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THE EFFECTS OF A SCHOOL BAG LOAD CARRIAGE ON GAIT
KINEMATICS IN CHILDREN: A SCHOOL-BASED STUDY

Katerina Jen¢ikova!, Mario Kasovi¢'2, and Martin Zvonai':
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Abstract:

The main purpose of this study was to explore the impact of carrying a school bag on spatiotemporal
gait parameters in a sample of primary school children. Two-hundred and twenty-one children (124 girls and
97 boys), aged 9.542.1 years, were randomly selected from three primary schools in the city of Brno, Czech
Republic. Gait analysis without and with the school bag load carriage was performed using the Zebris pressure
platform. The software generated the data for spatial (foot rotation, step length, stride length and step width)
and temporal (step time, stride time, cadence and gait speed) gait parameters. The mean school bag weight
was 4.86%1.21 kg. Repeated measures ANCOVA adjusted for sex and age showed that carrying a school
bag resulted in a higher external left foot (F, ,,,=8.390, p<.001) and right foot (F, ,,,=8.791, p<.001) rotation,
narrow step width (F, ,,,=6.113, p<.001), longer left foot (F220=5.556, p=.011) and right foot (F)220=4.508,
p=.021) step time, longer strlde time (F, ,,,=3.773, p=.035), less cadence (F220=3.773, p=0.038) and slower
gait speed (F1,220—4 131, p=.029). Carrying a school bag weight may change gait characterlstlcs in school-

going children, especially in temporal parameters.

Keywords: walking, primary school students, backpack, equipment

Introduction

At the beginning of compulsory schooling, a
few significant changes start to impact the daily
child’s routine, especially a non-negligible load
on the musculoskeletal system caused by carrying
school bags (Chaudhari, Saini, Bharti, Gopinathan,
& Narang, 2021; Dockrell, Simms, & Blake, 2015a).

As walking is one of the main biological
tasks for humans, constant heavy loads combined
with overweight and obesity may lead to pain or
discomfort in the lower limbs (Hills, Hills, Hennig,
McDonald, & Bar-Or, 2001). Carrying heavy school
bags is also associated with a multitude of bodily
distresses and health problems such as musculo-
skeletal discomfort, posture imbalance, and back or
shoulder pain (Bika-LéI¢, et al., 2020; Delele, Jana-
kiraman, Bekele Abebe, Tafese, & van de Water,
2018; Dockrell, et al., 2015a; Catan, et al., 2020;
Kasovi¢, Gomaz, & Zvonar, 2019). At school age,
children’s musculoskeletal systems are still devel-
oping and are negatively influenced by many factors,

such as inappropriate sitting positions and lack of
physical activity (Negrini & Carabalona, 2002;
Siambanes, Martinez, Butler, & Haider, 2004).

School-going children load their school bags
with books, workbooks, school supplies, gym items,
slippers, water bottles, etc. Carrying an exces-
sive load is a health problem for children of both
sexes (Kasovig, et al., 2019), including musculo-
skeletal pain, discomfort and fatigue (Bika-L¢&l¢,
et al., 2020; Catan, et al., 2020; Delele, et al., 2018;
Dockerell, Blake, & Simms, 2015b; Kasovi¢, Stefan,
& Zvonar, 2019a), but it must be remembered that
school bags have more health risk factors than just
the weight (Kasovi¢, Zvonar, Gomaz, Bolcevi¢, &
Anton, 2018). Other important factors of school bags
concerning children’s health are its size, duration
and method of carrying it, (in)correct placement on
the back, and elasticity of the straps (Huang, Sui, &
He, 2020; Kasovic, et al., 2018). Abnormal gait in
relation to heavy load generally results in impaired
muscle strength, increased or decreased range of
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motion of lower extremities and increased energy
expenditure, which leads to a higher incidence of
injury, pain and discomfort, especially in the lower
back, hip, knee and ankle regions of the body (Bika-
LélL¢, et al., 2020; Catan, et al., 2020; Delele, et al.,
2018; Dockrell, et al., 2015a; Kasovié, et al., 2019;
Siambanes, et al., 2004).

As heavy school bags have become a wide-
spread problem, many studies have been conducted
to determine the safe backload limit to carry for
school-going children. School bags are in most cases
identified as overweight (Kasovi¢, et al., 2019a;
Khallaf, 2016) with regard to the ratio between the
total body weight of the child and the weight of
his/her backpack. Many researchers agree with the
statement that the school bag should not exceed 10%
of the child’s total body weight (Catan, et al., 2020;
Song, Yu, Zhang, Sun, & Mao, 2014). Guidelines for
recommended loads are mostly within 10-15% of
the child’s total body weight (Kasovic, et al., 2018),
although global recommendations have not yet been
established (Dockrell, et al., 2015a).

In recent decades, the concern about heavy
school bags has been growing among health practi-
tioners, parents, and educators to reduce the weight
of school bags that may cause serious effects on
children’s gait (Chow, et al., 2005; Gupta, Kalra, &
Igbal, 2016). The foot is considered as an essential
part of the body (Scott, Menz, & Newcombe, 2007).
Furthermore, it absorbs various shocks over irreg-
ular surfaces and maintains forward propulsion
(Kasovic, Stefan, Borovec, Zvonak, & Cacek, 2020).

An individual’s gait gradually changes from
an early age, and studies do not coincide with at
what age children achieve adult-like gait patterns.
However, research indicates that it is at the age
between 5-7 years (Kasovi¢, et al., 2020). Several
studies have investigated the relationship between
school bag weight and health-related issues,
including back (Bika-Lél¢, et al., 2020; Negrini &
Carabalona, 2002) and musculoskeletal pain (Chen
& Mu, 2018; Delele, et al., 2018; Dockrell, et al.,
2015b; Khallaf, 2016).

Most previous research aiming to establish the
effects of carrying excessive weight on gait kine-
matics and kinetics have been conducted among
military personnel (Attwells, Birrell, Hooper, &
Mansfield, 2006; Birrell & Haslam, 2010; Singh &
Koh, 2009). In general, heavier loads lead to small-
to-moderate changes in kinematic and moderate-
to-high changes in kinetic parameters. Although
carrying heavy loads in children represents a public
health problem, to date little evidence has been
provided regarding gait changes under different
loading conditions.

In recent years, attention has been devoted
to considering the connections between carrying
school bags and changes in spatiotemporal and
kinetic gait parameters (Ahmad & Barbosa, 2019;

Kasovi¢ et al., 2018). In a study by Ahmad and
Barbosa (2019), findings showed that heavier
school bag loads were associated with the most
common parameters used to describe gait kine-
matics, i.e., slower gait velocity and longer dura-
tion of the stance, swing and double support phases,
and a smaller number of steps per minute, while no
changes in the stride length were observed. In the
same study, the authors found significant increases
in the contact area, contact time, pressure-time
and force-time integrals, and mean plantar pres-
sure, when heavier school bag loads were added,
especially beneath the toe and midfoot regions of
the foot (Ahmad & Barbosa, 2019). A study by
Kasovi¢ et al. (2018) showed that walking with a
school bag changes the plantar pressure patterns
in children when compared to walking without
an external load, which was also confirmed by
previous evidence (Connolly, et al., 2008; Hong,
Li, Wong, & Robinson, 2000a; Pau, et al., 2015).

Combining heavy external forces with changes
in gait kinematics has been shown to highly
impact locomotor apparatus in children (Ahmad
& Barbosa, 2019). Based on the aforementioned
studies, the findings on the effects of carrying loads
and gait changes in school-going children seem
to be inconclusive. By defining potential effects,
public health policies may be able to recommend
an appropriate school bag mass and school supply
positioning within the school bag, in order to lower
potential stress-related injuries and changes in loco-
motor patterns. Another problem lies in the fact
that the relative load carried by school-going chil-
dren has been considered in previous studies as one
of the contributory factors to developing muscu-
loskeletal problems among this age group (Bika-
LélL¢, et al., 2020; Delele, et al., 2018; Dockrell, et
al., 2015a), including changes in head/neck posi-
tioning and deviations in spinal posture and trunk
muscle activity levels, which all affect gait patterns.
Since children go through rapid musculoskeletal
and physical development, carrying heavy school
bags has drawn public health concerns raised by
parents, educators and health-related professionals.
Although there have been studies controlling for
age and sex in the literature, they do not deal with
the issue of carrying school bags (McKay, et al.,
2017).

Therefore, the main purpose of this study was
to explore the effects of carrying a school bag on
spatiotemporal and kinematic gait parameters in a
sample of primary school children (6-14 years of
age). As part of this, several sex and age-specific
kinematic foot variables in primary school children
were established. According to the aforementioned,
we hypothesized that gait characteristics under
the ‘school bag load’ would significantly change,
compared to the ‘no load’ condition.
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Methods

Study participants

For the purpose of this cross-sectional study, we
randomly approached to five elementary schools in
the city of Brno, Moravska region, Czech Republic.
A total of 452 requests for participation, containing
a detailed description of the purposes of the study
and the experimental protocol, were delivered to all
the pupils enrolled in three primary schools in Brno
(Czech Republic). Of these, 221 families expressed
formal acceptance by signing an informed consent
form and 221 children (124 girls and 97 boys),
aged 9.5+2.1 years, from the Czech Republic were
included in this study. To compute the sample size
with G*power software (Kang, 2021), to assume
a medium effect (f=0.25), 5.0% error probability
and 80.0% statistical power with two measurements
(‘no load’ vs. ‘school bag load’), two covariates (sex
and age), and correlation between the two meas-
urements of 0.5, these outputs yielded a sample
size of at least 211 participants. Inclusion criteria
were the following: (i) participants (boys and girls)
must carry a school bag on a daily basis (on their
back); (ii) participants aged between 6-14 years; (iii)
no clinical diagnosis of musculoskeletal or neuro-
logical diseases. Individuals diagnosed with acute
or chronic conditions that prevented them from
attending physical education classes as well as indi-
viduals lacking complete data, were excluded.

Conforming with the General Data Protection
Regulation (GDPR), all the procedures were anon-
ymous and in accordance with the Declaration of
Helsinki, where all participants were marked in
the software under a unique code. This study was
approved by the Ethical Committee of the Faculty
of Sports Studies, Czech Republic (Ethical code
number: 0560/2018).

Gait analysis

Zebris FDM (Force Distribution Measure-
ment) plantar pressure platform was used to assess
the spatiotemporal gait parameters (FDM; GmbH,
Munich, Germany; number of sensors: 11,264;
sampling rate: 100 Hz; sensor area: 149 cmx54.2
cm; Figure 1) (Internet page: https://www.zebris.de/
fileadmin/Editoren/zebris-PDF-Manuals/Medizin/
Software/Alte  Versionen/ Manua | zebris
FDM 1.16.x R1_EN web.pdf). Each participant
was instructed to walk barefoot at a comfortable
and natural speed across the platform, looking
straight forward and without targeting the plat-
form. After completing the first trial and reaching
the end of the walkway, the participant needed
to turn 180° around and continue to walk again
over the platform. The protocol was repeated for
six trials, where at least two footprints on the plat-
form were always recorded, as recommended by

previous evidence (Kasovi¢, et al., 2020). It has been
suggested that barefoot gait analysis is sufficient
for clinical studies and is safe and sensitive for the
platform (Van Alsenoy, et al., 2019).

The following variables were generated by the
FDM software for this study: foot rotation (°)_left
and right foot; step length (cm)_left and right foot
(the distance from the heel of one foot to the heel
of the other foot); stride length (cm; the distance
from the heel of the left foot to the heel of the next
left foot), step width (cm; the distance between the
feet), step time (s) left and right foot (the time from
the contact of one heel of the foot to the heel of
the other foot); stride time (s; the time from the
contact of the left heel to the heel of the next left
foot), cadence (steps/min) and gait speed (km/h).
For accuracy, foot rotation (°) describes the angle
between the longitudinal axis of the foot and the
walking/running direction whereby a negative value
characterizes inward rotation and a positive value
characterizes outward rotation (Van Alsenoy, et al.,
2019). Of note, the internal consistency between
the trials was >0.90 for all the study variables and
both conditions, while previous studies have shown
that Zebris FDM platform has acceptable test-retest
reliability and validity properties (Van Alsenoy, et
al., 2019). This study was conducted at the end of
the year 2020 when participants were measured
on a random school day (Monday-Friday) in their
schools during physical education classes in the
morning hours between 9:00-11:00 a.m. During
the testing, children wore light clothes (a T-shirt
with shorts and socks, which were removed when
walking over the platform). The school bags (4.86
kg + 1.21) in all cases were worn over two shoul-
ders. Relative schoolbag weight was calculated by
the following formula:

(school bag weight/child weight)*100.

Procedure

The participants started barefoot walking 4.5
meters ahead of the pressure platform and finished
the trial 4.5 meters after the end of the platform
to preserve acceleration and deceleration in gait.
After completing the first task, the same task was
repeated while carrying the school bag. Gait assess-
ments were measured at the participant’s school.
Before the measurement itself, each participant
crossed the platform several times to avoid misun-
derstandings about treads and speed. Addition-
ally, all participants were required to look straight
ahead without targeting the pressure platform. The
measurement protocol was done with randomiza-
tion, where participants were not familiar with the
order of testing nor with the testing condition (‘no
load’ vs. ‘schoolbag load’). The testing procedure
lasted from September to December 2020.
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Data analysis

The basic descriptive statistics are presented as
mean =+ standard deviation (SD). The Kolmogorov-
Smirnov test was calculated for all experimental
data before inferential testing. The assumptions of
normality and sphericity to run the analyses were
met. Repeated measures ANCOVA with one factor
(sex), one covariate (age) and two conditions (no
load and school bag load) was used to calculate the
differences. Finally, the effect size (ES) ranges from
small (<0.3), through medium (0.3-0.5) and strong
(0.5-0.8) to very strong (>0.80), determined by
Cohen’s d (1988). The significance was set at p<.05.
The measured data were transformed directly from
Zebris software into a raw data format. All analyses

were performed in Statistical Packages for Social
Sciences, version 22 (IBM, Chicago, IL, USA).

Results

Basic descriptive statistics of the study partici-
pants are presented in Table 1. Boys were taller,
heavier and carried heavier school bags (kg)
compared to girls.

Figure 1 shows the mean and SD differences in
spatial gait parameters between the two conditions:
1) ‘no load’ vs. 2) ‘school bag load’. When carrying
the school bag load, significant main effects for the
following spatial parameters were found: increases
in left foot (89.6%, F, ,,,=8.39, ES=0.30, p<.001)
and right foot (74.1%, F | ,,,=8.79, ES=0.27, p<.001)

Table 1. Basic descriptive statistics of the study participants (N=221)

Basic study variables Total (N=221) Boys (n=97) Girls (n=124) p for Gender
mean + SD mean + SD mean + SD
Age (years) 9.5+21 9.7+21 9.3+2.0 0.105
Height (cm) 140.3 £ 13.3 142.4 £13.5 138.6 + 13,0 0.082
Weight (kg) 35.5+12.07 3714 £ 11.9 34.3+121 0.062
Body mass index (kg/m?) 14.4 +3.1 18.3+£29 179+ 3.2 0.041
Weight of a school bag (kg) 4.86 £ 1.21 5.04 +£1.25 47 +1.2 0.038
Relative school bag weight (%) 14.5+3.8 14.2+3.5 147 £4.0 0.317
Left foot rotation (°) Right foot rotation (°) Left step length (cm)
5 6 57
4 5 56
4
3 55
3
2 54
2
1 ES=0.30, |4 ES=0.27, | 53 ES=0.14,
p<0.001 p<0.001 p=0.342
0 0 52
No load Schoolbag load No load Schoolbag load No load Schoolbag load
Right step length (cm) Stride length (cm) Step width (cm)
57 113 10
112
56 111
9
55 110
109
54
108 3
53 es=0.15, | 1%’ ES=0.16, ES=0.44,
p=0209 |1% p=0.287 p<0.001
52 105 7
No load Schoolbag load No load Schoolbag load No load Schoolbag load

Figure 1. Differences in spatial gait parameters between two conditions: 1) ‘no load’ vs. 2) ‘school-bag load’ of the study

participants (N=221).

192




Jencikova, K. et al.: THE EFFECTS OF A SCHOOL BAG LOAD CARRIAGE ON GAIT... Kinesiology 56(2024)2:189-197

Left step time (sec) Right step time (sec) Stride time (sec)
0.55 0.55 1.06
0.53 0.53
1.03
0.51 0.51
1
0.49 0.49
ES=0.29, ES=0.29, ES=0.23,
p=0.011 p=0.021 p=0.035
0.47 0.47 0.97
No load Schoolbag load No load Schoolbag load No load Schoolbag load
Cadence (steps/min) Gait speed (km/h)
41
125
4.05
123
4
121
3.95
119 3.9
17 ES=0.14, 3.85 ES=0.15,
p=0.038 p=0.029
115 38
No load Schoolbag load No load Schoolbag load

Figure 2. Differences in temporal gait parameters between two conditions: 1) ‘no load’ vs. 2) ‘school-bag load’ of the study

participants (N=221).

rotations, and a decrease in step width (12.9%,
F, ,,0=6.11, ES=0.44, p<.001) were observed. No
significant changes in other spatial gait parameters
were observed (p<.05).

Changes in temporal gait parameters under the
school bag weight are presented in Figure 2. When
carrying a school bag load, significant main effects
for the following temporal parameters were found:
increases in left foot (4.0%, F, ,,,=5.57, ES=0.29,
p=.011) and right foot (4.0%, F, ,,,=4.51, ES=0.29,
p=.021) step time and stride time (3.0%, F, ,,,=3.81,
ES=0.23, p=.035) as well as decreases in cadence
(1.8%, F, ,,0=3.77, ES=0.14, p=.038) and gait speed
(2.2%, F, 5,0=4.13, ES=0.15, p=.029). When sex and
age were put separately and simultaneously into the
model, no significant interactions between time, sex
and age were observed.

Discussion and conclusions

The main purpose of this study was to explore
the effects of carrying a school bag load on spatio-
temporal gait kinematic parameters in a sample of
primary school children. The main findings of this
study are: (1) carrying a school bag load increases
external left and right foot rotation, left and right
step time and stride time, while it decreases step
width, cadence and gait speed; 2) the significant

effects are only observed for time, while time*sex
and time*age interactions remained non-significant.

Since this is the first sex- and age-specific
study examining spatiotemporal gait parameters in
primary school-aged children, it is somewhat diffi-
cult to compare the results with previous literature.
Most of previous studies have focused on biome-
chanical foot parameter changes while walking with
school bags (Connolly, et al., 2008; Hong &Brue-
ggemann 2000b; Kasovié, et al, 2018; Pau, et al.,
2015); however, these have been mostly based
on the changes in plantar pressure distribution.
Connected with the field of gait kinematics, there
were no significant differences nor time effects in
spatial and temporal gait kinematics when walking
without and with school bags under two conditions
(elastic and non-elastic straps) (Huang, et al., 2020).
Ahmad and Barbosa (2019) conducted the meas-
urement on a relatively small sample size (N=57)
and suggested that gait kinematics in children
was affected by carrying gradually heavier loads
in school bags. Specifically, heavier school bag
loads led to lower cadence and slower gait speed,
compared to the ‘no load’ condition. Indeed, signifi-
cant and moderate main effects of the heavier load
on slower gait speed, lower cadence, and longer
durations of the stance, swing and double support
phases were shown, while no significant main
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effects on the stride length were observed (Ahmad
& Barbosa, 2019).

Although we found significant changes in some
spatial and temporal parameters, the lack of change
in other gait parameters with increasing load points
to hypothetical adaptations at physiological and
kinetic responses. Evidence suggests that increasing
loads lead to cardiovascular, respiratory and elec-
tromyography adaptations (Al-Khabbaz, Shimada,
& Hasegawa, 2008; Li, Hong, & Robinson, 2003).
Similar findings have been observed previously
(Ahmad & Barbosa, 2019; Connolly, et al., 2008;
Hong, et al., 2000; Pau, et al., 2015). It should be
noted that the ES values obtained in this study
between the two conditions were only trivial to
small, which coincides with what was reported
previously (Ahmad & Barbosa, 2019; Hong, et al.,
2000a; Pau, et al., 2015). The lack of larger effects in
the spatiotemporal gait parameters may be explained
by children’s physiological and kinetic adaptations
(Ahmad & Barbosa, 2019). For example, it has been
suggested that energy expenditure increases with
heavier loads, especially from 15.0% of body weight
onwards (Hong, et al., 2000a). A load change in
our study (14.5% of total body weight) resulted in
significant changes, which could be also explained
by children adapting to a new set of higher motor
control constraints (Ahmad & Barbosa, 2019).
A study by Chow et al. (2005) exhibited similar
results, where gait speed and cadence decreased
significantly with increasing school bag load, while
double support time increased. However, there is
still no clear consensus on the maximum load to
be carried by children in order to prevent changes
in spinal posture, thoracic kyphosis, ground reac-
tion forces, physical discomfort and muscle activity.

Although some studies recommend a load of
10% of the child’s body weight (Perrone, Orr, Hing,
Milne, & Pope, 2018) to be the top-ceiling point,
we were unable to determine how small difference
between ‘no load’ vs. ‘a school bag load” would
be enough to affect children’s health. However,
trivial to small ES obtained in our study might be
the first step in determining recommendations for
a relative school bag weight in school-going chil-
dren. Since both spatiotemporal and kinetic gait
parameters change under loading conditions of 10
to 20% (Perrone, et al., 2018), future research should
be able to define optimal cut-off points of relative
school bag weight and minimal clinically impor-
tant differences influencing negative biomechan-
ical gait changes. Also, we observed non-signifi-
cant main effects for time*sex and time*age interac-
tions, which may be explained by a relatively small
sample size, different sex/age ratio within group
and not controlling for other physiological (matu-
rity status, body composition) or environmental
factors (school bag characteristics). Due to these
shortcomings, we were unable to further examine

the nature of non-significant interactions; however,
the findings suggest that sex and age did not have a
significant role in affecting the magnitude of change
between ‘no load’ vs. ‘school bag load’ in primary
school-aged children.

Future research

It has been well-documented that load carriage
may change gait patterns (Ahmad & Barbosa, 2019;
Chow, et al., 2005; Kasovi¢, et al., 2020) contrib-
uting to negative health-related outcomes, like
musculoskeletal pain and discomfort (Bika-Lélé
et al., 2020; Chaudhari, et al., 2021; Delele, et al.,
2018; Dockrell, et al., 2015¢). Indeed, heavy loads
carried by children at early age may contribute to
larger stress fractures in lower limbs and spine,
causing stiffness and pain, especially in the lower
back. Moreover, excessive school bag load can in
long-term result in deteriorating biomechanical gait
patterns (Delele, et al., 2018; Dockrell, et al., 2015a).
Thus, school bag-loaded walking and running in
daily life may indirectly increase the risk of lower
extremity injuries, indicating that school bags may
increase gait instability and posture compensations,
which may lead to injuries and pain, especially in
the lower back and lower extremities (Wang, et al.,
2023).

Along with biomechanical and structural
changes, carrying heavy loads has been shown
to impact cardiorespiratory system by increasing
energy expenditure and fatigue (Hong, et al.,
2000a). On the other hand, a recent systematic
review by Yamato, Maher, Traeger, Wiliams, &
Kamper (2018) has shown that school bag charac-
teristics such as weight, design and carriage method
do not increase the risk of developing back pain in
children and adolescents. Therefore, future research
should explore other potential mechanisms which
connect an external load with gait characteristics
changes and pain.

Limitations of the study

This study is not without limitations. First, to
give the possibility to assess natural changes in
individual growth as our participants were children,
a longitudinal study should have been conducted.
By using a longitudinal design, we would have been
able to examine causal differences and possible
follow-up effects of school bag loads on spatiotem-
poral foot parameters. Since previous studies have
shown that walking with an unusual amount of
load may lead to musculoskeletal injuries (Chaud-
hari, et al., 2021; Hills, et al., 2001), future research
should explore longitudinal associations between
school bag loads and the incidence of lower- and
upper-body injury risks. Second, the real school
bag of each child was used for the measurement
to obtain the % of total school bag weight of the
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child. Our calculations do not apply to the specific
weight for a particular person, correct placement
on the back or the control of proper size of the bag;
therefore, our results are relative to the mean school
bag weight which was 14.5%. Also, the measure-
ment was one-off (which allowed a larger number
of participants), so it could be to some extent influ-
enced by the current state of each child (e.g., his/her
mood state). Suitable improvement for more optimal
results would be to measure the children repeatedly.
Indeed, a deeper insight into gait changes could
be gathered by using motion-capture systems with
3-D analyses and muscle activity movements in
frontal, sagittal and transversal planes. Although
previous studies have confirmed the reliability and
validity properties of the Zebris platform, this study
lacked test-retest and correlating analyses with
other motion systems. Next, the load of the school
bag was the target of the study and future research
should take care of including the condition of the
‘empty school bag’ to help eliminate the effect of
the school bag itself. We were unable to compare
values of biomechanical foot parameters with other
normative data in children since such data are yet
to be established. Finally, the nature of doing sports
and being sedentary or physically active might have
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Abstract:

The stretch-shortening cycle (SSC) plays an important role in locomotion, and tests such as the drop
jump (DJ) and 10/5 repeated jump (RJ) are commonly used to determine this through the measure of
reactive strength index (RSI). With an understanding that these tests emphasize different jump intensities
and strategies, a novel measure called the reactive quality ratio (RQR) has been proposed to determine
whether an individual is more dominant in RJ or DJ task. Furthermore, comparison of kinetic and temporal
outputs of both tests were made during the RQR protocol. Therefore, twenty-four professional Australian
footballers completed two testing sessions comprising of both the RJ and DJ test. Results indicated that
whilst there was no significant difference in RSI output between RJ and DJ tests respectively (2.52+0.43 vs
2.46+0.38), there were several significant differences in underlying kinetic variables: ground contact time
(180£25 vs 209+£30ms), flight time (444453 vs 500+£39ms), impulse (524+67 vs 721+£69 Ns), average force
(29244363 vs 26244294N), landing RFD (73226+20555 vs 88159+35922N/s) and active stiffness (43852+11549
vs 32309+12006N/m). Additionally, good levels of reliability were found for RQR (ICC=0.76, CV=2.96%)
indicating that this novel measure can be used to determine preferred jump strategy for individuals. Overall,

this study confirms underlying differences between RJ and DJ tests.

