activi-
ties such as accumulation of H' ions, decrease in
Ca*" sensitivity, and reduction in shortening velocity
(Allen, Lamb, & Westerblad, 2008). High-intensity
repeated movements result in rapid fatigue, which
directly causes a decrease in athletic performance
(Goodall, Charlton, Howatson, & Thomas, 2015;
Perrey, Racinais, Saimouaa, & Girard, 2010). In the
present study, the 1:4 and 1:8 groups improved in the
first sets compared with the 1:2 and CON groups.
The 1:4 group increased significantly in the second
set, while the 1:2, 1:8, and CON groups did not
manifest any change from pre- to post-tests. These
results indicated that improvements in fatigue
resistance in the 1:4 group, indicated by increases
in total work done, were only observed in both the
first and second sets. It is possible that sufficient rest
time during HIIT has allowed the enhancement of
fatigue resistance and neuromuscular adaptations
(Maclnnis & Gibala, 2017, Mendez-Villanueva,
Hamer, & Bishop, 2008; Racinais, et al., 2007;
Torma, et al., 2019). A previous study suggested
that muscle contraction is related to the peripheral
nervous system (PNS) and that, although volun-
tary exercise activates the central nervous system
(CNS) to a greater extent than PNS, it may have
different effects depending on the stimulation type
in the muscle (Billaut & Basset, 2007; Fernandez-
del-Olmo, et al., 2013). The extent of voluntary
muscle contractions brought about by the modi-
fied fatigue induction protocol could be assessed
by the CNS and fatigue resistance (Taylor, Amann,
Duchateau, Meeusen, & Rice, 2016). As a result,
optimal HIIT protocols induced greater activa-
tion in the CNS compared with the PNS and might
improve tolerance to afferents inhibitory (i.e., group
III/TV afferents) (O’Leary, et al., 2017). In contrast
to the hypothesis that fatigue resistance would be
improved in the 1:2 group because of similar work-
to-rest ratios, it did not show any change. These
results might be caused by recovery type (i.e.,
dynamic vs. static), and differences arise in HIIT

effectiveness on muscle endurance according to the
angular velocity. A great increase could be obtained
if we set the protocol for the high angular velocity
protocol by an isokinetic dynamometer.

The best athletic performance can be achieved
by meeting or exceeding the results of a prede-
fined training plan in a multifaceted manner (Kell-
mann, 2010). Excessive training, however, causes
overtraining syndrome (OTS) due to increased
fatigue and nonfunctional overreaching (NFO),
which in turn adversely affects athletic perfor-
mance (Berryman, et al., 2018; Grivas, 2018). The
results of stress-to-recovery indicators in this study
showed that the 1:8 group observed a significantly
increased FT following the 2-week intervention
period; however, after four weeks, it decreased to
the baseline values at pre-test (p<.01). C increased
significantly in the 1:2 group only, between pre-,
mid-, and post-tests. In addition, a significant
increase was found in CK in the 1:2 group only,
among baseline, mid- and post-tests. Julian et al.
(2017) reported that after a 4-week low-intensity,
high-volume training (LIHV) even a 5-week HIIT
did not produce any change in the levels of FT, C,
CK, and U. In the case of C levels (Julian, et al.,
2017), it was considered that the 1:2 group showed
an increase in C levels after only two and four
weeks as compared with the results of baseline and
that this group had a higher stress response than
the other groups. However, there may be a wide
range of stress-to-recovery indicators as per indi-
vidual training levels and adaptability. Hence, the
generalization of muscle fatigue across different
populations could be limited because it varies with
individuals. Consequently, the results of the stress-
to-recovery indicators are likely to cause statistical
errors due to the large difference range in the group-
based statistical approach; thus, future studies need
to be conducted to create algorithms or individual-
ized reference range for variables that can provide a
clear classification. Nevertheless, 30 seconds all-out
running coupled with a 120s rest seems to maintain
balance in stress-to-recovery indicators during the
4-week HIIT intervention.

Body composition is an important parameter
responsible for attaining success in various sports
(Reale, Burke, Cox, & Slater, 2020). However,
no significant changes in body composition were
founded in all groups. Monks, Seo, Kim, Jung, and
Song (2017) observed that a 4-week HIIT inter-
vention showed no significant interaction effects on
body composition in collegiate athletes compared
with high-intensity continuous training. Naimo et
al. (2015) reported an increase in muscle thickness;
however, it did not alter lean tissue, fat tissue, or
percentage body fat in ice hockey players. A short-
term HIIT (2-6 weeks) is focused on neuromus-
cular and skeletal adaptations. Thus, it is specu-
lated that body composition during a short-term
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training period may be more influenced by nutrition
intake, age, and gender than the training effects. The
status of lean tissue and fat tissue influences athletic
performance and is an essential factor that warrant
evaluation during the training. HIIT increases the
release of cortisol, catecholamines, and growth
hormone, which in turn stimulates fat metabo-
lism (Boutcher, 2011). HIIT has a positive effect
on the remodeling of the skeletal muscle. PGC-1a
can activate mitochondrial biogenesis and oxida-
tive metabolism during HIIT and consequently can
influence muscle protein synthesis (Gallo-Villegas,
et al., 2018). However, a short-term HIIT may be
less effective for improving body composition,
such as muscle structure (Whyte, Gill, & Cathcart,
2010). If a systematic nutrition strategy program
is followed along with a short-term HIIT, it may
effectively improve the body composition of well-
trained adolescent athletes; future studies should be
conducted to investigate related issues.

The strength of this study was that it was well-
designed with randomized control, and all training
sessions were supervised by a CSCS from our
research group. Nevertheless, limitations of the
present study include a comparatively particular
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Abstract:

Competitive adolescent sport climbers are reported to keep very low energy intake in order to achieve
the highest possible strength-to-mass ratio required for their sport. Long term low energy availability (<
30 kcal/kg fat free mass/day) is known to have a detrimental effect on health and performance. Due to the
potential severity of consequences and the lack of the data on specific population, our aim was to assess
energy availability and dietary intake of 27 members of the Slovenian Youth Climbing Team (13-18 years
of age). Three-day food and activity records, questionnaires and anthropometric measurements were used
to determine participants’ energy availability, nutritional intake, avoidance of food groups and selected
health history. Average energy availability in climbers was 27.5 + 9.8 kcal/kg fat free mass/day and 63%
of participants failed to meet the recommended 30 kcal/kg fat free mass/day. Their average carbohydrate
(4.3 £ 1.3 g/kg body mass/day), calcium (780 £ 300 mg/day) and vitamin D (2.6 + 2.3 pg/day) intake were
also too low. Average protein intake was in recommended range, but 56% of participants did not meet the
minimum recommended limit. Iron intake was too low in females (10 + 5 mg/day; target 15 mg/day). Only
15% of participants reported not avoiding any food groups. The menstrual dysfunction was detected in five
female climbers (36%); all had energy availability <30 kcal/kg fat free mass/day. We recommend nutritional
education of climbers, their coaches, and parents as well as regular individual nutritional assessment of
competitive adolescent sport climbers.

Key words: energy intake, food avoidance, dietary intake, body composition, relative energy deficiency

in sport

Introduction

Sport climbing is a rapidly growing and popular
sport that has been part of the Olympic games since
Tokyo 2020 (IOC, 2016). It is composed of three
disciplines: bouldering, speed climbing, and lead
climbing which differ in terms of their physiolog-
ical requirements. Anaerobic and aerobic systems
participate in the production of adenosine triphos-
phate. Data suggest that climbing requires the use of
a significant portion of whole body aerobic capacity,
with anaerobic power being more important in
more difficult routes with steeper angles (Bertuzzi,
Franchini, Kokubun, & Kiss, 2007; Sheel, 2004).
Climbing is considered a gravitational sport and thus
for achieving success in it requires a high strength-
to-mass ratio (Watts, Martin, & Durtschi, 1993).
Adolescent climbers, as well as adults, tend to have
a smaller stature, lower body mass (BM), lower
body fat (BF) and a greater handgrip-to-BM ratio
compared to their peers (Watts, Joubert, Lish, Mast,
& Wilkins, 2003). Their body mass index (BMI) is
similar to the control group of non-climbers, while

lower sums of skinfolds indicate a greater share of
fat free mass (FFM) (Watts, et al., 2003). Research
has shown that the variance in climbing perfor-
mance could be explained by the trainable variables
such as knee and shoulder strength, grip strength,
upper and lower body power, hang time and %BF
rather than by the anthropometric characteristics
like BM, body height, leg length, arm span, and
ape index (Mermier, Janot, Parker, & Swan, 2000).
Despite that, anecdotal evidence suggests that low
BM is desirable among climbers which is why they
resort to different restrictive diets, most often char-
acterized by very low carbohydrate (CHO) intake
irrespective of training volume or intensity (Gibson-
Smith, Storey, & Ranchordas, 2017). Importance of
adequate CHO intake for athletes is well recog-
nized for its role in performance and adaptation to
training (Thomas, Erdman, & Burke, 2016).
There is limited information available about
the nutritional needs and nutritional intake of
young climbers. Energy requirements in adoles-
cent climbers were assessed only in a single study
(Watts & Ostrowski, 2014), and recently a pilot
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study that monitored macronutrient intake and
eating attitudes in recreational and competitive
adolescent rock climbers was published (Michael,
Witard, & Joubert, 2019). Both studies and others,
performed with adult climbers (Gibson-Smith,
Storey, & Ranchordas, 2020; Kemmler, et al., 2006;
Merrells, Friel, Knaus, & Suh, 2008; Sas-Nowo-
sielski & Wycislik, 2019; Zapf, Fichtl, Wielgoss,
& Schmidt, 2001), report suboptimal energy intake
(EI). The aforementioned studies, except for the
study by Gibson-Smith et al. (2020), used energy
balance (EB) as the traditional metric for deter-
mining the adequacy of EI. However, the body
adapts to chronic low EI by resourcing energy
needed for training from other physiological func-
tions, which results in a lower resting metabolic rate
(RMR) and makes the athletes only appear in EB,
while their physiological systems are not working
properly in an effort to adapt to a chronic lack of
energy (Loucks, Kiens, & Wright, 2011). There-
fore, energy availability (EA), which represents the
amount of energy that is available for bodily func-
tions, growth and development, taking into consid-
eration energy expenditure during the planned
physical activity (Loucks, et al., 2011), is encour-
aged to be used in research. Low EA (LEA), defined
as EA <30 kcal/kg FFM/day, has severe negative
impact on athlete’s health, training consistency and
competitive performance (Mountjoy, et al., 2014,
2018). Optimal and therefore recommended EA
has been identified to be at least 45 kcal/’kg FFM
/day in female adults (Loucks, 2013) and 40kcal/
kg FFM/day in adult exercising men (Koehler, et
al., 2016), but may be even higher in adolescents
who are still growing and developing (Weiss Kelly,
Hecht, & Council on Sports Medicine and Fitness,
2016). This is why we used a cut-off value of 45
kcal/’kg FFM/day in this study to identify optimal
EA in adolescent climbers for both sexes. EA of
30-45kcal/kg FFM/day was considered a reduced
EA. Athletes should only stay within this range for
a short period of time, e.g. when aiming to reduce
BM (Melin, Heikura, Tenforde, & Mountjoy, 2019).

LEA is perceived to be the main reason for
relative energy deficiency in sport (RED-S) which
refers to disturbed physiological functions caused
by the relative energy deficiency, which, among
other things, includes the metabolic rate and also
reproduction, bone health, immunity, protein
synthesis, and cardiovascular health (Mountjoy, et
al.,, 2014). Long-lasting LEA in adolescent athletes
may result in numerous health issues, such as the
late onset of puberty, menstrual cycle abnormali-
ties, poor bone health, stunted growth, the develop-
ment of disordered eating, and higher risk of injury
(Desbrow, et al., 2014).

Due to the increase in popularity of sport
climbing and the lack of data on EA and dietary
intake for elite and advanced climbers in the period

of adolescence, our aim was to determine them
exactly since LEA can be subclinical. The long-
term effects of LEA can be debilitating and poten-
tially irreversible; however, they can be prevented
if diagnosed in time.

Methods

Participants

All the members of the Slovenia Youth Climbing
team (38) were invited to participate in the measure-
ments performed during the national team selection
camp in February 2020. Final cohort consisted of 27
subjects. The study was approved by the Republic
of Slovenia National Medical Ethics Committee
(No.: 0120-690/2017/8). All the participants and
their parents provided written informed consent.

Anthropometric measurements

Body height (BH) was measured to the nearest
0.5 cm and BM to the nearest 0.01 kg on a scale
with integrated stadiometer (M304641-01, AED,
Germany). The whole body bioelectrical impedance
analysis in supine position was performed using
an alternating sinusoidal electric current of 400
LA at an operating frequency of 50 kHz (BIA 101
Anniversary AKERN, Florence, Italy, medically
approved: EN ISO 13485 —ISO 9001 and approved
for pediatric use) according to recommendations
(Kyle, et al., 2004) with emptied urine bladder and
with no physical activity, alcohol or food intake in
the last eight hours. FFM, percentage of fat mass
(%FM), and predicted basal metabolic rate (BMR)
were calculated by an integrated software (BODY-
GRAM® PLUS, AKERN, Florence, Italy). Due to
the age interval (13-18 years of age), BH, BM and
BMI were expressed in percentiles for individual
age and sex using growth charts from Centers for
Disease Control and Prevention (CDC, 2019) for
better comparison with standards.

Dietary assessment, energy consumption
evaluation and EA calculation

Climbers were asked to continue their normal
diet and physical activity but to keep weighted food
and activity records for three consecutive days,
including one training free day. They were fully
briefed (written and oral instructions by a dietitian)
on how to complete the diary. They were asked to
include food labels, photos, and recipes for mixed
dishes in their record and to be accurate and sincere.
All records were reviewed and if any abnormal-
ities were observed, climbers were contacted to
clarify the issue. Dietary intake was assessed with
a dietary assessment and planning tool Open Plat-
form for Clinical Nutrition (OPEN; http:/www.
opkp.si/en_GB/cms/vstopna-stran, accessed in July
2021). Physical activity was recorded by type, dura-
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tion, and intensity. Energy expenditure for planned
exercise (EEE) was calculated based on the activity
logs using metabolic equivalent of task (MET), in
accordance with the literature (Ainsworth et al.,
2000).

EA was calculated with the following equation
(Loucks, et al., 2011):

_ EI-EEE

EA FFM

Evaluation of the dietary intake of macro- and
micronutrients was based on valid sports nutrition
guidelines for young athletes (Desbrow, et al., 2014).
Where reference values were not defined for adoles-
cent athletes specifically, we used Slovene Refer-
ence values for energy and nutrient intake (N1JZ,
2020). Given the type, intensity and duration of the
exercise, we set the minimum threshold for CHO
intake at 5 g/kg, the minimum required intake for
protein 1.3 g/kg (Desbrow, et al., 2014), whereas the
dietary fat intake minimum was set at 30% of EI,
calcium intake at 1200 mg, vitamin D at 20 pg and
iron intake at 12 mg per day for male and 15 mg per
day for females based on general recommendations
for this age group (NIJZ, 2020).

Questionnaires

Information on climbing ability, dietary habits,
frequency of infections and menstrual history was
obtained by a questionnaire. Climbing ability was
determined with the International Rock Climbing
Research Association (IRCRA) scale (Draper et al.,
2015). Primary amenorrhea was determined as the

Table 1. Characteristics of adolescent climbers divided by sex

failure of menses to occur by the age of 16 years,
secondary amenorrhea as the loss of menses for
three or more months and/or oligomenorrhea as 35
or more days between menses (Nattiv, et al., 2007).

Statistical analysis

SPSS 20.0 for Windows (IBM Corp., New
York) and Microsoft Excel were used to analyse the
data. Data are presented as mean =+ standard devi-
ation. Normality of distributions was determined
with Shapiro-Wilk’s test of normality. Differences
between the means of two groups were tested with
independent-samples #-tests for normally distrib-
uted data. Nonparametric Mann-Whitney test was
used when distribution normality was violated. To
test differences between actual and target dietary
intake, paired sample #-tests were used. Wilcoxon
Signed Rank tests were used when normality was
violated. To test differences between two categor-
ical variables, Pearson chi square test was used.
Significance was considered when p<.05.

Results

Participants

Twenty-seven adolescent climbers (15.7 = 1.5
years of age; 14 females) participated in the study.
Their average climbing experience was 9.50 =
1.25 years. Based on the IRCRA scale (Draper, et
al., 2015), the group was comprised of eight elite,
15 advanced and one intermediate climber; three
climbers did not report their climbing standard.
Other characteristics of the climbers are presented
in Table 1

All (N=27) Male (n= 13) Female (n=14) p
Age (years) 15.7+15 155+ 1.6 159+ 15 477
Body height (cm) 166.0 £ 8.0 170.5+8.0 161.5+5.0 .002
Body mass (kg) 54.0+8.5 56.4 £ 11.0 51.7+4.3 A77e
BMI (kg/m?) 19.5+1.8 19.2+2.2 19.8+1.5 .383
BM percentile (CDC) 48+ 19 49 £ 23 46 + 14 .665
BH percentile (CDC) 58 + 25 64 + 23 52 £ 25 191
BMI percentile (CDC) 40 £ 21 36+24 44 +18 .355
El (kcal/day) 1790 + 470 1880 + 470 1710 £ 460 .366
BMR (kcal/ 1560 + 160 1630 + 210 1500 + 70 .051
FFM (kg) 475+8.2 51.4+10.2 44.0 £ 3.1 .0262
Fat mass (%) 12.0+4.4 8.9+3.3 14.9+3.2 <.0012
Phase angle (°) 7.0 £0.60 7.0+0.73 7.0+0.48 0.961
Training load (h/week)® 15.6 +3.5 15.3+3.9 15.9 £ 31 .659
Climbing ability (IRCRA) 20.4 +2.3¢ 211 +£2.2° 19.9+2.3f 198

Note. BH — body height; BM — body mass; BMI — body mass index; CDC — Centers for Disease Control and Prevention; BMR — basal
metabolic rate; El — energy intake; FFM — fat free mass; IRCRA — International Rock Climbing Research Association; PA — phase
angle; 2equal variances not assumed; "predicted; °self reported; ‘N = 24; ¢N = 10; ‘N = 14.
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Dietary intake vs recommended values

Average EA (27.5 + 9.8 kcal/kg FFM/day) was
below the recommended level (p<.001), with no
participant meeting the target of 45 kcal/kg FFM/
day and 63% being in the range of LEA (Figure
1A). Average daily CHO intake (4.3 + 1.3 g/kg BM)
was below the target of 5.0 g/kg BM (p=.007), 75%
of participants were below the target (Figure 1B),
whereas 44% of participants were above the target
for protein intake (Figure 1C). Average protein
intake was 1.3 + 0.4 g/kg BM/day. Average daily
fat intake was 31.8 + 4.7% EI, but 37% of partici-
pants did not meet the target of 30% EI (Figure 1D).
Only 15% of participants met the target of 1200 mg
of calcium per day (Figure 1E). Average calcium
intake was 780 = 300 mg/day which was signifi-
cantly lower than the target (p<.001). As regarded
iron intake, 70% of males met the target, 12 mg/day

(Figure 1F) with an average intake of 14 &+ 5 mg/day,
while the average iron intake of females was 10 £
5 mg/day, which was significantly lower than the
target, 15 mg (p=.007). Only 21% of females met the
target (Figure 1F). None of the participants met the
target vitamin D intake of 20 pg. The average intake
was significantly lower, 2.6 £ 2.3 pg/day (p<.001).

Summary of characteristics by the energy
availability classification status

Taking into consideration the LEA cut-off point,
we divided participants in two groups: the group
EA<30 (EA < 30 kcal/kg FFM/day; 17 climbers;
47% males and 53% females) and the group
EA30-45 (EA between 30 and 45 kcal/kg FFM/
day; 10 climbers; 50% males and 50% females) and
compared their characteristics (Table 2). No signifi-
cant difference between the two groups was found
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Figure 1. Dietary intake of competitive adolescent sport climbers. A — Energy availability, B— Carbohydrate intake, C — Protein
intake, D — Fat intake, E — Calcium intake, F — Iron intake. Black bars — female climbers; grey bars — male climbers; full line —
recommendation: where applicable: light line — lower limit; dark line — upper limit.
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Table 2. Characteristics of participants divided by energy availability

EA<30 (N=17) EA30-45 (N= 10) p
Energy availability (kcal/kg FFM) 21.5+6.9 37.7+27 <.0012
Body height (cm) 167.30 + 8.77 163.60 + 6.00 .251
Body mass (kg) 56.0 £ 10.0 51.0+5.0 168
BMI (kg/m?) 19.8+ 1.8 191+£1.9 .347
BM percentile CDC 53+18 38+18 .048
BH percentile CDC 65+ 25 46 £ 19 .052
BMI percentile CDC 44 +18 33124 194
Fat free mass (kg) 49.0+9.6 45.0+4.5 4432
Fat mass (%) 121+4,5 11.8+4.4 .835
Energy intake (kcal/day) 1590 + 430 2140 + 300 .001
Basal metabolic rate (kcal/day) 1590 + 190 1500 + 100 152
EEE (kcal/dan) 530 + 220 450 + 140 2232
Training load (h/week) 156.3+£3.5 16.2+3.5 .551
Carbohydrate intake (g/kg BM) 3.6+1.0 54+0.8 <.001
Protein intake (g/kg BM) 1.2+0.3 1.6+04 .005
Fat intake (g/kg BM) 1.0+0.3 1.5+0.2 <.001
Fat intake (%EI) 31.3+51 326+4.2 .505

Note. BMI — body mass index; CDC — Centers for Disease Control and Prevention; EEE — energy expenditure for planned exercise;
FFM — fat free mass; BM — body mass; BH — body height; El — energy intake; 2equal variances not assumed.

for climbing ability, although in group EA<30, three
climbers did not report their climbing ability.

Eating habits and health condition

The majority of participants were omnivores,
except for two males and two females who reported
being vegetarian or vegan. One female reported
intermittent fasting, without specific description
of her eating pattern.

As regards energy intake restriction, 41% (two
females and nine males) of the participants never
consciously restricted EI; 37% of them (nine females
and one male) reported that they rarely did it, while
22% of participants (three females and three males)
reported that they sometimes did it.

Further, 15% (one female, three males) of
participants reported that they did not avoid any
food. Most of the others avoided high-fat meat
(67%, 11 females, seven males) and sugar and sweet
foods (44%, seven females, five males), while 26%
(five females, two males) avoided medium-fat meat
and 19% (two females, three males) avoided fats
and fatty foods. No significant differences in food
avoidance were found between the two EA groups
(p>.05).

Also, 63% (nine females, eight males) of partici-
pantss reported that they had never visited a doctor
due to a respiratory infection, while others had
visited a doctor once or twice in the last 12 months.

Regarding menstrual cycle regularity, 43% of
female climbers reported having regular menstrual
cycles, while 29% had not yet got their first period.

Among the latter group, we identified primary
amenorrhea in one climber (7%). We also identi-
fied one climber with secondary amenorrhea (7%)
and in three climbers (21%) we identified oligomen-
orrhea. All the girls with menstrual dysfunction had
EA under 30 kcal/kg FFM/day, while three of them
also had too low calcium and vitamin D intake.
Assumptions for testing significant differences in
menstrual cycles between the two EA groups were
not met (more than 25% cells had expected count
less than five).

Discussion and conclusions

EA and dietary intake were assessed in compet-
itive adolescent sport climbers. We observed low
EA and low carbohydrate and other key nutri-
ents intake in our participants, advanced and elite
adolescent climbers, aged 13 to 18 years. This is the
first study on adolescent climbers, which, in addi-
tion to the dietary intake of macronutrients, also
determined micronutrients key for sports perfor-
mance and EA.

Average EA was significantly lower than 45
kcal/kg FFM/day without any major differences
between the sexes. This is of concern, as 45 kcal/
kg FFM/day is reported to support all physiolog-
ical functions needed to maintain optimal health
(Loucks, et al., 2011). Further, adolescents are still
growing, which requires additional energy for
growing tissues (Torun, 2005). Yet, 37% of the inves-
tigated climbers achieved the value of EA between
30 and 45 kcal/kg FFM/day, which is conditionally
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acceptable for a shorter time period (Mountjoy, et
al., 2018), while others had EA under the minimum
recommended limit of 30 kcal/kg FFM/day, which
is concerning. It is known that longer-lasting energy
shortage and LEA lead to RED-S which may
lead to a dysfunction of numerous physiological
systems and may endanger health and performance
(Desbrow, et al., 2014; Smith, Holmes, & McAlI-
lister, 2015), and in adolescents, also growth and
maturation status (Desbrow, et al., 2014). All the
studies with climbers known to us concluded that
EI, when compared to predicted energy expendi-
ture (calculated as a product of basal metabolic rate
and physical activity factor), was too low in both
adolescent (Michael, Joubert, & Witard, 2019) and
adult climbers (Kemmler, et al., 2006; Merrells, et
al., 2008; Sas-Nowosielski & Wycislik, 2019; Zapf,
et al., 2001). The only study that determined EA
was conducted with adult climbers and the average
EA of the participants was 41.4 + 9 kcal/’kg FFM/
day, with significantly higher EA in females than in
males (45.6 = 7 kcal/kg FFM/day vs. 37.2 + 9 kcal/
kg FFM/day, respectively) (Gibson-Smith, et al.,
2020). Further, 78% of elite adult climbers failed to
meet the predicted energy requirement to support a
moderate level of physical activity with an average
of 12 hours of training/week, while 18% failed to
meet the predicted RMR values (Gibson-Smith,
et al., 2020). In our study, EI of as many as 26%
of adolescent climbers (four males, three females)
failed to meet the predicted BMR, despite the high
training load. The only research that determined EI
in adolescent climbers found that as many as 82%
of the participants did not reach the recommended
El of 2,471 £ 493 kcal/day (Michael, Joubert, et al.,
2019). They reported an average EI of 1,963 + 581
kcal/day, while we observed even lower EI in our
study. Despite the observed low EA, our adoles-
cent climbers were distributed within the normal
CDC percentile range for their age for all the three
observed anthropometric parameters (BM, BH, and
BMI). Similar BMI values in adolescent climbers
as in control group were reported before (Watts, et
al., 2003). The International Federation of Sports
Climbing has been monitoring BMI during compe-
titions for the past 10 years, so normal BMI was
expected for our participants. If BMI falls below
the parameters, the athlete and the National Feder-
ation are informed. Medical, psychological and
nutritional help should be provided to support the
affected athletes (IFSC, 2021). However, LEA and
RED-S may be present even if no loss of BM has
occurred (Mountjoy, et al., 2018). Interestingly, the
group EA<30, which comprised nearly 2/3 of the
participants, had statistically higher value of BM
expressed in CDC percentiles and lower EI than the
group EA30-45. There were no differences between
the groups in other EA components (EEE, FFM),
other anthropometric characteristics, the climbing

ability, nor in training load. We believe that higher
BM, according to CDC tables, might be the reason
for the observed lower EI in the group EA<30, as
higher BM is perceived as not desirable in sport
climbing. With our crossectional study, however,
we cannot determine whether the recorded low
EA was the acute one during the preparation for
the national team selection camp or a longer-term
effort of the climbers to counteract genetic anthro-
pometric predispositions. The climbers with lower
EA were also higher in stature; the difference was
close to statistical significance.

Of the macronutrients, low CHO intake
contributed the most to the observed low EA in
our climbers. Three quarters of the participants did
not reach the target of at least 5-g of CHO/kg BM/
day and average intake of CHO, 4.3 + 1.3g CHO/
kg BM/day, was below the target. Michael et al.
(2019) came to a similar conclusion, namely, 86 %
of their adolescent climbers did not reach the same
target, 5-g CHO/kg BM/day, their average daily
CHO intake was 4.3 + 1.6 g CHO/kg BM. Studies
with adult climbers show even lower intakes of
CHO, below 4.0 g CHO/kg BM/day (Gibson-Smith,
et al., 2020; Sas-Nowosielski & Wycislik, 2019).
Considering the lack of studies, the minimum daily
recommended intake is unclear, so Michael et al.
(2019) recommend 3-7 g CHO/kg BM, while setting
5-g CHO/kg BM is the value which would prevent
the depletion of glycogen in activities with similar
physiological requirements as sport climbing. The
group with lower EA had lower CHO intake than
the group with higher EA.

It has been known that young athletes who have
an adequate EA reach or exceed protein intake
recommendations (Gibson, Stuart-Hill, Martin, &
Gaul, 2011; Heaney, O’Connor, Gifford, & Naughton,
2010; Petrie, Stover, & Horswill, 2004). Consid-
ering the fact that none of our climbers reached the
optimal EA of 45 kcal/kg FFM/day, we wanted to
determine whether the climbers managed to satisfy
their protein requirements. We estimated increased
protein requirements in adolescent climbers to be
1.3-1.8 g/kg BM/day. The determined average value
for male and female climbers was not significantly
different from the minimum recommended value,
1.3 g/kg BM/day; however, 56% of the participants
did not achieve that minimum recommended limit,
which was a much higher number than it was deter-
mined in a similar study (Michael, Joubert, et al.,
2019) where the minimum required daily intake
was assessed to be 1.6 g/kg BM and only 23% of
the participants did not reach it. Group EA<30 had
lower protein intake, with most participants from
the group not reaching the minimum recommended
limit. Sufficient protein intake is very important in
the case of low EA, especially in combination with
low CHO intakes, because part of the protein is used
in gluconeogenesis to form glucose as an energy
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substrate, potentially lowering the amino acid avail-
ability for basic physiological functions (Desbrow,
et al., 2014). It is proven that only five days of EA
below 30 kcal/kg FFM/day reduce muscle protein
synthesis by 27% (Areta, et al., 2014) and is there-
fore highly undesirable.

According to sports nutrition guidelines, young
athletes should consume a moderate amount of fats,
which in accordance with national recommenda-
tions represent 30% of EI (N1JZ, 2020). On average,
our subjects were within the recommended range,
63% reached the recommended values. Consid-
ering this was a relative share of total EI, which on
average was too low, the results are not relevant and
the guidelines for young athletes should express fat
intake recommendations in grams relative to BM,
as they do for CHO and proteins. The majority of
our climbers reported avoiding foods containing
fat. Group EA<30 had significantly lower fat intake
than group EA30-35.

Low El and food avoidance is reflected in micro-
nutrient intake of our group of adolescent climbers.
In young athletes, special attention is suggested to
be paid to iron, calcium and vitamin D intake due
to the elevated risk of deficiency of these nutrients
(Desbrow, et al., 2014). The average daily calcium
intake was significantly lower than the recom-
mended intake of 1200 mg per day and close to
the fact stated in the literature that young athletes
achieve only half of the recommended calcium
intake (Gibson, et al., 2011; Juzwiak, Amancio,
Vitalle, Pinheiro, & Szejnfeld, 2008). There were
no differences between the sexes or EA groups,
although there was a trend of lower calcium intake
in group EA<30. Inadequate calcium intake and
increased calcium loss may increase risk of osteo-
penia and osteoporosis, which is especially empha-
sized in athletes with low EA (Sale, & Elliott-Sale,
2019), as were our subjects. National recommen-
dations for daily contribution to vitamin D pool
are 20 pg of vitamin D, which is to be achieved
by way of internal synthesis in the skin or with
food (NIJZ, 2020). Since the study was conducted
in wintertime, when the incident angle of the sun
at our latitude (above 35" parallel north) is too
small for the biosynthesis of vitamin D in the skin
(Owens, Fraser, & Close, 2015), all daily contribu-
tion to vitamin D pool was by dietary intake. The
daily vitamin D intake was poor. For an adequate
assessment of the vitamin D status, we should
determine 25-(OH) D serum values (Halliday, et
al., 2011). We do not have data for adolescents, but
among Slovenian adults, there is high prevalence
of insufficient serum 25(OH)D and vitamin D defi-
ciency during extended wintertime (November-
April) (Hribar, et al., 2020). In case of insufficiency,
vitamin D intake should be appropriately replaced
with vitamin D supplements (Desbrow, et al., 2014).
We observed too low daily iron intake in females

for which recommended intake is higher than for
males (15 mg vs. 12 mg). This was in contrast with
other reports, where dietary intake of iron in young
male athletes exceeded recommendations, while
the females were within the recommended limits
(Gibson, et al., 2011; Heaney, et al., 2010; Juzwiak,
et al.,, 2008). A recent study of adult climbers
showed that approximately 17% of male climbers
and 45% of female climbers had suboptimal iron
status, with a significant medium-strength corre-
lation between iron intake and daily EI (Gibson-
Smith, et al., 2020). A too low iron intake may lead
to iron deficiency, with or without anemia, which
negatively affects endurance performance capacity
and aerobic adaptation (Rodenberg & Gustafson,
2007). LEA may contribute to iron deficiency and,
at the same time, iron deficiency, through its effect
on the thyroid function, causes a decrease in appe-
tite and average energy consumption which leads to
further deterioration of EA (Petkus, Murray-Kolb,
& De Souza, 2017). Indeed, the group with lower
EA had lower iron intakes.

The literature reports a higher susceptibility for
infection in association with a low EI (Mackinnon,
2000); however, our subjects did not report any
frequent infections. Menstrual dysfunction was
detected in five female climbers (36%), all apper-
taining to group EA<30. A lack of research on adoles-
cent female climbers prevents us from comparing
our results. Menstrual dysfunction prevalence may
vary and has been reported to be between 26% and
43% in young athletes (Austin, Reinking, & Hayes,
2009; Barrack, Rauh, & Nichols, 2008; Tenforde,
Fredericson, Sayres, Cutti, & Sainani, 2015), with
the highest rate among the athletes of sports that
emphasize leanness and low BM (Ackerman &
Misra, 2018; Torstveit & Sundgot-Borgen, 2005).
Primary amenorrhea prevalence was reported to
be 7% among the general population and 22%
among cheerleaders, divers, and gymnasts (Beals
& Manore, 2002). Menstrual dysfunction is often
not given enough attention and remains overlooked
despite the fact that it increases the risk of the early
onset of osteoporosis (Mountjoy, et al., 2014). Too
low calcium levels and vitamin D intake represent
an additional risk factor and were discovered in
three female climbers in addition to their menstrual
dysfunction and low EA.

The absence of protocol for determining
EA outside of a laboratory and methodological
issues in measuring each individual EA compo-
nent (Burke, Lundy, Fahrenholtz, & Melin, 2018)
might contribute to the observed low EA. To mini-
mize these issues, we tried to limit the majority
of possible errors with detailed instructions by
a dietitian for filling out the 3-day food records,
including training-free days, revision and explana-
tion of ambiguities in the record, strictly following
the protocol when carrying out bioimpedance meas-
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urements and selecting a device clinically approved
for pediatric use. Measurement of EEE was the
biggest obstacle and we assessed it from activity
logs using the MET (Ainsworth, et al., 2000), which
was described as less precise (Burke, et al., 2018).
To determine whether the observed low EA was
acute or chronic, the athletes should be subjected
to regular screening for risk factors and symptoms
included in RED-S over a longer period and in
different periods of annual training periodisation.

This study suggests that two thirds of the inves-
tigated advanced and elite adolescent sport climbers
were at risk of LEA, which can, if persistent for a
longer time, lead to a decline in performance and

Low energy and dietary intake, regardless of
whether intentional or unintentional, combined
with high training load in competitive adolescent
sport climbers, led to macronutrient (most markedly
CHO) and/or micronutrient (most markedly Ca?*
and vitamin D) intake insufficiency as well, which
can have further negative consequences.

Based on the acquired information and consid-
ering the findings by other authors, we conclude that
adolescent climbers, both female and male, should
be subjected to regular screening for risk factors
and symptoms included in RED-S, implying that
their regular professional nutrition management
should also be considered.

compromise their health.
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Abstract:

The aim of this study was to evaluate the effects of a day with two separate training sessions (morning
and afternoon) of rhythmic gymnastics on erythrocytes, leukocytes, muscle damage, oxidative stress, and
hydration of Brazilian team [age 17.7 (+1.1) years; body height 165 (£0.5) cm; body mass 49.7 (+4.2) kg]. Heart
rate and session-ratings of perceived exertion were used to monitor training intensity. Blood samples were
collected immediately before (M1) and after (M2) the training day for analyzing erythrocytes, leukocytes,
plasma creatine kinase activity, lactate dehydrogenase, alanine aminotransferase, aspartate aminotransferase,
ferric reducing ability plasma, thyroid-stimulating hormone, and free T4. Saliva was collected for cortisol
analysis. After 24 hours rest (M3), blood collection was performed to analyze creatine kinase and lactate
dehydrogenase. The moderate-intensity training day induced significant elevations of total leukocytes (5,163.3
to 9,617.8), lymphocytes (1,752.7 to 2,729.7), neutrophils (2,873.9 to 6,163.6), monocytes (255.7 to 519.1),
platelets (280,000.0 to 300,666.7), aspartate aminotransferase (13.1 to 25.6), lactate dehydrogenase (102.5 to
249.1), thyroid-stimulating hormone (1.0 to 3.2), and ferric reducing ability plasma (136.8 to 165.4), as well
as significant reductions in red cells (4,691,111.1 to 4,497,777.8), hematocrit (42.1 to 39.3), and hemoglobin
(12.9 to 12.5) at M2. There were also significant increases in creatine kinase (144.2 to 519.3) and lactate
dehydrogenase (102.5 to 538.2) at M3. The average dehydration rate was 1.3%. A moderate-intensity day
of training in rhythmic gymnastics of 8h2Imin duration caused hemolysis, leukocytosis, muscle damage,
redox status perturbations, and insufficient hydration status. These findings show that athletes are exposed
to physiological vulnerabilities that can possibly harm their performance and health.