Keywords: reactive strength index, biomechanics, strength profiling, jump profiling

Introduction

The stretch-shortening cycle (SSC) is a neuro-
muscular function that encompasses co-ordination
of a muscle to undergo rapid eccentric contraction
immediately followed by rapid concentric contrac-
tion, and is utilized in locomotion (Bosco, Ito, Komi,
Luhtanen, Rahkila, Rusko, & Viitasalo, 1982;
Hennessy & Kilty, 2001; Keiner, Sander, Wirth,
& Hartmann, 2015; Komi & Bosco, 1978). Having
greater SSC efficiency reflects the greater amounts
of force that can be transferred from the eccentric to
concentric contraction phase, thus reducing relative
energy expenditure (Bosco & Rusko, 1983; Komi
& Bosco, 1978). Reactive strength index (RSI) is a
variable used to reflect the SSC and is calculated by
dividing the flight time by the ground contact time,
with a higher RSI indicating greater stretch-short-

ening cycle efficiency. Having a high RSI, requires
sufficient muscle strength, to eccentrically control
one’s body mass upon ground contact as well as
being able to produce sufficient propulsive force
to create positive vertical displacement. This has
been seen with moderate relationships between
maximum strength and RSI, as well as stronger
cohorts having higher RSI than their weaker coun-
terparts (Jarvis, Turner, Read, & Bishop, 2021;
Southey, Willshire, Connick, Austin, Spits, &
Beckman, 2023b).

Plyometric tasks such as the drop jump (DJ)
and 10/5 repeated jump (RJ) are typical tests
used to assess RSI (Baker, Shillabeer, Brandner,
Graham-Smith, Mills, & Read, 2021; Beattie,
Carson, Lyons, & Kenny, 2017; Brian, Declan, &
Dan, 2021; Douglas, Pearson, Ross, & McGuigan,
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2018; Southey, Connick, Spits, Austin, & Beckman,
2023a). The DIJ results in higher amplitude and
greater intensity than the RJ due to greater landing
rate of force development (RFD), power output,
and ground reaction forces (GRF), causing greater
muscle activations of the quadricep and gastrocne-
mius (Ebben, Fauth, Garceau, & Petushek, 2011;
Ebben, Simenz, & Jensen, 2008). The low ampli-
tude nature of the RJ means that it can be done
more extensively with a higher volume and more
rhythmical jump strategy than the DJ. These differ-
ences impact the commonality of RSI between
these two tasks. Whilst RSI output may be similar
between the DJ and RJ, there is little common
agreement between these tests, reflecting the differ-
ences in jump strategy (Stratford, Dos’Santos, &
McMahon, 2020). This difference is important for
strength and conditioning coaches to understand
when prescribing exercise and testing plyometric
performance.

Often when prescribing plyometric exer-
cise, particularly for developing athletes, practi-
tioners will start with low amplitude, extensive
exercises such as hopping and skipping, before
progressing to more intensive exercises such as drop
jumps or altitude landings (Davies, Riemann, &
Manske, 2015; Ebben, 2007). This linear approach
accounts for progressive overload; however, it is
not always feasible for every athletic population.
For instance, Australian footballers will be exposed
to high training loads involving high intensity
running, cutting and jumping on field throughout
the preseason period (Harrison & Johnston, 2017).
These athletes may benefit from exposure to high
amplitude, intensive plyometrics earlier where they
can develop reactive strength under this stress in a
controlled environment, particularly if their exten-
sive plyometric strength is sound. However, there is
no profiling method that could guide this decision.
Therefore, the reactive quality ratio (RQR) has been
suggested in this study as a novel way to determine
if an individual can produce reactive strength in
high and/or low amplitude environments. This can
then be used to determine programme prescription
to develop the relative plyometric training needs of
an individual. This is done by comparing the RSI
between the DJ and RJ, with an RQR of 1.0 indi-
cating an equal ability to produce reactive strength
in both plyometric environments.

In order to determine the validity of the RQR,
it is important to first understand the reliability of
the metric and its underpinning component data,
to minimize the risk of spurious results (Bishop,
Shrier, & Jordan, 2023). Additionally, it is impor-
tant to determine the kinetic differences in inten-
sity between the two tests, to see if it concurs with
previous findings (Ebben, et al., 2011). Therefore,
the aims of this study were to: 1) to explore the
reliability of the novel measure of the RQR and

its component data, and 2) to observe the differ-
ences in kinetic output of the 10/5 repeated jump
test and drop jump tasks whilst undertaking the
RQR testing protocol. It is hypothesized that the
RQR and component data will have good relia-
bility levels, whilst the DJ would have significantly
greater kinetic and temporal outputs than the RJ,
despite similar RSI.

Methods

Experimental design

Participants were required to complete two
testing sessions during the initial three weeks of the
AFL preseason. Testing sessions were completed on
a Monday and Friday during their allotted afternoon
gym sessions, as this time had the greatest consist-
ency in the training schedule. No lower body phys-
ical activity occurred on the day prior to testing,
with regular field training occurring in the morning
beforehand. On both days, a general warm up was
completed before participants first performed one
trial of the RJ, followed by three trials of the DJ
off a 45cm box. Approximately 30 seconds rests
was given to participants between tests as equip-
ment was being set up. Participants were previously
familiarized with the RJ and DJ tests as it was part
of the regular testing schedule, which occurred 3-4
times a year over the past 1-3 years, depending on
the age of the participant.

Participants

Twenty-four professional male Australian foot-
ball players from a professional club volunteered
for the study (age: 23.4 £+ 3.2 years, range 18-30
years; body mass: 86.7 + 6.3 kg, range 77.4-99.1 kg).
Athletes either competed in the national competi-
tion, the Australian Football League (AFL) or in
the reserves competition, the Victorian Football
League (VFL). However, all athletes had the same
training schedule. Every participant was physically
fit at the time of testing and had previous strength,
power and plyometric training experience as part
of an AFL program (avg: 4.5 £+ 3.1 years, range
1-12 years).

Gatekeeper approval from the club and player
consent was attained for permission to participate
and analyse data. Ethics approval was granted for
this study by the university’s ethics committee,
application—2021/HE001957.

Testing procedures

All data were collected using a force platform
(Vald Performance Force Deck Dual Platform
FD4000; Newstead, Queensland, Australia) at a
sampling rate of 1000Hz; capacity: 2000 kg; resolu-
tion: ¢.15 g/0.15 N. Reactive quality ratio (RQR) was
calculated by dividing the RSI of the DJ with the
RSI of the RJ. In addition to RQR and RSI variables
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being measured, variables such as ground contact
time (GCT), flight time (FT), impulse (newtons of
force produced during ground contact multiplied
by time taken in seconds), peak force (the highest
newton of force obtained during ground contact
phase), average force (mean newtons of force meas-
ured throughout the ground contact phase), landing
rate of force development (RFD) (newtons of force
divided by the time taken from the initial ground
contact to stabilize landing), and active stiffness
(peak force divided by maximum centre of mass
displacement during the concentric phase of ground
contact) were also recorded for kinetic analysis.

10/5 repeated jump assessment

Participants performed one trial which required
an initial countermovement jump followed by 10
consecutive reactive double-leg hops. The results
from the best five hops (determined by the highest
RSI) were then averaged to create the participants
final value of variables. Athletes were verbally cued
to “jump as high as possible, whilst minimizing
ground contact time”. Athletes were also instructed
to hop using their ankles whilst keeping hips and
knees stiff and having hands positioned on their
waist. Deviation of their contact point on the force
platform during the repeated hopping was common,
however, only if a participant lost rhythm during
his trial and could not stay on the force platform,
were they required to redo the trial.

Drop jump

This test required participants to start from
standing on top of a box and step off landing with
both feet on the force platform before completing
one reactive hop. Participants performed three
trials with a drop height of 45cm. This height was
to ensure that fall height, thus intensity, was signifi-
cantly higher than the fall height from the RJ, which
has been previously seen to be between 25 to 27cm
in a similar population (Southey, et al., 2023a). An
average of the three trials was used for analysis.
Participants were cued to “minimize ground contact
when landing and hop as high as they can” as well
as “minimize knee bend on landing” and to have
their hands positioned on their waist throughout
the movement.

Statistical analysis

To determine the reliability of RSI and RQR
methods, intraclass correlation coefficients (ICC)
were calculated with 95% confidence intervals.
ICC ratings were interpreted using the following
criteria: <0.5 (poor), 0.5-0.75 (moderate), 0.75-0.9
(good), >0.9 (excellent) (Koo & Li, 2016). Coet-
ficient of variation (CV) was calculated using the
following formula:

(SD[Trials 1-2]/average[trials 1-2] x 100).

The average CV for squad was then calculated
for both the interday and intraday tests, which was
expressed as a percent. Additionally, acceptable
reliability required a CV <10% (Turner, Brazier,
Bishop, Chavda, Cree, & Read, 2015). Usefulness
of test is a measure used to determine whether
a small and moderate effect size change can be
detected by the test. This was done by comparing
whether the standard error measurement (SEM) was
smaller than the SWC (Hopkins, 2000). The test had
a usefulness rating of “good” at detecting smallest
worthwhile change (SWC) if score was greater than
SEM, “Ok” if they were similar, or “marginal” if
less than SEM (Hopkins, 2000). SEM was calcu-
lated by dividing the between participants SD by
the square root of the number of data points. SWC
was calculated by multiplying between participants
SD by 0.2. Moderate worthwhile change (MWC)
was calculated by multiplying between participants
SD by 0.5.

For group comparisons, a Shapiro Wilks test
was used to determine data normality and distri-
bution. For between trial comparisons and kinetic
analysis, paired sample 7-tests were used for para-
metric data, whilst Wilcoxon signed rank test was
used for non-parametric data. Mean, standard
deviation, median and inter-quartile range were
all reported. Cliff’s delta was used to calculate
effect size as this calculation does not assume
normal distribution of data (Macbeth, Razumie-
jezyk, & Ledesma, 2011). Effect size (0-0.0.146 =
trivial; 0.147-0.329 = small; 0.330-0.146 = moderate;
0.147-1.0 = large) was used to indicate magnitude
of difference (Romano & Kromrey, 2006). Cliff’s
delta also provided direction of effect size by being
on a scale of -1 to +1, with positive values indi-
cating that the RJ had higher results than the DJ.
Negative effect size indicated vice versa (Macbeth,
et al., 2011). All statistical analysis was completed
using Rstudio (Rstudio Team, 2015), with the added
package “irr” and “effsize” used to assist with intra-
class correlation and effect size analysis. P value
was set at <0.05.

Results

Results from the reliability and kinetic anal-
ysis can be found in Tables 1 and 2, respectively.
For reliability analysis, RJ RSI data were non-para-
metric, whilst DJ RSI and RQR data were normally
distributed when checking for normality. No statis-
tical differences (p>.05) were seen in group compar-
isons between test 1 and test 2 for the RJ RSI, DJ
RSI, and RQR metrics. All three metrics displayed
good ICC relationships (r=>0.7) and had an accept-
able CV of <10%.

For the kinetic and temporal variables, the
following metrics were found to be not normally
distributed: GCT, FT, and landing RFD. All other
metrics were normally distributed. Significant
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Table 1. Reliability analysis results

Metric Test 1 Test 2 P value Intra-class correlation CV  SEM Usefulness rating
Meanzsp  MeddN — ppeansgp  Median icc  9s%cl ¢ swe  SWC gy MW
(IQ range) (IQ range) rating rating rating
RJRSI 2.53+£0.35 259 2.50+0.39 2.56 0.348 0.86 0.71-0.94  Good 3.29% 0.08 0.07  Marginal 018  Good
VOEEY 029278)  SUUETY (240-2.78) : : A : : : :
DJRSI 2484038 280 o4ex03r 2N 0721 081 061-091 Good  402% 010 007 Marginal 018 Good
U 2.12-2.80) U (2.27-2.70) ' ' ’ ' ' ’ ’ '
Reactive 0.98 100
quality ratio  0.98 £0.10 0 94' 104 0.99+0.11 0 94 107 0.488 0.76  0.52-0.89  Good 2.96% 0.03 0.02 Marginal  0.05 Good

Note. RJ = 10/5 repeated jump test; DJ = drop jump; SD = standard deviation; IQ = interquartile; ICC = intra-class correlation; Cl = confidence interval; CV = coefficient of variation;
SEM = standard error measurement; SWC = smallest worthwhile change; MWC = moderate worthwhile change; RSI = reactive strength index

Table 2. Kinetic and temporal analysis results

RJ DJ P value Effect size
Metric
Mean + SD Median (IQ range) Mean + SD Median (IQ range)

RSI 2.52+0.43 2.57 (2.32-2.79) 246 +0.38 2.45(2.21-2.171) 0.369 0.12 (trivial)
GCT (ms) 180 £ 25 176 (164-199) 209 +30 207 (186-232) <0.0001 -0.54 (large)
FT (ms) 444 +53 454 (414-483) 500 + 39 506 (472-522) <0.0001 -0.65 (large)
Impulse (N's) 524 + 67 521 (481-580) 72169 722 (670-773) <0.0001 -0.97 (large)
Peak vertical force (N) 5529 + 777 5497 (4975-5986) 5293 + 1274 4894 (4276-6449) 0.139 0.17 (small)
Average vertical force (N) 2924 + 363 2956 (2720-3117) 2624 +294 2613 (2477-2811) <0.0001 0.48 (Large)
Landing RFD (N/s) 73226 + 20555 70186 (59271-85432) 88159 + 35922 84425 (58362-111641) 0.015 -0.29 (Small)
Active stiffness (N/m) 43852 + 11549 42573 (36195-51821) 32309 + 12006 30340 (23968-39282) <0.0001 0.54 (Large)

Note. RJ = 10/5 repeated jump test; DJ = drop jump; SD = standard deviation; IQ = interquartile; RSI = reactive strength index; GCT = ground contact time; FT = flight time; RFD =

rate of force development

statistical differences were seen between 10/5
repeated jump and drop jump tests for GCT, FT,
impulse, average force, landing RFD, and active
stiffness.

Discussion and conclusion

The purpose of the study was to determine the
reliability of the novel RQR metric and observe any
kinetic and temporal differences between the RJ
and DJ whilst conducting the RQR protocol. It was
hypothesized that the RQR and component RSI data
would have good reliability and, whilst the RSI of
the RJ and DJ would be similar, the DJ would have
higher underlying kinetic outputs than the RJ. The
main findings of this present study confirm the first
hypothesis and partially support the second. Firstly,
the reactive quality ratio (RQR) had a good intra-
class correlation relationship (r=0.76) and low CV
(2.96%) as a result of reliable component RSI data
from the RJ and DJ. This gave strong indications
that this novel measure can be used as a reliable
method of reactive strength profiling. Secondly,
whilst DJ had significantly higher impulse (avg: 721
+ 69 vs 524 + 67 Ns) and landing RFD (avg: 88159
+ 35922 vs 73226 + 20555 N/s), the RJ had signifi-
cantly higher average vertical force (avg: 2924 + 363
vs 2624 + 294 N) and active stiffness (avg: 43852
+ 11549 vs 32309 + 12006 N/m), highlighting the
different intensities and kinetic requirements of
these plyometric tasks.

The first aim of this study explored the relia-
bility of the novel measure of reactive strength. The
RQR had good ICC correlations (0.76 CI: 0.52-0.89),
an acceptable CV of 2.96% and an ability to detect
moderate worthwhile change. This followed similar
trends with the component RSI data from the RJ
and DJ, which also yielded good ICC scores of 0.86
and 0.81, respectively, along with acceptable CV
of <10% (3.29 and 4.02%). Both tests could deter-
mine moderate worthwhile change, however, could
not determine smallest worthwhile change as the
standard error of measurement was higher than the
small effect size. All these results have been simi-
larly seen in previous literature (Baker, et al., 2021;
Comyns, Flangan, Harper, Fleming, & Fitzgerald,
2017; Comyns, Flanagan, Fleming, Fitzgerald, &
Harper, 2019; Markwick, Bird, Tufano, Seitz, &
Haff, 2015; Stratford, et al., 2020). Thus, the RQR
can be used to reliably assess reactive strength qual-
ities of the lower limb and can be used by prac-
titioners to guide programming prescription for
athletes.

The second aim examined the kinetic and
temporal differences between the RJ and DJ tests.
The results confirm the findings from Stratford et
al. (2020) with non-significant differences in RSI
output (RJ =2.52 £ 0.43 vs DJ = 2.46 + 0.38), and
confirm their hypothesis of different control strat-
egies of the RJ and DJ. This was highlighted by
the several underlying kinetic and temporal differ-
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ences which concur with previous findings (Ebben,
et al., 2011). There were large differences in GCT,
with the RJ having shorter time spent on the ground
compared to the DJ (avg: 180 £ 25 vs 209 + 30
ms). Whilst the GCT for both tests engage the fast
stretch-shortening cycle (fSSC) (GCT <250 ms), it
was apparent that an individual can more efficiently
overcome eccentric braking forces and transfer to
propulsive force during the RJ. This would be due
to the smaller fall height, and thus smaller eccen-
tric force, that an individual must endure during the
RJ test (Niu, Wang, Jiang, & Zhang, 2018; Verniba,
Vescovi, Hood, & Gage, 2017). This was reflected
with the significantly smaller impulse (avg: 524 +
67 vs 721 £ 69 Ns) and landing RFD (avg: 73226 +
20555 vs 88159 + 35922 N/s) that occurred compared
to the DJ, which was seen in previous research
(Ebben et al., 2011). Furthermore, there were large
differences in FT between the tests, with greater
time in the air observed in the drop jump (avg: 500
vs 444 ms). This increased FT may be due to the
greater potentiation of eccentric force from the 45
cm fall height to transfer into propulsion. This has
been seen in accentuated eccentric loading proto-
cols, where adding load during the eccentric portion
of a jump can increase vertical jump performance
(Lloyd, Howard, Pedley, Read, Gould, & Oliver,
2021; Sheppard, Newton, & McGuigan, 2007).

There was a large significant difference between
the average vertical force between the RJ and DJ
(avg: 2924 + 363 vs 2624 + 294 N). The larger
average force experienced would reflect the smaller
GCT during the RJ as there was less time to produce
adequate force, relative to the flight time. Further-
more, the RJ had a significantly larger active stiff-
ness score than the drop jump (avg: 43852 = 11549
vs 32309 £ 12006 N/m), which indicates that there
was greater concentric force produced relative to
the centre of mass (CoM) displacement during GCT
of the RJ test (Mudie, Gupta, Green, Hobara, &
Clothier, 2017). This confirms the trend that the
larger eccentric loads of the DJ required larger
braking forces and/or greater CoM displacement to
absorb and control bodyweight, thus reducing active
stiffness output (Mudie et al., 2017). This decrease
in active stiffness may have potentially come from
a slight knee bend that may act to reduce eccentric
load and compressive forces (Tsai, Ko, Hammond,
Xerogeanes, Warren, & Powers, 2017), as the eccen-
tric stress exceeds the activation threshold of purely
the calf complex itself and requires greater engage-
ment of the quadricep muscles (Ebben, et al., 2008;
Peng, Kernozek, & Song, 2011).

Overall, when dropping from 45 cm, the DJ
exposes an individual to greater eccentric stress
and SSC intensity, whilst the smaller eccentric
demand of the RJ allows for greater concentric
force expression. Practically, this means if striving
for an equal RQR of 1.0, as seen with near equal

RSI outputs in this study and previous research
(Stratford, et al., 2020), individuals who display a
RQR greater than 1.0 indicate an ability to produce
greater reactive strength in high amplitude inten-
sive tasks such as the DJ. These individuals may
benefit from greater focus on low amplitude exten-
sive plyometric programming where there is greater
room for improvement. Thus, the RQR can be used
to reliably assess reactive strength qualities of the
lower limb and can be used by practitioners to guide
these programming intricacies.

There are a few considerations needed when
interpreting results. Firstly, kinetic and temporal
differences and comparisons are observed from the
drop jump off a box 45 c¢cm high. For some indi-
viduals, this height may have been above or below
an optimal drop height, which could affect the
highest RSI score they could attain. This is due to
the concept that at optimal drop height, individ-
uals have the optimal amount of eccentric load to
enhance the concentric portion of the jump without
increasing ground contact time (Tong, Chen, Xu,
& Zhai, 2022). In this context, RSI output is rela-
tive to the individual; however, the purpose for the
RQR protocol is to represent the plyometric inten-
sities that one would be exposed to during training.
Fundamentally, the DJ is an exercise aimed to
promote high eccentric stress, introduced from the
works of Verhoshanski’s “shock method” (Verho-
shanski, 1967), and thus should not be conducted at
low intensities. Therefore, for the RQR to compare
plyometric tasks with different levels of amplitude,
the DJ drop height should be significantly greater
than the jump height experienced in the RJ to chal-
lenge the SSC system differently. Secondly, the DJ
was always assessed after the RJ, and this was to
test the reliability of the RQR protocol in which
practitioners could test an athlete in a single time
efficient bout. Therefore, it was imperative that the
testing order remained the same for all the tests, to
attain reliable results. However, this would poten-
tially have an impact on the kinetic output of the DJ
and should be considered when interpreting results.
Future research could explore whether this is in
fact the optimal protocol in determining RQR and
whether recovery time or alternating testing order
would significantly impact results.

Overall, the novel measure of the reactive
quality ratio (RQR), along with the RJ and DJ have
been confirmed as reliable ways to measure reac-
tive strength qualities of the lower limb; however,
caution should be advised if trying to determine the
smallest worthwhile change. Furthermore, whilst
both the DJ and RJ are SSC tasks that are used
to measure RSI, there are underlying kinetic and
temporal differences between them observed during
the RQR testing protocol. Whilst RSI output may
be similar, the DJ has a greater eccentric demand
that in turn creates a larger impulse, greater landing
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RFD, and longer GCT to overcome the high eccen- flight, represented by a shorter GCT. The RQR
tric load. On the other hand, the RJ has a greater provides a useful way of comparing these differ-
average force and active stiffness, due to the lower ences that can be used by strength and conditioning
eccentric demand, which allows for quicker absorp- practitioners to help guide athletic development
tion and transfer of eccentric energy and force into programmes and plyometric training.
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Abstract:

The purpose of this study was to determine the key physical conditions needed for a pitcher by studying
the relationship between pitch velocity and a set of selected physical fitness variables. Seventeen baseball
coaches and experts were recruited to recommend and select key variables determining pitchers’ physical
fitness. After a three-round inquiry, 16 variables were identified. Internal consistency reliability (Cronbach’s a
reliability) was 0.826 and the content validity ratio was 1. A total of 27 male elite baseball pitchers (22.97+4.01
years old), who came from Chinese professional teams, were tested by the 16 variables selected and their
pitch velocity was determined after a warm-up. The correlations between pitch velocity and the other 15
variables were computed. The coefficient of the correlation among pitch velocity and max distance long toss,
jump lunge with load, and shoulder internal rotation was 0.628 (p<.05), 0.369 (p<.05), and -0.312(p<.05),
respectively. A follow-up regression analysis found that three variables explained 42.9% of the pitch velocity
variance. The pitch velocity was moderately related to their max distance long toss and somewhat correlated

with jump lunge with load and shoulder internal rotation.

Keywords: pitching speed, strength and conditioning, fitness assessment

Introduction

Pitchers are the soul and core of a baseball team,
and they often play a key role in a baseball game.
About 65 to 85% of a winning team’s success is
attributed to pitchers (Reiff, 1971). Pitch velocity
(PV) is very important for success in pitching.
There are some factors influencing PV, such as wind
speed, muscle strength, psychology, umpire bias in
judgment, weather, and so on (Parsons, Sulaeman,
Yates, & Hamermesh, 2011). From the performance
perspective, PV has traditionally been accepted as a
criterion to assess quality of a pitcher (Werner, Suri,
Guido, Meister, & Jones, 2008). And it is impor-
tant that pitchers generate the throwing force at the
same release point (Perkin, 2014).

The biomechanics underlying the skill of
pitching performance has been the focus of
numerous studies, aiding pitchers in under-
standing their needs and how to enhance their skills
(Fortenbaugh, Fleisig, & Andrews, 2009). Baseball
pitchers, exposed to high stress on their throwing
elbow and shoulder because of repetitive pitching,
would frequently get injured (Olsen, Fleisig, Dun,
Loftice, & Andrews, 2006). Baseball pitchers lose
pitching strength during the game and suffer from
pain in their throwing elbow and shoulder after

it (Fleisig, et al., 1996). Fatigue also reduces the
pitcher’s PV (Escamilla, et al., 2007). Therefore,
improving their strength is very important.
Furthermore, it was proved that strength was
associated with ball velocity although the contri-
bution of particular muscle groups was not exactly
clear (Bartlett, Storey, & Simons, 1989). Pugh,
Kovaleski, Heitman, and Pearsall (2001) reported
that arm and grip strength correlated with PV
(p<.05) for the experienced group, whereas arm
strength correlated with PV for the inexperienced
group (p<.05). Lower body strength is as important
as upper body strength because pitching process is a
kinetic chain in which strength is transferred from
the lower to the upper body (Matsuo, Escamilla,
Fleisig, Barrentine, & Andrews, 2001; Seroyer, et
al., 2020; Stodden, Fleisig, McLean, & Andrews,
2005; Werner, et al., 2008). A similar result was
obtained by MacWilliams, Choi, Perezous, Chao,
and McFarland (1998), who found that maximum
linear wrist velocity correlated highly with the
maximal push-off force of the throwing leg in the
direction of the pitch. McEvoy and Newton (1998)
considered that ballistic resistance training can
improve baseball pitching. However, the results
obtained by Magnusson, Gleim, and Nicholas
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(1994) showed that there was significant weakness
in the supraspinatus, the external rotators, and the
abductors in the professional baseball pitchers.

It was widely accepted that pitchers should be
trained by conventional weight training (Bailery,
1988) and plyometric training (Burgener, 1989),
which were helpful to improve PV, however, what
are the best methods still remains unclear. Byram
et al. (2010) tested the pitchers on the weakness
of external rotation and supraspinatus strength
in preseason because that weakness increased
the risk of injury. Magnusson et al. (1994) iden-
tified that three glenohumeral muscles: supraspi-
natus, external rotators, and abductors, required in
pitching motion, were weak in professional base-
ball pitchers. Thus, internal rotation strength was
stronger than external rotation (Ellenbecker &
Mattalino, 1997).

Undoubtedly, PV is associated with pitchers’
physical fitness (PF). And it is very important to
select specific and effective training methods to
improve PV. While previous research has focused
on the methods of the specific PF, little attention
has been given to the relationship and predic-
tion between PV and PF. Generating consistent
maximum ball velocity is an important factor for a
baseball pitcher’s success.

However, there are very few sport-specific
studies examining the relationship between field
tests or exercises and pitching velocity. This lack
of knowing a correlation between PF and PV is
complex due to which some coaches use methods
that are only subjectively believed to improve ball
speed.

The purpose of this paper was to determine
the key PF components needed for a pitcher by
studying the relationship between PV and a set of
selected PF variables, which, in turn, should help
coaches design more effective training programmes
to improve pitchers’ PF. The results and informa-
tion derived from this study may be helpful for
coaches, physical therapists, and athletic trainers
who directly interact with baseball players.