Key words: erythrocytes, sports, creatine kinase, metabolic response, leukocytes

Introduction

Competition-driven sports training programs
require high volume and intensity training loads
with aiming to continuously improve sports perfor-
mance that must be balanced with strategies for
appropriate recovery in order to optimize morpho-
logical and metabolic adaptive processes, eventu-
ally leading to the improvement of sports perfor-

mance (Issurin, 2010; Meeusen, et al., 2013)
However, there is an inherent complexity regarding
the determination of the most appropriate propor-
tion between training load and recovery aiming to
achieve more robust improvements in performance
(Kellmann, et al., 2018).

Boundaries between physiological adapta-
tions that lead to further performance improve-
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ments and pathological adaptations are harsh and
not always feasible to be delimited precisely (Cade-
giani & Kater, 2019b). Elite athletes with imbal-
anced routine and social and nutritional vulnerabili-
ties (Cadegiani & Kater, 2019b; Tian, et al., 2015)
are more likely to develop pathological adapta-
tions that impair multiple systems, such as immune
response (Walsh & Oliver, 2016), dehydration
(Arnaoutis, et al., 2015), increased and unrepaired
oxidative stress, overreactive muscle damage and
impaired and prolonged muscle recovery (Owens,
Twist, Cobley, Howatson, & Close, 2019), anemia
and pathological hemolysis response to exercise
(Kokubo, Yokoyama, Kotemori, & Kawano, 2020),
menstrual or fertility disturbances (Cadegiani &
Kater, 2019b), pathological impairment of hormonal
responses to exercises, in addition to the more than
100 dysfunctions described to be directly resulted
from unhealthy sports training regimens.

Rhythmic gymnastics (RG) has been consid-
ered a sport with high risk of exposure athletes
to unhealthy training regimens, since it has high
concurrent requirements, including flexibility,
power, strength, coordination, balance, movement
technical precision, body and facial expression, and
rapid decision-making abilities for optimal perfor-
mance (Flessas, et al., 2015). To meet all these
demands, the gymnast’s routine is characterized
by unusually high training loads, leading to higher
risk of dysfunctional adaptations than other sports
(Antualpa, Aoki, & Moreira, 2018; Codonhato, et
al., 2018; Debien, Miloski, Timoteo, Ferezin, &
Bara Filho, 2019; Debien, et al., 2020)

Additionally, given the sports specialization and
intense training begin very early in RG, and the
time window of peak performance often coincides
with adolescence, these athletes have to cope with
both the demands of a high-performance environ-
ment and the changes associated with physical and
sexual growth and maturation (Tan, Calitri, Blood-
worth, & McNamee, 2016). Thus, exposing young
gymnasts to unhealthy training regimens can be
even more worrisome.

While the understanding of the expected specific
physiological responses to an RG training session
in elite athletes is critical to distinct physiological
from pathological states, there are no investigations
on the specific metabolic, hormonal, and biochem-
ical physiological adaptations to RG training. Since
conditioning processes and part of biochemical
adaptations to exercise are sport-specific (Cadegiani
& Kater, 2019a), the extrapolation of findings from
other sport modalities when analyzing RG athletes
may lead to imprecise conclusions.

Owing to the lack of understanding of what to
be physiologically expected from RG elite athletes,
the objective of the present study was to evaluate the
acute effects of an RG training day with two sessions
on multiple biochemical and metabolic parameters
in professional athletes of the RG Brazilian national
team of RG during the pre-Olympics intensified
training period.

Methods

Participants

Participants were nine group athletes of the RG
Brazilian national team, starters and non-starters,
among which five participated in the Japan Olympic
Games in 2020. For the present study, inclusion
criteria were: 1. being part of the Olympic RG
Brazilian national team, based in training camp
in Aracaju, Sergipe, Brazil; 2. absence of major
musculoskeletal injuries; 3. absence of infections,
inflammations or other disturbances during the
study; and 4. not consuming supplements that
include antioxidants or probiotics.

Of 11 RG athletes of the RG Brazilian national
team, nine were included and two were excluded
due to musculoskeletal injuries. Baseline charac-
teristics of participants are presented in Table 1.

Table 1. Baseline characteristics of the participants (n=9)

Variables (M * SD)

Age (years) 17.7 £ 1.10
RG experience time (years) 9.44+28
Body height (m) 1.65+0.05
Body mass (kg) 49.70 £ 4.20
Body mass index (kg/m?) 18.20 £+ 1.20
Fat mass (kg)* 510+ 0.80
Body fat (%) 10.30 £ 1.20

Note. M = mean; SD = standard deviation; m = meters; kg =
kilograms.

Ethical approval was obtained from the
local review board (Research Ethics Committee
of Federal University of Sergipe, process No.
16452219.5.0000.5546, report No. 3.677.291). Partic-
ipation was voluntary, and all participants signed
an informed consent form before participating in
the study. This study was conducted in accord-
ance with the original Declaration of Helsinki and
further amendment.
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Study design (Figure 1)

Blood Rhythmic Gymnasts’ Training Blood 24h Blood
collection 9h20min: 8h21min of training + 59min of pauses nutrition collection Rest collection
M1 i — } ' y h M2 M3
Leukocytes Leukocytes CK
Red blgid cells Heart Rate Records Red blood cells LA
CK
LDH L), ] LDH
AT v ALT
i AST
Cortisol Cortisol
Fr‘|?§|-|r4 Free T4
TSH
Lactate Lactate
FRAP FRAP
GPX GPX
S-RPE
T T2 T3 T4
Body weight Body weight Body weight Body weight

Note. M1 = moment 1; M2: moment 2; M3: moment 3. T1 = time 1 for body weight; T2 = time 2 for body weight; T3 = time 3 for body
weight; T4 = time 4 for body weight; CK: creatine kinase concentrations; LDH: lactate dehydrogenase concentrations; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; FRAP: ferric reducing antioxidant power; GPx: glutathione peroxidase.

Figure 1. Time points of blood and salivary collection after exercise

Training characteristics

The overall intervention was a day with two
separate training sessions (morning and afternoon),
of 9h20min duration, including 8h21min of training
and 59 minutes of intervals for meals, resting and
diuresis. The RG training was coached by the tech-
nical staff, had not being interfered by any of the
researchers, was recently intensified as part of a
pre-season training routine, and consisted of non-
standardized individual warm-up and low intensity
jogging (5-min); ballet training included regular
routine of classical ballet exercises on the bar,
center, and floor (59 minutes); flexibility training
included basic exercises for the trunk and lower
limbs (15 minutes); physical training was based on
resistance training exercises, such as squats, sit-ups,
and trunk elevations (46 minutes); technical-driven
training exercises were based on body difficul-
ties and repetitions of isolated elements, such as
dance steps, risks, exchanges, and collaborations
(38 minutes), and practicing of parts of the routine
training, with and without music (5h38min). This
had been the same training loads as the two weeks
previous to the study.

Training intensity

Objective and subjective measurement methods
of training intensity were applied. Thirty minutes
after the end of training sessions, gymnasts reported
the self-perceived training intensity according to
the session-Ratings of Perceived Exertion (s-RPE)

(Foster, et al., 2001), on a scale from 0 to 10, in
which zero corresponded to rest and 10 to maximal
effort. Also, four of the athletes had their heart
rate (HR) (beats per minutes — bpm) (Polar Team
Pro, Kempele, Finland) monitored throughout
the session, and training intensity was classified
according to the American College of Sports Medi-
cine (ACSM) six-intensity level category scale
(Garber, et al., 2011): very light, <57% of maximum
HR; light, 57 — 63%; moderate, 64 — 76%; vigorous,
77 — 95%; near-maximal to maximal, >96%.

Blood and saliva measures

Biochemical data from blood and saliva samples
were collected at three different time points:
Moment 1 (M1) — immediately before the begin-
ning of the training session used for the experiment,
approximately 48 hours after the last training load
was experienced; Moment 2 (M2) — immediately
after the training sessions, at the end of the day,
and Moment 3 (M3) — 24 hours after the training
day (Figure 1).

Blood samples were collected by a qualified
professional, and the materials used were adapters,
25x7 needles, and vacuum tubes; each blood sample
contained 5Sml of blood in tubes with EDTA (ethyl-
enediaminetetraacetic acid) and separating gel for
serum analysis. Saliva was stored in tubes specif-
ically designed and prepared to receive saliva
(Salivete®); disposable gloves; blood stop gauze
dressing; and cotton and 70% alcohol for asepsis.
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Samples were immediately stored in an ice cooler
box at 4° C and transported for 15 minutes to the
respective laboratories, where the necessary anal-
yses were immediately performed. Athletes were
required to avoid teeth brushing at least two hours
before saliva collect in order to avoid microscopic
blood contamination in saliva.

Biochemical parameters included red cells char-
acterization, including erythrocytes (¥*10%mm?),
hemoglobin (g/dL), hematocrit (%), mean corpus-
cular volume (MCV) (fl) and red cell distribution
width (RDW) (%), leucocytes, including neutro-
phils, lymphocytes, eosinophils and monocytes,
platelets (*10°’mm?) (Electrical Impedance Flow
Cytometry), hormones, including salivary cortisol,
thyroid-stimulating hormone (TSH) (chemilumi-
nescence immunoassay — CLIA), free tetraiodo-
thyronine (fT4) (CLIA), muscle- and liver-derived
parameters, including serum lactate, creatine kinase
(CK), lactate dehydrogenase (LDH), aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), and oxidative stress indicators, including
ferric reducing ability of plasma (FRAP) and
glutathione peroxidase (GSH-Px). Except for FRAP
and GSH-Px, commercially available assays were
used (LabTest®, COBAS MIRA, Roche, Germany).
FRAP was determined according to the protocol by
Benzie and Strain (1996) and GSH-Px according to
Sies, Koch, Martino and Boveris (1979). Hormonal
analyzes were carried out in a laboratory with ISO
9000-2015 certification, which guaranteed the relia-
bility of the results. Neutrophil-to-lymphocyte ratio
was also calculated for all time points.

Variations in fluid balance and biochemical
parameters were assessed to determine the impact
of a single RG training day on hematological,
immune thyroid axis, muscle homeostasis and
oxi-reductive state responses. T4 from the clinical
characterization corresponds to M2 of biochemical
measurements.

Hydration status

To estimate hydration status, body weight was
measured at four time points of the training day:
time 1 (T1), termed as initial weight 1, considered as
the resting, basal body weight, immediately before
the first training session started; time 2 (T2), termed
as final weight 1, immediately after the morning
training session (of 4h duration), before lunch
interval; time 3 (T3), termed as initial weight 2,
immediately before the afternoon training session,
and time 4 (T4), immediately after the end of the
afternoon training session (of 8h21min duration),
while fluid balance was calculated by measuring
oral fluid intake and estimated water content in
foods as inputs, and urinary, fecal and estimated
sweat volumes as outputs, and calculated for T2
and T4 of body weight.

Total sweating was estimated through an equa-
tion (Horswill, 1998), as follows:

sweating = (initial weight + quantity of liquids

ingested) - (final weight - volumes of urine and

fecal produced).

Hourly sweating rate was calculated through
total sweating divided by the duration of the
assessed period in hours. The estimated percentage
of water loss was obtained by the following equa-
tion:

% dehydration = (change in body weight -

urinary and fecal volume during training) /

initial body weight x 100 (Burke & Hawley,

1997).

Diet

Ad libitum water intake was allowed throughout
the intervention period. One day before the evalua-
tion, athletes underwent anthropometric measure-
ments (body mass, body height, and skinfold thick-
nesses) (Jackson, et al., 1980), and maintained their
regular diet recommended for resting days, which
consisted on average of 2031 kcal, 201g of carbo-
hydrates (4g/kg), 86g of protein (1.7g/kg) and fat
corresponding to 22% of the calories. On the day
of the experiment, one hour before the beginning of
training sessions, gymnasts had a controlled meal
with 1.0g/kg, 0.3g/kg and 0.1g/kg of carbohydrate,
protein and fat, respectively. Meals during inter-
vals consisted of carbohydrate-electrolytes-based
supplements containing ~0.3g CHO/kg of body
weight/hour (~2.4g/kg for the 8h of training), while
a full meal at lunchtime was provided with 1.0g/
kg of carbohydrate, 0.33g protein/kg and 8g of fat.
These meals reflected the usual caloric and macro-
nutrient intake of a typical training day.

Statistical analyses

To obtain the results, descriptive statistics was
first applied, with the presentation of the results
in means and standard deviations. Normality and
homoscedasticity were tested using Shapiro-Wilk
and Levene tests, respectively. Subsequently, the
t-test and ANOVA were employed to obtain statis-
tical differences in normally distributed parame-
ters, and results were shown as mean and standard
deviation (SD), while Friedman test was employed
for non-parametric parameters, and results were
disclosed using medians and 95% confidence inter-
vals (95% CI). Effect size (ES) was calculated using
the following Hopkins criterion: 0-0.19 trivial;
small 0.2-0.59; 0.6-1.19 moderate; 1.2-1.99 large; > 2
very large. Data were analyzed using SPSS version
21.0. The significance was p<.05.
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Results

During all training stages performed in one day,
with two separate training sessions, the average
HR remained 129 (#11.3) bpm (64.0% maximum
HR), corresponding to a moderate intensity as per
the ACSM intensity level category scale. Athletes’
average s-RPE corresponded to moderate-intensity
training (3.2 [£0.4]).

Table 2 presents the blood count data, muscle
damage indicators, and markers of training stress
and redox status for all the participants at the
moments immediately before and after the training
(M1 and M2, respectively). There were significant
increases (p<.05) in total leukocytes, lymphocytes,

neutrophils, monocytes, platelets, MCHC, AST,
TSH, and FRAP, as well as significant reductions
in erythrocytes, hemoglobin, hematocrit, MCV, and
cortisol at M2. There were no significant changes at
M2 for neutrophil-lymphocytes ratio, MCH, RDW,
ALT, T4 free, lactate or GSH-Px; however, a very
large effect was observed for GSH-px at M2.

Figure 2 shows markers of muscle damage (CK
and LDH), and their variation from the analysis at
three time points. There was a significant increase
(p<.05) in CK only at M3 (p=.001), and in LDH
at M2 (p=0) and M3 (p=0 in relation to M1 and
p=-001 in relation to M2). There was no difference
in CK at M2.

Table 2. Biochemical parameters observed immediately before (M1) and immediately after (M2) a training day of the Brazilian

rhythmic gymnastics national team (M + SD)

Parameters M1 M2 p-value ES
Total leukocytes (/mm?) 5163.3 +998.9 9617.82 + 1883.8 0.001 4.5
Lymphocytes (/mm?) 1752.7+ 498.0 2729.7°+ 807.0 0.003 2.0
Neutrophils (/mm?) 2873.9+826.9 6163.67 + 1519.9 0.001 4.0
Neutrophils:Lymphocytes ratio 1,79+0,76 2,48+1,15 0.196 1.3
Monocytes (/mm?) 2557 +172.6 51912+ 212.9 0.006 1.5
Platelets (/mm?) 280,000.0 £76,767.5 300,666.72 + 89,335.0 0.009 0.3
Erythrocytes (/mm?) 4,691,111.1 £194,643.5 4,497,777.8° £243,658.5 0.001 1.0
Hemoglobin (g/dl) 129+ 1.0 12.52+ 1.0 0.001 0.5
Hematocrit (%) 421 +21 39.32+25 0.001 1.3
MCYV (fL) 90.1+6.8 87.7+6.7 0.001 0.4
MCH (pg) 277+2.6 277+2.6 1.000 0.0
RDW (%) 11106 11.2+04 0.695 0.1
MCHC (%) 30.8+1.0 31.6°+ 1.1 0.008 0.8
AST (U/L) 131+6.5 25.62+5.9 0.007 1.2
ALT (U/L) 13147 109+24 0.104 0.0
TSH (pIU/ml) 1.0+0.2 3.22+28 0.008 9.5
Free T4 (ng/dL) 0.9+041 0.9+041 0.117 0.4
Lactate (mmol/L) 1.7+0.2 1.8+£0.8 0.648 0.8
Salivary cortisol (ug/dL) 0.5+0.2 0.22+0.1 0.001 2.8
FRAP (uM) 136.8 £29.3 165.42+ 32.1 0.001 1.0
GSH-Px (uM) 48+47 15.0+9.4 0.051 21

Note. M = mean; SD = standard deviation; M1 = moment 1; M2: mome
alanine aminotransferase; TSH = thyroid-stimulating hormone; FREE
plasma; GSH-Px = glutathione; MCV = mean corpuscular volume; MC
width; MCHC = mean corpuscular hemoglobin concentration.

a Statistically significant difference in relation to M1 (p<.05).

nt 2; ES: effect size; AST = aspartate aminotransferase; ALT =
T4 = free tetraiodothyronine; FRAP = ferric reducing ability of
H = mean corpuscular hemoglobin; RDW = red cell distribution

Table 3. Body hydration indicators observed between the beginning of the training and the lunch break (PRE-LUNCH), and
between the end of the lunch break and the end of the training day (POST-LUNCH) of the Brazilian rhythmic gymnastics national

team (M + SD)

Parameters Morning training session Afternoon training session p-value
Average liquid intake (mL) 1150.0 £ 291.0 1123.3 £ 358.7 0.781
Total sweating (mL) 1720.0 + 5201 1760.0 + 540.0 0.641
Sweating rate per hour (mL/hour) 390.1 +£120.2 340.0 + 110.0 0.104
Percentage of dehydration (%) 1.16 £ 0.85 1.44 £ 0.65 0.496
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Figure 2. Muscle damage marker changes at three time points.

Table 3 presents parameters related to the
athletes’ body hydration status in the two training
periods, pre-lunch and post-lunch. There was no
statistical difference between the two evaluated
moments in any of the parameters.

Discussion and conclusions

The main findings of the present study demon-
strate that a day of RG training of moderate inten-
sity lasting 8 hours and 21 minutes caused: 1.
Increase of overall leukocytes, neutrophils, lympho-
cytes and monocytes; 2. Reduction in hematocrit,
erythrocytes, hemoglobin and MCV; 3. Increase of
platelets; 4. Elevation in muscle-derived markers,
including AST immediately after it, in LDH imme-
diately after it and 24h after it, and in CK only
24h after it; 5. Increase of TSH; and 6. Increase in
oxidative-stress markers, including FRAP increase,
and large effect size for GSH-Px after training;
7. Average dehydration rate of 1.3%, despite the
average intake of 2.3 L of liquids during the training
day.

Considering a wide variety of types of training
adopted during the periodization of an elite team,
it is essential to identify the intensity of a training
day before evaluating its impact on physiological
parameters of athletes (Zimmermann, et al., 2022).
In our study, during all training stages, the inten-
sity was moderate; nonetheless, moderate but to an
extreme prolonged RG exercises probably lead to
distinct responses from moderate but shorter phys-
ical efforts.

In our study, there was no significant change in
lactate levels, possibly because it is better correlated
with training intensity rather than training dura-
tion. Also, it is likely that intermittency, a common
feature of RG training sessions (Flessas, et al.,
2015), justifies the stability of lactate in our study,
especially because increased speed of lactate clear-
ance is a physiological adaptation found in athletes
(Ferguson, et al., 2018). So, it would be more effi-

cient for this analysis to be carried out at specific
moments of the training,.

Salivary cortisol is a stress marker inherent in
training; however, the present study revealed lower
cortisol levels at the end of the training day. The
reduction of cortisol at M2 may be explained by
a long duration of training (>8h), since cortisol is
highly influenced by the circadian cycle. To over-
come this limitation, sequential cortisol measure-
ments throughout the day are necessary (Silva,
Silva, & Enumo, 2017).

In the present study, as expected, significant
changes were observed in the total and differ-
ential leukocyte count at the end of the training
day. The total number of leucocytes circulating in
peripheral blood is strongly influenced by physical
exercise (Gleeson, 2006). This acute increase can
be perceived as a response of the innate system
(neutrophils and monocytes) to tissue damage
and its need for repair and remodeling, and this
hypothesis is reinforced by the significant elevation
of platelets (Keaney, Kilding, Merien, & Dulson,
2018), which was observed in the present study as
well. Additionally, the stress arising from exercise
stimulates the neuro-endocrine axis, promoting
greater synthesis and secretion of catecholamines
by the adrenal glands. Such hormones are respon-
sible for the migration of these cells into the circu-
lation, causing an acute effect of increased abso-
lute counts of circulating leukocytes, lymphocytes,
neutrophils, and monocytes (Dias, et al., 2017), just
as occurred in the present study. While catechola-
mines induce acute rise in leucocytes, cortisol has
a late effect of inhibiting mitogenesis and lympho-
cyte functionality, promoting immunosuppression
and increasing the incidence of URIs, and conse-
quently, lowering the volume and quality of training
among athletes (Keaney, et al., 2018; Pedersen &
Hoffman-Goetz, 2000). However, in the present
study, besides the fact that no increase in cortisol
was observed at M2, it is also noteworthy that
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leukocyte analyses were only performed immedi-
ately after training, which prevented the investiga-
tion of the delayed effects of this training on leuko-
cytes and their likely implications for the athletes’
immunity. This temporal limitation in the analysis
of leukocyte counts may also justify the absence
of statistical difference between the values of the
neutrophils-lymphocytes ratio before and imme-
diately after the training. Both values were within
the normal range.

The acute leukocytosis detected in the present
study corroborates the findings of Bessa et al. (2016)
and Gomes et al. (2020), who also found leukocy-
tosis at the moment immediately after the exercise
in addition to a greater contribution of neutrophils
in this increase. Nevertheless, in these studies, a
drop to baseline levels of most markers was also
noticed after 24 hours and 30 minutes, respec-
tively, confirming the need for these markers to be
analyzed later.

In the present study, despite significant changes
resulting from training, hemoglobin values were
within the normal range considering reference
standards for healthy individuals according to the
age and sex of women athletes, thus ruling out the
diagnosis of anemia. Nonetheless, it is relevant to
highlight that nearly all counts related to erythro-
cytes and their integrity (erythrocytes, hematocrit,
and MCV) presented significant decreases at the end
of the training day. Elevation of these compounds
is expected, especially when there is insufficient
fluid replacement (Logan-Sprenger, Heigenhauser,
Killian, & Spriet 2012), as observed in our study.
So, in our study, the unexpected increase in eryth-
rocytes, hematocrit, and MCV demonstrates the
presence of hemolysis.

MCYV should be attentively regarded, as this
marker tends to increase in physiological adapta-
tion to exercise. But we found unexpected reduc-
tion of MCYV, that indicated hemolysis, reinforced
by the elevation in MCHC, which revealed a reduc-
tion in viable erythrocytes compensated by a hyper-
chromia in the organic attempt to continue deliv-
ering oxygen efficiently to the tissues (Sureira,
Amancio, & Braga, 2012).

While training was considered as being of
moderate intensity, there were significant imme-
diate elevations in LDH and AST and late eleva-
tions in LDH and CK levels, demonstrating muscle
damage, in a similar manner of what was typically
found in high-intensity training sessions in other
sports (Gomes, et al., 2020; Harty, Cottet, Malloy, &
Kerksick, 2019; Naderi, Rezvani, & Degens, 2020).
CK and LDH has been correlated to bone injurie
(Miyamoto, et al., 2018), and the risk of bone frac-
tures is particularly high in aesthetic modalities
such as RG (Hassmannova, Pavli, & Novakova,
2019); therefore, assessment of bone health status
and markers deserves more attention.

In our study, a very large effect size for GSH-Px
and significant increase in FRAP observed immedi-
ately after the exercise reflect the effort and ability
to keep balance between oxidants and antioxi-
dants, and to prevent excessive exposure to oxida-
tive stress, or even the ability to repair damage
caused when the production of oxidants is found in
greater proportions (Bellafiore, et al., 2019; Finaud,
Lac, & Filaire, 2006; Fisher-Wellman & Bloomer,
2009; Petry, Alvarenga, Cruzat, & Tirapegui, 2010;
Pisoschi & Pop, 2015; Savasky, Mascotti, Patel, &
Rodriguez-Collazo, 2018).

In the present study, there was a significant
increase in TSH immediately after the training,
yet it remained within normal values, according to
the reference population (Sgarbi, et al., 2013), and
similar to those found in response to other sports,
in an attempt to optimize the obtainment of energy
for the practice of sports (Arkader, Rosa, & Moretti,
2016; Bogdanis, Philippou, Stavrinou, Tenta, &
Maridaki, 2022).

To the best of our knowledge, this is the first
study to analyse the acute effects of one RG training
day on immune parameters, red cells, hormonal
concentrations, muscle damage, oxidative stress,
and hydration. The results found can be useful faced
with the increasing number of very young RG prac-
titioners, which makes it essential for the interdis-
ciplinary health team to establish strategies ducts.

In conclusion, a day of RG training of moderate
intensity and duration of 8h and 2Imin caused
hemolysis, leukocytosis, muscle damage, perturba-
tions in redox status, and insufficient fluid replace-
ment during training.
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Abstract:

The aim of this study was to analyze the primary school students’ perception of their motor competence in
the area of Physical Education, with respect to the affective domain and improvement. The sample consisted
of 428 primary school students aged between 8 and 12 years (M=10.43; SD=0.837) (Castilla La Mancha,
Spain). Perceived motor competence (PMC) was measured by the Perception of Competence Questionnaire
(POC); perfectionism was measured by the three subscales of the Child Perfectionism Questionnaire, and,
finally, affectivity was assessed by the PANAS (Positive and Negative Affect Schedule) questionnaire.
Positive correlations were obtained between all the dimensions of the PMC and self-improvement (p<.05).
Significant gender differences were found in the PMC dimension Peers and Self-Experience, with higher
scores in males (p<.05). Differences were also found in the PMC dimension Peers as a function of weight
status, being lower in the overweight group (p<.05). Age was related to self-experience being higher the
older one was (p<.05). A model was generated that explained 23.7% of PMC with the total dimension of
self-improvement and weight status. Three distinct profiles, called high, medium and low self-improvement,
were detected. These groups in turn showed an analogy in perceived motor competence, high, medium and
low, the result also obtained in the regression analysis (p<.05). These results extend the relationship between
perceived motor competence and self-improvement in primary school children and are potentially of interest
to the fields of education and psychology.

Key words: perceived motor competence, perfectionism, affective domain, primary school, health

Introduction

According to global health experts, all kids
of school age should practice at least 60 minutes
of moderate to vigorous physical activity daily (>
5 days/week). However, a low perceived motor
competence (PMC) can affect the adequate achieve-
ment of this objective (Gil-Madrona, Carrillo-
Lopez, Rosa-Guillamén, & Garcia-Canto, 2020a).
Perceived motor competence refers to the belief that
a person is able to successfully perform a given
motor task, which is conditioned by personal expe-
rience, peers and teacher (Gil-Madrona, Cejudo,
Martinez-Gonzalez, & Lopez-Sanchez, 2019). This
perception of physical mastery based on motor
competence and health behaviors can be understood
in terms of a mechanism by which motor coordi-
nation can have an indirect impact on emotional
outcomes through various domains of self-percep-
tion (Rigoli, Piek, & Kane, 2012).

During the last decades and due to a critique
made of rationalist psychology, the emotional
dimension of human beings has been revendi-
cated in the scientific field. Thus, through various
academic perspectives, the concept of emotion has
been extended to the psychological, motor and soci-
ocultural spheres (Johnson, 2019). This manuscript
reflects that this situation has also been reflected in
the context of pedagogical disciplines and in Phys-
ical Education as well, where an increase in the
interest in investigating this subject in its different
didactical contents can be acknowledged.

The investigation of emotions in the area of
Physical Education is attributed to the need to
understand the different meanings various psycho-
logical states can represent (Johnson & Séanchez,
2021). Emotional regulation has been described as
the person’s capacity to manage his or her emotions
in a proper way, modifying their intensity and dura-
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tion (Alcaraz-Mufoz, Alonso-Roque, & Yuste-
Lucas, 2022). For this reason, emotional regula-
tion is linked to psychological well-being. Likewise,
motor practice is considered beneficial for health,
although the results of previous research on its
association with psychological and emotional well-
being have not been conclusive (Fuentes-Sanchez,
Jaén, Gonzalez-Romero, Moliner-Urdiales, &
Pastor 2017). According to the type of motor task
or gender, differences and similarities have been
identified, highlighting the role of competition and
the relationship with a sporting requirement in
each educational center. In this sense, it has been
concluded that to promote the subjective well-being
of students in Physical Education sports practices,
it could be appropriate to apply alternative strate-
gies for teaching sports, adaptive strategies and a
task-oriented achievement climate.

Research into children’s perfectionism is
fundamental to understanding different variables
that might affect students’ development. A litera-
ture review reveals that an integrative definition
understands perfectionism as a personality dispo-
sition characterized by efforts of impeccability and
the establishment of high-performance standards,
accompanied by a tendency to excessive critical self-
evaluations (Aguilar-Duran & Castellanos-Lopez,
2016). It implies a set of very strict self-imposed
demands about what the person believes he or she
should become or do. This review indicates the
relationship between psychological distress during
childhood and adolescence and excessive perfec-
tionism. Hence, the authors express the warning
that perfectionism in elementary school children
might seem innocuous and even desirable, but that it
brings innumerable negative consequences for chil-
dren’s physical and emotional health if it is exces-
sive (Cazalla-Luna & Molero, 2018).

In this sense, there are different implications for
parents and teachers, who, together with counsellors
and psychologists, should be cautious about pres-
suring schoolchildren; they should assess exactly
what kind of perfectionism is present in children
and help them to manage both dimensions of perfec-
tionism (Méndez-Giménez, Cecchini-Estrada, &
Fernandez-Rio, 2015a). When schoolchildren adopt
self-demanding perfectionist behaviors, the advice
should be to stick to them without being too self-
critical in case they do not reach the desired personal
standards. Likewise, students of the pure external
pressure type should be helped to internalize their
desire for perfection and evaluate themselves more
realistically to assume standards more in line with
their perceived motor competence.

Currently, it is of interest to analyze the rela-
tionship between self-perceived motor competence,
perfectionism, and affective mastery in elementary
school children. In the study by Pineda-Espejel,
Morquecho-Sanchez, Fernandez, and Gonzalez-

Hernandez (2019), the aim was to test a predictive
model that analyzed the sequence: perfectionist
concerns, fear of failure, and consequences of posi-
tive and negative affect in sports training sessions
in children and adolescents as well as to analyze
the mediating role of fear of failure. The results
showed that the perception of pressure exerted by
two primary sources of evaluation of athletes—
parents and coach, predicted a negative affect only
if the fear of failure had developed in the athlete
during sports training sessions. A simultaneous
study of the role of close associates is important
since it may guide future interventions focused on
maximizing the beneficial influence of parents and
coaches. In conclusion, fear of failure is a subjec-
tive experience, which has environmental anteced-
ents—interpersonal perfectionism, and affective
consequences.

In this line, the competitive sports practice
group mentioned above showed higher emotional
competencies and greater psychological well-being
compared to the group that did not practice sports,
who showed lower scores on the anxiety and depres-
sion scales as well as on the negative affect scale,
while they showed higher scores on the clarity
of feelings and emotional repair scales (Fuentes-
Sanchez, et al., 2017).

It has been observed that the relationship
between perceived motor competence, perfec-
tionism and affective dominance in elementary
school children may be mediated by moderating
variables such as gender, age, or weight status
(Gil-Madrona, et al., 2020a). For example, in one
study whose purpose was to analyze various types
of emotions—positive or pleasant and negative or
unpleasant—and their intensity in the extent to
which they are felt by fifth and sixth grade Primary
Education students in the area of Physical Educa-
tion (Gil-Madrona, et al., 2019) and the compar-
ison of emotional states according to gender, age
and their body mass index (BMI), it was found
that in the dimension of positive emotions, all the
highest mean scores were achieved by the students
without obesity/overweight issues. Regarding the
negative emotions dimension, all the highest mean
scores were found in students with obesity/over-
weight issues. The results showed significant differ-
ences according to BMI between the students with
obesity/overweight problems and students without
obesity/overweight problems in positive emotions
(Gil-Madrona, Pascual-Francés, Jorda-Espi, Mujica-
Johnson, & Ferndndez-Revelles, 2020b).

Based on these precedents, the general objec-
tive of this study was to evaluate the primary school
children’s perception of their motor competence in
the area of Physical Education, with respect to the
affective domain and improvement. This general
objective was achieved through the following
specific objectives:
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I) To know the relationship between perceived
motor competence, self-improvement, and
affective competence.

IT) To analyze self-improvement, affective compe-
tence, and perceived motor competence
according to sex, age and weight status of 4,
5% and 6™ grade students.

III) To create a model that allows predicting the
perception of perceived motor competence
according to self-improvement, affective
competence, age, gender, and weight status.

IV)To create typologies of primary school
students in Physical Education characterized
by perceived motor competence, self-improve-
ment, and affective mastery.

Methods and materials

Participants

The final sample consisted of 428 students from
nine public schools located in the region of Castilla-
La Mancha, Spain. This region is in the southeast
area of the country. The province chosen for devel-
oping this study was Albacete. The 428 participants
were between 8 and 12 years of age (M= 10.43;
SD = 0.837); 52.1% being boys (n=223) and 47.6%
girls (n= 205). The sample was non-probabilistic
and intentional by accessibility.

Instruments

Perceived Motor Competence (PMC). The
measurement instrument for the assessment of
perceived competence (PMC) (Scrabis-Fletcher &
Silverman, 2010), was used in the second version
(M3F). Personal experience (eight items) reports
on the student’s perceived feelings of failure, likes
and dislikes, and personal ability. Peers (three
items) reports on social relationships with peers.
Teacher (four items) reports on the students’ view
of their teacher’s actions. Each item was evalu-
ated according to a 5-point Likert scale, with 1 =
strongly disagree to 5 = strongly agree.

Perfectionism. The three subscales of the Child
Perfectionism Questionnaire (CPQ), adapted to
PE, were used. Self-demand (eight items) reports
the perfectionist attitude with which the child
faces while executing his or her tasks (e.g., I try
to be the best in everything I do.). External pres-
sure (eight items) refers to the child’s perception of
his or her immediate environment as demanding
perfect behaviors (e.g., My parents do not accept
the mistakes I may make.). Self-evaluation (nine
items) reports the valuation attitude that the child
has toward him- or herself (e.g., If  am not the best
at the things I do, I feel bad.). A 5-point Likert scale
was used, with 1 = strongly disagree to 5 = strongly
agree (Lozano, Cueto, Vazquez, & Gonzalez, 2012).

Affectivity. We used the version of the PANAS
(Positive and Negative Affect Schedule) vali-

dated in Spanish (Ortufio-Sierra, Bafiuelos, Pérez
de Albéniz, Molina, & Fonseca-Pedrero, 2019;
Ortufio-Sierra, Santarén-Rosell, de Albéniz, &
Fonseca-Pedrero, 2015) for use with children and
adolescents (PANASN) in the context of PE. It is
a 20-item self-report questionnaire measuring two
dimensions: positive affect (e.g., I am interested in
people or things.) and negative affect (e.g., I feel
fear.), with 10 items for each subscale. A 5-point
Likert scale was used, with 1 = strongly disagree
to 5 = strongly agree.

Procedure

A descriptive methodology with a cross-
sectional research design was used. Informed
consent was requested from the educational centers
and parents as well as the consent of the Phys-
ical Education teacher at the premises where the
research was conducted. Anonymity and the exclu-
sive use of the data for research purposes were guar-
anteed. An action protocol was elaborated saying
which time should be respected while answering
each instrument and the information to be given at
each moment was marked. The instruments were
completed during Physical Education classes, in
January 2019, in the presence of the researcher who
also informed the students of the objective of the
research. The completion of the instruments took
approximately 30 minutes.