Methods

In the study, a survey in the form of a question-
naire was utilized. When a baseball tournament in
China was held, 17 baseball coaches and experts
were recruited to recommend and select key vari-
ables that determine pitcher’s PF. After a three-
round inquiry, 16 variables were identified. Internal
consistency reliability (Cronbach’s a reliability) was
0.826 and the content validity ratio (CVR) was 1
(CVR =[Ne-N/2] / [N/2], in which the Ne was the
number of panelists indicating “fairly essential” and
N was the total number of panelists (Lawshe, 1975).
The sample size (Pocock, 1983) was based on the
formula: n=72 P (1-P)/d* (Z=1.96, 95% confidence
interval [CI]; P=prevalence; d=precision) (Daniel,

1999). A total of 27 male elite baseball pitchers
(age: 22.97+4.01 years; PV: 132.38+5.77km/h;
training experience: 11.52+3.24 years), who came
from Chinese professional teams, were tested by
the 16 variables selected and their pitch velocity
was measured. The variables included PV (km/h),
10m sprint (s) (10S), 5-different-direction sprints
(s) (DDS), reaction time (s) (RT), max distance
long toss (m) (MDLT), standing long jump (m)
(SLJ), standing triple jump (m) (STJ), jump lunge
with load (s) (JLWL), medicine ball side throw (m)
(MBST), twisting crunch (num) (TC), shoulder
internal rotation (num) (SIR), modified plank (point)
(MP), double unders (num) (DU), stork balance
stand test (s) (SBST), deep squat test (point) (DS),
and forward split (cm) (FS). After an adequate
warm-up including 5-minute jogging, 5-minute
related dynamic stretching exercises and 5-minute
specific warm-up (throwing, jumping, lifting,
sprinting, deep squat, and lunge), 27 male baseball
pitchers were tested, and assessed during three days
according to test rules (NSCA, 2008). Pitchers had
a 5-min between-variables rest. Before the study,
all athletes were informed of the study purpose,
risks, and benefits and they agreed to participate.
All procedures were in compliance with the 1975
Declaration of Helsinki as revised in 2000.

Pitch velocity (PV). PV was assessed between
the pitcher’s mound and home plate (18.44m). The
tester with a radar gun stood behind the home plate
and was protected by net. The pitch velocity was
measured when the baseball passed through the
home plate. After an adequate general warm-up and
specific related stretching exercises, they started to
throw with maximum effort with approximately a
60-second rest between each repetition. Then, only
the three best throws that passed the strike zone
were recorded, and their mean was computed.

10m sprint (10S). Sprint performance over 10m
was recorded by a stopwatch (Made in China). The
tester promptly triggered the hand-release switch
the instant the pitchers left the starting line, and
stopped it when they crossed the terminal line.
After an adequate general warm-up and specific
related stretching exercises, the pitchers were
permitted to do several specific runs. They ran
twice with maximum effort with a 60-second rest
between runs. The time was recorded, and mean
was computed.

Five different direction sprints (DDS). After an
adequate warm-up and specific related stretching
exercises, the pitchers started from the defen-
sive position O, sprinted to A and with the glove
touched logo A, then quickly returned to O. Next,
they started from the defensive position O, sprinted
to B, C, D and E like A and B, as shown in Figure
1. The pitcher was permitted to try once. The tester
used the stopwatch (Made in China) to record
the time from start to finish. The pitchers were
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Figure 1. Different direction sprints.

permitted to attend twice with maximum effort
with a 120-second rest between runs. The time was
recorded, and mean was computed.

Reaction time (RT). The tester used the software
called Fastball Reaction Time to measure reaction
time. The pitcher was permitted to try once before
he was measured. The reaction time was measured
ten times, and mean was computed.

Max distance long toss (MDLT). After an
adequate warm-up and specific related stretching
exercises, the pitcher stood on the home plate
and threw three times a flat-ground throwing as
far as possible with approximately a 60-second
rest between each repetition. Participants were
instructed to throw hard on a horizontal line. The
tester recorded the best maximum distance among
the three throws.

Standing long jump (SLJ). After an adequate
warm-up and the specific related stretching exer-
cises, the pitcher stood behind the jump line and
jumped three times as far as possible with approx-
imately a 60-second rest between each repetition.
The tester recorded the farthest distance among the
three jumps.

Standing triple jump (STJ). After an adequate
warm-up and the specific jump, the pitcher stood
behind the jump line and jumped three times as far
as possible in three strides with approximately a
60-second rest between each repetition. The tester
recorded the farthest distance among the three
jumps.

Jump lunge with load (JLWL). After an adequate
general warm-up and the specific related stretching
exercises, the pitcher stood with the feet shoulder-
width apart and loaded a 20kg barbell. He started
to take a big step forward with his right leg in a
lunge position as soon as he had heard the signal.
He shifted weight forward on this leg then jumped
up quickly switching the position of his feet and legs
while mid-air so his right leg moved backwards and
his left leg moved forwards. This movement pattern
is repeated during 30s. The pitcher had a 5-minute
rest between two tests. The highest number of
correct lunges was recorded.

Medicine ball side throw (MBST). After an
adequate warm-up and the specific related stretching
exercises, the pitcher held a 3kg medicine ball with
two hands and threw it laterally three times with

maximum effort with approximately a 60-second
rest between each repetition. The tester recorded
the farthest distance.

Twisting crunch (TC). After an adequate
warm-up and the specific related stretching exer-
cises, the pitchers lay on his back on the mat with
the knees flexed at 90 degrees. When pitchers heard
the start signal, they immediately raised the upper
body off the mat and used the right elbow to touch
the left knee joint, after touching the left knee, lower
down the upper body and raise it again to touch
the right knee. The tester recorded the time and
frequency.

Shoulder internal rotation (SIR). After an
adequate warm-up and the specific related stretching
exercises, pitchers should stand with their shoulders
externally rotated and elbows bent at 90°. Keeping
the shoulder away from the body, they rotated it
forward, keeping the elbows bent at 90°. Return
the elastic band to the starting position. Pitchers
used a 5LB elastic band with internal rotation at
90° thus simulating pitching shoulder motion.
Pitchers should perform as many moves as possible
in 10 seconds with approximately a 120-second
rest between each repetition. The tester recorded
a higher number of moves (frequency) within 10
seconds between two repetitions.

Modified plank (MP). After an adequate
warm-up and the specific related stretching exer-
cises, the pitcher did seven kinds of plank. First,
the pitcher did a normal plank for 15 seconds. The
next part of the test starts immediately after the
15-second plank. In the second step, the pitcher
extended his left arm forward keeping it parallel to
the ground and holding this position for 15 seconds
then returned it to the starting position. In the third
step, the pitcher extended the alternating arm and
held the position then returned it to the starting posi-
tion. In the fourth step, the pitcher extended the left
leg and kept it parallel to the ground while holding
this position for 15 seconds then returned it to the
starting position. In the fifth step, the pitcher did the
same with his right leg, and then returned it to start.
In the sixth step, the pitcher extended the left arm
and the right leg and kept it parallel to the ground
for 15 seconds. In the last step, the pitcher executed
the same with his right arm and left leg, holding
them straight out for 15 seconds. The pitcher got one
point after he accurately completed one kind of the
described movement. The pitcher should stop this
test immediately if his body cannot stay in the same
plane and if he cannot keep his limbs straight and
balanced at any point during the test. If the pitcher
fell over or lost his balance at any point during the
test, stop. Record the highest score achieved by the
pitcher after the test.

Double unders (DU). After an adequate general
warm-up and the specific related stretching exer-
cises, the pitchers started to jump rope for 30

207



Yang, Z. and Lina Wang, L.: RELATIONSHIP BETWEEN PITCH VELOCITY...

Kinesiology 56(2024)2:205-213

seconds—the rope should pass beneath his feet
twice while he is in the air. The tester recorded the
frequency.

Stork balance stand test (SBST). After an
adequate general warm-up and the specific related
stretching exercises, the pitchers lifted the right
foot near the left knee joint. As soon as they heard
“start”, they lifted the left heel off the ground and
stood on the balls of the left foot. The tester recorded
the time until their left heel touched the ground, or
the right foot left the position.

Deep squat (DS). After an adequate general
warm-up and the specific related stretching exer-
cises, the pitcher assumed parallel stance with
the feet shoulder-width. The feet should be in the
sagittal plane with no lateral outturn of the toes.
He lifted a baseball bat on the top of the head and
slowly lowered himself into the deepest possible
squat position, the heels on the floor, head and chest
facing forward and the bat maximally pressed over-
head. The knees should be aligned over the feet with
no valgus collapse. After the tester observed them
from the front and side, he gave a score from one
to three by FMS (Functional Movement Screen).
Three points is the highest score.

Forward split (FS). After an adequate general
warm-up and the specific related stretching exer-
cises, the pitchers slowly started to forward split the
legs with maximum effort. The tester measured the

Table 1. Correlations between PV and 15 selected variables

distance three times between bifurcation and the
ground. The shortest distance was recorded.

All the data were presented as mean+SD. The
effects were analyzed by SPSSI18.0, and the corre-
lations between PV and other 15 variables were
computed. Furthermore, the regression analysis
was used between PV and the other variables. A
criterion of .05 level was used to decide statistical
significance, and a level of r was used to decide
statistical correlation.

Results

As can be seen in Table 1, 16 variables of the
pitchers’ PF were measured. We computed the mean
(M) and standard deviation (SD).

As revealed in Table 1, there was a moderately
high correlation between PV and MDLT (r=0.628,
p<.05), a moderate correlation between PV and
JLWL (r = 0.369, p<.05), and a low correlation
between PV and SIR (r=-0.312, p<.05). There was
almost no relationship between PV and other vari-
ables.

As can be seen in Table 2, the R square was
429. MDLT, JLWL, and SIR explained 42.9% of the
PV variance. The ANOVA demonstrated that the
regression was significant and meaningful (F=9.948,
p<.001) (Table 3). As provided in Table 4, there was
a regression analysis. PV can be computed by a
formula that is a= 92.628+.409 (MDLT).

ID Variables Construct MSD SD r
1 PV (km/h) Speed 132.381 5.772
2 10S(s) Quickness 1.774 .069 .069
3 DDS (s) Quickness 11.213 .688 125
4 RT (s) Reaction speed .208 .020 -.076
5 MDLT (m) Arm strength 97.786 7.707 .628
6 SLJ (m) Lower extremity power 2.671 .095 141
7 STJ (m) Lower extremity power 8.538 .294 A71
8 JLWL (s) Body fast strength 40.119 3.749 .369
9 MBST (m) Core power 14.107 1.102 -106
10 TC (num) Core strength 31.548 2.769 -.062
11 SIR (num) Upper extremity fast strength 33.714 1.701 -.312°
12 MP (point) Core stability 6.262 .701 A74
13 DU (num) Coordination 58.357 5170 -.188
14 SBST (s) Balance 25.691 10.547 -103
15 DST (point) Functional movement 2.500 .552 -.008
16 FS (cm) Core flexibility 14.452 6.740 .075
Note. s=seconds, m = meters, num = number; *p<.05)
Table 2. R Square
) R Change statistics
Model R R square Adjusted Std. error of square ;
Rsquare the estimate F df1 df2 Sig. F
change change change
dimension0 1 .6552 429 .383 4.53232 429 9.498 3 38 .000

Note. a. predictors: (Constant), MDLT, JLWL, SIR.
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Table 3. Regression coefficients®

Unstandardized

Standardized

95.0% confidence

Model coefficients coefficients interval for B
B Std. error Beta t Sig. tg:m LJ(?L?:(;
(Constant) 92.628 21.848 4.240 .000 48.399 136.857
] SIR -.297 450 -.087 -.661 513 -1.207 .613
JLWL 244 .205 159 1.192 241 -170 .659
MDLT 409 101 .546 4.050 .000 .204 .613

Note. a. dependent variable: PV, MDLT, JLWL, SIR.

Discussion and conclusions

The pitcher has an essential role in the baseball
team, and PV is one of the most important tools
for the assessment of a successful pitcher (Werner,
et al., 2008). Sixty-five to eighty-five percent of
a winning team’s success derives from effective
pitching (Reiff, 1971).

A higher PV means that the batter does not
have enough time to decide whether to swing or
not. However, the level of PV in China is lower
than that in Japan, Korea, or US. Therefore, we
are seeking to find some effective training methods
to improve Chinese pitchers’ PV. There are many
different training methods for PV development that
have a certain effect, but it is hard to say which
one is more effective. Thus, as can be seen in the
results, 15 variables were chosen and analyzed
using a test, survey, and statistical software. PV
performance was moderately and highly related
to the participants’ max distance long toss, and
moderately correlated with 30-second lunge lift and
shoulder internal rotation. Max distance long toss is
a good way to improve PV and improve strength of
pitching because it can integrate the lower extremi-
ties, pelvis, trunk, arm, and hand to throw the base-
ball (Anz, et al., 2010; Fleisig, Hsu, Fortenbaugh,
Cordover, & Press, 2013; Stodden, Fleisig, McLean,
Lyman, & Andrews, 2001).

Long-toss baseball throwing may improve
the PF of healthy pitchers providing greater arm
strength, arm flexibility, arm speed, and ultimately
pitch speed (Fleisig, Bolt, Fortenbaugh, Wilk, &
Andrews, 2011). However, throwing max distance
means a long toss and that method is somewhat
controversial in professional baseball. Lots of
professional teams have limited their pitchers to
throwing a maximum distance of 120ft and insisted
they only throw the straight baseball not arched as
you want.

According to the theory of physics, velocity (v)
= distance (d)/time (t). Velocity cannot be defined
completely as a uniform motion because the base-
ball does not travel in a straight line but in an arc
one. There are some differences between MDLT
and the pitching mechanics of high ball velocity,

such as elbow flexion and shoulder external rota-
tion are greater for the max distance long toss in
cooked position. At the time of ball release, both the
forward trunk tilt and front knee flexion are smaller
for the max distance long toss. The pelvis, upper
trunk rotational velocities, elbow extension velocity,
peak elbow varus torque, and peak shoulder internal
rotation torque are all greater than in the fastball
pitch. But there is a similarity in ball velocity. Thus,
these throws may be beneficial in pitcher training
(Fleisig, et al., 1996).

It is very important for PV that the proper and
efficient coordination strength exists among the
upper limbs, the core, and the lower limb (Clements,
Ginn, & Henley, 2001). Jump lunge with a light load
is a good way to improve the pitchers’ kinetic chain
that is most important to PV (Escamilla, Fleisig,
Barrentine, Andrews, & Moorman, 2002).

Leg power and strength are also very important
for pitchers because the force of throwing is gener-
ated from the ground. It has been proven to have
a positive correlation with pitching and throwing.
Many PF coaches from Major League Baseball
think that lower extremity exercise is the most
important exercise for baseball players (Spaniol,
2009).

Stride knee extension is also essential to
pitchers who want to pitch high velocity during
the ball release (Matsuo, et al., 2001). Another
study showed stride ground reaction forces were
strongly correlated with pitching velocity (McNally,
Borstad, Onate, & Chaudhari, 2015). The move-
ment of JLWL is similar to the stride of the pitching
movement. Thus, JLWL is also a good one of the
specific strength training methods.

Upper extremity, including shoulder adduction,
elbow extension, and wrist extension, can signifi-
cantly predict PV and it can also contribute 51% to
PV (Toyoshima, Hoshikawa, Miyashita, & Oguri,
1974). Shoulder external and internal rotations are
both contributors to increasing ball velocity. A
study showed that high-velocity pitchers had signif-
icantly greater shoulder external rotation during
the arm-cocking phase compared to low-velocity
pitchers (Matsuo, et al., 2001). Shoulder external
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rotation may cause stretch-shortening cycles (SSC)
in shoulder muscles during pitching and throwing
(Feltner, 1989).

Shoulder internal rotation (SIR) is one of the
ballistic resistance trainings for PV improvement.
Kibler (1994) contends scapula plays a vital role
in maintaining the kinetic chain during overarm
motion because about 54% of the total force is
generated in the arm. McEvoy and Newton (1998)
claimed that ballistic resistance training can signifi-
cantly increase performance in baseball pitching.
Baseball throwing speed is highly related to elbow
extensor and SIR strength (Clements, et al., 2001).
Nevertheless, the movement of quick shoulder
internal rotation with an elastic band is similar to
pitching, and it can improve shoulder’s strength
avoiding shoulder injury. Because pitchers lost
pitching strength and suffered from pain after
training sessions and games, it was more essen-
tial to improve shoulder and elbow strength than
strength of other body parts (Yanagisawa, et al.,
2003). A study (Huang, Wei, Jung-Chi, Hsu, &
Chang, 2005) revealed that internal rotators’ (IR)
strength was greater than strength of external rota-
tors (ER) in pitchers, and there was a 70% strength
loss in IR when the pitchers were assessed in
endurance. Adolescent and pre-pubescent base-
ball pitchers had relatively weaker shoulder ERs
in muscle endurance. SIR with an elastic band can
simulate the movement of both the IR and ER in the
shoulder and enhance IR and ER strength.

Studies on resistance training including free
weight (Popescue, 1975), elastic bands (Escamilla,
et al., 2010), medicine balls (Newton & McEvoy,
1994), and isokinetic machines (Wooden, et al.,
1992) have shown more positive improvements in
throwing and pitching velocity. However, a study
(Rodgers & Whipple, 1990) has shown the use of
heavy loads cannot increase PV in the neuromus-
cular system.

PV in elite pitchers with both the pelvis (662
+148°/s) and upper torso (1180 + 294°s) is associ-
ated with increased pelvis and upper torso veloci-
ties (Fleisig, et al., 1996). Pitchers who had greater
lateral trunk flexion at maximum external rota-
tion had higher ball velocity (Oyama, et al., 2013).
Improved trunk strength will likely generate higher
trunk velocity (Ishida & Hirano, 2004).

Medicine ball (MB) training can improve upper
torso velocity better than other methods such as
seated band rotation, lying cross-over, and twister

(Stodden, Campbell, & Moyer, 2008). MB training
as both ballistic and plyometric can improve base-
ball players to generate powerful, sequential, and
rotational actions (Newton & McEvoy, 1994). It
is proved that the medicine ball test is valid and
reliable for evaluating core power (Stockbrugger
& Haennel, 2001) because forces and energy from
the hips will be transferred through the torso to
the upper extremity when the pitcher pitches the
baseball or MB (Raeder, Fernandez-Fernandez,
& Ferrauti, 2015). MB training closely simulates
the sequential stretch-shortening cycle of energy
transfer, and it has been shown to help improve pitch
velocity in baseball games (Raeder et al., 2015).

Moderate relationships were observed between
PV and rotational MB throw velocity (r=0.62,
p=.02) (Taniyama, Matsuno, Yoshida, Pyle, &
Nyland, 2021). MB is a good training method for
baseball pitchers, but the medicine ball showed no
significant increase in PV but a significant increase
in strength because it did not improve the neuro-
muscular qualities of force output and rate of force
development (RFD) (Newton & McEvoy, 1994).
Similarly, the correlation between medicine ball
side throw and PV is very low (r=-.106). Therefore,
pitchers should focus on core force output and RFD.

As revealed in the results, the PV formula was
built by regression analysis. Thus, we got the statis-
tical model for PV. The formula (a= 92.628+.409b)
can be used to compute the PV. Descriptive statis-
tics of PV and of the selected variables, as well
as their correlations, are summarized. A follow-
up regression analysis found that, together, MDLT,
JLWL, and SIR explained 42.9% of PV variance.

In conclusion, PV was moderately related to
pitchers” MDLT and somewhat correlated with
JLWL and SIR. Therefore, to improve PV, the focus
of the training should be on improving the pitchers’
arm strength, lower body power, upper body fast
strength, and core RFD.

Limitation

There are some limitations in that the sample
size of pitchers was relatively small, so it is hard
to generalize which PF methods of the PV devel-
opment are better. In future research, we will be
looking for PV training methods applied to different
level athletes and female pitchers, and analyze the
relationship between PV and PF or specific fitness
on the basis of different country’s pitchers.
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Abstract:

This study aimed to elucidate whether the performance of high-velocity soccer-related tasks is compromised
immediately after completing squat-based resistance training sessions differing in the level of effort. Eleven
young male soccer goalkeepers (age: 17.1£1.7 years) completed four testing sessions. The parallel back-squat
one-repetition maximum (IRM) was determined in the first session. The remaining sessions were applied
in a counterbalanced order and they consisted of the assessment of four high-velocity soccer-related tasks
(countermovement jump [CMJ], horizontal jump, soccer kicking, and soccer throwing) at rest (control
protocol) and immediately after completing four sets of the squat exercise against the 60%1RM until reaching
a velocity loss of 15% (low-effort protocol) and 30% (moderate-effort protocol). The mean velocity of the
fastest repetition did not differ between the protocols (= 0.80 m's™; p=.447), whereas the number of repetitions
was greater for the moderate-effort (18.2+5.3 repetitions) compared to the low-effort (10.1+4.5 repetitions)
protocol (p<.001). The protocols were ranked according to the magnitude of the dependent variables as
follows: CMJ height (control > low-effort = moderate-effort), horizontal jump distance (control > low-effort
> moderate-effort), kicked ball distance (low-effort = control = moderate-effort), and thrown ball distance
(control = low-effort = moderate-effort). These results indicate that squat-based RT sessions compromise the
performance of some high-velocity tasks (vertical and horizontal jumps) but not others (kicking and throwing),
whereas a greater level of effort (i.e., velocity loss) only induced larger reductions in the performance of the
horizontal jump distance.

Key words: football, jump, kicking, squat, throwing, velocity-based training

Introduction

Resistance training (RT) plays a relevant role
in the training process of virtually any sport disci-
pline (Kraemer, Ratamess, & French, 2002; Pareja-
Blanco, Rodriguez-Rosell, Sanchez-Medina, &
Gonzalez-Badillo, 2014). There is strong evidence
that RT-induced muscular strength adaptations are
important both for enhancing performance during
sport-specific actions and for reducing the prev-
alence of sports injuries (Lauersen, Bertelsen, &
Andersen, 2014; Suchomel, Nimphius, & Stone,
2016). Soccer, recognised as the most popular and
widely researched sport globally (Millet, Brocherie,

& Burtscher, 2022), also has extensive scientific
evidence supporting the positive effects of various
RT programs on sport-specific task performance
(Garcia-Ramos, Haff, Feriche, & Jaric, 2018; Silva,
Nassis, & Rebelo, 2015). A systematic review
conducted by Silva et al. (2015) concluded that
strength training contributes to improving both
physiological and physical measures associated
with high-level performance of soccer players. In
addition, a meta-analysis revealed that the imple-
mentation of RT in addition to regular soccer
training significantly enhances the performance of
high-velocity soccer-related tasks in soccer players

214



Janicijevic, D. et al.: RESISTANCE TRAINING CARRIED OUT BEFORE PRACTICE...

Kinesiology 56(2024)2:214-223

(Garcia-Ramos, et al., 2018). Maximal dynamic
strength (e.g., squat one-repetition maximum
[IRM]) has also been positively correlated with the
performance of relevant high-velocity actions in
soccer such as jump height and sprint time (Wislgff,
Castagna, Helgerud, Jones, & Hoff, 2004). There-
fore, taking into account the scientific evidence, it
is not surprising that RT plays a major role in the
contemporary training routine of soccer players.

The squat is a basic exercise in most RT
programs that aims to develop the maximal strength
and power capabilities of lower-body muscles
(Cormie, McCaulley, & McBride, 2007; Nigro &
Bartolomei, 2020; Wirth, et al., 2016). Therefore,
it is not surprising that the squat exercise and its
ballistic variant (jump squat) have been extensively
used in scientific research to develop the perfor-
mance of high-velocity soccer-related tasks in
soccer players (e.g., jumping, sprinting, changing
of direction, or kicking) (Coratella, et al., 2018;
Gonzalez-Badillo, et al., 2015; Styles, Matthews,
& Comfort, 2016). Several studies have revealed
that squat-based RT programs performed against
light-moderate loads (50-60%1RM) are effective
to improve execution of sport-specific tasks (e.g.,
jumping and sprinting) in soccer players (Galiano,
Pareja-Blanco, de Mora, & Villarreal, 2022; Pareja-
Blanco, Sanchez-Medina, Suarez-Arrones, &
Gonzalez-Badillo, 2017; Rodriguez-Rosell, et al.,
2021). An important characteristic of the aforemen-
tioned studies is that the lifting phase of the repe-
titions was always executed at maximal intended
velocity. Intended lifting velocity is an impor-
tant training variable as it has been repeatedly
demonstrated that deliberately lifting at submax-
imal velocities during RT compromises adapta-
tions directed towards improving athletic perfor-
mance (Gonzalez-Badillo, Rodriguez-Rosell,
Sanchez-Medina, Gorostiaga, & Pareja-Blanco,
2014; Pareja-Blanco, et al., 2014). The RT-induced
muscular strength adaptations are also influenced
by the fatigue induced in the training sets; low to
moderate velocity losses promote greater gains in
sport-specific tasks (e.g., jumping and sprinting)
and higher velocity losses are more suitable for
inducing muscle hypertrophy (Jukic, et al., 2023).
Therefore, soccer players are generally instructed
to execute the squat exercise at maximal intended
velocity and to stop the sets after a few repetitions
have been completed to mitigate the velocity loss
(i.e., fatigue).

The tight schedule of soccer players promotes
the idea that RT sessions should be frequently
carried out immediately before specific soccer
practice. This can be problematic as the imme-
diate effect of RT is a reduction in the ability to
apply force (i.e., fatigue) (Linnanio, Hékkinen, &
Komi, 1998; Sabag, et al., 2021). High fatigue is
expected to induce a deterioration in the ability

to perform soccer-specific technical and tactical
actions and also to increase the likelihood of
contracting injuries during specific soccer prac-
tice (Small, McNaughton, Greig, & Lovell, 2010;
Smith, et al., 2018). Therefore, to mitigate the stress
and fatigue induced by RT, soccer players rarely
lift heavy loads (> 75%1RM) and also restrict the
level of effort by not performing sets to failure
(Franco-Marquez, et al., 2015; Gonzalez-Badillo,
et al., 2015; Pareja-Blanco, et al., 2017; Styles, et
al., 2016). Of note is that the scientific literature
related to soccer and RT has been predominantly
focused on outfield players (Garcia-Ramos, et
al., 2018; Gonzalez-Badillo, et al., 2015; Harries,
Lubans, & Callister 2012). However, goalkeepers,
which is an extremely important position in soccer,
are also expected to benefit from RT as they need to
perform a number of high-velocity actions such as
jumping, ball kicking and ball throwing to defend
their goal (Ziv & Lidor, 2011). These demands differ
significantly from those of field players, who often
focus more on endurance and sustained mechan-
ical performance. Consequently, the strength and
conditioning needs of goalkeepers include exer-
cises that enhance quick force production in both
upper and lower body movements (Perez-Arroniz,
Calleja-Gonzalez, Zabala-Lili, & Zubillaga 2023).
Given these distinct requirements, the present study
specifically examines how RT protocols impact
high-velocity tasks pertinent to goalkeeping perfor-
mance, providing a focused insight into optimizing
goalkeeper-specific training.