Data analysis

Descriptive analysis (means, standard devia-
tions, skewness and kurtosis) and bivariate correla-
tion analysis were performed. The internal consist-
ency of the variables from the three questionnaires
was calculated using Cronbach’s alpha coefficient.
For the identification of different self-improvement
and affective domain profiles, a hierarchical cluster
analysis was performed with Ward’s method using
the three variables of the self-improvement ques-
tionnaire (self-evaluation, self-experience, and
external pressure), and also the affective domain
variables of the positive and negative PANAS ques-
tionnaire. By means of the subsequent k-means
analysis with three clusters, the characterization
of the three groups was obtained, contrasted by
means of ANOVA in all the variables introduced
in the cluster analyses.

Subsequently, a multivariate differential anal-
ysis (MANOVA) was performed with the three
groups with the variables of perceived motor compe-
tence (personal experience, peers, and teacher).
Univariate F tests were performed to analyze the
significant differences in these variables, applying
the Bonferroni post-hoc test in the cases of signifi-
cant differences. The magnitude of the differences
between the groups studied was obtained using the
effect size. Cohen (1988) defines the effect size as
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small (d= 0.2), medium (d= 0.5) or large (d= 0.8).
All analyses were performed using the SPSS 24.0
statistical package.

Results

Descriptive analysis and bivariate
correlation analysis

In order to answer the first study objective, i.e.,
to find out the relationship between PMC and self-
perfection and affective competence, descriptive
and correlational analyses were carried out.

Table 1 shows the results of the descriptive anal-
ysis and the correlations of the variables studied.
Mean values, standard deviations, skewness,
kurtosis and Pearson’s ‘R’ are shown. Reliability
is shown through Cronbach’s alpha. The variables
of perceived motor competence obtained significant
correlations: personal experience with self-evalu-
ation (r= 0.43), self-experience (r = 0.27), external
pressure (r = 0.39), and positives r = (-0.14); peers
with self-evaluation (r = 0.25), self-experience (r =
0.26), external pressure (r = 0.27), and negatives
(r = -0.17); teacher with self-evaluation (r = 0.15),
self-experience (r = 0.20), and external pressure (r =
0.18). Significant and positive correlations are there-
fore contemplated in the three factors of perceived
motor competence with the three factors of self-

perfection; however, no correlations were found
with the positive and negative aspects of affectivity.

To answer the second objective of this study,
we analyzed the relationships between the variables
and the sex, age and weight status of 4", 5" and 6"
grade primary school students.

Relationship between the variables and
gender analysis

The relationship between gender and varia-
bles was analyzed. After this analysis, statistically
significant differences were found in the variable
partner (t=3.55;p<.001; d=0.34) with a higher mean
in boys (M=9.25 £ 2.66) than in girls (M=8.38 +
2.36) and also in the variable personal experience
(t=4.14;p<.001; d=0.20) with a higher mean in boys
(M=27.39 + 5.66) than in girls (M=25.08 + 5.87).
No significant differences were found in the other
variables.

Analysis of the relationship between the
variables and groups (according to BMI
average).

The relationship that the variables could have
with respect to the group (overweight yes/no)
was analyzed. Thanks to this analysis, statisti-
cally significant differences were only found in the

Table 1. Descriptive statistics, Cronbach’s alpha coefficient and correlations between the variables

M SD a 1 2 3 4 5 6 7 8

1 Self-evaluation 2112 7.34 0.83 0.42" 051" 0.43" 0.25" 015" -015" 0.20"
2 Self-experience 26.28 5.87 0.83 0.32" 0.27" 0.26" 0.20" 0.04 -0.06
3 External pressure 14.10 5.37 0.83 0.39" 0.27" 0.18" -0.08 0.04

4 Personal experience 19.71 5.22 0.68 0.31" 0.40" -0.14" 0.05

5 Peers 8.83 2.55 0.68 0.18" -0.04 -0.17"
6 Teacher 11.97 3.37 0.68 0.00 0.04

7 Positives 2414 2.93 0.6 -0.23"
8 Negatives 17.38 3.84 0.78

Note. **p<.01; *p<.05; M = mean; SD = standard deviation; A = skewness; K = kurtosis; a = Cronbach’s alpha value.

Table 2. Student’s t-test for the variables according to gender

Male (n=223) Female (n=205)
M SD M SD t p d
Personal experience 19.65 5.24 19.79 5.21 -0.28 0.78 0.03
Peers 9.25 2.66 8.38 2.36 3.55 0.00 0.34
Teachers 12.06 3.45 11.87 3.28 0.60 0.55 0.06
Self-evaluation 20.95 7.51 21.30 716 -0.49 0.62 0.02
Self-experience 27.39 5.66 25.08 5.87 414 0.00 0.20
External pressure 14.14 5.20 14.06 5.56 0.15 0.88 0.01
Positives 24.26 2.90 24.01 2.96 0.88 0.38 0.09
Negative 1711 3.64 17.68 4.03 -1.54 0.12 0.07

Note. M = mean; SD = standard deviation; t = Student’s t-test; p = p-value; d= effect size Cohen.
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companions’ dimension (t= -2.3; p=.02; d= 0.25),
“[ feel greater in the normal weight group” (mean=
9.00 £ 2.53) than in the overweight group (mean=
8.36 £2.57). No statistically significant differences
were found in the other dimensions.

Analysis of the relationship between the
variables and participants’ age

The correlations between age and the study
variables were analyzed and only statistically
significant relationships were found with the vari-
able self-experience r=0.231.

To address the third objective of our study, the
multiple regression analysis was used to create a
model to predict the perception of perceived motor
competence as a function of improvement, affective
competence, age, gender, and weight status.

Multiple regression analysis

Once the bivariate relationships were analyzed,
amultiple linear regression model was created with
the intention of estimating the Perceived Motor
Competence (PMC) as a function of the variables
of self-perfection, affective competence, and with
the variables sex, age, and weight status. The self-
perfectionist dimensions (self-evaluation, self-expe-
rience and external pressure) were grouped into a
single variable. The variables sex and group were
converted into dummy variables.

Non-significant variables (p>.05) were excluded
from the final model. In all cases, the models meet
the assumptions of acceptance, linearity between
predictor and criterion variables, as well as homo-
scedasticity and normal distribution of the residuals.

The Durbin-Watson values obtained were adequate,
being between 1.5 and 2.5 (Pardo & San Martin,
2010), thus fulfilling the assumption of independ-
ence of the residuals. The variance inflation and
tolerance index values were adequate.

Table 5 shows the linear regression models
generated. In the first model shown, all the varia-
bles are presented regardless of their significance.
In the second model, only the significant variables
are shown, which were self-improvement and the
weight group as a dummy variable. In the third
model, the weight group variable was excluded to
see if it could be a modifying variable of self-perfec-
tionism. It was found that it was not, that the beta
coefficient of self-perfectionism was hardly affected
by body weight. The resulting simple model with
the variable self-perfectionism explained PMC by
22.8%, rising to 23.7% when weight status was
included. Weight status does not play a moderating
role between perfectionism and PMC since the beta
coefficient is not affected by weight.

Finally, to address the fourth objective of this
study, which aims at the creation of typologies
of schoolchildren in Primary Physical Education
characterized by perceived motor competence, self-
improvement and affective mastery, the multivar-
iate technique of cluster analysis and differential
analysis was used.

Cluster analysis

The values of all the variables were standard-
ized using Z-typing. No scores above three were
found to indicate outliers in the sample. After
sample purification and descriptive analyses, we
proceeded to perform a cluster analysis with the

Table 3. Student’s t-test for the variables according to participants’ weight

Overweight Normal weight
(n=112) (n=316)
M SD M SD t p d
Self-experience 19.12 4.94 19.92 5.31 -1.41 0.16 0.15
Peers 8.36 2.57 9.00 2.53 -2.30 0.02 0.25
Teacher 11.78 3.52 12.04 3.31 -0.70 0.48 0.08
Self-evaluation 21.58 8.31 20.96 6.98 0.71 0.48 0.08
Personal experience 26.41 6.12 26.23 5.79 0.27 0.78 0.03
External pressure 13.86 5.38 14.19 5.38 -0.56 0.57 0.06
Positives 23.96 3.02 24.21 2.90 -0.80 0.43 0.09
Negatives 17.21 3.57 17.44 3.93 -0.53 0.59 0.06
Note. M = mean; SD = standard deviation; t = Student’s t-test; p = p-value; d = effect size Cohen.
Table 4. Pearson’s correlations between age and the study variables
evjjgt-ion expSe(reiI;-nce Er)::srzfel ezs;?i?;ile Peers Teacher  Positives  Negatives
AGE r 0.004 0.231" -0.082 0.032 -0.070 -0.077 0.011 0.018
p 0.931 0.000 0.091 0.515 0.147 0.113 0.823 0.708
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three dimensions of the self-perfection question-
naire (self-evaluation, personal experience, and
external pressure) and the two dimensions of the
PANAS questionnaire (Positives, Negatives). The
dendrogram suggested three different groups.
One profile with high self-perfectionism
(n=153), the second profile with low self-perfec-
tionism (n= 162), and the third group with a
medium self-perfectionism profile (n= 108). The
profile with “high self-enhancement” presented
high values in self-evaluation, personal experi-
ence and external pressure, moderate values in
positives and low values in negatives. The profile
with low self-perfectionism presented the lowest

Table 5. Linear regression analysis

values in self-evaluation, personal experience, and
external pressure, high in positives and low in nega-
tives. And finally, the medium self-enhancement
profile presented medium values in self-evaluation,
personal experience and external pressure, and low
values in positives and high values in negatives.
Differences of 0.5 in Z-scores were used as a crite-
rion to describe whether a group scored relatively
high or low compared to the others (Wang & Biddle,
2001).

Differential analysis

To study different features of each profile
obtained in terms of perceived motor competence

Z:tr;arge r-cua D-W Predictor variables Beta t p T FIV
PMC 0.249 1.982 (Constant) 37109 6.301 0.000
Positives -0.209 -1.675 0.095 0.940 1.064
Negatives -0.140 -1.468 0.143 0.937 1.068
Self-perfectionism 0.275 11.213 0.000 0.977 1.023
Sex 0.748 1.028 0.305 0.948 1.054
Overweight -1.968 -2.392 0.017 0.959 1.043
Age -0.565 -1.318 0.188 0.976 1.024
PMC 0.237 1.96 (Constant) 24.091 15.550 0.000
Self-perfectionism 0.275 11.300 0.000 1.000 1.000
Overweight -1.841 -2.277 0.023 1.000 1.000
PMC 0.228 1.936 (Constant) 23.657 15.312 0.000
Self-perfectionism 0.274 11.214 0.000 1.000 1.000

Table 6. Means, standard deviations, Z-scores for each cluster

Cluster 1: Low
perfectionism, n = 162

Cluster 2: Medium
perfectionsim, n = 108

Cluster 3: High
perfectionism, n = 153

(37.8%) (25.2%) (36,92%)

M SD z M SD z M SD z F pot.
Self-evaluation 1728 588  -0.52 2127 669 002 2496 711 052 5479  0.21
Self-experience 2360 546  -0.46 2410 497 041 3051 421 072 9361  0.31
External pressure 1115 344  -055 1261 420 -0.28 1815 524 075 111.02 0.34
Positives 26.09 200 066 2112 237 103 2422 229  0.03 164.28 0.44
Negatives 16.69 318  -018 2006 319 070 1627 400 -0.29 4250 0.7

Table 7. Multivariate analysis of PMC dimensions personal experience, peers and teacher according to clusters

Cluster 1: Low
perfectionism, n = 162

Cluster 2: Medium
perfectionism, n = 108

Cluster 3: High
perfectionism, n = 153

(37.8) (25.2%) (36.92%)
Variables M SD M SD M DT F Power
Self-experience 16.20 3.58 19.96 4.44 2315 478 105.89 0.33
Peers 8.02 2.35 8.57 2.37 9.84 2.54 23.36 0.10
Teacher 11.07 3.43 12.08 3.09 12.82 3.28 11.39 0.05
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Note: “As can be seen in the point diagram, the three groups offered by the cluster analysis are clearly differentiated, the students
with low self-perfectionism have a low PMC, those with average self-perfectionism also have a medium PMC and the same occurs

with those with high self-perfectionism who have a high PMC”.

Figure 1. Point diagram of perfectionism and perceived motor competence in the three clusters.

in its three dimensions (Table 7, peers and teachers),
amultivariate analysis of variance (MANOVA) was
performed. The clusters obtained were used as inde-
pendent variables or factors, and the three dimen-
sions of perceived motor competence were used as
dependent variables (see Table 7).

The results obtained showed significant differ-
ences in the three dimensions of perceived motor
competence, personal experience (F= 105.89,
p<.001, p=.33), peers (F=23.36, p<.001, p=.10) and
teacher (F= 11.39, p<.01, p=.05), with the highest
scores of the three dimensions found in the high
self-improvement cluster, the lowest scores in the
low self-improvement cluster, and the means in the
medium self-improvement cluster.

Discussion and conclusions

The aim of this research was to establish if
different dimensions of self-perfectionism and
emotional competence are related to the perceived
motor competence in Primary Education students.
By relating all the variables, a model that explained
the perceived motor competence was created. It was
considered interesting to analyze different groups
or types of students of Primary Education that can
be established to address the relationships with
perceived motor competence. In this sense, positive
correlations were obtained between all the dimen-
sions of perceived motor competence and self-
improvement. It is worth noting the absence of a
significant relationship between the dimensions of
perceived motor competence and affective domain
in Primary Education students.

These results may be due to the satisfaction
or frustration generated by a motor task since
they can determine the locus of causality or the
type of motivation that a student has in his or her
different contexts where he or she participates (e.g.,
an activity, a lesson, a curricular content, physical
education lessons, lifestyle, etc.) where internal,
external, and impersonal forms may appear. Within
this motivation, a learner is intrinsically motivated
when he or she voluntarily participates in an activity
for the mere interest, pleasure and personal satisfac-
tion obtained by practicing it (Méndez-Giménez, et
al., 2015a). However, in this research, it is pointed
out that the student can be extrinsically motivated
whenever participation in an activity is deter-
mined by external rewards or agents. In this sense,
a student can perform an activity because it is part
of his or her lifestyle (integrated regulation), knows
the benefits and the importance it has in the overall
development of the person (identified regulation),
wants to feel good and avoid feelings of guilt or
anxiety (introjected regulation) or wants to get an
external reward or avoid punishment by the school
institution (external regulation).

Motivation is a dynamic process that accounts
for the interaction and filtering of the information
by the student and the effect it has on the student’s
behavior. The perception of competence, an
embedded motivational theory, postulates that the
influence of precious experience and the received
information from external sources affects the
student’s behavior. Attitude is also a multifaceted
construct that can be defined from different dimen-
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sional viewpoints (Scrabis-Fletcher & Silverman,
2017). In this regard, some specific factors have
been identified in this manuscript as determinants
of student attitude, including teacher, curriculum,
and context.

In turn, depending on the subjective well-being
of the student in each motor task, a classification of
positive and negative affect can be generated, where
positive emotions are understood as favorable and
negative emotions as unfavorable for such well-
being (Redorta, et al., 2006); an aspect that would
explain the absence of a relationship between the
dimensions of perceived motor competence and the
affective domain in elementary school students. For
example, motor interaction and the sociocultural
context where it takes place are aspects that deter-
mine the type of motor play, providing specific
characteristics that differentiate it in the Physical
Education class (Gil-Madrona, et al., 2020a). These
characteristics of motor play can be a differentiating
element in the affective domain. Specifically, this
study, like ours in terms of methodology, concluded
that the type of sociomotor games with sociocul-
tural content allows students to develop social skills
in a positive learning environment. Therefore, they
suggest that the affective dimension has to be incor-
porated in the analysis of pedagogical practices in
order to favor an integral education that considers
the human being as a being who is sensitive to his
or her environment and who is moved during the
activities developed in the sessions.

Although both constructs are socio-cognitive
in nature, they are not correlated as previously
believed (Scrabis-Fletcher & Silverman, 2017).
Low correlations between the models suggest that
the two constructs should be measured indepen-
dently of each other and that one should not be
used to predict the other. Attitude and perceived
motor competence are two distinct socio-cognitive
constructs that share similar characteristics and
factors, as reported here, function independently
of each other.

Another of the findings obtained in this research
was a model that explained the perceived motor
competence in 23.7% with the total dimension
of self-perfectionism and weight status. Three
different profiles were detected and differentiated,
called high self-perfectionism, medium self-perfec-
tionism and low self-perfectionism; these groups in
turn showed an analogy in perceived motor compe-
tence, high, medium and low, a result also obtained
in the regression analysis.

One study points out that self-demand posi-
tively predicts achievement goals, while external
pressure predicts, negatively, approach-mastery
goals and, positively and directly, controlled moti-
vation and demotivation (Méndez-Giménez, et al.,
2015b). The latter was also mediated by approach-
mastery goals. Likewise, approach goals positively

predicted autonomous motivation and performance
goals positively predicted controlled motivation.
The expected patterns of achievement goals were
confirmed, and the different implications of perfec-
tionism were discussed too. However, another
study, after analyzing the influence of the dimen-
sions of anger expression and perfectionism on self-
evaluation, the pillars on which personality is built,
revealed how the different dimensions of maladap-
tive perfectionism were related to a lower self-eval-
uation; contrary to what was found with different
dimensions of adaptative perfectionism (Villena,
et al., 2016). The trait anger dimension correlates
inversely with self-evaluation. In addition, the indi-
cators of adaptive perfectionism—Organization
and Personal Standards—are significantly associ-
ated with a higher perception of self-evaluation of
the players; in contrast to what happens with those
who present maladaptive perfectionist tendencies.
In this regard, they point out that the evaluation of
this type of variable in the educational environment
allows the design of health prevention programs
and/or stimulation of adaptive behaviors for team
sports.

Luna et al. (2019) carried out research whose
objective was to evaluate the impact of a pilot phys-
ical-sports education program on the subjective
well-being of teenagers (health-related quality of
life, positive and negative affect), emotional intel-
ligence traits and social anxiety. This program was
based on a pedagogical model of sports education
within a framework of quality physical education,
and it was approached from the perspective of social
and emotional learning. The results of the research
revealed that the physical-sports pilot program
promoted significant improvements in a specific
indicator of subjective well-being and emotional
intelligence trait in the experimental group. These
findings support the pedagogical efficiency of the
program with respect to the program’s objective.
The findings also highlighted the feasibility and
appropriateness of the program in terms of an inno-
vative didactical proposal.

The results obtained in the other study (Johnson,
2019) show how students perceived negative and
positive emotions regarding their subjective well-
being before and after practicing sports activities.
These emotions were mainly attributed to factors
such as the level of preference for the task, the
perceived motor competence, previous sports expe-
riences, and classroom organization. The study also
identified similarities and divergences according
to the type of motor task, gender, and school. The
teachers were also able to perceive positive and
negative emotions for the subjective well-being of
the students. In a broad sense, it is concluded that
emotions around a sports didactical unit have been
associated with psychological, didactical, motor,
environmental, moral, ethical and cultural aspects
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and have been identified according to the type of
motor task, gender and educational center.

With respect to the findings obtained according
to gender, differences were only found in the dimen-
sion of perceived motor competence of peers and
also in personal experience, with higher scores in
the males than in the females. These results show
similarities to another study (Méndez-Giménez,
et al., 2015a), which showed that girls had a lower
perception of competence than boys. However,
it is important to highlight that these differences
depend on the motor task. That is, girls perceived a
higher self-determined motivation, fun and cogni-
tive attitude in acrosport and boys showed higher
values in the motivational variables in the football
contents compared to the acrosport contents. On
the contrary, girls scored higher in the motivational
variables in acrosport compared to the other two
cooperative-oppositional collective sports contents.
Therefore, this study proposes guidelines to reor-
ient the teaching-learning process in these didac-
tical units through the development and implemen-
tation of specific strategies that allow influencing
the motivational processes according to gender.

In this sense, motor interaction is a key aspect
which determines the type of socio-motor game,
providing specific features that differentiate this
kind of game from any other type of didactical
resource used during physical education lessons
(Espi, et al., 2019). The main results of this research
indicate that during cooperation games a lower
positive affect is perceived than in cooperation-
opposition games. It is concluded that positive
affection predominates in both socio-motor games,
so it is an ideal content to build a great learning
atmosphere. According to sex, it is concluded that
women perceive more positive affect than men in
the cooperation-opposition games and less in the
non-opposition cooperation games. As for negative
affection, in both games, men perceive it more than
women. Another study (Méndez-Giménez, et al.,
2018) found that males scored higher on approach-
task, approach-other, and avoidance-other goals.
Approach-task and approach-friendship goals were
the main positive predictors of positive affect.

Regarding weight, the results obtained consid-
ering weight showed differences in the motor
competence dimension perceived by the peers in
relation to weight, being lower in the overweight
group. On the other hand, age was only related to
personal experience, being higher the older the age.

Another study (Sanmartin, et al., 2018), that
analyzed the relationship between affect and its
different theoretical categories: positive and nega-
tive affect and the different dimensions of social
functioning (school performance, family relation-
ships, relationships with peers and household tasks),
found that high levels on all dimensions of social

functioning also reported significantly higher levels
of positive affect than their peers who reported
low levels; conversely, students who reported high
levels of social functioning reported significantly
lower levels of negative affect than their peers who
reported low levels. Similarly, logistic regression
analyses showed that an increase in positive affect
increased the likelihood of high levels of social
functioning and that an increase in negative affect
decreased the likelihood of presenting high-level
dimensions of social functioning, except for school
performance.

In this sense, following the model of Gonzalez-
Arratia, et al., (2017), a direct and significant effect
of the negative affect on the positive aspect and
resilience is suggested but also a significant indi-
rect effect of self-evaluation on resilience, which
supports the main hypothesis. Further specifica-
tion of the model in a diversified sample is required
for the analysis of possible differences in gender
and age.

It is important to highlight that the findings of
this research must be interpreted carefully because
of the methodological limitations derived from its
transversal nature (it is not possible to establish
causality relationships), the sample size as well as
the application of self-reporting questionnaires,
generating biases of evaluation.

However, despite these results are the result
of external validity and are not generalizable,
they can be used as indications to be taken into
account in intervention and longitudinal programs
to corroborate whether an intervention program
aimed at improving perceived motor competence
can improve perfectionism and affective mastery
in primary school children; these being located
in a transcendental period in the life cycle of the
person, where the formation of the personality and
the acquisition of healthy life habits begin.

Due to the obtained results, these are the main
conclusions obtained from this research: there is
a positive correlation between all dimensions of
perceived motor competence and self-improvement;
regarding their genre; male subjects obtained higher
values of motor competence and self-improvement
perceived by their mates and in personal experience.
Considering the weight status, a lower perceived
motor competence was found in the overweight
group; the older the age, the higher the personal
experience; and 23.7% of the perceived motor
competence was explained by the total dimension of
self-improvement and weight status. These results
acquire importance since they extend the relation-
ship between perceived motor competence and self-
improvement in elementary school children, which
is potentially of interest in the fields of education
and psychology.
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Abstract:

This study aimed to investigate the existence of relative age effect (RAE) in male Brazilian futsal athletes
according to age categories and playing position. Data from male futsal athletes from the top five teams in
Brazil were collected during May and June 2021. The distribution of birth dates of 387 male futsal athletes
was analyzed, based on their age categories (U15, n = 97; U17, n = 88; U20, n = 116; senior, n = 86) and
playing positions (defender, n = 76; winger, n = 162; pivot, n = 69; goalkeeper, n = 80). Chi-squared tests
were used to analyze the birth dates distribution based on quarters and semesters of the year according to
age categories and playing positions. The overall analysis of birth quarter indicated a higher occurrence of
births in the first quarter of the year (p<.001; V = 0.188). The age categories analysis indicated a uniform
distribution in U15 (p=.09; V = 0.15) and unequal distributions in U17 (p<.001; V = 0.29), U20 (p<.007; V =
0.19) and senior (p<.01; V = 0.21) categories. The playing position analysis indicated a uniform distribution
for the pivots (p=.11; V = 0.17) and unequal distribution for goalkeepers (p<.04; V = 0.19), wingers (p<.002;
V = 0.19) and defenders (p<.002; V = 0.27). We concluded that RAE was present in Brazilian elite men’s
futsal, especially in the U17, U20, and senior categories, and goalkeepers, wingers, and defenders. Our results
reinforce the need to consider the effects of relative age in the development of Brazilian elite futsal players.

Key words: RAE, birth-date, birth effect, talent selection, elite athletes

athletes’ recruitment but also how they develop their
motor skills or athletic capacity (Lidor, Maayan, &

Introduction
Age categories in team sports for young players

are often determined according to the athletes’ birth
years. Based on this separation emerges the rela-
tive age effect (RAE), which is understood, from
a developmental point of view, as the set of differ-
ences related to the birth date of athletes within
the same age category (Andronikos, Elumaro,
Westbury, & Martindale, 2016). These differ-
ences may provide a possible advantage to athletes
born closer to the beginning of the selection year
when compared to those born later (Ostapezuk &
Musch, 2013). This effect can influence not only the

Arnon, 2021). For this reason, RAE has been exten-
sively researched as a factor that can influence the
selection and talent identification in different team
sports (Rada, Padulo, Jelaska, Ardigo, & Fumarco,
2018; Rubajczyk & Rokita, 2020; Schorer, Cobley,
Biisch, Brautigam, & Baker, 2009; Schorer, Wattie,
& Baker, 2013).

Specifically in Brazil, recent studies have found
evidence of RAE in team sports like volleyball
(Castro, Aguiar, et al., 2022), handball (Costa, et
al., 2021; Figueiredo, Gantois, Lima-Junior, Fortes,
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& Fonseca, 2020), beach handball (Figueiredo,
Ribeiro, et al., 2020), track and field (Figueiredo,
Silva, et al., 2021), soccer (Figueiredo, Gomes, et
al., 2022), and futsal (Castro, Aguiar, Clemente, et
al., 2022; Castro, Figueiredo, et al., 2022; Ferreira,
et al., 2020; Morales Junior, Alves, Galatti, &
Marques, 2017).

One of the explanations for the differences
found between individuals within a category is
based on the fact that older athletes are more likely
to present advanced maturation compared to the
athletes born farther from the starting selection
cut-off date. Accordingly, these athletes may benefit
in terms of sports performance, depending on the
specific demands of the sport modality and their
developmental characteristics. Wattie, Schorer, and
Baker (2015) propose a constraints-based model
(individual, environment, and tasks constraints) to
explain RAE (Kelly, Coté, Hancock, & Turnnidge,
2021). In this constraints-based model (Wattie, et
al., 2015), the individual constraints refer to athlete’s
individual qualities, such as body composition, sex-
specific qualities, height, and maturational status;
the environmental constraints relate to the sport’s
popularity, policies, and physical environment; and
the task constraints regard the sport’s specificity,
the physical capabilities that are more important
for success, and its competitive level (Wattie, et al.,
2015). In general, relatively older athletes are more
likely to exhibit advanced physical characteristics
and enter puberty earlier than their younger peers
(Cobley, Baker, Wattie, & McKenna, 2009; Lovell,
et al., 2015; Musch & Grondin, 2001). This gives
to relatively older athletes performance advantages
in most team sports, including futsal (Figueiredo,
Seabra, Brito, Galvao, & Brito, 2021). These advan-
tages occur due to more favourable and developed
attributes such as height, muscle mass, aerobic
power, muscle strength, endurance, and speed
(Malina, Bouchard, & Bar-Or, 2004), factors that
may influence performance in a particular sport
modality (Castro, Aguiar, Figueiredo, et al., 2022;
Figueiredo, Seabra, et al. 2021).

In this sense, some studies indicate that the RAE
will be gradually reduced throughout the athletes’
sports career, until it ceases to exist (Bjerndal,
Luteberget, Till, & Holm, 2018; Brazo-Sayavera,
Martinez-Valencia, Miiller, Andronikos, & Matin-
dale, 2018; Buekers, Borry, & Rowe, 2015; de la
Rubia, Lorenzo-Calvo, & Lorenzo, 2020; Joyner,
et al., 2020). Even though the reduction in RAE
can be explained by a maturational bias (consid-
ering that the division by age groups usually ends
around 19-21 years of athletes’ age, when physical
maturity differences are expected to be irrelevant),
this explanation depends on whether relatively
younger athletes remain actively engaged in the
sport modality during the years of selection or not
(Cobley, et al., 2009). Another explanation for this

phenomenon is given by Mann and van Ginneken
(2017), who affirm that although RAE may cause
a biased talent identification in young categories,
relatively younger players may be more likely to
succeed in the long run, considering that they must
consistently overcome the challenges of training
and competing against older children, which can
lead to advantages. However, some studies have
reported that RAE remains up to senior elite sports
in some contexts where this effect is very pervasive
in younger categories (Costa, et al., 2021; Figue-
iredo, Ribeiro, et al., 2020; Joyner, et al., 2020;
Lidor, et al., 2021).

Another aspect that should be considered when
investigating RAE in team sports is the athletes’
playing positions since they present specific
demands. Evidence from studies with Brazilian
soccer (Figueiredo, et al., 2022) and handball
(Figueiredo, Gantois, Gomes, et al., 2020) athletes,
indicate that RAE is more prevalent in playing posi-
tions in which physical capabilities are more deter-
minant for success. Furthermore, some RAE inves-
tigations have tried to determine whether this effect
is associated with competitive success. To illus-
trate, Arrieta, Torres-Unda, Gil, and Irazusta (2015)
found that relatively older players scored more
points and showed increased performance index
ratings compared to relatively younger athletes in
European basketball championships. However, the
investigation of the association between RAE and
the performance obtained during games in team
sports is still limited, especially when it comes to
futsal.

Futsal is a multiple-sprint sport with intermit-
tent high-intensity activities. Its popularity has
grown in recent years with more than 12 million
players involved in the sport (Beato, Coratella, &
Schena, 2016). However, studies that have inves-
tigated RAE in futsal athletes are still scarce. In
the senior or professional futsal categories, studies
have indicated controversial results. In the study
of Brazilian athletes, Morales Junior et al. (2017)
found evidence of RAE in male athletes, which
was later confirmed by Castro, Aguiar, Clem-
ente, et al. (2022), with the addition that the effect
seemed position-dependent in the latter sample of
elite athletes. On the other hand, Carraco, Galatti,
Massa, Loturco, and Abad (2020) indicated that
being born in the first months of the year did not
seem to determine success in the modality. Lago-
Fuentes, Rey, Padron-Cabo, Prieto-Troncoso, and
Garcia-Nuiiez (2020) even found a reverse RAE,
corroborating that RAE findings in futsal are still
controversial.

Although most RAE research approaches
and methodologies have been used to document
the “why” and “how” of the relationship between
characteristics of the athlete’s birth date and devel-
opment, it is argued that more studies on specific
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contexts are still necessary (Kelly, et al, 2021). In
addition to the controversial RAE results found in
futsal, no previous research has analyzed the RAE
in Brazilian male futsal players from different age
categories while considering playing positions.
Thus, this study aimed to investigate the existence
of RAE in the most competitive teams of male
Brazilian futsal athletes according to age catego-
ries (from U15 to senior) and playing positions. Our
hypothesis is that RAE will be found in athletes
from different age categories and playing positions,
considering the theoretical model from team sports
proposed by Wattie et al. (2015).

Methods

Participants

This is a retrospective and descriptive study
with a cross-sectional design. The sample of this
study was composed of 387 male futsal athletes
from the top five teams in Brazil, divided by age
categories: U15 (n=97; mean age = 13.8 = 0.8 years),
Ul7 (n = 88; mean age = 15.8 = 0.7 years), U20 (n
= 116; mean age = 18.2 = 0.9 years) and senior (n =
86; mean age = 26.3 + 6.1 years); and playing posi-
tions: defender (n = 76), winger (n = 162), pivot (n =
69), and goalkeeper (n = 80). All athletes competed
in national and international competitions for their
respective team in the 2021 season. The division
from U15 to senior categories was chosen because
these are the competitive age categories and playing
positions defined in Brazil. To select the sample,
the Brazilian teams that most participated and won
titles in national and international championships in
the last five years were considered, since no official
teams rankings are maintained by futsal federations
either in Brazil or worldwide. To illustrate the rele-
vance of these teams in Brazil and worldwide, in
the last five years they won five national titles and
four international titles. The exclusion criterion was
the absence or inconsistency in any of the informa-
tion necessary for the research, such as the athletes’
date of birth, age category and/or playing position.

Data collection and procedures

This study applied similar methods as were
used in previous studies in futsal (Lago-Fuentes,
et al., 2020). Data were obtained from the official
teams’ websites or made available by the teams
upon request made by the researchers. Once data
were collected, a member of the technical staff of
the teams that made up the sample checked it for
reliability purposes. All data collection procedures
occurred during May and June 2021. The informa-
tion included players’ date of birth, playing posi-
tions (goalkeeper, winger, defender, or pivot), age
categories (U15, U17, U20, and senior), and teams.
All information was kept confidential and was used

specifically for this study, after athletes’ anonymity
and the teams’ agreement.

For the purpose of this study, we defined the
birth year as beginning on January 1, as used by
the other studies in sports (Cobley, et al., 2009).
The data were organized in a spreadsheet, and the
variables analyzed included the athletes’ birthdate
quarters, as used in the previous studies in futsal
(Carraco, et al., 2020; Morales Junior, et al., 2017):
quarter one: Q1 (January-March), quarter two: Q2
(April-June), quarter three: Q3 (July-September),
and quarter four: Q4 (October-December), age cate-
gories (U15, Ul7, U20, and senior), and playing
positions (defender, winger, pivot, and goalkeeper).

Statistical analysis

The frequencies of Brazilian futsal athletes
born in each of the quarters were presented in abso-
lute values. Chi-square tests (y?) were performed to
compare the birthdates’ distribution by age catego-
ries and playing positions. The observed distribu-
tions of athletes’ birthdates in each quarter were
compared with the expected frequencies (Edgar &
O’Donoghue, 2005). The effect size (Cramer’s V)
of the chi-square tests was calculated for all anal-
yses, considering 0.1 a small effect, 0.3 a medium
effect and 0.5 a large effect, based on Cohen (1988).
Additionally, odds ratio (ORs) and 95% confidence
intervals for Q1 versus Q4 and the first versus the
second semester (1°:2") were calculated, simi-
larly to Figueiredo, Ribeiro, et al. (2020). Anal-
yses were performed using the Statistical Package
for the Social Sciences (SPSS), version 20.0
(Chicago, USA). The significance level was set to
0.05. Multiple comparisons between the quarters
were performed as post-hoc analyses, when neces-
sary. In these cases, Bonferroni’s corrections were
performed, and the significance level was adjusted
to 0.0083.

Results

The analysis of the overall sample of futsal
athletes indicated an uneven distribution according
to the quarters of birth (y*> = 40.989; p<.001; V =
0.188), with a small effect size, as seen in Figure 1.
The post-hoc analyses indicated more athletes in
QI compared to Q3 and Q4 (p<.0083). Moreover,
more athletes were found in Q2 compared to Q4
(p<.0083).

The analysis of futsal athletes’ birthdates distri-
bution according to age categories indicated an even
distribution in the U15 (p=.09; V = 0.15) category
(Table 1). On the other hand, uneven distributions
were found in the U17 (p<.001; V = 0.29), U20
(p<.007; V = 0.19) and senior (p<.01; V = 0.21)
categories. In these cases, small effect sizes were
reported, and post-hoc analysis revealed an over-
representation of athletes born in Q1 compared
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to Q4 (p<.0083) in the Ul7 and U20 categories.
As for the senior category, the post-hoc analysis
revealed an overrepresentation of athletes born in
Q2 compared to Q4 (p<.0083).

The analysis of futsal athletes’ birthdates distri-
bution according to playing positions indicated
an even distribution for pivots (p=.11; V = 0.17)
(Table 2). On the other hand, uneven distributions
were found for goalkeepers (p<.04; V = 0.19),
wingers (p<.002; V = 0.19) and defenders (p<.002;
V = 0.27). In these cases, small effect sizes were
reported. The post-hoc analysis failed to identify
the differences in the case of goalkeepers. However,
the post-hoc analysis revealed an overrepresenta-

150+
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Figure 1. Quarters of birth distribution of the overall Brazilian
futsal athletes.