To address the discussed issues, we assessed
the performance of soccer goalkeepers during high-
velocity soccer-related tasks (countermovement
jump [CMIJ], horizontal jump, soccer ball kicking,
and soccer ball throwing) at rest (control condi-
tion) and immediately after completing multiple sets
of the squat exercise until reaching a velocity loss
of 15% (low-effort condition) and 30% (moderate-
effort condition). Specifically, the aims of the present
study were (i) to compare several training variables
(e.g., number of repetitions performed and mean
velocity of the fastest repetition of the sets) between
two squat-based RT sessions differing in the level of
effort (low-effort [15% velocity loss] vs. moderate-
effort [30% velocity loss]), and (ii) to elucidate
whether the performance of high-velocity soccer-
related tasks was compromised in soccer goal-
keepers immediately after completing squat-based
RT sessions at low (15% velocity loss) and moderate
(30% velocity loss) levels of effort. We hypothesised
that (i) goalkeepers would perform more repetitions
after the moderate-effort training protocol, while
the mean velocity of the fastest repetition of the set
would be greater from the second set on for the low-
effort training protocol, and (ii) the performance of
high-velocity soccer-related tasks would be deterio-
rated compared to the control condition following
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the moderate-effort training protocol but not after
the low-effort training protocol.

Method

Participants

Eleven young male soccer goalkeepers (age:
17.1£1.7 years [range: 15-20 years], body mass:
76.1+£6.3 kg, height: 1.81£0.05 m) volunteered to
participate in this study. All goalkeepers were
members of three youth soccer teams from the
region of Biobio (Chile) and belonged to the lower
divisions of professional football teams. Goal-
keepers were tested during the in-season period. A
typical week during the in-season period consisted
of four soccer practices, two RT sessions, and a
competitive match. All subjects had previous expe-
rience in the squat exercise and also in the high-
velocity tasks evaluated in our study (CMJ, hori-
zontal jump, soccer ball kicking, and soccer ball
throwing). All subjects were informed of the study
procedures and they or their legal guardians signed
a written informed consent form prior to initiating
the study. The study protocol adhered to the tenets
of the Declaration of Helsinki and was approved by
the Ethics Committee of the University of Granada
(Spain).

Study design

A crossover study design was used to elucidate
whether the performance of high-velocity soccer-
related tasks was compromised in soccer goal-
keepers immediately after completing squat-based
RT sessions at different levels of effort. Participants
completed four testing sessions, at the same time
of the day, each separated by seven days. The first
session was used to determine the parallel back-
squat one-repetition maximum (1RM) and to famil-
iarise participants with the execution of consecutive
squat repetitions at the maximal intended velocity.
The three remaining experimental sessions were
performed in a randomised and counterbalanced
order. Four high-velocity soccer-related tasks (CMJ,
horizontal jump, soccer ball kicking, and soccer ball
throwing) were evaluated in each session immedi-
ately after completing one of the following proto-
cols: (i) control — no RT session was performed;
(i1) low-effort — four sets of the parallel back-squat
exercise with three minutes of inter-set rest at the
maximal intended velocity against the 60%1RM
load until reaching a mean velocity (MV) loss of
15%; and (iii) moderate-effort — four sets of the
parallel back-squat exercise with three minutes
of inter-set rest at the maximal intended velocity
against the 60%1RM load until reaching a MV
loss of 30%. Therefore, the two training protocols
only differed in the level of effort as higher velocity
losses during RT have been associated with greater

mechanical and metabolic markers of fatigue
(Sanchez-Medina & Gonzalez-Badillo, 2011).

Procedures

Preliminary session (session 1)

Body mass (Tanita BC 418 segmental; Tanita
Corp, Tokyo, Japan) and height (Seca 202; Seca Ltd,
Hamburg, Germany) were measured at the begin-
ning of the testing session. Afterwards, a stand-
ardised warm-up was completed: five minutes of
jogging, lower-body joint mobilization exercises,
and five repetitions of the parallel back-squat exer-
cise with an absolute load of 20 kg. Thereafter,
participants performed an incremental loading test
to estimate the back-squat 1IRM. The initial load
was set to 20 kg and was progressively increased by
15 kg until the MV was lower than 0.60 m's™. Two
trials were performed with each load. A passive rest
period of three minutes was implemented between
successive loads.

The parallel back-squat exercise was always
performed in a Smith machine (Ffittech, Taipei,
China). The feet were shoulder-width apart and the
barbell remained in contact with the upper back
(“high bar position”). From the initial position,
participants were required to descend in a contin-
uous motion until their thighs were parallel to the
floor and immediately after to perform the lifting
phase at the maximal intended velocity without
jumping off the ground. The MV was recorded with
a linear velocity transducer (T-Force System; Ergo-
tech, Murcia, Spain) that was vertically attached
to the barbell of the Smith machine and sampled
the velocity-time data at a frequency of 1,000
Hz. Participants received MV feedback immedi-
ately after completing each repetition, and they
were encouraged to perform all repetitions at the
maximal intended velocity. The trial with greater
MYV of each load was used to determine the individ-
ualised load-MV relationships by means of linear
regression models. The absolute load linked to a
MYV of 0.33 m's™” obtained from the individualised
load-velocity relationships was considered to be
the parallel back-squat 1RM (95.3+£25.4 kg [range:
64-136 kg]). The 60% of this IRM value (59.5£15.9
kg [range: 40-85 kg]) was used in the low-effort and
moderate-effort training protocols.

Experimental sessions (session 2-4)

The three experimental sessions were performed
in a randomised and counterbalanced order. The
experimental sessions only differed in the training
protocol followed: (i) control —no RT session was
performed; (ii) low-effort — four sets of the parallel
back-squat exercise with three minutes of inter-set
rest at maximal intended velocity against the 60%
of the 1RM load determined in session one until

216



Janicijevic, D. et al.: RESISTANCE TRAINING CARRIED OUT BEFORE PRACTICE...

Kinesiology 56(2024)2:214-223

reaching a mean velocity (MV) loss of 15%; and
(iii) moderate-effort — four sets of the parallel back-
squat exercise with three minutes of inter-set rest at
maximal intended velocity against the 60% of the
1RM load determined in session one until reaching
aMYV loss of 30%. The warm-up preceding the low-
and moderate-effort training protocols consisted of
five minutes of jogging, lower-body joint mobiliza-
tion exercises, and one set of 10, five, and two repe-
titions of the parallel back-squat exercise against
the 30, 50, and 70%I1RM, respectively. After
warming-up, participants rested for three minutes
and then they performed the four sets of the respec-
tive training protocol. Subjects were encouraged
to perform all repetitions at the maximal intended
velocity and received MV feedback immediately
after completing each repetition.

The testing protocols of the high-velocity
soccer-related tasks were initiated 20 minutes after
completing the last set of the low- and moderate-
effort training protocols. The testing protocol was
initiated with a standardised warm-up consisting
of five minutes each of jogging and joint mobiliza-
tion exercises. A specific warm-up was performed
immediately before each task consisting of three
submaximal trials with progressive effort. Partici-
pants performed three trials of each task separated
by 30 seconds. A rest period of one minute was
implemented between different tasks. The four
tasks were performed in a randomised order but
the same order was followed by individual partici-
pants in the three experimental sessions. The char-
acteristics of the four high-velocity soccer-related
tasks are provided below:

- Countermovement jump (CMJ): Subjects began
standing in a comfortable bilateral stance with
each leg fully extended, the feet positioned hip-
width apart, and the hands placed on the hips.
Subsequently, subjects were instructed to jump
as high as possible after performing a counter-
movement to a self-selected depth. CMJ height
was estimated from flight time using an infrared
platform (Optojump, Microgate, Italy).

- Horizontal jump: Subjects began standing in a
comfortable bilateral stance with each leg fully
extended, the feet positioned hip-width apart,
and the hands placed on the hips. Subsequently,
participants were instructed to jump forward as
far as possible and land on both legs simultane-
ously after performing a countermovement to a
self-selected depth. Subjects had to keep their
hands on the hips throughout the whole move-
ment. Jump distance was recorded with a tape
measure from the start line to the heel of the
rearmost foot.

- Soccer ball kicking: Participants were instructed
to kick a soccer ball as far as possible in a
straight line after performing a free approach
run simulating a goal kick. The distance to the

first bounce of the ball was quantified with
a tape measure. Two trained observers were
positioned close to the testing area to visually
confirm the first bounce of the ball.

- Soccer ball throwing: Goalkeepers used the side
hook technique with the dominant hand as it
was the most used by most of them. Partici-
pants were allowed to use a free approach run
until the throwing line. The distance to the first
bounce of the ball was quantified with a tape
measure. Two trained observers were positioned
close to the testing area to visually confirm the
first bounce of the ball.

Statistical analyses

Descriptive data are presented as means and
standard deviations. The normal distribution of the
data and the homogeneity of the variances were
confirmed by the Shapiro-Wilk and Levene’s tests,
respectively (p>.05). The two trials with higher
performance of each test were used to assess the
intra-day reliability by calculating the coefficient
of variation (CV (%) = standard error of measure-
ment / participants’ mean score x 100) and intra-
class correlation coefficient (ICC; model 3.1) with
their corresponding 95% confidence intervals.
Acceptable and high reliability thresholds for the
CV were set at < 10 and < 5%, respectively (James,
Roberts, Haff, Kelly, & Beckman, 2017). In addi-
tion, ICC values were interpreted according to the
following guideline: poor [ICC<.50], moderate
[ICC=.50-.75], good [ICC=.75-.90], and excellent
[ICC>.90] reliability (Koo & Li, 2016). A two-way
repeated measures analysis of variance (ANOVA)
(training protocol [low-effort vs moderate-effort])
x set number [set 1 vs set 2 vs set 3 vs set 4]) with
Bonferroni post-hoc corrections was applied to the
different training variables (number of repetitions
performed, mean velocity of the fastest repetition,
and mean velocity of the last repetition). In addition,
a one-way repeated measures ANOVA (training
protocol: control vs low-effort vs moderate-effort)
was used to compare the different dependent vari-
ables (CMJ height, horizontal jump distance, kicked
ball distance, and thrown ball distance). The final
database can be downloaded through the following
link: https://acortar.link/fgpTSI1. Reliability assess-
ments were performed by means of a custom Excel
spreadsheet (Hopkins, 2000), while other statistical
analyses were performed using SPSS software
version 25.0 (SPSS Inc., Chicago, IL, USA). Statis-
tical significance was set at an alpha level of 0.05.

Results

The descriptive values of the training varia-
bles are provided in Table 1. The number of repeti-
tions completed was higher for the moderate-effort
training protocol (18.2+5.3 repetitions) compared
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to the low-effort training protocol (10.1+4.5 repeti-
tions) (p<.001), and they tended to decrease from the
third set of the training session (set 1: 15.4+6.5 repe-
titions; set 2: 15.6+£6.4 repetitions; set 3: 13.4+6.3
repetitions; set 4: 12.2+6.1 repetitions) (p=.002).
The mean velocity of the fastest repetition did not
differ between the training protocols (p=.447) or
sets (p=.582). Finally, the mean velocity of the last
repetition was lower for the moderate-effort training
protocol (0.55+0.04 m's™') compared to the low-
effort training protocol (0.68+0.03 m's™) (p<.001),
but the main effect of set did not reach statistical
significance (p=.778).

The four dependent variables were obtained
with a high reliability (CV range=1.53-4.98%; ICC
range=.83-.99) (Table 2). CMJ height and horizontal
jump distance were significantly impaired after the
low-effort (A = -4.40 and -1.43%, respectively) and
moderate-effort (A = -5.44 and -4.45%, respectively)
training protocols compared to the control condition
(Figure 1). CMJ height was comparable following
the low-effort and moderate-effort training proto-
cols (p=366, A = 1.09%), but horizontal jump
distance was greater after the low-effort training
protocol compared to the moderate-effort training
protocol (p=.023, A =3.06%). No significant differ-

ences between the three training protocols were
obtained for kicked ball distance (p=.221) or thrown
ball distance (p=.935).

Discussion and conclusion

This study was designed to explore whether
completing a squat-based RT session could acutely
reduce the performance of certain high-velocity
soccer-related tasks in soccer goalkeepers and to
determine whether the potential interference effect
could be modulated by the level of effort induced by
the training sets. The two training protocols differed
in the number of repetitions performed (low-effort <
moderate-effort) and mean velocity of the last repe-
tition of the set (low-effort > moderate-effort), but
they did not differ in the mean velocity of the fastest
repetition of the set (low-effort = moderate-effort).
The comparison between the training protocols for
the performance of the four high-velocity soccer-
specific tasks is summarised as follows: CMJ height
(control > low-effort = moderate-effort), horizontal
jump distance (control > low-effort > moderate-
effort), kicked ball distance (low-effort = control =
moderate-effort), and thrown ball distance (control
= low-effort = moderate-effort). These results indi-

Table 1. Comparison of the training variables between the low- and moderate-effort training protocols

. Training Set number ANOVA

Variable tocol
protoco Set 1 Set 2 Set 4 Protocol Set Interaction
Low-effort 10.9(3.2)  11.7(55) 9.0 (4.4) 8.7 (4.6)

Number of F=31.0 F=6.3 F=05

repetitions gﬂf?::rate' 19.9 (5.9  19.4 (47 177 (4.6)* 1556 (5.6) p<0.001 p=0002 p=0.697
Low-effort 0.82(0.02) 0.79(0.03) 0.80(0.04) 0.78 (0.06)

MV oo F=06 F=07 F=22

(m's™) g?:rfrate' 0.78 (0.06)*  0.80 (0.06) 0.81(0.06) 0.79 (0.06) p=0447 p=0582 p=0.109
Low-effort 0.69(0.03) 0.67(0.04 0.68(0.03 0.69(0.02)

MV et F=126.8 F=04 F=2.0

(ms™) gﬂf?:rfrate' 0.56 (0.05)*  0.56 (0.03)* 0.56 (0.06)* 0.54 (0.03)* p<0.001 p=0778 p=0.140

Note. Data presented as means (standard deviation). MV ., mean velocity of the fastest repetition of the set; last, mean velocity of

the last repetition of the set. *, significantly different than low-effort.

Table 2. Reliability and statistical comparisons between the three training protocols of the four high-velocity soccer-related tasks

Reliability Training protocol

Variable ANOVA

CV (%) ICC : }

(95% Cl) (95% CI) Control Low-effort Moderate-effort
CMJ height 1.91 0.99 379 36.2 35.8 F=78
(cm) (1.34, 3.36) (0.97, 1.00) (7.2) (6.6) (6.1) p=0.003
Horizontal jump 1.53 0.83 219.7 216.6 209.9 F=10.3
distance (cm) (1.07, 2.69) (0.49, 0.95) (7.5) (7.5)2 (13.4)° p =0.001
Kicked ball 4.98 0.90 447 45.4 43.7 F=16
distance (m) (3.48, 8.73) (0.66, 0.97) (5.9) (6.8) (6.2) p=0.221
Thrown ball 3.33 0.94 30.2 29.9 29.9 F=041
distance (m) (2.33, 5.84) (0.80, 0.98) (4.3) (3.6) (3.2) p=0.935

Note. Data presented as means (standard deviation). CMJ, countermovement jump; CV, coefficient of variation; ICC, intraclass
correlation coefficient; Cl, confidence interval; ANOVA, analysis of variance. 2, significantly lower than control; ®, significantly lower

than the low-effort training protocol.
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Figure 1. Individual values and comparisons of countermovement jump height (upper-left panel), horizontal jump distance (upper-
right panel), kicking distance (lower-left panel), and throwing distance (lower-right panel) between the control, low-effort, and

moderate-effort training protocols.

cate that a squat-based RT session compromises
the performance of some high-velocity tasks
(CMJ height and horizontal jump distance) but not
others (kicked and thrown ball distance), whereas
the increase in the level of effort (i.e., from low
to moderate velocity loss) is not always associated
with greater reductions in the performance of high-
velocity soccer-related tasks.

Existing research has paid attention to the
acute effects of different velocity loss thresholds on
various neuromuscular, metabolic and perceptual
markers of fatigue (Jukic, et al., 2023). The reduc-
tion in CMJ height was accentuated with the use
of greater velocity loss thresholds (Weakley, et al.,
2020). Similarly, the differential rating of perceived
exertion and some biochemical plasma indicators
(e.g., blood lactate and creatine kinase concen-
tration) were higher for increasing velocity loss
thresholds (Pareja-Blanco, et al., 2020; Weakley,
et al., 2020). In line with previous research and
our hypothesis, the final set velocity was lower
for the moderate-effort training protocol, and this
promoted that the number of repetitions completed
with this protocol to be higher compared to the low-
effort training protocol. An interesting finding is
that, regardless of the training protocol, the number
of repetitions completed decreased progressively
with an increasing number of sets, but the velocity
of the fastest repetition was not affected by the
training protocol or the set number. These results
suggest that during training both protocols affected
more the ability to maintain high velocity outputs

(i.e., maximal velocity maintenance capacity) than
maximal velocity production capacity.

The CMJ is not only a high-velocity task related
to soccer performance, but also a task commonly
used for training, monitoring, and testing purposes
(Loturco, et al., 2015; Seitz, Mina, & Haft, 2016;
Syuhadah, et al., 2022; Weakley, et al., 2019).
Ballistic training, which frequently includes the
CMJ exercise, has been shown to be effective in
improving a number of physical attributes such as
agility and maximal power output (Makaruk &
Sacewicz, 2010; Syuhadah, et al., 2022). CMJ height
performance is also positively correlated with lower
extremity maximal strength and power capabili-
ties, and its ease of implementation is responsible
for its high popularity as a field test (Linthorne,
2021; Nuzzo, Mcbride, Cormie, Mccaulley, 2008).
Of even more importance for our study is that the
decrement in CMJ height has been shown to be a
powerful indicator of neuromuscular fatigue (Gath-
ercole, Sporer, Stellingwerff, & Sleivert, 2015). For
example, the magnitude of velocity loss incurred
during a squat-based RT session performed with a
load equivalent to a MV of 0.70 m's™ was directly
related with the acute decrement in CMJ height
(Wirth, et al., 2016). Our results are only partially
in agreement with previous findings. As hypothe-
sised, CMJ height significantly decreased after both
RT protocols, but the decrement was comparable
for the low- and moderate-effort training protocols
despite those participants performed on average
eight repetitions more during the moderate-effort
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protocol. The use of a lighter load in our study (MV
~ 0.80 m's™') and the completion of a high number
of repetitions in both protocols (> 10 repetitions
per set) might be responsible for the comparable
decrements in CMJ height following both training
protocols.

Horizontal jump distance is another simple
field test commonly used to assess horizontal force
production capacity, and it is positively correlated
with sprint performance (Lin, Shen, Zhang, Zhou,
& Guo, 2023). Despite that the orientation of force
application with respect to the squat exercise is
obviously less specific for the horizontal jump than
for the CMJ, horizontal jump distance presented
a higher sensitivity to detect the different degrees
of fatigue induced by the squat-based RT proto-
cols. Namely, the greatest and lowest horizontal
jump distance were obtained after the control and
moderate-effort protocols, respectively. Therefore,
while CMJ height was not able to detect differ-
ences between the low- and moderate-effort training
protocols, horizontal jump distance was greater for
the low-effort training protocol. These results rein-
force the use of horizontal jump distance as an indi-
cator of lower-body neuromuscular fatigue. Taken
together the data for vertical and horizontal jumps,
it seems evident that after a RT session consisting
of multiple sets of more than 10 repetitions of the
squat exercise, there is a deterioration in the perfor-
mance of global ballistic tasks such as the CMJ
and horizontal jump. Therefore, when a squat-based
RT session is programmed immediately before a
soccer-specific practice, it may be preferable to lift
heavier loads and reduce the number of repetitions
completed per set, or if the load is maintained to
complete a lower number of sets (< 4) or reduce the
velocity loss below the 15% threshold.

Unlike vertical and horizontal jumps, our
results showed that ball-kicking performance was
not affected by any of the RT protocols. This may
be because the muscles involved in kicking were not
as fatigued by the squat exercises used in the proto-
cols. In this sense, Young and Rath (2011) reported
that the concentric contractions of hip flexors and

knee extensors explain a significant amount of the
variance in soccer ball-kicking velocity. Therefore,
it is plausible to infer that these muscle functions are
not greatly affected by the squat exercise used in the
training protocols (Torreblanca-Martinez, Otero-
Saborido, & Gonzalez-Jurado, 2017). Previous
studies have also revealed that soccer kicking
performance is not affected by simulated soccer
matches (Ferraz, van den Tillaar, Pereira, Marques
2019; Russell, Benton, & Kingsley, 2011). Similarly,
thrown ball distance was not affected by any of
the RT protocols. This result was expected since
throwing ball performance is mainly determined
by the impulse developed by upper-body muscles
(Pontaga & Zidens, 2014), and upper-body muscles
were not involved in the RT protocols.

The main novelty of this study is that we exam-
ined the acute effects of different RT protocols on
high-velocity tasks relevant to performance of
soccer goalkeepers rather than on more generic
markers of metabolic and mechanical fatigue.
Although we are aware that other specific actions
could have been analysed (e.g., repetitive jumps), we
limited our analysis to tasks that are not expected
to induce high amounts of fatigue. Finally, the main
limitation of this study is that the results can only
be extrapolated to the squat exercise and the use
of similar RT configurations, being necessary that
future studies explore the most effective RT config-
urations with potential to improve strength perfor-
mance without inducing an acute decline in the
performance of soccer-specific high-velocity tasks.

In conclusion, squat-based RT sessions
performed against a moderate load (= 60%1RM)
compromise the performance of some generic high-
velocity tasks (vertical and horizontal jumps) but
not the performance of ball-dealing tasks (kicking
and throwing). A greater level of effort (i.e., velocity
loss) was only associated with larger reductions in
the performance of the horizonal jump. Therefore,
soccer goalkeepers are advised not to use any of
the RT configurations implemented in this study
if they want to maintain maximal performance in
high-velocity tasks during soccer practice.
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Abstract:

Flexibility is the first connection between rhythmic and artistic gymnasts, but it is also motor ability
that distinguishes them at the sporting level. The main goal of this research was to determine whether there
was a significant difference in active and passive flexibility of the lower limbs among rhythmic and artistic
gymnastics competitors. The sample of participants consisted of 18 gymnasts, out of which nine were
rhythmic gymnasts and the other nine artistic gymnasts, from the junior and senior age category (13 to 18
years). In the research, the following tests were used to assess active and passive flexibility, constructed by
the International Gymnastics Federation (FIG): front split with hand support (FSWH), front split without
hand (FSWOH), side split with hand support (SSWH), side split without hand (SSWOH), back split “penche”
(BSP), back split with hand support (BSWH), and forward-backward split between two blocks (FBS). In
order to analyse the difference between the two groups of participants (thythmic and artistic gymnasts) in
flexibility tests, Mann-Whitney U test was used, the test for independent samples. To determine the difference
between the dominant and non-dominant leg, Sign test was used to see whether there was a statistically
significant difference between the arithmetic means of the tests performed by the rhythmic and artistic
gymnasts, with an error of p<.05. Results showed statistically significant difference between the rhythmic
and artistic gymnasts in tests of active and passive flexibility. Differences are in the dominant leg, which

was expected because each element is performed on the dominant leg.

Key words: flexibility, dynamic, inactive, preferred leg, non-preferred leg

Introduction

Both sports, rhythmic and artistic gymnastics
belong to the conventional aesthetic disciplines
where the movement is prescribed by the Code of
Points (FIG, 2022b, 2022a). Women artistic gymnas-
tics consists of four disciplines: vault, uneven bars,
balance beam, and floor. In rhythmic gymnastics
all routines are performed on the floor using five
apparatuses: rope, hoop, ball, clubs, and ribbon. The
disciplines of women’s artistic gymnastics mostly
similar in some leaps, jumps, hoops, and turns to
the rhythmic gymnastics are floor and balance
beam. One of the most fundamental physical
components of thythmic gymnastics is flexibility.
What mostly differs artistic and rhythmic gymnas-
tics from non-aesthetic sports is flexibility or ROM
(range of motion) (Sands, et al., 2016a). Ability to
reach ROM during the performance of technical
aspects greatly influences the level of technical and
artistic excellence that rhythmic gymnasts are able
to accomplish. A strong correlation between flex-
ibility degree and skill of rhythmic gymnasts has

been found in several studies (Boligon, Depra &
Rinaldi, 2015; Vernetta, Pelaez-Barrios, & Lopez-
Bedoya, 2020). There are three types of flexi-
bility: dynamic, active, and passive (also known as
static) flexibility (Alter, 1998; Prentice, 1994). The
maximum range of motion a joint can attain with
the help of an external force, like gravity or manual
assistance, without taking into account movement
speed or muscular exertion, is known as passive
flexibility (Prentice, 1994). The greatest range of
motion an athlete may achieve with momentum and
his or her own muscle work is known as dynamic
flexibility (Prentice, 1994). The maximum range of
motion that an athlete may achieve utilizing only
their own muscles is known as active flexibility
(Alter, 1998).

There are five widely used stretching tech-
niques: proprioceptive neuromuscular facilitation
(PNF), dynamic stretching, ballistic stretching,
static-active stretching, and static stretching. The
majority of the literature indicates that PNF is the
most successful method, however, vibration training
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has also started to gain popularity as an effective
technique for increasing flexibility in recent years
(Uzunov, 2008). Middle childhood, the period from
six to eleven years, is emphasized as a key time for
the development of flexibility and is considered a
“window of opportunity” (Lloyd & Oliver, 2012).
One of the possible mechanisms behind this assump-
tion is increased flexibility and reduced muscle-
tendon stiffness, associated with childhood, which
enables a greater range of motion to be achieved
and thus can make flexibility training more effec-
tive (Kubo, Kanehisa, Kawakami, & Fukanaga,
2001). A meta-analysis by Donti, Konrad, Panidi,
Dinas, and Bogdanis (2022), dealing with the issue
of whether there is a difference in the effectiveness
of flexibility training in children (6-11 years) and
adolescents (12-18 years), showed that stretching,
without differences, successfully improved range of
motion in both children and adolescents, which indi-
cates a contradiction. It is also necessary to empha-
size that the importance of flexibility is specific to
each sport, so in sports such as gymnastics and
dance, children must be able to perform technical
elements with a very large range of motion from a
young age (7-9 years) (Sands, et al., 2016). Apart
from the influence of training, the next question
that arises is the influence of puberty on flexibility.
During puberty, bones grow faster than muscles,
which can result in reduced muscle-tendon exten-
sibility of postural and biarticular muscles, thus
limiting ROM (Philippaerts, et al., 2006; Robles-
Palazoén, et al., 2022; Tanner, 1987). In the research
by Mandroukas, Metaxas, Michailidis, and Metaxas
(2023), the aim was to investigate and compare
the passive ROM in the joints and the strength of
rhythmic gymnasts, artistic gymnasts, and controls
in the pre-adolescent period. The study concluded
that rhythmic gymnasts demonstrated significantly
greater flexibility compared to artistic gymnasts,
likely influenced by their sport-specific training
and demands. Moreover, significant variations in
hip flexion between the left and right legs were
observed among rhythmic gymnasts (Mandroukas,
et al., 2023). These findings underscore the benefi-
cial effects of both rhythmic and artistic gymnas-
tics training on neuromuscular function and rela-
tive muscle strength in pre-adolescent individuals
(Mandroukas, et al., 2023). The work by Haywood
(1980), who investigated the strength and flexibility
of rhythmic gymnasts before and after the onset of
menstruation, also indicates that there are no signif-
icant differences in strength and flexibility before
and after the onset of menstruation. The ideal time to
develop passive flexibility is between five and eight
years of age (Uzunov, 2008). The ideal method for
developing passive flexibility according to recom-
mendations (Davis, Ashby, McCale, McQuain, &
Wine, 2005; Uzunov, 2008), is holding a stretch for
five to 60 seconds with the first 20 to 30 seconds

having the highest benefit to duration ratio (Brandy
& Iron, 1994; Brandy, Iron, & Biggler, 1997, 1998;
McNair, Dombroski, Hewson, & Stanley, 2000;
Uzunov, 2008). Recommendations for stretching
frequency vary from one to three times per day
to five times per week (Davis, et al., 2005). When
it comes to preventing injuries, passive flexibility
may be especially important for younger gymnasts
performing quick, dynamic movements(Funk,
Swank, Mikla, Fagan, & Farr, 2003). Studies reveal
that, compared to static flexibility, dynamic flex-
ibility, which also includes active flexibility, is far
more important for sports performance (McNair,
et al., 2000; Prentice, 1994; Roberts & Wilson,
1999; Uzunov, 2008). There are investigations
into flexibility and its influence on performance,
especially in aesthetic sports. Boligon et al. (2015)
have determined how flexibility affects the execu-
tion and validation of movements that are typical
for rhythmic gymnastics. Silva et al. (2019) investi-
gated genetic predisposition in the definition of the
elite rhythmic gymnasts’ flexibility phenotype. The
tests used to measure flexibility in gymnastics disci-
plines are reviewed by Vernetta et al. (2020) using
data from January 2005 to March 2020 from the
PubMed, WOS, Scopus, Sport Discus, and Google
Scholar databases. Holbling, Grafinger, Baca, and
Dabnichki (2020) have created a model prototype
of a device that increases hip joint ROM, uses flex-
ibility-enhancement reflexes, and offers suitable
means for strength training. The purpose of the
study by Berisha and Oktay (2021) was to perform
a biomechanical analysis of the use of active flex-
ibility in artistic gymnastics movements requiring
flexibility, strength, power and other motor skills
in addition to mobility (actively moving through
a range of motion). Dallas and Kirialanis (2013)
investigated how different whole body vibration
(WBYV) settings affected the flexibility and jumping
ability of artistic gymnasts. The goal of the research
by Irurtia, Busquets, Carrasco, Ferrer, and Marina
(2010) was to describe how flexibility changed in a
group of fifteen teenage male gymnasts throughout
the period of the entire gymnastics season. D’Anna
and Gomez Paloma’s (2015) overview of the liter-
ature should facilitate the organisation of training
plans aiming at improving gymnasts’ perfor-
mance. Acute changes in hip extension flexibility in
rhythmic gymnasts were investigated and compared
by Karloh et al. (2010) using two different stretching
methods. Papia, Bogdanis, Taubekis, Donti, and
Donti (2018) researched how an acute session of
extended static stretching affected the hip and knee
joint range of motion (ROM) and the height of the
countermovement jump (CMJ) in nineteen female
Gymnastics for All gymnasts. Batista, Garganta,
and Avila-Carvalho (2019b) examined potential
functional asymmetries in flexibility in gymnasts
from Brazilian and Portuguese national teams of

225



Milenkovi¢, E. et al.: IS THERE A DIFFERENCE BETWEEN RHYTHMIC AND...

Kinesiology 56(2024)2:224-237

rhythmic gymnasts and compared their strength
and flexibility levels. In another study the interac-
tion between technical execution score and physical
fitness in rhythmic gymnasts of different perfor-
mance levels was investigated (Donti, Bogdanis,
Kritikou, Donti, & Theodorakou, 2016). The
purpose of the study by Batista Santos, Bobo Arce,
Lebre, and Avila-Carvalho (2017) was to determine
levels of lower limb flexibility and any potential
asymmetry indicators between the dominant and
non-dominant leg in the gymnasts in Portugal
Junior Ist Division. Batista, Garganta, and Avila-
Carvalho (2019a) examined both passive and active
flexibility and compared them among Portuguese
rhythmic gymnasts competing at different levels.
Meanwhile, Santos, Lemos, Lebre, and Carvalho
(2015) assessed five high-level junior gymnasts
(aged 13.60 + 0.25 years) throughout a sports season
for their levels of preferred and non-preferred lower
limb active and passive flexibility.

Rhythmic elements of artistic gymnastics are
performed on balance beam and floor and some
of them are very common elements in rhythmic
gymnastics. The main purpose of comparing active
and passive flexibility in rhythmic and artistic
gymnasts was to observe the difference in flexi-
bility between the dominant and non-dominant leg.
Namely, gymnasts (artistic and rhythmic) usually
perform elements on the dominant leg and the non-
dominant leg is neglected. The aim is to highlight
the importance of both active and passive flexibility
and to assist coaches in training planning. Our
research fills a critical gap by specifically focusing
on both active and passive flexibility, providing new
insights lacking in the current literature. Insufficient
flexibility in artistic gymnastics impedes perfor-
mance and results in the form of deductions from
the final exercise score, particularly in routines
requiring five acrobatic and three dance elements on
both the floor and balance beam. Non-compliance
with dance element rules leads to their non-recog-
nition, directly impacting the final exercise score.
For example, failing to execute a leap jump with leg
separations at 180° results in deductions ranging
from 0.10 to 0.30 points. Leg separations under 135°
may result in the element being categorized differ-
ently according to the Code of Points, or receiving
no difficulty value (FIG, 2022b). Connections of
elements, especially on balance beam, connection
of turns, must be performed with a step in to turn on
the opposite leg (FIG, 2022b). In exercises on beam
and floor, the artistry of execution is lost and dance
elements are performed at a rather poor level, and
more attention is paid to the weight values of acro-
batic elements. In this way, the dance elements serve
as a,,break® from the acrobatics in the exercise and
they are not performed at the level at which they
should be performed. Therefore, exercises lose their
artistry and become robotic. Same as with artistic

gymnasts, thythmic gymnasts also perform most of
the elements only on the dominant leg. In rhythmic
gymnastics importance of passive and active flexi-
bility and large ROM is even more emphasised than
in artistic gymnastics. Deductions for insufficient
flexibility in elements such as balances, rotations,
leaps, acrobatic elements, etc., go from 0.1 points
for small deviations of body segments, 0.3 points
for medium deviations of body segments, to 0.5
points for large deviations of body segments (FIG,
2022a). If the rhythmic gymnast has a large devia-
tion of the body segments during the performance
of the element, in addition to the execution penalty
of 0.5 points, the commission of BD judges does not
count the value of the performed element, whereby
the gymnast loses points again (FIG, 2022a). In
addition to the execution commission, the artistry
commission can also deduct points for insuffi-
cient ROM during performance of elements. If the
movements of the body segments are not performed
with maximum amplitude, width and extension, the
artistry commission gives a penalty of 0.3 to 0.5
points (FIG, 2022a).

The importance of flexibility and great ROM
in thythmic gymnastics can be seen in many body
difficulties (jumps/leaps, balance, and rotations), as
well as in pre-acrobatic elements. For example, in
jumps like stag or split leap (with or without ring/
back bend of the trunk) and its variations (switch
leap, or turning leap “jete en tournant”), balances
like front, side or back split (with or without help,
with the trunk backward/forward at horizontal/
below horizontal, etc.), rotations in front/side/back
split with or without help, also with the trunk back-
ward/forward at or below horizontal (“penche”,
“Kabaeva”, etc,) and pre-acrobatic elements such
as walkovers forwards and backwards, cartwheels,
chest rolls etc. For every difficulty of the body and
pre-acrobatic element that is not executed with satis-
factory amplitude, execution judges deduct 0.1-0.5
pointsfor execution from, depending on how big the
deviation of the body segments is.

Goals and hypotheses

The main goal of this research paper is to deter-
mine whether there is a significant difference in
active and passive flexibility of the lower limbs
among rhythmic and artistic gymnastics competi-
tors. Through the conducted tests, coaches gain an
insight into the difference between the dominant
and non-dominant limb and in this way, they can
plan the further training process, so that the differ-
ences in limb flexibility, if any, can be reduced and
the performance on both limbs can be improved.
Therefore, the following hypotheses were set:

H,: There is no difference in active and passive flex-
ibility between rhythmic and artistic gymnas-
tics competitors.
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H,: There is a statistically significant difference in
active and passive flexibility between rhythmic
and artistic gymnastics competitors.

Methods

Participants

The sample of participants consisted of 18
gymnasts of which nine were rhythmic gymnasts
and nine artistic gymnasts from junior and senior
age category (13 to 18 years). According to the
Participant Classification Framework, gymnasts
belonged to the elite/international level (McKay,
etal., 2022). Mean values of body height (cm) (Table
1) for rhythmic gymnasts was 160 cm, body mass
47.89 kg, and BMI 18.28. Artistic gymnasts had
mean height values of 158 cm, body mass: 50.89
kg, and BMI= 20.32. BMI was calculated by the

weight (kg)

following formula: BM] = height (m2)

extremities, 5-min front, side and back splits on
both extremities, 20 x back bends) plus 20 minutes
of ballet exercises (20 x releve, 10 x battement
tendu, 10 x battement jete, 10 x grand battement
jete). After warming up, gymnasts approached the
measurer individually and, after explanation and
demonstration, performed all seven tests on both
extremities. After the first gymnast completed
the tests, the next was called and so on until the
last gymnast. Each test was recorded and photo-
graphed with the camera of a Samsung Galaxy S21+
mobile phone, 30 fps (frame per second) three times
whereby the final position on each performed test
had to be held for at least two seconds. The camera
was 3-m away from the participants, so that the
entire performance of the test could be recorded
without interruption. No special programme was
used for image analysis. The pictures were put into
Microsoft Word and lines were drawn according
to the degrees that determined the criteria. When

Table 1. Descriptive parameters of basic anthropometric charatcteristic — artistic and rhythmic gymnats

Variable Valid Valid Min Mean Mean Min Max Max Std Dev  Std Dev
N AG N RG AG RG AG RG AG RG AG RG
Height (m) 9 9 1,58 1,60 1,53 1,38 1,64 1,79 0,04 0,14
Weight (kg) 9 9 50,89 47,89 47,00 32,00 56,00 60,00 2,98 10,84
BMI (kg/m?) 9 9 20,32 18,28 19,70 16,00 20,90 20,00 0,44 1,63

Note. AG - artistic gymnasts; RG - rhythmic gymnasts

Both groups of gymnasts trained in SC Lucko
and were of the highest competition level (A
programme). They had their training sessions six
days a week, from Monday to Saturday, for 6-8
hours a day. The precondition for participation in
the research was the absence of any injuries and
any other conditions that could negatively affect
the performance of the tests or be risky for further
deterioration of the gymnast’s health. Before the
actual start of the research, the trainees and coaches
were informed about the goals and potential risks
and an informed consent for voluntary participation
in the research was signed (approved by the Ethics
Committee of the Faculty of Kinesiology, Univer-
sity of Zagreb). For trainees who were minors,
informed consents were signed by their parents.

Description of protocols, measuring
instruments and variables

The research was conducted in the sports hall
SC Lucko, where the gymnasts have their training
routine. Before the tests, the gymnasts warmed
up for at least an hour, so that the tests could be
performed with the maximum possible amplitude.
All respondents did a gymnastic specific warm-up
session for at least an hour. The warm-up session
consisted of passive and active stretching exercises
combined with strength (1-min step out on both

the measurer was taking pictures and recording the
performance of the test, no tripod was used, the cell
phone was held by the hand.

The measurer used a cell phone to record and
take pictures of the entire procedure in order to
analyse and assign a mark based on a specific
criterion afterwards by three Croatian gymnastics
experts (three Brevet judges), who judge major
gymnastics competitions (World Cups, Euro-
pean and World Championships) and participate
in annual educations conducted by the FIG (World
Gymnastics Federation). For each test, criteria were
determined by degrees (from 0° to 90°+) for which
a corresponding grade (1-10) was given. Grade 1
means that the test performance was the poorest,
while grade 10 means that the test performance was
the best (Figure 1). In the research, the following
tests, constructed by the International Gymnastics
Federation (FIG) (Dias, Aleksandrova, Lebre, Bobo,
& Fink, 2021) were used to assess active and passive
flexibility: front split with hand support (FSWH),
front split without hand support (FSWOH), side
split with hand support (SSWH), side split without
hand support (SSWOH), back split ,,penche*
(BSP), back split with hand support (BSWH), and
forward-backward split between two blocks (FBS).
The tests: front split with hand support, side split
with hand support, back split with hand support,
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and forward-backward split between two blocks
were used to assess passive flexibility, while the
front split without hand support, side split without
hand support, and back split “penche” were used to
assess active flexibility. All tests were performed
on both lower limbs (dominant/non-dominant), with
the test always starting with the non-dominant leg
first. None of the tested gymnasts fell during the
performances of the tests in this research. In the
case of a fall during the performance, gymnasts can
repeat it for a second time, but if the gymnasts are
unable to perform the test, the score for their perfor-
mance was rated as 0. In our research, a similar

3. Log raise forward - left and right

angular evaluation was employed to align with the
criteria published by the International Gymnastics
Federation (FIG). This ensured that our method-
ology was consistent with the established stand-
ards, thus enhancing the reliability and compara-
bility of the results.

Table 2 shows the description of the variables
and criteria used. For each test (Table 3), criteria
were determined, according to which the gymnast
was awarded a mark from one to 10. Mark 1 indi-
cated the poorest performance, while mark 10 indi-
cated the best performance.

Walbar, iInstument or chat for measuring anges

7 8 9 10

1 point 2 3
o°

+50° +80" +70° +75°

+57 +10°

Testing
Protocol: .

Stand with straight back and log against a wall or wallbar or beam, oic.
Tho angle above of bolow horizontal s measured in dogrees, 90° = 1 point, Must hold 2 s.
* __The result is the average of the left and right leg.

Figure 1. Testing procedure for leg raise forward — left and right.

Table 2. Description of variables

Variable Description of the variable Mark
FSWH DOM Front split with hand support — dominant leg 1-10
FSWH NDOM Front split with hand support — non-dominant leg 1-10
FSWOH DOM Front split without hand support — dominant leg 1-10
FSWOH NDOM Front split without hand support — non-dominant leg 1-10
SSWH DOM Side split with hand support — dominant leg 1-10
SSWH NDOM Side split with hand support — non-dominant leg 1-10
SSWOH DOM Side split without hand support — dominant leg 1-10
SSWOH NDOM Side split without hand support — non-dominant leg 1-10
BSP DOM Back split “penche” — dominant leg 1-10
BSP NDOM Back split “penche” — non-dominant leg 1-10
BSWH DOM Back split with hand support — dominant leg 1-10
BSWH NDOM Back split with hand support — non-dominant leg 1-10
FBS DOM Forward-backward split between two blocks — dominant leg 1-10
FBS NDOM Forward-backward split between two blocks — non-dominant leg 1-10
TBF Trunk bend forwards 1-10
SMT Shoulder mobility test 1-10
Table 3. Criteria and marks for each range of degrees
1 2 3 4 5 6 7 8 9 10
0-10° 10 - 20° 20-30° 30 -40° 40-50° 50 - 60° 60-70° 70 - 80° 80-90° 90°+
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Front split with hand support (FSWH)

The gymnast stands on her full feet, with the
body upright and side facing the Swedish ladder,
while holding on to the crossbar at waist level with
the nearer hand (Figure 2). At the signal of the
measurer, the gymnast raises the non-dominant
leg fully extended in front of the body and grabs it
with the same hand, pulling it towards the chest as
close as possible. When the maximum amplitude
has been reached, the gymnast has to keep the front
leg position for a minimum of two seconds. During
this time, the measurer records and takes pictures of
the performance with a cell phone and the recording
is later used for analysis and scoring according to
certain criteria. It is important to emphasize that
all segments of the body of the gymnast must be
in a harmonious position: both the shoulders and
hips are facing forward, the knees and feet of both
legs are fully extended, and the back is straight.
When the gymnast has performed the test on the
non-dominant leg, the same test is repeated on the
dominant leg, only now facing the ladder with her
other side.

Front split without hand support (FSWOH)

The gymnast stands on the full feet, with the
body upright, and side facing the Swedish ladder,
while holding on to the crossbar at waist level
with the nearer hand (Figure 3). At the measurer’s
signal, the gymnast raises the non-dominant leg in
front of the body as high as possible and holds the
achieved position for at least two seconds without
the help of the hand. The same-sided arm is raised
and extended above the head. The entire process is
recorded and photographed with a mobile phone by
the measurer, so that later analysis can be done, and
amark can be assigned according to a certain crite-
rion. All segments of the body of the gymnast must
be in a harmonious position: the shoulders and hips
are facing forward, the knees and foot of the raised
leg maximally extended, and the back is straight.
After performing the test on the non-dominant leg,
the gymnast repeats the task on the dominant leg
and turns the other side to the ladder.

Side split with hand support (SSWH)

The gymnast stands on full feet, with the back
turned to the Swedish ladder, holding on to the
crossbar with one hand at waist level (Figure 4).
At the signal of the measurer, the gymnast raises
laterally the non-dominant leg and grabs it with the
same hand, pulling it towards the shoulder as much
as possible. The achieved split position must be
maintained for a minimum of two seconds, during
which the measurer records and takes pictures of
the entire process of performing the task. During
the performance, the body of the gymnast should be
in a harmonious position, with the knees and foot of
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Figure 3. Front split without hand support—Test 2.

the raised leg maximally extended, while the body
is upright and looking straight ahead. The same task
is executed with the dominant leg.

Side split without hand support (SSWOH)

The gymnast stands on full feet, with the back
turned to the Swedish ladder, holding on to the
crossbar with one hand at waist height and the other
laterally raised shoulder height (Figure 5). At the
signal of the measurer, the gymnast raises the non-
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Figure 4. Side split with hand support—Test 3.

dominant leg on the side of the body as high as
possible and maintains the achieved position for a
minimum of two seconds, without the help of the
hand. The task is recorded and photographed by the
measurer with a mobile phone, from start to finish.
The body of the gymnast during the test perfor-
mance must be upright, without leaning to the side
and with the knees and foot of the raised leg maxi-
mally extended. The task is then executed with the
dominant leg.

Back split “penche” (BSP)

The gymnast stands with her trunk bent forward
below horizontal, with both the legs and arms
extended (Figure 6). At the measurer’s signal, the
gymnast does a back split into a “penche” position
with the non-dominant leg as high as possible and
holds the position for a minimum of two seconds.
It is important to emphasize that the weight of the
gymnast’s body should not be on the hands but on
the standing leg. The body of the gymnast also must
be in a harmonious position, with both shoulders
in the same plane, with both knees and the foot of
the upper leg stretched to the maximum. The same
task is executed with the dominant leg, while the
measurer is recording and taking pictures of the
entire process with a mobile phone.

Back split with hand support (BSWH)

The gymnast stands with her chest facing the
Swedish ladder, holding on to the crossbar at waist
height with both hands (Figure 7). At the signal of
the measurer, the gymnast performs a back split
with the non-dominant leg as high as possible and

Figure 5. Side split without hand support—Test 4.

Figure 6. Back split “penche”—Test 5.

grabs the leg with the opposite hand, trying to
perform the position of the full, extended split. It is
allowed to slightly bend the trunk forwards during
the performance of the task, provided that both
shoulders are in the same plane and look forwards.
Both legs and the foot of the upper leg must be
maximally extended. The task is then executed
with the dominant leg, while the measurer records
the performance and takes pictures with a mobile
phone.
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Forward-backward split between two
blocks (FBS)

To perform this test, two gymnastic blocks,
chairs or any kind of elevation are needed. The
blocks for both legs must be of the same height
(Figure 8). The gymnast performs a forward-
backward split between two blocks, while trying
to achieve the maximum amplitude of the split and
touch the ground with the thigh of the front leg. The
hands can be placed on the front block or extended
up, provided that the body is upright or slightly
bent forward. The body that rests completely on the
front leg or deviates from the harmonious position
in any way is considered an incorrect performance
of the task and is not valid. Both legs and both feet
must also be maximally extended. The gymnast
must maintain the achieved position of the split for
a minimum of two seconds, while the measurer
takes pictures of the final position with the mobile
phone. The test is repeated on the other leg/side.

Data processing

For simple data analysis and processing, Micro-
soft Excel 365 was used for input and better trans-
parency, while Statistica 14.0.0.15 was used for

Figure 8. Forward-backward split between two blocks—Test 7.

statistical analysis. Mean, minimum, maximum,
standard deviation and normality of distribution
were used as descriptive indicators for both groups
of participants. The effect size parameter was used to
show the practical significance of the results. Effect
size was tested by Cohen’s d index (Cohen, 1988)
with Hedges correction for small samples. In order
to analyse the difference between the two groups
of participants (thythmic and artistic gymnasts) in
tests of flexibility Mann-Whitney U test was used,
the test for independent samples. To determine the
difference between the dominant and non-dominant
leg Sign test was used that shows whether there is a
statistically significant difference between the arith-
metic means of the tests performed by rhythmic and
artistic gymnasts, with an error of p<.05.

)

5
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Results

In Tables 4 and 5 descriptive results of artistic
and rhythmic gymnasts are presented for all the
flexibility tests.

According to the results presented in Table
6, a statistically significant difference is visible
in the active and passive flexibility of the lower
limbs between the rhythmic and artistic gymnastics
competitors, with an error of p<.05. Therefore, the
null (H,) hypothesis can be rejected and the alterna-
tive (H,) hypothesis accepted. Statistically signifi-
cant difference is obvious in the following tests:
FSWH DOM, FSWOH DOM, SSWH DOM, SSWH
NDOM, SSWOH DOM, BSP DOM, BSWH DOM,
BEWH NDOM, and FBS DOM. Greater differences
between the two groups of gymnasts were obtained
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Table 4. Descriptive indicators — artistic gymnastics

Variable Valid N Mean Minimum Maximum Std.Dev.
FSWH DOM 9 8.11 6 10 1.05
FSWH NDOM 9 7.33 6 9 1.22
FSWOH DOM 9 5.44 4 7 0.88
FSWOH NDOM 9 3.89 2 6 1.27
SSWH DOM 9 8.22 7 9 0.67
SSWH NDOM 9 6.89 5 9 147
SSWOH DOM 9 5.67 5 7 0.87
SSWOH NDOM 9 411 3 6 117
BSP DOM 9 8.33 7 10 1.00
BSP NDOM 9 7.78 6 10 1.20
BSWH DOM 9 411 3 117
BSWH NDOM 9 3.00 2 0.71
FBS DOM 9 4.33 1 212
FBS NDOM 9 2.67 1 1.94
TBF 9 10.00 10 10 0.00
SMT 9 9.78 8 10 0.67
Table 5. Descriptive indicators — rhythmic gymnastics
Variable Valid N Mean Minimum Maximum Std.Dev.
FSWH DOM 9 9.33 8 10 0.71
FSWH NDOM 9 8.22 7 0.67
FSWOH DOM 9 7.33 5 1.58
FSWOH NDOM 9 478 2 1.39
SSWH DOM 9 9.78 9 10 0.44
SSWH NDOM 9 8.33 7 0.71
SSWOH DOM 9 7.56 6 113
SSWOH NDOM 9 4.89 4 0.33
BSP DOM 9 9.78 9 10 0.44
BSP NDOM 9 8.56 7 10 0.88
BSWH DOM 9 8.33 5 10 1.80
BSWH NDOM 9 6.11 4 10 1.90
FBS DOM 9 8.33 4 10 2.35
FBS NDOM 9 3.67 1 7 212
TBF 9 10.00 10 10 0.00
SMT 9 10.00 10 10 0.00

in passive flexibility tests than in active flexibility
tests. We can also see that rhythmic gymnasts are
more flexible than artistic gymnasts.

Results of Sign test in Table 7 show that there is
statistically significant difference between the domi-
nant and non-dominant legs of artistic gymnasts in
four tests.

In Table 8 the differences between the dominant
and non-dominant legs of rhythmic gymnasts are
presented as obtained in seven tests of flexibility,
i.e., in four tests of passive and in three tests of
active flexibility.