Table 1. Quarters of birth distribution of Brazilian futsal athletes according to age categories

Q1 Q2 Q3 Q4
Age B0 B0 E® G ¢ p y OR-aras oR-Tmar
category 95% IC 95% IC
[%O0-E]  [%O-E]  [%O-E]  [%O-E]
29 29 25 14 2.53 2.21
u1s (24) (24.2) (24.4) (244) 6493 009 015 12410513 1.25t03.25
15.2] [5] [0.6] [-10.8]
394 21 19 9 6.99 4.59
u17 21.7) (21.9) (22.2) (22.2)  22.005 <0.001 029 314101547 2.44108.65
[19.6] 1] -3.6] [-15]
404 36 22 18 2.87 3.61
U20 (28.7) (28.9) (29.2) (29.2)  12.323 <0.007 019  152t0537 21t06.2
[9.8] [6.1] [-6.2] [9.7]
24 33¢ 16 13 217 3.86
Senior (21.3) (21.4) 21.7) 217) 11558 <0.01 021 1.02t04.59 2.05t07.26
13.2] [13.5] [-6.6] [-10.1]

Note. Q1-Q4 = birth quarters; (Exp) = expected distribution; [%O-E] = relative difference between the observed and expected
distribution; ¥? = chi-square; p = level of significance; V = effect size; OR — Q1:Q4 = odds ratio from Q1 to Q4; OR — 1¢:2"4= odds ratio

from 1%t semester to 2™ semester; d = different from Q4.

Table 2. Quarters of birth distribution of Brazilian futsal athletes according to playing positions

Playing o @ @ a OR-Q1:Q4 OR-fs:2m
position (Exp) (Exp) (Exp) (Exp) X P v 95% IC 95% IC
[%O-E]  [%O-E]  [%O-E]  [%O-E]
29 23 16 12 3.22 3.45
Goalkeeper  (19.8) (19.9) (20.2) (202) 8938 <004 019 151t06.86 1.81t06.6
[11.5] [3.8] [5.2] [10.2]
50 56 < 29 27 223 3.58
Winger (40) (40.4) 40.8) (40.8) 16638 <0.002 019 13210379 2.26105.66
6.2] [9.7] [7.3] (-8.5]
29 ¢ 220 20°¢ 5 8.76 416
Defender (18.8) (18.9) (19.1) (194) 16548 <0.002 027 32410235 21110818
[13.4] 4] [1.4] [-18.6]
2 18 17 10 314 2.42
Pivot (17) (17.2) (17.4) (174) 6014 011 017 13710716 12210479
[10.1] [1.2] [-0.6] [10.7]

Note. Q1-Q4 = birth quarters; (Exp) = expected distribution; [%O-E] = relative difference between the observed and expected
distribution; ¥? = chi-square; p = level of significance; V = effect size; OR — Q1:Q4 = odds ratio from Q1 to Q4; OR — 1¢:2"4= odds ratio
from 1t semester to 2" semester; ¢ = different from Q3; d = different from Q4.
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tion of athletes born in Q2 compared to Q3 and Q4
(p<.0083) for wingers. Additionally, the post-hoc
analysis indicated an overrepresentation of athletes
born in QI, Q2 and Q3 compared to athletes born
in Q4 (p<.0083) for defenders.

Discussion and conclusions

The present study aimed to investigate the exist-
ence of RAE in male futsal athletes that play on
the most competitive Brazilian teams according to
age categories (U15 to senior) and playing posi-
tion (defender, winger, pivot, and goalkeeper). In
the general analysis of birth quarter, the results
indicated a higher occurrence of births in the first
quarter of the year. In the analysis by age catego-
ries, there was a uniform distribution in U15 and
an unequal distribution in U17, U20, and senior age
categories. In the analysis by playing position, a
uniform distribution was found for the pivots and an
unequal distribution for goalkeepers, wingers, and
defenders. According to our results, we confirmed
our hypothesis, evidencing RAE across age cate-
gories (specifically in U17 to senior) and playing
positions (specifically in goalkeepers, wingers, and
defenders).

The overall analysis of our sample indicated
more athletes in Q1 compared to Q3 and Q4. More-
over, more athletes were found in Q2 compared to
Q4. Similar results were found by Morales Junior
et al. (2017), who also found the RAE in a sample
of 376 male athletes that participated in the 2013
Brazilian National Futsal League (LNF). However,
the differences were related to the semesters, indi-
cating that in that season there were more futsal
players born in the first semester of the year than
in the second.

On the other hand, different results were
presented by Carraco et al. (2020), who analyzed the
birth dates of 950 players competing in FIFA Futsal
World Cups (years of 2008, 2012, and 2016), and
found no significant differences between quarter
or semesters, which means that the authors did not
find the RAE in their study. A similar result was
presented in the study by Lago-Fuentes et al. (2020),
which did not identify differences between the birth
quartera of professional futsal players in the First
Division of the Spanish National Futsal League
between 2006-2007 and 2014-2015 seasons. It is
noteworthy that the aforementioned studies were
carried out only with senior elite futsal athletes,
unlike our sample, which was composed of elite
athletes from the U15 to senior categories.

Regarding the age categories, the analysis
indicated an even distribution in the U15 category.
This led us to speculate that the talent selection
processes in younger generations of futsal players
might not be based on the factors that could have
increased the likelihood of the RAE in this sports
system (Andronikos, et al., 2016). Similar results

were reported in an investigation with elite female
Brazilian handball players conducted by Figue-
iredo, Gantois, et al. (2020), in which the RAE
was only found in U20 and senior categories, but
not in the U18 category. This may indicate a para-
digm shift in the talent selection models applied in
younger categories, with coaches being more aware
of the existence of RAE. However, to confirm these
speculations we recommend longitudinal investi-
gations with future generations of elite Brazilian
futsal players and the assessment of the knowledge
of coaches from different categories about the RAE.

Regarding the U17, U20, and senior categories,
uneven distributions of birthdates were reported,
with an overrepresentation of athletes born in QI
compared to Q4 in the U-17 and U20 categories,
and in Q2 compared to Q4 in the senior category.
These results are in line with findings from other
sports. For instance, Lidor et al. (2021) investigated
1397 young Israeli athletes (14 to 18 years of age) of
both genders and observed the presence of the RAE
in male swimming, basketball, soccer, and hand-
ball athletes, with a higher representation of those
born in the first two quarters of the year compared
to those born in the last two quarters. Addition-
ally, Costa et al. (2021) evaluated the RAE in the
Brazilian handball men’s teams that competed in
the World Championships of the U19, U21, and
senior categories, and observed the prevalence of
RAE in all categories.

However, Bjorndal et al. (2018) conducted
a study with youth, junior and senior male and
female international team selections of Norwegian
handball players, and identified uneven birth dates
distributions for youth and junior male and female
athletes (favoring the relatively older players), but
not an uneven distribution in the senior category.
In other study, conducted by Figueiredo, Seabra et
al. (2021), involving Portuguese soccer and futsal
players of both genders from U7 to U19 categories,
the authors observed the RAE in futsal only in U7
and U9 categories, with an overrepresentation of
athletes born in Q1 and Q2 compared to Q4. These
results are different from those found in our study,
as we did find the RAE in the upper categories of
futsal. In addition, the categories that showed the
effect in the study by Figueiredo, Seabra et al. (2021)
were not analyzed in the present study.

According to the constraints-based model
(Wattie, et al., 2015), the presence of the RAE
among age categories can be observed at different
stages of the athletes’ sports career, depending on
the influence of physical maturation on perfor-
mance in specific tasks. Other factors presented
by this theoretical model (Wattie, et al., 2015) are
the influences of sporting popularity in the country,
indicating higher levels of competitiveness in youth
categories, and the rules for the participation of
young people in the sport context in an amateur or
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professional manner. Thus, due to the culture and
a large number of futsal players in Brazil, there
is greater concern with competitive aspects, thus
increasing the RAE chances (Morales Junior, et
al., 2017).

Although some studies indicate that the RAE
decreases or even disappears in senior elite sports
(Bjorndal, et al., 2018; Brazo-Sayavera, et al.,
2018; Buekers, et al., 2015; de la Rubia, et al.,
2020; Joyner, et al., 2020) due to a smaller influ-
ence of the physical maturity bias (Cobley, et al.,
2009), our study showed that the RAE was main-
tained even in the senior category. Some explana-
tions can be proposed: 1) the popularity of futsal in
Brazil—environmental constraints (Wattie, et al.,
2015), as previously explored; and 2) as the effect
was found in most of the younger categories, there
were increased opportunities for athletes born in
the first quarter of the year to reach the senior level.

Regarding the playing position, the analysis
indicated an even distribution for pivots and uneven
distributions for goalkeepers (no differences identi-
fied), wingers (overrepresentation of athletes born
in Q2 compared to Q3 and Q4), and defenders (over-
representation of athletes born in Q1, Q2 and Q3
compared to athletes in Q4). Figueiredo, Gantois,
et al. (2020), in their study with U19 to senior
Brazilian handball teams, only found RAE preva-
lence for male athletes in the wingers and defenders’
positions. Despite being different modalities, they
have very similar characteristics (invasion team
sports), which may justify the similarity between
the results. In another sport with the same particu-
larities, the soccer, Towlson et al. (2017) investi-
gated the RAE on young elite soccer players and
found a likely small effect in the U13-14 cate-
gory regarding the playing positions, with lateral-
defenders and central-midfielders being older than
central-defenders. No differences were found in the
U15-16 and U17-18 categories.

In a study with futsal athletes Carraco et al.
(2020) found no differences between playing posi-
tions. Our results also differ from those found by
Lago-Fuentes et al. (2020), who presented a reversed
RAE for pivots and goalkeepers in an investigation
of 1873 professional futsal players who played in
the First Division of the Spanish National Futsal
League. Different physical demands may be the
cause of the prevalence of RAE in different catego-
ries (Wattie, et al., 2015). Additionally, the needs for
different physical and maturational capacities in the
various playing positions of futsal must be consid-
ered. We did not perform the analysis of playing
positions separated by age categories, which did
not allow us a more specific discussion.

A limitation of the present study was that it
did not compare athletes from different competitive
levels and from teams with different classifications.
In this study, all athletes competed at national and
international levels and played on teams classified
as the best in the country. In addition, our study only
investigated male athletes; therefore, investigations
with female athletes are warranted. It is also note-
worthy that, due to the specificity of the sample, our
results must be interpreted with caution. Consid-
ering the scarcity of studies that investigated RAE
in futsal and the influence of multiple factors within
each sports context, we suggest that future studies
investigate the occurrence of RAE in futsal athletes
from different categories according to competitive
level, gender, and selection for national teams in
different countries.

Our results have important practical appli-
cations, suggesting that organizations (mainly
national and international federations), clubs, and
coaches must consider the effects of the relative age
in the processes of talent detection and selection in
futsal, as well as in the division of age categories.
Our findings indicated that athletes who were born
in the last quarter of the year (Q3 and Q4) might
not have the opportunity to play in the senior cate-
gories, and even to become professional players.
Therefore, it is possible that youngsters who could
become great futsal athletes are not provided with
equal opportunities to develop in the sport.

Ultimately, we observed that the RAE was
present in Brazilian elite men’s futsal, especially
in the U17, U20, and senior categories, and in goal-
keepers, wingers and defenders. Our results rein-
force the importance of trying to reduce the advan-
tage of athletes who are born in the first quarters
(Q1 and Q2) of the year. In addition, we demon-
strated that this advantage extends to the most
competitive teams of the senior category in Brazil,
that is, throughout the entire sporting career of a
male futsal athlete. We also highlight the need for
national and international federations to review the
criteria for the separation of categories, considering
other factors than birth date.

In this sense, aiming to reduce the RAE and
maturity-related biases, Helsen et al. (2021) propose
the grouping of young team sports considering the
midway point of athletes’ chronological and esti-
mated developmental age. Considering the fact
that the RAE was present in most categories in
our study, we suggest the division of young futsal
categories also considering the athletes’ maturation
level, with the objective of giving equal opportuni-
ties to athletes from all birth quarters to reach senior
and/or professional levels.
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Abstract:

We aimed to investigate the relationships of isometric and eccentric shoulder abduction strength with
acromiohumeral distance and supraspinatus tendon thickness based on the disease stage in patients with
subacromial impingement syndrome. Eighty-two patients with subacromial impingement syndrome were
assessed. Acromiohumeral distance and supraspinatus tendon thickness were measured using ultrasonography.
Isometric and eccentric shoulder abduction strength were measured with a hand-held dynamometer.
Spearman’s correlation coefficients were calculated. Isometric (tho = 0.428, p=.021) and eccentric (rtho = 0.487,
p=-007) shoulder abduction strength showed moderate correlations with acromiohumeral distance in patients
with acute symptoms (n = 29). There was no relationship between acromiohumeral distance and abduction
strength in patients with chronic symptoms (n = 53) (p>.050). Supraspinatus tendon thickness showed no
significant correlation with abduction strength (p>.050). These findings suggest that the relationship between
acromiohumeral distance and abduction strength differs according to disease stage. However, supraspinatus
tendon thickness was not correlated with abduction strength regardless of disease stage. In patients with acute
subacromial impingement syndrome symptoms increasing shoulder abduction strength may be a potential
strategy to improve acromiohumeral distance.

Key words: muscle strength, rotator cuff, rehabilitation, ultrasonography

& Jobe, 2000) and shoulder abduction strength
(Celik, Sirmen, & Demirhan, 2011; Miller, et al.,

Introduction
Subacromial impingement syndrome (SIS) is

a common cause of shoulder pain and dysfunction
(Ostor, Richards, Prevost, Speed, & Hazleman,
2005). The rotator cuff (RC) muscles play an
essential role in shoulder stabilization and preven-
tion of anterosuperior migration of the humeral
head during shoulder abduction (Sangwan, Green,
& Taylor, 2015). The supraspinatus, the most
commonly involved muscle in SIS, is active during
arm abduction (Ellis & Mahadevan, 2013; Reed,
Cathers, Halaki, & Ginn, 2013) and is of the greatest
practical importance among the RC muscles (Ellis
& Mahadevan, 2013). Accordingly, decreased
supraspinatus muscle activity (Reddy, Mohr, Pink,

2016) and pathological changes in the supraspi-
natus tendon (Cholewinski, Kusz, Wojciechowski,
Cielinski, & Zoladz, 2008; Leong, Tsui, Ying,
Leung, & Fu, 2012; Michener, et al., 2015; Seitz,
McClure, Finucane, Boardman, & Michener, 2011)
are common in patients with SIS.

Although the general opinion is that the
subacromial space (SAS) decreases (Graichen,
et al., 1999; Hébert, Moffet, Dufour, & Moisan,
2003; Mackenzie, Herrington, Horlsey, & Cools,
2015) and supraspinatus tendon thickness (SSTT)
increases (Leong, et al., 2012; Michener, et al.,
2015) in patients with SIS, some studies reported
no change (Leong, et al., 2012; Michener, et al.,
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2015) or a decrease (Cholewinski, et al., 2008) in
those parameters, compared to healthy controls.
These conflicting results have been attributed to
the stage of the disease (Mackenzie, et al., 2015;
Seitz, et al., 2011).

There is some evidence of a possible relation-
ship between shoulder muscle strength with SAS
(Leong, et al., 2012; Leong, Tsui, Ng, & Fu, 2016;
Schmidt, Engelhardt, Cools, Magnusson, & Couppé,
2021) and supraspinatus tendon morphology
(Joensen, Couppe, & Bjordal, 2009). These relation-
ships are often demonstrated by isometric muscle
strength (Joensen, et al., 2009; Leong, et al., 2016;
Schmidt, et al., 2021). Although assessment of the
maximal isometric shoulder strength is an impor-
tant component of the physiotherapy examination
in clinical and research settings (Celik, et al., 2011;
Cools, et al., 2014), none of these studies has inves-
tigated the relationship between SAS and SsTT
with the maximal isometric or eccentric strength
of RC muscles in patients with SIS. Besides, since
pain often occurs also during the eccentric phase
of the shoulder abduction (Camargo, Avila, Asso,
& Salvini, 2010), and not only isometric strength
deficits (Celik, et al., 2011; Miller, et al., 2016) but
also eccentric strength deficits were demonstrated
in shoulders with SIS (MacDermid, Ramos, Dros-
dowech, Faber, & Patterson, 2004), examining the
eccentric strength may also be important. Deter-
mining these relationships and revealing whether
they differ depending on the stage of the disease
appears worth investigating (Mackenzie, et al.,
2015). This can assist healthcare professionals in
clinical decision-making while creating individual
treatment programs tailored to the needs of patients
at different disease stages.

We aimed to investigate the relationships of
isometric and eccentric shoulder abduction strength
with SAS measured by acromiohumeral distance
(AHD) and SsSTT based on the disease stage in
patients with SIS. We hypothesized that the corre-
lations between shoulder abduction strength and
AHD and SSTT would be different for acute and
chronic SIS.

Methods

Setting and participants

Eighty-two patients with SIS (45 females and
37 males) from Dokuz Eylul University Hospital
volunteered to participate in this observational
study. All participants provided written and oral
informed consent, and the study was approved by
the Ethics Committee of Dokuz Eylul University
(Number: 4268-GOA). We performed sample selec-
tion and data collection at Dokuz Eylul Univer-
sity, School of Physical Therapy and Rehabilita-
tion between August 2017 and September 2019. No
previous study presented correlation data between

isometric and eccentric shoulder abduction strength
and SsTT and the SAS. Considering the findings of
the previous studies, which investigated the relation-
ships between the AHD and the strength of scapular
muscles (Leong, et al., 2016) and shoulder external
rotator muscles (Leong, et al., 2012), we anticipated
medium correlations between variables and we used
0.50 value for correlation to calculate the number
of patients (n=29 per group) required to determine
a significant correlation with 80% power and 5%
Type-I error level (GPower, version 3.1.7, Heinrich-
Heine-Universitit, Diisseldorf, Germany). Inclusion
criteria were: (1) SIS diagnosis, (2) >18 years of
age, (3) >three positives in five shoulder impinge-
ment tests: Neer’s sign, Hawkins and Kennedy
test, Empty Can test, painful arc of abduction, and
external rotation (ER) resistance test (Michener,
Walsworth, Doukas, & Murphy, 2009), (4) ability to
complete the entire study procedure. The exclusion
criteria were: (1) diagnosis of the adhesive capsu-
litis, (2) shoulder pain > 7/10 according to the Visual
Analogue Scale (Timmons, Ericksen, Yesilyaprak,
& Michener, 2016), (3) history of fracture in the
upper extremity, (4) systemic musculoskeletal
disease, (5) history of shoulder or cervical surgery,
(6) glenohumeral instability (positive apprehension,
relocation, or positive sulcus test), (7) positive find-
ings for a full-thickness RC tear (positive lag sign,
positive drop arm test or marked weakness with
shoulder external rotation), (8) shoulder pain with
cervical spine movement (Michener, et al., 2015) (9)
diagnosis of chest deformity or scoliosis. Patients
who had shoulder pain > three months were clas-
sified as patients with chronic SIS symptoms and
others as patients with acute SIS symptoms.