Discussion and conclusion

The purpose of this study was to examine and
compare the flexibility and strength characteris-
tics of rhythmic and artistic gymnasts. The tests
of passive flexibility showed greater differences
compared to the tests of active flexibility, demon-
strating that rhythmic gymnasts have greater flex-
ibility than artistic gymnasts. This was expected,
as rhythmic gymnastics places much less impor-
tance on explosive strength compared to artistic
gymnastics, reflecting different physical demands
and training approaches. The effect sizes calculated
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Table 6. Results of Mann-Whitney U test for independent samples

Rank  Rank ValidN  ValidN 2*1sided

Variable  Sum Sum U z p-value adiusted p-value roup 1 roup 2 exact Cohen’s d
Group1 Group 2 ) group group P

E%V&H 113.00 58.00 13.00 2.38 0.02 2.51 0.01 9 9 0.01* 1.24 (large)
FSWH " 40300 6800 2300 150 013 157 0.2 9 9 014  0.85 (medium)
NDOM
ESOV&OH 112.50 58.50 13.50 2.34 0.02 2.41 0.02 9 9 0.01* 1.38 (large)
FSWOH 44100 7000 2500 132 019 136 017 9 9 019 0.66 (medium)
NDOM
S?DV'\\;H 123.00 48.00 3.00 3.27 0.00 3.44 0.00 9 9 0.00* 2.64 (large)
SSWH *
NDOM 114.00 57.00 12.00 2.47 0.01 2.55 0.01 9 9 0.01 1.46 (large)
SEV“\ZOH 118.00 53.00 8.00 2.83 0.00 2.89 0.00 9 9 0.00* 1.77 (large)
SSWOH 14150 950 2450 137 047 157 042 9 9 016  0.78 (medium)
NDOM
BSP .
DOM 117.50 53.50 8.50 2.78 0.01 2.95 0.00 9 9 0.00 1.65 (large)
BSP 10250 6850 2350 146 015 151 043 9 9 044  0.7(medium)
NDOM . : . . ) . . . 7(mediu
ggV'\\ZH 124.00 47.00 2.00 3.36 0.00 3.40 0.00 9 9 0.00* 2.53 (large)
BSWH 10400 4700 200 336 000 342  0.00 9 9 0.00*  1.73 (large)
NDOM
FBS .
DOM 116.50 54.50 9.50 2.69 0.01 2.73 0.01 9 9 0.00 1.63 (large)
FBS 9850 7250 2750 140 027 112 0.26 9 9 026  0.45 (small)
NDOM ) : g ) ) . . : 45 (sma
TBF 85.50 85.50 40.50 -0.04 0.96 9 9 0.00 (small)
SMT 90.00 81.00 36.00 0.35 0.72 0.89 0.37 9 9 0.73 0.63 (medium)
Note. *Significant difference, p<.05; Cohen’s d — effect size.
Table 7. Sign test artistic gymnasts’ difference between the dominant and non-dominant leg

. . No. of Percent
Pair of variables non-ties v<V Z p-value
FSWOH DOM & FSWOH NDOM 8 0.00 2.47 0.01*
SSWH DOM & SSWH NDOM 8 0.00 2.47 0.01*
SSWOH DOM & SSWOH NDOM 8 0.00 2.47 0.01*
FBS DOM & FBS NDOM 8 0.00 2.47 0.01*
Note. *Significant difference, p<.05.
Table 8. Sign test rhythmic gymnasts’ difference between the dominant and non-dominant leg

. . No. of Percent
Pair of variables non-ties v<V z p-value
FSWH DOM & FSWH NDOM 7 0.00 2.27 0.02*
FSWOH DOM & FSWOH NDOM 8 0.00 2.47 0.01*
SSWH DOM & SSWH NDOM 9 0.00 2.67 0.01*
SSWOH DOM & SSWOH NDOM 9 0.00 2.67 0.01*
BSP DOM & BSP NDOM 8 0.00 2.47 0.01*
BSWH DOM & BSWH NDOM 8 0.00 2.47 0.01*
FBS DOM & FBS NDOM 9 0.00 2.67 0.01*

Note. *Significant difference, p<.05.
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provide insight into the practical significance of the
differences observed between the groups. Here,
we discuss the implications of these effect sizes:
small, medium and large effect size (from small to
large differences between the groups). Overall, the
magnitude of these effects underscores the varying
degrees of practical significance in the differences
between the groups. Large effect sizes highlight
substantial differences that are likely to be of high
practical importance, while medium effect sizes
indicate meaningful differences, and small effect
sizes suggest minor differences. These insights
can guide future research and decision-making
processes. Differences refer predominantly to the
dominant leg, which was expected because each
gymnastic element is performed on the dominant
leg. For example, in rhythmic gymnastics, there
are jumps/leaps like stag leap with a ring or back
bend of the trunk, split leap with a ring or back
bend of the trunk, turning stag leap (with a ring
or back bend of the trunk), turning split leap “jete
en tournant” (with ring or back bend of the trunk),
switch stag or split leap, etc. Jumps that are usually
performed in artistic gymnastics on floor and beam
are Johnson jump (90°, 180°), split leap, switch
leap, switch leap to ring position, straddle pike
jump, split jump with turns (180°, 360°, 540°), ring
jump, and illusion turn (360°). In both artistic and
rhythmic gymnasts there are differences between
their dominant and non-dominant legs. According
to the results, the gymnasts’ levels of active and
passive flexibility were higher for their preferred
lower limb than for their non-preferred lower limb
(Santos, et al., 2015). These results are similar
to results in some investigations. The main find-
ings showed that 86.7% of the Portuguese junior
gymnasts had high flexibility asymmetry ratings of
different magnitudes between their dominant and
non-dominant limbs (Batista Santos, et al., 2017).
Variations in passive and active flexibility between
the non-preferred and preferred lower limbs were
seen in all groups, degree of asymmetry decreases
as the level of competition increases (Batista, et
al., 2019a). The most likely explanation could be
that elements are usually performed on the domi-
nant leg. Different impact of stretching on the range
of motion was however shown when the volume
of the stretching load was asked (Donti, et al.,
2022). Stretching should be trained both for active
and passive flexibility, also at the beginning of a
training session in the dynamic mode and at the
end of session in the static mode. According to a
number of examined studies, the research conducts
some reflections on the different stretching strate-
gies used during the gymnastics training phases
(warming up, cooling down), which are helpful in
organizing training sessions that result in the best
performance (D’Anna & Paloma, 2015). Long static

stretching improves range of motion (ROM) but
has no detrimental effects on CMJ performance in
very young female gymnasts who have undergone
flexibility training (Papia, et al., 2018). After six
weeks, the static stretch and Mulligan’s Long Leg
Traction Group 1 (Mulligan concept) showed statis-
tically significant gains in acute changes compared
to Group 2 (static stretching) (Karloh, et al., 2010).
Also, flexibility is not the same across different
ages. While adolescents reacted equally to both
higher and lower volumes of stretching load, chil-
dren showed better results with higher volume of
load compared to lower volume of stretching load
(Donti, et al., 2022). Depending on the anatomical
region tested (lower limbs, upper limbs, or multi-
joint testing) and the type of flexibility produced
(passive or active), flexibility improves across the
gymnastics season at various levels of adaptation
(Irurtia, et al., 2010). Our study did not seek differ-
ences in shoulder flexibility between artistic and
rhythmic gymnasts. Shoulder and hip flexibility are
the quality that separates elite gymnasts apart from
the competition (Donti, et al., 2016). However, this
referred to artistic gymnasts. The technical execu-
tion score appears to be more influenced by physical
fitness at the lower performance level (non-quali-
fiers) (Donti, et al., 2016). An athlete may not always
have good mobility just because they are flexible
so understanding the distinctions between mobility
and active flexibility is essential for defining func-
tional flexibility (Berisha & Oktay, 2021). Among
the many tests conducted, the split, shoulder flex-
ibility, bridge and sit-and-reach tests were the most
frequently used ones (Vernetta, et al., 2020). In
artistic gymnasts, flexibility and jumping perfor-
mance improved under both the whole body vibra-
tion and static stretching settings, each of which
had a unique impact on the variables under inves-
tigation (Dallas & Kirialanis, 2013). Although the
results obtained show that rhythmic gymnasts were
more flexible, i.e., had a greater range of motion
than both groups, the question arises whether such
a result was a consequence of a different level of
maturity (according to Tanner’s stage) and delayed
puberty and thus bone development (Mandroukas,
et al., 2023). This confirms that this stage of matu-
ration has very little influence on the aforemen-
tioned abilities in girls who maintained a constant
practice of thythmic gymnastics during the testing
period (Haywood, 1980). The small sample size of
elite gymnasts meant that we were not able to divide
them into distinct age groups. Consequently, this
limitation restricts our ability to analyse how devel-
opmental stages or maturity levels may have influ-
enced the observed flexibility and strength char-
acteristics. Tringali’s research findings indicated
a correlation between the COL5A1 CT genotype
and both high joint mobility and genu recurvatum
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incidence (Silva, et al., 2019). The research paper
showed that there was difference in active and
passive flexibility of lower limbs between rhythmic
and artistic gymnasts, in favour of rhythmic
gymnasts, as well as differences between the domi-
nant and non-dominant lower limb of each gymnast.
The differences between the dominant and non-
dominant lower limb were smaller in artistic than in
rhythmic gymnasts, which did not come as a huge
surprise, because flexibility requirements are much
higher in rhythmic gymnastics and consequently
the way of training that is often mainly focused on
working with dominant limb. The coaches can use
these results as good guidance for further planning
of training and to detect which aspect of flexibility
their gymnasts must work on to prevent further
development of body asymmetries. Furthermore,
there is also a need for further research on body
asymmetry occurrences and their influence on
performance and incidence of injuries.

Limitation of the study

The authors are aware of the limitations asso-
ciated with the sample used in this study. Specifi-
cally, the small sample size of elite gymnasts limits
the ability to generalize the findings beyond top
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Abstract:

This study compared the kinetic and kinematic variables measured by a three-dimensional markerless
motion capture system (MCS) to identify alterations in lower-extremity performance following vertical jump
(VJ) and sprint anaerobic fatiguing tasks. Eleven females (X#SD; 20.8+1.1 years, 72.2+7.4 cm, 68.0£7.2
kg) and eleven males (23.0£2.6 years., 180.3+4.8 cm, 80.4+7.3 kg) volunteered to participate in the present
investigation. Participants were screened using the Functional Motion Analysis (FMA) protocol, consisting of
19 full-body motions, from which algorithm-derived scores were calculated [i.e., composite, power, functional
strength, dysfunction, vulnerability, and exercise readiness score (ERS)] pre- and post-fatiguing tests. Each
participant completed one familiarization session and three randomized acute fatiguing protocols [i.e., control,
repeated vertical jump test (RVIT), 25-second resisted sprint test]. The repeated measures MANOVA indicated
a statistically significant three-way interaction (score x condition x time). Follow-up analyses indicated
differences between pre- and post-tests in composite score (1556.43+£307.8; 1368.00+264.62), power score
(813.34+242.39; 687.32+164.83), and ERS (18.1624.75; 16.02+3.54) during the RVIT experimental sessions,
respectively. The FMA scores suggested decrements in performance are first observed in the decreases
in power production during high velocity movements (i.e., RVITs), and the viability of a MCS to evaluate
biomechanical alterations following fatiguing tasks.

Key words: kinetics, kinematics, markerless motion capture, performance

(GRF) produced. Markerless MCS quantifies the
kinetic and kinematic movements of body segments

Introduction
Technology and motion capture systems (MCS)

have experienced growth over the past few decades.
These improvements have led to analytical tools
that allow detailed analyses of the counter-move-
ment vertical jump (CMV]J), and to determine the
vertical displacement of the center of mass (COM)
(Feltner, Bishop, & Perez, 2004; Feltner, Fraschetti,
& Crisp, 1999; Hara, Shibayama, Takashita, Hay,
and Fukashiro, 2008; Lees, Vanrenterghem, &
Clercq, 2004). These devices have been used
to assess an individual’s upper- and lower-body
motions, both explosive and functional in nature.
Furthermore, a MCS allows derivation of the indi-
vidual joint torques and ground reaction forces

and joints that influence the forces generated, and
the enhancement of performance during a CMV]J
with an arm swing (Fry, Herda, Sterczala, Cooper,
& Andre, 2016; Mosier, Fry, & Lane, 2019; Perrott,
Pizzari, Cook, & McClelland, 2017), or biomechan-
ical alterations following anaerobic fatiguing tasks
(i.e., vertical jump and resisted sprints) (Mosier,
2018). For example, Cabarkapa, Fry, and Mosier
(2020) reported strong agreement in peak force and
power for a basketball dunking motion between
markerless MCS and a uni-axial force plate as a
criterion measure. These advancements in MCS
and screening protocols can be used to identify
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athletes at risk when performing various types of
sport-specific movements. One published study by
Mosier, Fry, Moodie, Moodie, and Nicoll, (2018)
demonstrated the capability of a markerless MCS of
identifying high-risk for non-contact season-ending
injuries among American football athletes.

There are a wide variety of anaerobic tests that
incorporate different modes of exercise or movement
patterns, which also vary in duration, in order to test
the anaerobic capacity of athletes. Repeated jumps
and sprinting protocols are becoming more preva-
lent for assessing athletes’ anaerobic power and
capacity. The Bosco test is a popular test consisting
of repeated jumps, in which an athlete performs
continuous vertical jumps (VJ) for a specific dura-
tion (typically 60 sec) (Bosco, Luhtanen, & Komi,
1983; McNeal, Sands, & Stone, 2010). The jump test
was reported to be suitable to evaluate the power
output of leg extensor muscle during natural motion
(Bosco, et al., 1983). Currently, the Wingate anaer-
obic test on a cycle ergometer is the most used and
reported anaerobic performance test (Bar-Or, 1987;
Inbar, Bar-Or, & Skinner, 1996; McLain, Wright,
Camic, Kovacs, Hegge, and Brice, 2015). However,
several sports that incorporate running may result in
amore accurate anaerobic performance test assess-
ment. McLain et al. (2015) indicated the non-motor-
ized treadmill (NMT) (typically 25 sec with resist-
ance of 18% of body weight) offers a suitable tool for
the assessment of all-out sprint performance, thus
providing an athlete with the ability to exert peak
anaerobic power and measure anaerobic capacity.

Athletes often become fatigued during athletic
events and anaerobic or aerobic performance assess-
ments. With the onset of athletic fatigue, reaction
times to external stimuli are delayed and injuries
are more likely to occur (Chappell, et al., 2005).
Fatigue is an intrinsic factor affecting the muscu-
loskeletal and neurological systems (Benjaminse,
et al., 2008; Chappell, et al., 2005). The system of
fatigue can create an environment that increases
the risk of non-contact injuries or more specifically
anterior cruciate ligament (ACL) injuries by altering
the lower extremity loading and landing strategies.
ACL injuries are among the most common knee
injuries observed in athletes (Agel, Olsen, Dick,
Arendt, Marshall, & Sikka, 2007; Arendt, Agel,
& Dick, 1999; Dick, Putukian, Agel, Evans, &
Marshall, 2007; Mihata, Beutler, & Boden, 2006).
Non-contact ACL injuries are common in team
sports such as soccer, basketball, field hockey,
and volleyball (Agel, et al., 2007; Arendt, et al.,
1999; Dick, et al., 2007; Mihata, et al., 2006). As
a result of the explosive and high fatiguing nature
of these team sports, the muscular performance is
notably impacted. The result of fatigue has been
reported to decrease motor control performance

(Johnston 3, Howard, Cawley, & Losse, 1998;
Woijtys, Wylie, & Huston, 1996), increase knee
joint laxity (Rozzi, Lephart, & Fu, 1999; Skinner,
Wyatt, Stone, Hodgdon, & Barrack, 1986; Woijtys,
et al., 1996), decrease balance skill (Johnston 3%,
et al., 1998), and decrease proprioception (Hiem-
stra, Lo, & Fowler, 2001; Lattanzio & Petrella,
1998; Lattanizio, Petrella, Sproule, & Fowler, 1997;
Miura, et al., 2004; Rozzi, et al., 1999). With the
onset of fatigue, the capacity of muscle fibers to
absorb energy decrease and neuromuscular function
alters, which has been shown to increase anterior
tibial transition (Rozzi, Lephart, Gear, & Fu, 1999;
Skinner, Wyatt, Hodgdon, Conard, & Barrack,
1986). These effects indicate a decreased capacity
for controlling body movement and may indicate
fatigue as a contributor to non-contact ACL inju-
ries (Benjaminse, et al., 2008; Hiemstra, et al., 2001;
Nyland, Shapiro, Caborn, Nitz, & Malone, 1997,
Rodacki, Fowler, & Bennett, 2001). Chappell et
al. (2005) suggested that vertical jump and sprint
fatiguing protocols caused subjects to land with
increased proximal tibia peak anterior shear force
and decreased knee flexion at the time that peak
anterior sheer force occurs (Pappas, Scheikhzadeh,
Hagins, & Nordin, 2007). Similarly, muscle fatigue
has been shown to alter the lower extremity biome-
chanics of healthy individuals (Nyland, et al., 1997;
Pinniger, Steele, & Groeller, 2000). Madigan and
Pidcoe (2003) assessed the effects of lower extremity
muscle fatigue on drop-landing biomechanics and
documented an increase in performance at the hip
to compensate for the weakness created in the thigh
muscles. Furthermore, Bishop et al. (2022) recently
reported the usage of countermovement vertical
jump for performance assessments, monitoring of
neuromuscular fatigue, and a part of a test battery
for return to performance among injured athletes.
Further evaluation of the biomechanical changes
during performances will give future insight into
how fatigue can be rated and how to prevent fatigue-
related injuries.

Therefore, the aim of the present study was to
examine the acute whole-body biomechanical alter-
ations following vertical jump and sprint anaerobic
fatiguing tasks using functional motion analysis
(FMA) screening scores. It was hypothesized that
an innovative three-dimensional (3D) markerless
MCS would detect and determine biomechanical
alterations following fatiguing tasks. In addition,
it was also hypothesized that both the VJ fatiguing
and sprint fatiguing tasks would cause acute biome-
chanical alterations specifically to the lower-body
extremities. Understanding acute whole-body
biomechanical fatigue may further provide infor-
mation for understanding when an athlete begins
altering mechanics to sustain performance.
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Methods

Study sample

_ Eleven healthy, recreationally active females
(X+£SD); age=20.8+1.1 years, height=172.2+7.4
cm, body mass=68.0+7.2 kg), and eleven healthy,
recreationally active males (age=23.0+2.6 years,
height=180.3+4.8 cm, body mass=80.4+7.3 kg)
volunteered to participate in the present investiga-
tion.

All participants were physically active for a
minimum of one hour for three days a week for
at least the preceding three months. None of the
participants reported a history of current or prior
neuromuscular diseases or musculoskeletal injuries
specific to the ankle, knee, or hip joints. Participants
demonstrated functional range of motion in hip,
knee, ankle, and shoulder joints without limiting
mechanical motion and performance during squats,
VIJ, and running tasks. This study was approved
by the University’s institutional review board for
human subjects’ research. Each subject read and
signed an informed consent form and completed a
health history questionnaire prior to participating.

Study design

Each participant visited the laboratory four
times: for one familiarization session, one control
session, and two experimental sessions. The famil-
iarization consisted of informed consents signing,
VJ and sprint screening, a warm-up protocol, prac-
tice low intensity fatiguing protocols, and comple-
tion of the FMA. During the experimental session,
participants completed a 10-min standardized
warm-up protocol followed by performing the pre-
test FMA, starting with the jump motions, followed
by the squat motions, and then the remaining
motions. The participants preformed one of the
three randomized acute anaerobic fatiguing proto-
cols [i.e., control session, repeated vertical jump test
(RVIJT), 25-second sprint test] followed by the post-
test FMA (Figure 1). Each participant completed
one session per week at the same time of day. The
laboratory temperature (24-28°C) and humidity
(38-42%) remained within a consistent range.

Functional motion analysis (FMA)

The FMA is a collection of 19 different motions
to assess an individual’s upper extremity and
lower extremity functioning using the 3D mark-
erless MCS. The motions include shoulder ranges
of motion (ROM) (i.e., shoulder abduction and

Pre-Lactate
|

Warm-Up

Pre-FMA
| |

Fatigue Task

adduction, shoulder horizontal abduction, shoulder
internal and external rotation, shoulder flexion and
extension), trunk rotation, bilateral overhead squat,
right and left leg unilateral squat, right and left leg
lunge, right and left leg 20-sec balance test, bilateral
CMVJ, right and left unilateral CM'VJ, concentric
VI, five right leg and five left leg VJs, and depth
jump. All nineteen motions are incorporated into
the FMA report. Cabarkapa, D., Cabarkapa, D.V.,,
Philipp, Downey, and Fry (2022) recently examined
the reliability of FMA scores and determined good
to excellent reliability across multiple sessions (i.c.,
two sets of three FMA separated one week apart;
six in total).

The motions that were believed to be most
affected by the acute fatigue were tested first;
thus, the jump motions first, followed by the squat
motions, and the remaining motions. The order of
the FMA during the experimental sessions was the
following: bilateral CM V], right and left unilateral
CMVJ, concentric VJ, five right leg and five left
leg VJs, and depth jump, bilateral overhead squat,
right and left leg unilateral squat, right and left
leg lunge, right and left leg 20-sec balance test,
shoulder abduction and adduction, shoulder hori-
zontal abduction, shoulder internal and external
rotation, shoulder flexion and extension, and trunk
rotation.

Functional motion analysis scores

The nineteen motions of the FMA were used to
calculate six different performance scores focusing
on certain movement variables. These scores were:
the composite score, power score, strength score,
dysfunction score, exercise readiness score, and
vulnerability score. The composite score is a
cumulative score based on the overall performance
(power score + functional strength score — dysfunc-
tion score). The power score consists of data from
jump heights and is an aggregate of all the jump
performances. The functional strength score is the
accumulation of squat depths and is an aggregate
of all the squat performances. The dysfunction
score consists of asymmetries (upper limb, lower
limb, and trunk), knee valgus, lower limb kinetic
chaining, and balance performances. The exercise
readiness score (ERS) is a scale that depicts the
level of training and readiness. The score consists of
three factors: rebalance, development, and optimi-
zation. The rebalance phase is a range from removal
of compensations towards biomechanical symmetry
between the right and left upper and lower extremi-

Post-Lactate Post-FMA
| | |

I

2.5 min

Figure 1. The timeline that was conducted for the experimental sessions [repeated vertical jump test (RVJT), sprint, control].
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ties. All consisting of unilateral forces, joint flex-
ions, and joint torques. The development phase
is the evaluation of an individual’s biomechanics
towards kinetic and kinematic symmetry. The opti-
mization phase is the maintenance of an individ-
ual’s biomechanics and displaying peak perfor-
mance mechanics. The vulnerability score is the
aggregate of all performance, including stresses
(consisting of unilateral high forces, joint flex-
ions and joint torques), and compensation patterns
(overuse of dominant side or limited usage due to
history of an injury). This score is presented as
a percentage of 0-100%. Cabarkapa, Caparkapa,
et al. (2022) reported no statistically significant
differences between algorithm based FMA scores
from the markerless MCS indicating good to excel-
lent reliability. Excellent reliability measurements
were reported for readiness scores, good-to-excel-
lent for functional strength and power scores, and
moderate-to-excellent for dysfunction (Cabarkapa,
Cabarkapa, et al., 2022), thus indicating the usage of
the markerless MCS for the assessment of various
types of biomechanical parameters.

Acute fatigue protocols

Warm-up protocol. Each participant was
instructed through a 10-min dynamic warm-up at
the beginning of each experimental session. The
warm-up consisted, in the order, of ten quadriceps
pull to single leg Romanian deadlift reaches, ten
tin soldiers, ten figure fours, ten walking lunges
with a T-spine, five inchworms, forward skips with
forward arm circles, backward skips with backward
arm circles, forward skips with hip internal rotation,
backward skips with hip external rotation, A-skips,
A-skips to squat, and ten body-weight squats.

Control session. Each participant was instructed
to sit for 15 min. The FM A was completed before the
rest period in order of the jump motions, followed
by squat motions, and remaining FMA motions.
The FMA was completed by the blood samples
taking, which were collected for lactate determi-
nation pre- and 2.5-min post-control period. Heart
rate was collected with the chest strap (Polar FT1,
Bethpage, NY, USA) throughout the entire session.

Repeated vertical jump test. During the
repeated vertical jump test (RVIT), the participant
was instructed to bend the knee to about 90 degrees
and jump explosively, then repeat immediately on
landing for one set (15 sec jumping, 15 sec rest, 15
sec jumping, 15 sec rest) lasting one minute in dura-
tion. Each participant completed five sets (5 min).
The FMA was completed before the RVJT. This
fatigue test was determined based on accumulated
blood lactate responses during pilot investigation
completed in our laboratory. Investigations during
pilot testing comparing RVJT and Bosco 60-sec
jump test resulted in greater blood lactate concen-
trations and post heart rate for RVJT. Heart rate

was collected throughout the entire experimental
sessions but was only reported pre- and post-test.
25-second sprint test. Each participant was
attached to the resistive harness of a NMT
(Woodway Force 3.0 treadmill, Waukesha, W1,
USA), which was set to a resistance equal to 18% of
the participant’s body weight. Participants carried
out a 25-sec maximal sprint on the Woodway
NMT treadmill (McLain, et al., 2015). Heart rate
was collected throughout the entire experimental
sessions but was only reported pre- and post-test.

Blood samples

Each participant gave three minimal blood
samples (approximately one drop) at each testing
session (baseline, pre, and post) by way of a lancet
finger stick. Fingertip samples were collected into
a lactate testing strip for analysis via a Lactate Plus
handheld blood lactate analyzer (Nova Biomed-
ical, Waltham, MA, USA). Baseline samples were
collected following the warm-up protocol imme-
diately prior to the pre-FMA. In addition, samples
were collected before the randomized experimental
and 2.5-min post experimental tests before the post-
test FMA.

Heart rate

Heart rate was collected with a chest monitor
strap (Polar FT7, Polar Electro Inc., Bethpage,
NY). Heart rate was collected throughout the
entire experimental sessions; however, it was only
reported pre-test and immediately post-test.

Performance tests

Motion capture device. During each FMA
motion performance, the kinetic and kinematic
variables were collected and analyzed using the
DARI (DARI Motion, Overland Park, KS, USA)
3D markerless MCS system. Anthropometric esti-
mates (Winter, 1990) were used to estimate the
segmental center of mass (COM)s. In addition,
full-body GRFs and extremity joint kinematics
were assessed. The 3D MCS has been shown to
validly measure full-body and segmental kinetics
and kinematics without a force plate or video, thus
providing accurate performance measures (Fry, et
al., 2016; Perrott, et al., 2017). In addition, MCS has
been used to determine the contribution of the upper
extremities during a CMVJ] (Mosier, et al., 2019),
and moderate-to-strong correlations were reported
between FMA scores (i.e., readiness, functional
strength, power) and traditional health-related phys-
ical fitness parameters such as estimated VO,,,,, and
body fat percentage (Cabarkapa, Whetstone, et al.,
2022). Body fat percentage showed a weak posi-
tive correlation with vulnerability and moderate-
to-strong positive correlation with ERS, power,
and functional strength scores. VO,,,,, showed a
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weak negative correlation with vulnerability and
moderate-to-strong positive correlation with ERS,
power, and functional strength scores, thus further
indicating that MCS performance scores may be
used as a non-invasive testing alternative or in
conjunction with currently implemented traditional
testing modalities (Cabarkapa, Whetstone, et al.,
2022).

Force plate device. During each squat and jump
motion, the kinetic variables were collected and
analyzed using a uni-axial force plate (Rice Lake
Weighing Systems, Rice Lake, WI, USA) through
a data acquisition system (Biopac MP 150 System,
Goleta, CA, USA) sampling at 1000 Hz to monitor
the GRF. In addition, the RVJT was collected and
analyzed to determine flight time and positive
impulse with a sampling rate of 1000 Hz.

Non-motorized treadmill. During the 25-sec
sprint test, the kinetic variables were collected on
the NMT (Woodway Force 3.0 treadmill, Waukesha,
WI, USA), which was set to a resistance equal to
18% of the participant’s body weight (McLain, et
al., 2015).

Statistical analyses

Statistical analyses were conducted for the
performance measures with a factorial repeated
measures MANOVA using the FMA scores
(composite score, power score, functional strength
score, dysfunction score, exercise readiness score,
and vulnerability score) x conditions (RVJT, sprint,
CON) x time (pre-test, post-test) x sex (females,
males). A Pearson correlation matrix was used to
compare the relationship between each of the FMA
scores during the familiarization session. Two sepa-

rate 2-way repeated measures (RM) ANOVAs were
used to examine the differences in HR [condition
(RVIT, sprint, CON) x time (pre-test, post-test)]
and in accumulated blood lactate [condition (RVJT,
sprint, CON) x time (pre-test, 2.5-min post-test)].
Paired samples #-tests were used to examine the
differences in flight times and positive impulses of
the second jump of set one and last jump of set
five during the RVJT. These VJs were selected to
include the VJ rebound and the next CMVJ. Post-
hoc comparisons were conducted when needed
using the Bonferroni correction. The level of signif-
icance was set a priori at p<.05 for the statistical
tests. Statistical analyses were performed using
SPSS 24 (IBM Corporation, Amonk, New York,
USA) and Microsoft Excel 2016 (Microsoft Corpo-
ration, Redmond, WA, USA).

Results

Table 1 lists the descriptive statistics (mean and
standard deviations (X+ SD) and pre- and post-
test significance levels for the FMA scores for each
pre-test and post-test during each condition. The
Pearson correlations matrix (Table 2) indicated
moderate to strong correlations between the FMA
scores, indicating the scores should be analyzed via
a MANOVA (score x condition x time x sex). The
MANOVA indicated a three-way interaction (score
x condition x time) (p=.01). Follow-up analyses indi-
cated significant differences between pre- and post-
tests for the composite score (p<.01), power score
(p<.01), and ERS (p<.01) during the RVJT experi-
mental sessions.

Table 3 lists the HR during the pre- and post-
tests, and accumulated blood lactate during the

Table 1. Reporting Motion Capture System (MCS) composite, power, functional strength, dysfunction, vulnerability, and exercise
readiness scores in the pre- and post-test during the repeated vertical jump (RVJT), spring, and control (CON) experimental sessions

y . Functional . finction  Vulnerability ~ CXercise
Condition Sex MCS composite Power score strength score score readiness
score score
F 1387.2 £ 184.6 665.6 + 86.0 830.6 +97.4 108.8 +48.8 40.9+10.1 16.0+2.3
Pre-RVIT M 1839.2 + 159.41 1015.3 + 132.0t 949.7 £ 83.1% 126.0 £ 32.3 37.0+8.0 21.7 +2.3%
F 1217.9 £ 166.9* 585.5+451 779.2+113.0 146.7 £ 60.8 46.7 £ 11.0 13.8 £ 1.6*
POSLRWIT M 1518.1 £ 264.1*t 789.2 +173.6*t 883.6+101.8*t 163.7+73.5 42.6 +13.4 18.2 £ 3.6%t
) F 1414.8 £ 2121 691.1+95.4 840.5+101.5 116.7 £ 371 39971 16.4+2.2
Pre-sprint M 1804.0 + 143.01 999.0 + 126.1t 928.3 +107.4 123.2 £ 56.6 37.6+£9.1 21.0£2.31
) F 1365.9 + 1701 633.8 £82.2 838.6 +85.4 164.5 + 203.2 41673 15.4+1.9
Post-sprint M 1662.8 + 221.91 889.9 + 155.2*t 907.4 + 114.8 131.6 £ 48.0 37.8+10.9 20.2+ 2.8t
F 1387.3 £ 21041 655.3 £ 106.3 834.6 +85.4 102.6 + 44.5 40.6£9.0 15.7+2.6
Pre- CON M 1799.7 + 145.6% 9651 + 138.21  948.7 +100.4t 114.2+51.9 374 +£10.2 21.3+2.2¢t
Post.CON F 1354.7 £ 210.1 643.5 £ 1211 823.9+100.4 112.5+46.7 411+8.7 15.3+2.9
M 1676.4 + 276.91 918.0 + 160.21 806.1 + 307.5 126.5 £ 51.3 39.0+14.3 20.1 + 3.5t

Note. Mean + SD for reported scores for females (F) and males (M). MANOVA indicates significant differences between score x
condition x time (p<.01). * indicates significant differences between the pre- to post-FMA tests. T indicates significant differences

between females and males (p<.05).
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Table 2. Pearson correlation matrix among the reported performance scores during the familiarization session

Functional Dysfunction Vulnerability Exercise
Power score .
strength score score score readiness score
MCS composite score 0.90* 0.78* -0.41 -0.26 0.92*
Power score ---- 0.47* -0.12 -0.18 0.89*
Functional strength score ——-- - -0.39 -0.42 0.64*
Dysfunction score ——-- - - 0.64* -0.33

-0.47*

Exercise readiness score —

Vulnerability score ——-- —--- - ----

Note. n=22; *correlation indicates significance (p<.05)

Table 3. Heart rate and accumulated blood lactate changes during multiple time points throughout the repeated vertical jump test
(RVJIT), sprint, and control (CON) sessions

Heart rate (bpm) Accumulated lactate (mmol/L)

Condition Sex Pre-test Post-test Pre-test 2.5 min post-test
RVJT F 80.9+15.5 183.9 £ 12.8*t 26+17 11.2 £ 2.4t

M 69.9+10.5 171.2 £ 23.9*t 2112 13.6 + 1.8*t
Sprint F 79.3+18.9 168.5 + 30.8*t 25+16 10.7 £ 2.0*t

M 75.1+10.0 176.6 + 8.8*t 3.3+3.0 14.8 + 3.0*t
CON F 75.4+18.9 747 +6.4 1.7+0.5 31+29

M 81.6+17.0 86.7+£11.9 3.2+25 23+22

Note. Heart rate and change in accumulated blood lactate for females (F) and males (M). * indicates significant differences between
the pre- to post-test, T indicates significant differences from the control (p<.05).

Table 4. Vertical jump performances X+ SD for females (F) and males (M) during the repeated vertical jump test (RVJT) during
the first and jumping last set

Set 1 Set5

Jump 2 of Set 1 Last jump of Set 5

Flight time Positive Flight time Positive Change in Change
Sex # of jumps g(ms) impulse # of jumps g(ms) impulse flight time in positive
(N-sec) (N-sec) (%) impulse (%)
F 13.0+1.0 0.4+041 250.0 +48.5 13.0+1.0 0.3+0.0* 161.5+52.8* -33.7+127 -33.8+204
M 14.0+1.0 0.5+0.0 381.4 +£46.5 13.0+1.0 0.3+0.1* 2041 +£80.5* -41.8+9.7 -46.2 +20.6

Note. Females (F), Males (M). * indicates significant differences between set 1 and set 5, (p<.05). Change in flight time and positive
impulse during the selected vertical jump.

Table 5. Sprint performance X+SD of females (F) and males (M) during the 25-sec non-motorized resisted sprint test

Mean Peak

Sex Distance Mean sum Mean power Peak power Change in velocity velocity Chan.ge in
(m) force (N) (W) (W) power (%) (mls) (mls) velocity (%)

F 70.2+75 1554+159 4004 +76.2 15771+316.4 -474+12.2 2.8+0.3 3.5+0.5 -24.3+6.8

M 947+8.0 190.2+171 716.3+114.7 2825.2+439.9 -66.2+11.0 3.8+0.3 51+0.6 -33.9+10.8

Note. Mean sum force is the sum of horizontal and vertical forces; mean power and mean velocity is the average across the 25-sec
sprint; peak power and peak velocity is the maximum value across the 25-sec sprint; change in power and change in velocity is the
difference between the maximum peak to the last foot stride peak represented as a percent.

pre-test and 2.5-min post-tests. A 2-way ANOVA
indicated a significant interaction for HR (condi-
tion x time) (p<.01). Follow-up analysis indicated
the post-test HR was significantly greater than pre-
tests (p<.01). Furthermore, the RVJT (p<.01) and
sprint (p<.01) conditions were significantly greater

compared to the CON during the post-tests. In addi-
tion, a 2-way RM ANOVA indicated a significant
interaction for accumulated blood lactate (condi-
tion x time) (p<.01) (Table 3). Follow-up analysis
indicated post-test lactate accumulation was signifi-
cantly greater compared to the pre-tests (p<.01), and
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the RVJT and sprint conditions were significantly
greater than the CON (p<.01).

Table 4 lists the number of jumps, flight time,
and positive impulse of set one and set five during
the RVJT. The paired samples #-tests indicated the
flight time (p<.01) and positive impulse (p<.01)
during the last vertical jump during set five were
significantly less than the second jump of set one for
both males and females (Table 4). Table 5 lists the
force, velocity, and power during the 25-sec NMT
treadmill sprint tests. The reduction in the FMA
performance scores (pre-test vs. post-test) indicated
females and males exhibited a reduction in power
and velocity following the sprint test. Table 6 lists
the fatigue rates for each FMA score per condi-
tion. The fatigue scores indicated the greatest reduc-
tion in the composite score, power score, and ERS,
during the RVJT session.

Discussion and conclusion

The notion that fatigue is a predisposing factor
responsible for the increased number of musculo-
skeletal injuries is common in sports indicating the
importance of pre-exercise screening and onset of
fatigue screening in athletes. The current investi-
gation determined that an innovative 3D MCS was
capable of detecting acute lower-body biomechan-
ical changes due to acute fatigue. The MANOVA
indicated a three-way interaction (score x condition
x time) (p=.01). Further analysis of the FM A scores
indicated alterations of performance occurred
following the RVJT. The significant decrease in
the power score can account for the reduction in
the composite score due to the calculation of the
composite score (composite score = power score +
functional strength score — dysfunction score). In
addition, the power score is an aggregate of the VJ
measurements. As a result, the bilateral CMVJ VJH
decreased five centimeters from pre- to post-RVJT
[pre-RVIJT (48.5+15.0 cm), post-RVIJT (43.2+9.4
cm)]. Further examination can account for reduc-
tion in the power score due to the decrease in the
power and velocity, as a result of the onset of fatigue
following the RVJT. This decrease in power and

velocity can further be explained by the reduc-
tion in VJH. Although significant changes were
not observed for the functional strength scores,
this can be explained by the measurements of the
score which is an aggregate of all squat and lower-
limb motions. Although there was an onset of
muscle fatigue, the squat motion mechanics were
not affected by the fatiguing tasks. The differ-
ences in the power and functional strength scores
further indicate that high power and velocity move-
ments are the first to falter and are most suscep-
tible to fatigue. Fry et al. (1994) has indicated that
strength is maintained unless the fatigue stimulus
is extended for a longer duration. The significant
decrease in the ERS following the RVJT indicates
a change in one of the three categories (rebalance,
develop, optimization) used in determining ERS.
It is speculated the decrease in ERS is a result of
the decrease in the optimization score due to the
acute decrease in the velocity and power perfor-
mance. The optimization score is the performance
phase in which individuals can display the founda-
tion of simple and complex mechanics by providing
maintenance of biomechanics and displaying peak
performance.

There were no changes in either the vulner-
ability score or the dysfunction score further
suggesting that these measures are more stable
scores. Furthermore, the acute RVJT fatigue did not
significantly affect the asymmetry, kinetic chaining,
compensation, or balance performances. The 4-way
MANOVA did not report an interaction for sex.
Further examination indicated that, although the
performance scores varied between sex, males and
females responded in a similar manner from pre-
to post-tests.

The FMA fatigue rates (comparison of pre-test
versus post-test mean scores) indicate the greatest
reduction in performance among the FMA scores
from pre- to post-test for each condition (Table 6).
The greatest decrease in performance was indicated
by the composite score, power score, and ERS.
Furthermore, the greatest decrease in FM A scores
were observed during the RVIT. No changes were

Table 6. Reported the fatigue rates X+ SD for the MCS composite, power, functional strength, dysfunction, vulnerability, and
exercise readiness scores during the repeated vertical jump (RVJT), sprint, and control (CON) experimental session

MCS Power Functional Dysfunction Vulnerabilit Exercise
Condition Sex composite strength y y readiness
score score score
score score score

RVJT F -11.9+ 8.1 -11.40+£ 9.2 -6.2+8.3 57.9 £96.7 17.2+23.4 -12.6+8.9
M -17.7 £ 101 -22.7 1141 -7.0+5.6 46.0+94.4 214 +474 -16.2+11.8

Sorint F -3.0+5.2 -8.0+72 -0.1+6.8 48.7 + 170.4 5.3+18.3 -6.0+6.3

rin

P M -7.7+£10.9 -10.6 + 13.5 -1.9+9.6 20.7 £52.0 27+239 -3.6+12.6
CON F -2.3+10.0 1.0+£17.7 -1.3+£5.5 26.6 £ 80.5 4.0+234 -21+£13.5
M -71+£11.3 -52+39 -15.1+31.6 254 +62.7 3.6+155 -6.1+10.0

Note. Fatigue rate is the difference between the pre- and post-score as a percent of mean change across participants.
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observed in the dysfunction score and vulnerability
score, further indicating these are stable scores as
previously stated (Cabarkapa, Cabarkapa, et al.,
2022).

The significant increases in accumulated lactate
from pre- to 2.5-min post-test indicate that the
RVIJT and resisted sprint tests involved anaerobic
glycolytic fatigue. In addition, both acute fatiguing
tasks were significantly different from the CON
session. Similar accumulated lactate responses for
pre- to post-tests were observed for both fatiguing
sessions. Previous research has indicated blood
lactate reaching 15.4 mmol/L following a Wingate
test and 8.1 mmol/L following the Bosco 60-sec
jump test (Bosco, et al., 1983). Both measure-
ments were collected 5-min post-fatigue exercise.
In comparison, the RVJT post-test accumulated of
12.4 mmol/L 2.5 minutes post-test indicated the task
was more anaerobically demanding than what was
previously reported for the Bosco 60-sec jump test
due to the duration and production of work during
the fatiguing task. McLain et al. (2015) reported
accumulated lactate of 15.8 mmol/L 5 minutes
following the 25-sec resistance sprint. The current
investigation reported accumulated lactate of 14.5
mmol/L 2.5 minutes post-test. The measurement
of accumulated lactate levels 2.5-min post-fatigue
test was done to prevent excessive recovery from
affecting the biomechanical assessment during the
post-FMA test. The time in which the blood lactate
concentration was drawn post-fatigue test occurred
before the peak blood lactate concentration (5 min)
and the duration reported (Weltman, 1995). Blood
lactate concentration collection at 2.5-min post
only prevented the collection of the peak blood
lactate concentration which would be observed at
5 minutes post exercise (Weltman, 1995). Further-
more, accumulated blood lactate indicated that these
fatigue tests still indicated similar anaerobic fatigue
responses and also suggested that these fatigue tests
were performed with maximal effort. Maximal HR
has not been reported by the Bosco jump test, RVIT,
or the resisted sprint test. It is speculated HR will
reflect elevation trends similar to the elevations in
the accumulated blood lactate.

Similar decreases were observed in perfor-
mance comparing the flight times and the positive
impulse during the repeated jump test. Previous
literature has reported that both a longer flight time
or great positive impulse have indicated a higher
VIH (Moir, 2008). Both the flight time and the
positive impulse of the 2" VJ of set one to the last
VlJ indicated a significant decrease in performance
during the RVIJT. Equal numbers of VJs per set
were performed by both males and females. There-
fore, individuals spent more time on the ground
than in the air as participants fatigued, further-
more, performing the vertical jump of poor quality.
Previous literature has reported similar decreases

in velocity and power during the 25-sec sprint test
(McLain, et al., 2015). A greater fatigue rate/index
(% change) was indicated for the repeated jump
test (i.e., flight times, positive impulses) and for the
25-sec resisted sprint test (power, velocity).

The maximal efforts exerted during the acute
fatiguing tasks and the decrease in the FMA perfor-
mance indicated that both the males and females
presented an acute biomechanical fatigue. With the
onset of athletic fatigue, reaction times to external
stimuli are delayed and injuries are more likely to
occur (Chappell, et al., 2005). Fatigue increases the
risk of non-contact injuries by altering the lower
extremity takeoff and landing strategies. Daggett,
Witte, Cabarkapa, and Fry (2022) conducted mark-
erless MCS assessments throughout an ACL recon-
struction rehabilitation protocol. The MCS provided
gradual improvements in functional strength and
ERS throughout the 3-6 months post ACL recon-
struction period (Daggett, et al., 2022), further
emphasizing the importance of the individual-based
assessment of return-to-play criteria.

As previously noted, athletes often become
fatigued during athletic events and anaerobic or
aerobic performances or training, thus, further
increasing the probability of non-contact injuries.
This risk of fatigue-related injury could poten-
tially vary from a minor injury to a severe injury
(i.e., season ending injury). Such injuries are more
common in reactive team sports. As a result of
the explosive and high fatiguing nature of these
team sports, the muscular performance is notably
impacted further impacting athletes’ performance
and success during a season. Depending on the like-
lihood of an injury and its severity, this would be
affecting an athlete’s performance, training, playing
time, etc. In some cases, a higher seriousness of
an injury may result in a season/career ending.
Regardless of the significance of the injury, there
is always a concern for the recovery rate and dura-
tion of recovery. Nonetheless, recognizing athletes’
mechanical alterations in performance, which may
occur either following acute bouts of fatigue or due
to the longevity of a season, may provide further
insight into injury prevention. It also provides an
enhanced understanding of an athlete’s success and
durability during a season. Further evaluation of
the biomechanical changes during performances
will give future insight into how fatigue can be
rated, which knowledge may contribute to injury
prevention.

Biomechanical changes in motion performance
are believed to decrease shock absorption and knee
stabilization during landing. The human body is
efficient at absorbing the shock of the GRFs during
takeoff and landing of VJs. However, if the muscu-
lature surrounding the joints are not properly devel-
oped, maintained, or if they are fatigued, it may
lead to ligament susceptibility and a chronic limi-
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tation (Brazen, Todd, Ambegaonkar, Wunderlich,
& Peterson, 2010). This presents a limitation of the
present investigation and provides one of the direc-
tions for future research (e.g., further examination
of biomechanical alterations during sport-specific
fatigue or chronic overreaching). Furthermore,
evaluation of acute biomechanical fatigue rates
may determine when an athlete is able to return to
sport following rehabilitation or developed fatigue
biomechanical alterations.

The current investigation may pose a few limi-
tations due to the population sample size and the
scope of the population in the current investiga-
tion. However, a statistical power test was calcu-
lated prior to the investigation resulting in an equal
number of males and females who meet the quali-
fications. The current experimental research is of
a randomized cross-over design, meaning that all
participants completed all conditions in a rand-
omized order. Further follow-up investigations
are needed to examine larger samples sizes and
different sample populations that would provide
further insight into biomechanical alterations based
on training status and competitive level.

In conclusion, the current findings of the present
study demonstrated the viability of the MCS test
to evaluate biomechanical alterations in perfor-
mance due to the acute fatigue among recreation-
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Abstract:

People with intellectual disabilities have a reduced level of physical fitness. Institutionalization may be
one of the important factors associated with their lower level of physical activity. Implementing a training
intervention for institutionalized adults with intellectual disabilities requires an innovative and individually
tailored approach that may differ from the approach for the general population. This study aims to determine
the effects of a newly designed exercise training programme, consisting of neuromuscular exercises and
outdoor walking training, on muscular endurance, power, and balance of institutionalized adults with
intellectual disabilities. The participants were 90 institutionalized adults (43.9 = 9.0 years), with mild to
moderate intellectual disabilities, randomly assigned into a control (n=45) or an experimental group (n=45).
The experimental group participated in the experimental training programme for 12 weeks (60 training
sessions). In the experimental group, participants’ muscular endurance (p=.01) and power (p=.04) were
significantly improved without major changes in balance. The latter was probably due to a small amount
of specific postural exercises in the applied combined exercise programme. Future research should focus
on finding an appropriate volume of postural control exercises to stimulate balance improvement in this
specific population.

Key words: cognitive impairment, physical fitness, neuromuscular training, walking, postural control

Introduction

The prevalence of sedentary behaviour in
people with intellectual disability (ID) is signif-
icantly higher than in the general population
(Cartwright, Reid, Hammersley, & Walley, 2017
Hsieh, Hilgenkamp, Murthy, Heller, & Rimmer,
2017, Kreinbucher-Bekerle, Ruf, Bartholomey-
czik, Wieber, & Kiselev, 2023; Oviedo, Travier, &
Guerra-Balic, 2017). Only a small percentage of
adults with ID meet the World Health Organiza-
tion’s (WHO) recommendations for daily physical
activity (PA), and even active individuals manage
to achieve only levels of physical activity that are
comparable to those of less active individuals in the
general population (Hsieh, et al., 2017; Oviedo, et
al., 2017). Lack of PA and a sedentary lifestyle nega-
tively affect their physical fitness and overall health
(Ferreira, et al., 2022; Hsieh, et al., 2017; Jacinto, et
al., 2021; Oviedo, et al., 2017; Ptomey, et al., 2019).
People with ID have a reduced level of cardio-
respiratory fitness, muscle strength and endurance
with the frequently accompanying balance disorder
(Bahiraei, Oviedo, & Hosseini, 2023; Jacinto, et al.,

2021; Ptomey, et al., 2019; Scifo, et al., 2019). As
a result, they have a lower quality of life, a greater
number of health problems, significantly increased
living and health care costs and a shorter life expec-
tancy compared to the general population (Jacinto,
et al., 2021; Ptomey, et al., 2019; Scifo, et al., 2019;
Simoes, Santos, & Claes, 2015).

Individuals with ID are highly dependent on
other people’s help and need constant support in
various aspects of everyday life (Bossink, van der
Putten, Waninge, & Vlaskamp, 2017; Overwijk,
Hilgenkamp, van der Schans, van der Putten, &
Waninge, 2021; Reguera-Garcia, Fernandez-Baro,
Diez-Vega, Varona-Echave, & Seco-Calvo, 2023).
For those reasons, they are often homed in special-
ized rehabilitation centres or group homes, thus
making institutionalization a dominant form of resi-
dential accommodation for adults with ID (Bossink,
et al., 2017; Dixon-Ibarra, Driver, Vanderbom &
Humphries, 2017; Overwijk, et al., 2021). In such
conditions, their opportunities to engage in regular
PA may be further reduced and limited. Addition-
ally, within the centres, they can meet all their vital
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needs. In these circumstances, their motivation to be
physically active gradually decreases. Institution-
alization may be one of the important factors asso-
ciated with a lower level of PA in people with ID
(Bossink, et al., 2017; Dixon-Ibarra, et al., 2017). For
these reasons, the process of planning and imple-
menting a physical exercise intervention for institu-
tionalized adults with ID requires an innovative and
tailored approach that may differ from the approach
for the general population (Oviedo, et al., 2017;
Rodrigues, Jacinto, Figueiredo, Monteiro, & Forte,
2023). The potential effect of programmed physical
exercise on the physical fitness of institutionalized
persons with ID is an insufficiently explored area,
and numerous physical exercise interventions for
the people with ID used in daily practice are based
on studies carried out with the general population
(Pitchford, Dixon-Ibarra, & Hauck, 2018).

Specific exercise programmes may develop
motor abilities and, by doing so, enhance physical
fitness of people with ID (Obrusnikova, Firkin,
Cavalier, & Suminski, 2022). Most previous
research studies indicate the possibility of positive
changes in muscular strength and endurance as well
as in balance under the influence of physical exer-
cise programmes (Jacinto, et al., 2021; Scifo, et al.,
2019). However, the results are predominantly based
on the application of isolated exercise programmes
aimed at developing targeted motor abilities.
Research shows that specific strength exercises
for people with ID can contribute to their better
daily living performance and prevention of muscle
mass loss (Jacinto, et al., 2021; Maine, et al. 2020).
Targeted physical exercise programmes may also
improve muscle endurance (Tamin, Idris, Mansyur,
& Soegondo, 2015) and balance (Lee, Lee, & Song,
2016). Only a few studies, with inconsistent results,
investigated the possibility of obtaining similar
effects by the application of more complex training
programmes that combine several different types of
exercises so they could have a more comprehensive
effect on physical fitness covering health and skill-
or performance-related physical fitness (Bouzas,
Ayan, & Martinez-Lemos, 2019; Rodrigues, et
al., 2023). More complex training programmes
may even be more interesting and maybe more
successful in motivating people with ID to engage
in PA and stay active.

Newer research provides encouraging evidence
about the possibility of a positive effect of combined
physical exercise and walking programmes on
improving health of people with ID (Lin, 2021).
Walking is a widespread PA and is generally
accepted as an appropriate activity for the initial
activation of physically inactive individuals
(Matthews, et al., 2016; Melville, et al., 2015).
Regular walking has a wide range of health bene-
fits for the individual; however, this type of inter-

vention has rarely been used with institutionalized
persons with ID (Matthews, et al., 2016; Melville, et
al., 2015). People with ID walk at a lower intensity,
less frequently and for a shorter duration compared
to the general population (Elbers, de Oude, Kastan-
idis, Maes-Festen, & Oppewal, 2022; Matthews,
et al., 2016; Melville, et al., 2015; Van Hanegem,
Enkelaar, Smulders, & Weerdesteyn, 2014). For
people with ID, walking is recommended as one
of the most practical forms of exercise to achieve
target levels of daily PA (Matthews, et al., 2016).
The main advantages of walking, compared to the
other aerobic forms of physical exercise available
to people with ID, are that walking does not require
any additional special skills or previous knowledge,
it is usually completely free, and it can be practiced
by previously extremely inactive individuals (Stan-
cliffe, & Anderson, 2017).

Finally, due to the above-mentioned specifici-
ties of the institutionalized people with ID, it is
reasonable to assume that an exercise programme
for the institutionalized adults with ID should be
appealing to initially motivate them to get involved
and to ensure their regular attendance. It should
also focus on simple, quickly understandable, but
effective exercises. Additionally, it may be useful
if the implementation of such a programme would
be independent of specialized devices because
not every Centre has the same living and working
conditions. The aim of this study was to determine
the effects of a newly designed exercise programme
combining neuromuscular and walking exercises
on the power, endurance, and balance of institu-
tionalized adults with ID. The idea was to imple-
ment an exercise programme that combined a wide
range of different neuromuscular tasks as well as
outdoor walking training that people with ID may
find interesting and feel motivated to regularly
attend training sessions.

Materials and methods

Study design

The conducted research represents a rand-
omized control trial investigating the effects of a
newly designed exercise training programme that
combines neuromuscular and walking exercises on
the power, endurance, and balance of institutional-
ized adults with ID. The research was conducted
during the period from April to July 2022. It
encompassed the initial (1 week) and final (1 week)
testing of participants’ motor abilities, an interven-
tion training period (12 weeks) and two adaptation
weeks (one for the testing procedures and one for
the training protocol). Specifically, considering that
people with ID need more time to familiarise them-
selves with new tasks (Obrusnikova, et al., 2022), a
period of one week was planned before the initial
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testing to demonstrate the testing procedures to
all the participants and let them accustomed to the
tasks. An appropriate schedule was planned, and
each participant had the same opportunity to see
and try the tasks under the supervision of special-
ized therapists. After the initial testing, participants
were randomly allocated either to the experimental
group (EG) or to the control group (CG). The partici-
pants of the CG continued with their usual daily
activities and did not engage in any organized form
of physical exercise until the end of the study. On
the other hand, the participants in the EG had a
one-week period to adapt to the training proce-
dures. Professional therapists explained and demon-
strated the tasks in detail, and the participants had
the opportunity to practice them. After that, the
official 12-week intervention training period began.
The exercise programme was carried out five times
a week. In it, 60-minute neuromuscular training
sessions (performed on Mondays, Wednesdays
and Fridays) alternated with a 30-minute outdoor
walking programme (performed on Tuesdays and
Thursdays). The weekend was free from any organ-
ized PA.