Procedures

Strength tests were performed by two physi-
otherapists who were experienced in the field of
shoulder examination (five and four years for testers
1 and 2, respectively). Ultrasound imaging was
performed by the first author who was experienced
in the field of musculoskeletal ultrasound examina-
tion (nine years).

To measure SAS, a diagnostic ultrasound unit,
LOGIQe (GE Healthcare, Wauwatosa, W1, USA)
with a 7-12-MHz linear transducer set at § MHz
was used to capture two-dimensional images in
greyscale B-mode. Images were obtained while the
patient was seated feet flat on the floor, with neutral
trunk posture, head straight, and arms resting at
the side (Michener, et al., 2015). We measured SAS
twice at two locations and averaged the results for
data analysis: 1. on the most anterior part of the
acromial margin with the long axis of the transducer
placed in the plane of the scapula and parallel to the
flat surface of the acromion and 2. 1-cm behind the
first measure. SAS was operationally defined as the
AHD, the two-dimensional shortest linear distance
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between the anterior—inferior tip of the acromion
and the humeral head (Desmeules, Minville,
Riederer, Coté, & Frémont, 2004; Luque-Suarez,
Navarro-Ledesma, Petocz, Hancock, & Hush, 2013;
Mackenzie, et al., 2015). The AHD was measured
(in mm) using the ultrasound unit’s on-screen cali-
pers by visually locating the superior aspect of the
humeral head and the inferior aspect of acromion,
and then measuring the linear distance (Figure 1A)
(Michener, et al., 2015). As a result of test-retest
measurements in ten patients, our intra-rater reli-
ability for this method was excellent (ICC=0.99).

Figure 1. Ultrasonography measurement. A. Acromiohumeral
distance assessment with ultrasonography, and ultrasound
measurement of the acromiohumeral distance from the
acromial tip to the humeral head. B. Supraspinatus tendon
thickness assessment with ultrasonography and ultrasound
measurement of the tendon thickness taken at 10, 15, and 20
mm lateral to the biceps tendon (transverse view).

SsTT measurement was performed using the
same ultrasound unit with the same settings while
the patient seated feet flat on the floor, with a
neutral trunk posture and head straight. We asked
the patients to place their hand of the involved side
on the ipsilateral posterior hip with the humerus
in extension. The transducer was placed on the
anterior aspect of the shoulder, perpendicular to
the supraspinatus tendon, and just anterior to the
anterior-lateral margin of the acromion, and both
the supraspinatus tendon and long head of the
bicep’s tendon were captured laterally in the trans-
verse axis. Then, the transducer was tilted in the
mediolateral direction, visualizing the long biceps
brachii tendon, and the maximum tendon thick-
ness was obtained. The lateral margin of the hyper-
echogenicity of the bicep’s tendon was taken as the
reference point. Three positions along the tendon
were measured for thickness (in mm) at 10, 15, and
20 mm lateral to this reference point (Figure 1B).

First, we averaged the results of the three meas-
urements for each of the two ultrasound images and
then the average values for each image were aver-
aged for data analysis. We measured the SsTT using
the ultrasound unit’s on-screen callipers via tendon
borders, from the first hyperechoic region above the
anechoic articular cartilage of the humeral head to
the hyperechoic superior border of the tendon before
the anechoic subdeltoid bursa (Cholewinski, et al.,
2008; Joensen, et al., 2009; Michener, et al., 2015).
Our intra-rater reliability for this method was excel-
lent (ICC=0.93). In AHD and SsTT assessments,
after the completion of capturing images of all the
participants, AHD and SsTT measurements by the
ultrasound on-screen callipers were performed
without the strength results being known. An
author who was not involved with the data collec-
tion performed the analysis.

We performed the strength tests with a hand-
held dynamometer (HHD) (MicroFET®3, Hoggan
Health Industries, West Jordan, UT, USA). The
patients sat with their feet flat on the floor. We
placed the patient’s arm into the scapular plane
using a plastic goniometer (Universal Baseline®
12” Plastic Goniometer 360°, N'Y, USA). The partic-
ipants were instructed to maintain this plane during
the test, and the researcher monitored the arm posi-
tion. Each test was conducted three times, and the
results were averaged. We provided 30 seconds of
rest between the tests (Schrama, Stenneberg, Lucas,
& van Trijffel, 2014). To avoid bias, the author
that performed the strength assessments was not
allowed to read the results of the HHD throughout
the testing period. A trained assistant read and
recorded the results.

To measure the isometric strength of shoulder
abduction, we positioned the shoulder at 90° abduc-
tion in the scapular plane and external rotation
(thumb pointing up) and the elbow at full extension
(Figure 2). The bubble inclinometer was attached to
the arm to ensure 90° shoulder abduction. After the
explanation of the test, the participant performed
one sub-maximal test for familiarization. Then,

e i

Figure 2. Measurement of the isometric strength of shoulder
abduction
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the participant performed maximal isometric
shoulder abduction effort while the tester gave
downward resistance over the wrist with the HHD
for 5-seconds (Dollings, Sandford, O’Conaire, &
Lewis, 2012). Our intra-rater (ICC=0.970 for both
testers) and inter-rater reliability for this method
were excellent (ICC=0.980).

To measure the eccentric strength of shoulder
abduction, the starting position was 120° of abduc-
tion of the shoulder in the scapular plane, with the
thumb pointing up and full extension of the elbow.
The bubble inclinometer was attached to the arm
to monitor humeral abduction angles throughout
the test (Figure 3). Participants performed one
sub-maximal testing for familiarization. Then, the
participant performed the maximal eccentric effort,
while the researcher pushed the arm just above the
wrist from 120° to 30° of shoulder abduction at
30s (controlled with a metronome) using the HHD.
Standardized verbal encouragement was provided
during testing (Karabay, Yesilyaprak, & Sahiner
Picak, 2020). Our intra-rater (ICC=0.976 and 0.978
for testers 1 and 2, respectively) and inter-rater (ICC
=0.940) reliability were excellent for this procedure.
During the strength tests, some pain was allowed,
however, this did not lead to not completing the test.
Additionally, no patient reported increased pain on
the test day and days following the test.

Figure 3. Measurement of the eccentric strength of shoulder
abduction. A. Starting position. B. Ending position.

Statistical analysis

The normality of the distributions of the
continuous data was analyzed with the Shapiro-
Wilk test. Data are expressed as mean followed by
standard deviation and median followed by inter-
quartile range or percentages as appropriate. The
distribution of sex, dominant side, and affected
side between patients with acute SIS and chronic
SIS were compared with the chi-square test. Age,
height, mass, and body mass index of the acute
and chronic SIS patients were compared with the
independent samples ¢-test. Duration of symptoms
and pain intensity were compared with the Mann-
Whitney U test. The association of isometric and
eccentric muscle strength values with ultrasono-

graphic data was analyzed by Spearman’s rank
correlation analysis. Correlation was classified as
strong (rho > 0.70), moderate (rho= 0.40-0.69), or
weak (rho <0.39) (Guilford, 1956; Rowntree, 1981).
The significance level was set at p<.050.

Results

Eighty-two patients with SIS were tested.
Twenty-nine of those were classified as patients
with acute SIS symptoms and fifty-three were
patients with chronic SIS symptoms. Demographic,
anthropometric, and clinical characteristics were
similar (except for pain duration) between patients
with acute and chronic symptoms (Table 1).

The results of ultrasonography and strength
measurements are shown in Table 2. The AHD
showed moderate correlation with both isometric
(rho = 0.428, p=.021) and eccentric (rho = 0.487,
p=-007) shoulder abduction strength in patients with
acute SIS symptoms. However, abduction strength
was not correlated with the AHD in patients with
chronic SIS (p>.050). Moreover, there was no corre-
lation between the SsTT and abduction strength in
patients with both acute and chronic SIS (Table 3).

Discussion and conclusions

To our knowledge, this is the first study inves-
tigating the relationships between shoulder abduc-
tion strength and AHD and SSTT based on the
stage of the SIS and examining the relationship of
eccentric shoulder abduction strength with these
ultrasonographic measurements. We found that, in
patients with acute SIS symptoms, AHD was posi-
tively correlated with both isometric and eccen-
tric shoulder abduction strength. AHD was not
correlated with abduction strength in patients with
chronic symptoms. SsTT was not correlated with
abduction strength.

The literature emphasizes the importance of
RC muscles in maintaining the SAS via depressing
the humeral head to counteract the deltoid action
to prevent superior migration of the humeral head
(Leong, et al., 2012; Page, 2011). The supraspinatus
is the most commonly involved muscle in SIS, and
it is considered to be of the greatest practical impor-
tance among the RC muscles (Ellis & Mahadevan,
2013). Isometric shoulder abduction muscle
strength, which is often referred to as supraspinatus
muscle strength (Celik, et al., 2011; Habechian,
Van Malderen, Camargo, & Cools, 2018; Kibler,
Sciascia, & Dome, 20006), is frequently evaluated
in patients with SIS for clinical and research aims
(Celik, et al., 2011; Cools, et al., 2014; Makhni, et
al., 2015). Celik et al. (2011) found that isometric
shoulder abduction muscle strength (tested in the
same position that we performed in this study) of the
shoulder with SIS was significantly lower than the
healthy opposite side and supraspinatus weakness
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Table 1. Demographic, anthropometric, and clinical data of participants

Variables Patients with acute SIS (n = 29) Patients with chronic SIS (n = 53)

Sex, n (%)

Female 16 (565.2) 29 (54.7) p=0.968

Male 13 (44.8) 24 (45.3) X2=0.002

Dominant side, n (%)

Right 26 (89.7) 49 (92.5) p=0.668

Left 3(10.3) 4(7.5) X?=0.188

Affected side, n (%)

Right 17 (58.6) 25 (47.2) p=0.312

Left 12 (41.4) 28 (52.8) X2=0.984

Mean (SD) Mean (SD)

Age, year 51.55 (12.47) 47.74 (13.64) pf 0.868

t=1.281
. p=0.821

Height, m 1.66 (0.10) 1.68 (0.10) t=-0836
p=0.865

Mass, kg 7210 (14.00) 77.28 (14.43) t=-1584

Body mass index, kg/m? 26.25 (4.47) 27.50 (4.63) 6:2?9978

Median (interquartile range) Median (interquartile range)

Duration of pain, months 2.00 (1.00 — 2.00) 6.00 (3.75-11.00) pZ<=0_.702111

Pain intensity at rest, cm 1.00 (0.00 — 2.25) 2.00 (0.00 — 3.00) pz 0280

Pain intensity during overhead p=0.141

reaching, cm 4.80 (3.05-5.80) 6.00 (4.00 — 6.00) 7= 1473

Note. * — significant difference between the groups; t — paired samples t-test; X?— chi-squared test; Z — Mann-Whitney U test.

Table 2. Ultrasonographic and strength data of the participants

Patients with acute SIS

Patients with chronic SIS

Variables (n=29) (n=53)
Mean (SD) Mean (SD)

AHD, mm 10.61 (1.34) 11.00 (1.24)

SsTT, mm 5.53 (1.22) 5.65 (0.92)

Shoulder abduction strength, kg

Isometric

Eccentric

Median (interquartile range)

Median (interquartile range)

5.90 (4.87 — 7.94)
7.00 (5.55 — 10.13)

6.87 (5.60 — 8.72)
8.03 (6.22 — 10.20)

Note. AHD — acromiohumeral distance; SSTT — supraspinatus tendon thickness.

Table 3. Correlations between ultrasonographic and strength measurements

Patients with acute SIS
(n=29)

Patients with chronic SIS
(n=53)

Isometric strength

Eccentric strength

Isometric strength

Eccentric strength

rho p rho Rho P rho p
AHD, mm 0.428 .021 0.487 .007 -0.053 .709 0.076 .590
SsTT, mm 0.167 .387 0.083 .668 0.148 .291 0.212 128

Note. AHD — acromiohumeral distance; rho — Spearman’s correlation coefficients; SSTT — supraspinatus tendon thickness.

was related to the symptoms of SIS. Although they
did not report the duration of symptoms for their
population, the authors highlighted the importance
of assessing supraspinatus strength and, if neces-
sary, strengthening it during the treatment of SIS.

Similarly, our findings highlight the importance
of isometric shoulder abduction muscle strength
in maintaining the SAS in patients with acute SIS

symptoms.
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SIS complaints often occur also during the
eccentric phase of the shoulder abduction (Camargo,
et al., 2010). Furthermore, lower electromyographic
activity of the glenohumeral muscles has been
demonstrated during the eccentric phase of the
shoulder abduction (Hawkes, Khaiyat, Howard,
Kemp, & Frostick, 2019). Reduced eccentric muscle
control, as well as reduced isometric muscle control,
may potentially increase superior humeral head
translations, possibly leading to narrowing the
SAS (Ludewig & Braman, 2011). However, to date,
no study investigated the humeral head migration
during the lowering phase of the shoulder abduc-
tion or the relationship between eccentric muscle
strength and SAS. Despite the lower shoulder
muscle activation, eccentric contractions create
greater excitability in the motor cortex than concen-
tric and isometric ones (Lepley, Lepley, Onate, &
Grooms, 2017). High cortical activation levels in
brain centers that are responsible for neuromus-
cular control have been reported during eccentric
contractions (Kwon & Park, 2011; Lepley, et al.,
2017). Perhaps this is why eccentric strength also
plays a critical role in controlling the SAS. Overall,
our findings support and further the Celik et al.’s
(2011) suggestion. Increasing both isometric and
eccentric shoulder abduction strength may be bene-
ficial to improve SAS in patients with acute symp-
toms. In practice, while muscle strength measure-
ment is generally performed as isometric strength
testing (Celik, et al., 2011; Dollings, et al., 2012;
Miller, et al., 2016), our results suggest that eccen-
tric abduction strength should also be measured
in patients with SIS and should be considered in
strengthening programs in the presence of a deficit.
Future longitudinal studies should be conducted
on patients with acute SIS symptoms to investi-
gate the ultrasonographic and clinical effects of
shoulder abductors’ strength training that targets
both isometric and eccentric strength improvement.

The correlation found between shoulder abduc-
tion strength and AHD in patients with acute SIS
symptoms was not demonstrated in patients with
chronic SIS symptoms. Similarly, Leong et al.
(2016) reported no correlation between scapular
muscle strength and the AHD in athletes with RC
tendinopathy with 29 months mean symptom dura-
tion. However, they did not discuss possible mech-
anisms underlying their finding. Increased scap-
ular upward rotation in patients with chronic SIS
symptoms is thought to be a compensatory mecha-
nism used to maintain the width of the SAS and to
reduce the shoulder pain experienced during move-
ment in patients with SIS (Navarro-Ledesma, et al.,
2019; Timmons, et al., 2016). In the present study,
the patients with chronic SIS might have developed
such compensatory biomechanical changes to avoid
compression of the tendon in the SAS. However,
our proposition should be interpreted with caution

since we did not investigate scapular motions. In
patients with chronic SIS symptoms, other factors
that may affect the width of the SAS and the mecha-
nisms that may explain the changes in SAS should
be investigated. Nevertheless, the results of two
studies that investigated the relationship between
AHD and shoulder pain and function in patients
with SIS may be consistent with our proposition
(Desmeules, et al., 2004; Navarro-Ledesma, et al.,
2017). Desmeules et al. (2004) found a significant
correlation between increases in the AHD and
shoulder function after a physiotherapy program
in patients with SIS who were at the acute-subacute
stage. In contrast, Navarro-Ledesma et al. (2017)
found no correlation between AHD and shoulder
pain and function in patients with chronic RC
related shoulder pain. According to the combina-
tion of our findings and the abovementioned find-
ings, the role of muscle strength and therefore AHD
in the explanation of shoulder pain and disability
may be different in patients at different SIS stages.
The clinical implications of our findings are not yet
fully understood, and further research is needed to
examine the relationship between muscle strength
and AHD in acute and chronic SIS, taking shoulder
pain and disability into account.

Joensen et al. (2009) reported that side differ-
ences in SSTT and pain-free isometric abduction
strength were weakly related (r = 0.24) in patients
with unilateral SIS. We did not find a relation-
ship between SSTT and abduction strength. The
conflicting results may be explained by method-
ologic differences between the studies. Joensen
et al. (2009) analyzed side differences for pain-
free isometric strength and SSTT and they did not
analyze their data based on the disease stage (their
participants were a mixed population composed
of patients in acute and chronic stages), but we
assessed maximal strength of the symptomatic
shoulder of the participants and analyzed the data
of patients with acute and chronic symptoms sepa-
rately. It should also be noticed that the strength of
the correlation determined by Joensen et al. (2009)
was weak. In line with our result, increased shoulder
strength but no change in SSTT was reported in male
recruits after 14 weeks of elite infantry training
(Milgrom, Moran, Safran, & Finsestone, 2012).
Moreover, Dischler, Baumer, Finkelstein, Siegal,
and Bey (2018) reported that years of competition
were positively correlated with SsTT and not corre-
lated with isometric shoulder strength in swimmers.
Accordingly, changes in SSTT might be related to
long-term loadings, such as sports participation,
work, or repetitive activities of daily living rather
than abduction muscle strength in patients with SIS
(Schmidt, et al., 2021; Seynnes, et al., 2009).

The limitation of our study is that as a mutual
limitation of ultrasonography studies, although
two-dimensional ultrasonography measures are
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frequently used in the literature, the SAS and
tendon are three-dimensional structures, and for
this reason, we did not fully capture these struc-
tures. The fact that this study is the first to examine
(a) the relationship of eccentric shoulder abduction
strength with the AHD and SsTT, and (b) the rela-
tionships between abduction strength and AHD
and SsTT based on the disease stage is one of the
strengths of our study. Other strengths of this study
are that we used valid and reliable measurement
methods, and anthropometric and demographic
characteristics of patients in acute and chronic

In conclusion, in patients with acute SIS
symptoms, AHD was positively correlated with
both isometric and eccentric shoulder abduction
strength. AHD was not correlated with abduc-
tion strength in patients with chronic symptoms.
These findings suggest that the relationship between
AHD and abduction strength differs according to
disease stage. SSTT was not correlated with abduc-
tion strength regardless of disease stage. In patients
with acute SIS symptoms, increasing both isometric
and eccentric shoulder abduction strength may be a
potential strategy to improve the width of the SAS.

stages of the disease were similar.
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