Sample

The research was conducted with a sample of 90
persons with ID (31 females and 59 males) chron-
ologically aged from 21 to 55 years (43.9 £ 9.0).
Participants were adults with a diagnosed intellec-
tual disability who were permanent residents of the
Rehabilitation Centre “Nada” (Karlovac, Croatia),
a specialized home for housing persons with ID.
Estimates of the total sample size needed for this
study were made using G*Power (version 3.1.9.7)
(Faul, Erdfelder, Lang, & Buchner, 2007). A power
analysis showed that a sample of at least 54 partici-
pants was required to detect a medium effect size
(ES) of 0.5 (0=.05, 1-p =.95), in agreement with
some previous studies (Bouzas, et al., 2019; Jacinto,
et al., 2021). Considering that it is a relatively long
and complex research with a specific population for
which it is difficult to assess their level of coopera-
tion in advance, and due to the presence of fear of
participants dropping out, the study was planned
with a total of 90 participants. Inclusion criteria
were the following: diagnosed mild or moderate 1D,
age between 20 and 55 years, at least 12 consecutive
months, without interruption, of accommodation in
the Centre, and the ability to understand and follow
verbal instructions. Exclusion criteria encompassed
the following: musculoskeletal and/or neurological
deficits, inability to walk independently, visual and
hearing impairment, and presence of acute cardio-
vascular and/or respiratory diseases. The research
was conducted in accordance with the Declaration
of Helsinki (World Medical Association, 2013) and
approved by the Ethics Committee of the Faculty of

Kinesiology of the University of Zagreb (Protocol
Code 34; date of approval 8-10 December 2021).
Consent was also obtained from the Rehabilitation
Centre “Nada”.

Randomisation

To ensure a balance between the experimental
and control group during the randomisation process,
pairs of participants were formed according to the
following criteria: age, gender, body mass index
(BMI) and degree of ID. One member of the pair
was assigned to the experimental (n = 45) and
the other to the control group (n = 45) using the
method of random selection with computer program
R, v.3.5.1. At the beginning of the research, the
differences between the groups according to the
randomisation criteria were determined using the
chi-square test for categorical variables (gender,
BMI and degree of ID) and the Mann-Whitney U
test for a continuous variable (age) .

Measures

Anthropometry

Body weight and body height were measured
in accordance with the standardised measurement
procedures and carried out in the morning, before
breakfast (Hsu, et al., 2021). During the measure-
ment, all participants wore lightweight clothing
and were barefoot. Body height was measured with
an anthropometer (Seca 220, Seca BmbH & Co.,
Hamburg, Germany), and the result was recorded in
centimetres (cm) with an accuracy of 0.5 cm. Body
mass was measured with a medical decimal scale
with a floating weight (Seca 711, Seca BmbH & Co.,
Hamburg, Germany), and the result was recorded
in kilograms (kg) with an accuracy of 0.1 kg. BMI
was calculated as weight in kilograms divided by
height in squared metres (kg/m?).

Power

Power was assessed using the standing long jump
test (Martinez-Aldao, Martinez-Lemos, Bouzas-
Rico, & Ayan-Pérez, 2019). This test has been
considered a reliable method for assessing lower-
body muscle power in adults with ID (Martinez-
Aldao, et al., 2019). The test was performed on a
standard, non-slip, solid surface intended for the
performance of the long jump test with marked
starting position and distances in centimetres (0-300
cm). Participants stood with both feet over the edge
of the starting line, crouched down and jumped as
far as possible using a double-leg take-off and an
arm swing. After each jump, the distance from the
starting line to the part of the participant’s body that
was closest to the starting line was recorded. The
result was recorded in centimetres with an accu-
racy of 1 cm.
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Muscular endurance

Abdominal and hip flexors” muscular endurance
was tested using the 60-second sit-up test (Hsu, et
al., 2021). This fitness testing protocol was chosen
because it is easy to administer and it has been used
often in clinical research to test the muscular endur-
ance of adults with ID (Hsu, et al., 2021). The partici-
pants lay on their backs with their knees bent at 90°
and arms crossed over the chest with palms on the
opposite shoulders. The examiner fixed the partici-
pants’ feet while the participants were raising their
upper bodies as quickly as possible to a sitting posi-
tion, touching their upper legs with their elbows,
and then returning to the initial position. The exam-
iner counted the correctly performed sit-ups for a
period of 60 seconds.

Balance

Balance was measured using the Microgate
Gyko device (Cigrovski, Franjko, Bon, Oc¢i¢, &
Bozi¢, 2018). The device was positioned in the
middle of a balance board, which was wobbling in
the transverse plane (antero-posterior movement),
on which the participant should stand as still as
possible. Displacement of the board was measured
with an accuracy of 1 mm. The standing surface of
the balance board was 40 x 40 cm, and the maximal
height between the floor and the standing surface
was 12 cm. The balance board was constructed to
allow movements exclusively in the anterior-poste-
rior direction. Participants stood as still as possible
with both their legs on the board in a semi-squat
position with their eyes open and arms freely placed
next to the body. Before the measurement, the
participants (assisted by the examiner) completely
calmed the balance board to carry out the calibra-
tion of the measuring device for each new meas-
urement. Upon the sound signal produced by the
Gyko device, the participants tried to stand as still
as possible on the balance board for 30 seconds. The
variables of interest used in this research were the
total antero-posterior movement (cm) and the total
frequency of movement (Hz) of the balance board.

Intervention

A newly designed exercise training programme
for institutionalized adults with ID, which combines
neuromuscular and walking exercises, was imple-
mented five times per week. Neuromuscular training
(three times a week for 60 minutes) alternated with
outdoor walking training (twice a week for 30
minutes). During the weekend, the subjects were
not engaged in any organized training. During the
intervention period, a total of 60 training sessions
were conducted (36 neuromuscular training sessions
and 24 outdoor walking). Training attendance was
monitored and a minimum required attendance
of 80 % was determined in order to consider the
participation in the study valid for further analysis.

The exercise programme was designed by a group
of specialists with twenty years of work experi-
ence in health care, kinesiology, physiotherapy, and
psychology, as well as with many years of expe-
rience working with people with ID. The current
guidelines for physical exercise for people with ID
from the world’s most influential institutions, such
as WHO and The American College of Sports Medi-
cine (ACSM) (American College of Sports Medi-
cine, 2018; WHO, 2020), were taken into considera-
tion. The weekly combination of separated neuro-
muscular and walking training sessions brings
something new, more complex and challenging to
people with ID compared to usual programmes that
involved the implementation of very simple move-
ment patterns. The idea was that a wide range of
training tasks would be more interesting to people
with ID, leading to their better compliance and,
finally, to their better motor adaptation. The inter-
vention was performed without the use of specific
trainers because the goal was to check the effective-
ness of an interesting but widely applicable training
without the need for specialized equipment.

Neuromuscular training was conducted in
smaller subgroups of 15 participants each. The
participants performed a set of exercises adapted
to improve muscular strength, power, endurance,
and balance. Each training session was divided into
four parts: the introductory part of the training (10
minutes), main part A (30 minutes), main part B
(10 minutes), and the final part of the training (10
minutes).

During the introductory part of the neuromus-
cular training session, general whole-body exer-
cises were performed. The goal of these exer-
cises was to warm up the participants for the main
part of the training and to prepare their body for
increased physiological efforts and activities. Main
part A of the training was divided into two units:
muscular strength, power, and endurance exercises
(20 minutes), and balance exercises (10 minutes).
A combination of eight endurance, power and
strength exercises involving large muscle groups
was performed as well as five different balance
exercises. Main part B of the training was planned
for sports games and four different sports games
were used in this programme. In the final part of
the training session, stretching exercises for large
muscle groups were carried out. During the entire
exercise programme, participants performed the
same five stretching exercises. Each exercise was
performed two times for 30 seconds, and the rest
between each repetition lasted 30 seconds as well.
During the 12-week training period, load progres-
sion was applied at two time points. Firstly, after
four weeks of exercise, and secondly, after the
next four weeks, i.e., after a total of eight weeks
of exercise. All load progressions were predefined
and were carried out by increasing the intensity,
volume and demands of the exercises in accord-
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ance with current recommendations for physical
exercise for people with ID (American College of
Sports Medicine, 2018; WHO, 2020). For endur-
ance, power, and strength, the number of repetitions
were progressively increased, while load progres-
sion for the balance tasks was achieved by replacing
the existing exercises with more demanding ones.
In addition, before each load progression, a subjec-

tive assessment of the perceived exertion from 0
(not tired at all) to 10 (very, very tired) was done
using the Children’s OMNI Scale of Perceived
Exertion, which was previously demonstrated valid
for subjective assessment of training load of adult
people with ID (Stanish & Aucoin, 2007). The exer-
cises as well as the training load are presented in
Tables 1 and 2.

Table 1. Neuromuscular training — muscular strength, power and endurance exercises

Sets x reps
Exercise Training Training Training Rest
week 1-4 week 5-8 week 9-12
Muscular strength, power and endurance exercises
1. Flexion of forearms with 1.5 kg weights 3x10 3x12 3x14 1-2 min
2. Lifting 1.5 kg weights anteriorly and laterally 3x10 3x12 3x14 1-2 min
3. Lying in a supine position, sit-ups with the hands placed 3% 10 3% 12 3x 14 1-2 min
on the chest
Lying in a supine position with support on the forearms. Py
4. Raising the legs to the chest with knee flexion 3x10 3x12 3x14 1-2 min
5. Lying ina pronated p(_Jsmon, the hands above the head, 3% 10 3% 12 3x 14 1-2 min
dynamic trunk extensions
6. Lying ina pronated pgsmon, the hands next to the body, 3x10 3x12 3x 14 1-2 min
dynamic trunk extensions
Parallel squat 3x10 3x12 3x14 1-2 min
Alternation of left and right lunges 3x10 3x12 3x14 1-2 min
Table 2. Neuromuscular training — balance exercises
Training Exercise Sets'x Rest
week Duration
Parallel stance, the arms extended above the head, alternating trunk flexion .
1. . . . 2 x 30 sec. 1 min
(anteriorly) and extension (posteriorly)
2 Pargllel stgnce, the hands next to the body—turning in place around one’s own 2 x 30 sec. 1 min
1-4 vertical axis
3 Semi-tandem stance with the eyes closed—the hands above the head 2 x 30 sec. 1 min
4 Tandem stance with the eyes closed—the hands above the head 2 x 30 sec. 1 min
5. Standing on one leg, alternating the standing leg, lateral arms rise 2 x 30 sec. 1 min
1 Walking straight, placing each foot in front of the other (15 m) 2 x 30 sec. 1 min
2 Walking sideways, placing each foot parallel to the other (15 m) 2 x 30 sec. 1 min
3 Walking straight backwards, placing each foot behind the other (15 m) 2 x 30 sec. 1 min
5-8 Tandem stance, holding the ball with both hands anteriorly at shoulder height— .
4. . . . 2 x 30 sec. 1 min
alternating trunk rotations to the right and left
5 Standing alternately on the right and left leg, holding the ball with both hands 2 x 30 sec 1 min
’ anteriorly at shoulder height—alternating rotation of the trunk to the right and left '
1 Walking stralght, placing each fgot in front of the other (15 m) with sudden stopping 2% 30 sec. 1 min
and eyes closing at the sound signal
9 Walkl_ng sideways, plac_lng each foot para_]llel to the other (15 m) with sudden 2% 30 sec. 1 min
stopping and eyes closing at the sound signal
3. Walklpg straight backw.ards, placing each foot behind the other (15 m) with sudden 2% 30 sec. 1 min
912 stopping and eyes closing at the sound signal
Tandem stance, holding the ball with both hands anteriorly at shoulder height—
4. alternating trunk rotations to the right and left with sudden stopping and eyes 2 x 30 sec. 1 min
closing at the sound signal
Standing alternately on the right and left leg, holding the ball with both hands
5. anteriorly at shoulder height—alternating rotation of the trunk to the right and left 2 x 30 sec. 1 min

side with sudden stopping and eyes closing at the sound signal
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The outdoor walking training was conducted
in small homogeneous subgroups of a maximum
nine participants having similar motor abilities.
Walking training took place in the courtyard of
the Rehabilitation Centre over a specially marked
polygon with a rectangular shape and a total length
of 100 m (dimensions: 40 m x 10 m). The training
load progression was carried out following the
recent ACSM recommendations for people with
ID, which suggested a gradual increase from light
to moderate-intensity activities (American College
of Sports Medicine, 2018). In accordance with this,
for the first four weeks, the participants walked at a
speed of up to 4.8 km/h, which corresponded to an
activity of light intensity. For the next four weeks,
the participants walked at a speed of 4.8-6.4 km/h,
while in the last four weeks, walking speed was
6.4-7.2 km/h. Walking speed applied in the period
of 5" to 12" week of the programme (4.8-7.2 km/h)
corresponded to moderate intensity of physical
activity (American College of Sports Medicine,
2018). During the outdoor walking training, the
participants were continuously informed about the
remaining time and at the same time, they received
instructions if their walking speed needed to be
corrected.

Main analyses

During the research, two participants from the
EG did not meet the criterion of regular attend-
ance (attendance less than 80%), and one partici-
pant from the CG fell ill and was not present at the
final testing. For this reason, statistical analysis was
performed on the total sample of 87 participants.
For power assessment, each participant performed
the test three times, and the best result was used for
data analysis. The balance task was also performed
three times, but the arithmetic mean of three repeti-
tions was used in the statistical analysis. The endur-
ance test was performed only once.

In data processing, standard statistical methods
were used to determine descriptive parameters:
arithmetic mean (M) and standard deviation (SD).
The normality of the distribution was analysed
using the Shapiro-Wilk test. The test showed a
normal distribution only for the variable meas-
uring power in both groups. The data for all the
other variables (measuring muscular endurance and
balance in both groups) were not normally distrib-
uted. For further analysis, parametric statistics was
used on normally distributed variables, while non-
parametric tests were used for variables with a non-
normal distribution.

To assess the statistical significance of changes
between the initial and final testing within the tested
groups, the Student’s t-test for dependent samples
was performed on the normally distributed vari-
ables, while the Wilcoxon Signed-Rank test was

used for the ones with a non-normal distribution. To
check for the practical significance of the achieved
results, the effects size was calculated using the
Cohen’s index (normal distribution) or the r param-
eter (non-normal distribution).

According to Muhammad (2023), when varia-
bles are non-normally distributed, it is not possible
to perform a repeated-measure ANOVA. Since, in
our case, not all the variables were normally distrib-
uted, to test the between-group statistical signifi-
cance of change between the initial and final meas-
urement new variables were formed (derived by
calculating the differences between the results of
the final and initial testing, that is “final - initial”).
These new (difference) variables were also tested for
normality of distribution by means of the Shapiro-
Wilk test. The variables measuring power and
balance with total frequency of movement of the
balance board had a normal data distribution, while
the one measuring muscular endurance and balance
with antero-posterior movement of the balance
board had not. To check for between-group differ-
ences in normally distributed data, the Student t-test
for independent samples was performed, while in
case of non-normal distribution, the Mann-Whitney
U test was used.

Statistical data processing was performed using
the Statistica for Windows 14.0 software package
(StatSoft Inc., Tulsa, OK). Statistical significance
was set at p<.05.

Results

At the beginning of the study, there were no
significant differences between the two groups
in age (p=.18), gender (p=.15), BMI (p=.24) and
degree of ID (p=.16). Also, there were no significant
differences in the tested motor abilities between the
two groups (power: p=.89; muscular endurance:
p=.55; balance [antero-posterior movement]: p=.42;
balance [frequency of movement]: p=.67).

Table 3 points out descriptive statistical param-
eters and statistical significance between the initial
and final testing for the CG and EG separately. In
the EG, although a positive trend of change was
observed in all the variables, statistical significance
was obtained only for power (p<.01), with a medium
effect size. No statistically significant changes were
detected between the initial and final measurements
in the CG.

As stated before, since not all the variables
had normally distributed data, in order to check
for the between-group differences in changes
from the initial to final measurement, a new vari-
able consisting of the difference between the final
and initial testing (final — initial) for each meas-
ured motor ability in each group was calculated.
Table 4 shows descriptive statistical parameters
of these new variables. It also shows the between-
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Table 3. Descriptive statistics for the initial and final testing as well as the results of the Student t-test for dependent samples and

Wilcoxon sign test for each variable for both groups

Control group Experimental group

Variables Initial testing Final testing Initial testing Final testing
p ES P ES
M+ SD M+ SD M+ SD M+ SD

Powerst 80.07 +47.69  78.52+48.99 094 -0.03 81.49+4494 8423+4859 011  0.11
Endurance® 1214 £10.64  137+10.89 012 012  13.42+10.67  19.21+9.81  <0.01* 0.43
Balance_ 6712+3452  6817+36.55 055  0.01 61.09+2958 59.87+23.84 0.63 -0.04
movement
Balance_ 0.54 +0.22 052+022 035 -004  052£026 046+023 007  -017
freequency

Note. M-arithmetic mean; SD-standard deviation; p-significance indicator; ES-effect size; Balance_movement-measure of balance
indicating the total antero-posterior movement of the balance board; Balance_freequency-measure of balance indicating the total
frequency of movement of the balance board; St-Student t-test for dependent samples, used to process normally distributed data;
W-Wilcoxon test, used to process non-normally distributed data; *-significant interaction (p<.05)

Table 4. Descriptive statistics of the newly derived difference variables, and between-group differences assessed by means of the

Student t-test for independent samples and Mann-Whitney U test

Control group Experimental group
Variables P
M+ SD M+ SD
Power_diffst -1.55+6.55 2.74 £ 14.65 0.04*
Endurance_diff*" 1.57+£7.25 5.79+8.03 0.01*
Balance_movement_diff"W 1.056+25.77 -1.22 +24.35 0.53
Balance_frequency_diffst -0.01+£0.16 -0.06 £ 0.19 0.13

Note. M-arithmetic mean; SD-standard deviation; p-significance indicator; Balance_movement-measure of balance indicating the
total antero-posterior movement of the balance board; Balance_freequency-measure of balance indicating the total frequency of
movement of the balance board; St-Student t-test for independent samples, used to process normally distributed data; MW-Mann-
Whitney U test, used to process non-normally distributed data; diff-indicating that the variable has been calculated by subtracting the
result achieved in the initial testing from the result achieved in the final testing; *-significant interaction (p<.05)

group differences in these variables. Statistically
significant between-group differences were found
for power (p=.04) and muscular endurance (p=.01).

Discussion and conclusions

The aim of this study was to determine the
effects of a newly designed exercise training
programme, combining neuromuscular and
walking exercises, on the power, endurance and
balance of institutionalized adults with ID. The
obtained results showed that the newly designed
exercise training programme led to a significant
improvement in power and muscular endurance
without statistically significant changes in balance.
This indicates an improvement in health-related
(muscular endurance) as well as performance-
related physical fitness (power) indicators. It has
been well-documented that people with ID have
suboptimal levels of power, muscular endurance,
and balance, compared to persons without ID (Bahi-
raei, Oviedo, & Hosseini, 2023; Elbers, et al., 2022;
Graham, & Reid, 2000; Jacinto, et al., 2021). This
is especially true for institutionalized people with
ID, who tend to spend a large portion of the day in

sedentary behaviours (Bossink, et al., 2017; Dixon-
Ibarra, et al., 2017). The here documented level of
muscular endurance is still below the expected
value for the general population (Yanardag,
Arikan, Yilmaz, & Konukman, 2013); however,
the fact that the institutionalized adults with ID
had significantly improved it may have an impor-
tant implication in their everyday life. Muscular
power may be crucial to promote mobility, cardio-
vascular capacity, and performance of daily living
like recreational and vocational activities in adults
with ID (Obrusnikova, et al., 2022). In previous
research, specific training programmes were used to
enhance muscular properties (Jacinto, et al., 2021),
rather than a more complex one like in our study. A
few studies included a combined type of training,
but most of them did not plan a comprehensive
programme that combined strength exercises,
balance exercises, and daily activities. Calders et al.
(2011) planned a 20-week specific acrobic training
with two training sessions per week and compared
it to a combination of aerobic and strength exercises
performed in a gym. Their results show a better
improvement of muscle fatigue resistance measured
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by a sustained handgrip contraction in people with
ID, mean age 42 + 9.2 years, after the combined
training. The training period used by Calders et
al. (2011) had in total fewer training sessions than
the one carried out in our study; however, it was a
specific one and aimed only at muscular strength
and endurance improvement, without additional
exercise for postural control or outdoor walking.
Stanish and Temple (2012) studied the effect of
a 15-week aerobic training, weight training and
stretching, performed twice a week, on muscular
fitness of adolescents with ID. The programme led
to a significant improvement in muscular endur-
ance. Although this research was carried out with
adolescents with ID, it might be interesting to point
out that they exercised peer support in order to
increase their training attendance. Regardless of
that, the authors stated that weight training exer-
cises were completed less consistently, which might
indicate a lower motivation for this kind of exercise
in people with ID. Since muscular endurance may
help people with ID to better perform daily activi-
ties and improve their physical fitness and overall
health, it is important to find new ways of training to
encourage them to get involved as much as possible
and develop this health-important muscular feature.
Since the overall attendance in our study was very
high (only two participants failed to attend 80% of
the training sessions), the here presented complex
training may be one way to deal with this challenge.

The significant improvement in the muscular
power of the institutionalized adults with ID regis-
tered in our study is most probably due to the neuro-
muscular component of the implemented training
programme. The comparison with similar previous
studies is difficult because researchers have mostly
focused on targeted strength and power training.
Recent systematic reviews reported the possibility
of obtaining positive effects on power using a
combined exercise intervention in people with mild
to moderate ID (Bouzas, et al., 2019; Farias-Valen-
zuela, et al., 2022; Jacinto, et al., 2021). However,
in most previous studies resistance training was
used (combining exercises to develop muscular
strength, power and endurance) to improve power.
The authors achieved similar results using resist-
ance training interventions lasting from nine to 12
weeks with one to three training sessions per week
(Bouzas, et al., 2019; Jacinto, et al., 2021). Here, a
12-week complex training programme was carried
out with three neuromuscular sessions and two
outdoor walking sessions weekly. Another impor-
tant difference between our exercise programme
and the ones usually used in previous studies is
that we did not use a specialized gym or equip-
ment for resistance training like chest press, leg
extension, abdominal muscle trainer and others.
The exercises were body-weight exercises with
the addition of simple weights that are available

in any sports stores. The focus was on the study
of the effectiveness of the newly designed exercise
programme, which can later be easily implemented
in any rehabilitation centre, regardless of the equip-
ment at their facilities. According to the obtained
data, the programme could lead to a significant
improvement in the muscular power of institution-
alized adults with ID. Great power means a large
amount of work or energy developed in a short time.
This may help adults with ID to climb stairs and
move faster in daily activities, thus enhancing their
physical functioning. The importance of enhancing
power in such a specific population like institution-
alized adults with ID is even greater when taking
into consideration that comparative studies have
found muscle power is more strongly associated
with physical function than muscle strength and has
been independently associated with mortality, even
to a greater extent than muscle strength (Alcazar,
Guadalupe-Grau, Garcia-Garcia, Ara, & Alegre,
2018). Thus, the here obtained enhancement in
muscle power may preserve the health and phys-
ical independence of adults with ID.

The ability to quickly exert maximum force,
which stands in the background of power, is highly
correlated with the ability of the neuromuscular
system to quickly and timely correct the body
position in space (Lauber, Gollhofer, & Taube,
2021). Muscle contraction speed is important for
power as well as for balance tasks performance.
In line with that, one would expect that the estab-
lished improvement in power would be accom-
panied by a significant improvement in balance.
However, although there was a positive trend of
progress in balance, statistical significance was
not reached. Oviedo, Guerra-Balic, Baynard, and
Javierre (2014) managed to improve balance in
adults with ID by implementing a 14-week exer-
cise programme consisting of aerobic, strength
and balance exercises performed three times a
week. More recently, the possibility of enhancing
balance in adults with ID aged 18 to 50 years with
a 4-month multicomponent balance-specific exer-
cise programme performed twice a week has also
been proven; however, participants were younger
and belonged to a population defined as “athletes
that did not match the WHO recommendations for
daily activity” (Kovaci¢, Kovaci¢, Ovsenik, & Zurc,
2020). Although participants in previous studies
were younger (Kovacic, et al., 2020) or trained
longer (Oviedo, et al., 2014), it is possible that the
exercise intervention in our study was not suffi-
ciently focused on improving balance in institu-
tionalized people with ID. If improving balance is
the aim, then more postural-oriented tasks should
be implemented in the training programme. This
issue is extremely important since people with ID
present postural control deficits that can be attrib-
uted to several sources and that may be a cause of

256



Strucelj, M. et al.. COMBINED EXERCISE TRAINING PROGRAMME LEADS...

Kinesiology 56(2024)2:249-259

support needed in different aspects of daily life for
better individual functioning (Bahiraei, et al., 2019;
Reguera-Garcia, et al., 2023).

There is a limited number of studies confirming
positive changes in the deficient motor abilities of
institutionalized adults with mild to moderate 1D
following a combined exercise intervention. Lower
levels of motor abilities and connected health issues
are highly prevalent in this population (Ferreira, et
al., 2022; Hsieh, et al., 2017; Oviedo, et al., 2017,
Vancampfort, et al., 2022). Our study findings
showed that a 12-week complex training protocol,
consisting of neuromuscular exercises and outdoor
walking, may improve muscular endurance and
power in institutionalized adults with ID but may
be too general to develop balance. The exercise
intervention used in this randomised control trial
was designed to be easily applicable and incor-
porable into the daily routine of institutionalized
people with ID. It was also planned to make it inter-
esting and motivating for the participants to ensure
regular attendance. This study design has several
limitations which need to be discussed. General-
izing the obtained results to all individuals with
ID should be done with caution, since the study
was performed with the institutionalized persons
with mild to moderate ID. Furthermore, the here
used training programme is not adapted to individ-
uals with profound ID. Also, the lack of blinding of
the examiner during the measurement may intro-
duce measurement bias. The duration of our exer-
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Abstract:

The present work analyzes the weekly load fluctuation, internal and external, throughout a season in
a professional basketball team. To analyze the internal load factor, the session Rate of Perceived Exertion
(SRPE) has been used, and the Integral Analysis System of Training Tasks (SIATE) has been used to monitor
the external load. This is the first work that analyzes the complementary use of these two low-cost load
monitoring tools. Firstly, the scores distribution obtained in both tests has been characterized. Secondly, an
important and positive correlation was found since the association between the scores in SRPE and SIATE
shows to increase together. Finally, we compared the scores of the study groups corresponding to the weeks
without match (0-g), with one match (1-g) and with two matches (2-g) in each of the variables. Regarding
sRPE, differences have been found between 0-g and 2-g, and between 1-g and 2-g. Furthermore, we observed
differences in SIATE between 0-g and 1-g, 1-g and 2-g, and between 0-g and 2-g. Taken altogether, our
study suggests that the complementary use of SRPE and SIATE is an effective and methodical system of
monitoring training.

Key words: session Rate of Perceived Exertion, Integral Analysis System of Training Tasks, internal

load, external load, weekly load fluctuation

Introduction

Basketball is a team sport marked by intermit-
tent high intensity and short-lasting efforts, which
alternate with periods of low to moderate activity
(Stojanovi¢, Stojiljkovi¢, Scanlan, Dalbo, Berkel-
mans, & Milanovi¢, 2018). The key biomechan-
ical movements in basketball performance include
sprints, accelerations, jumps, decelerations, lateral
movements and changes of direction (Paulauskas,
Kreivyte, Scanlan, Moreira, Siupsinskas, & Conte,
2019; Scanlan, Went, Tucker, & Dalbo, 2014). The
average distance traveled during elite matches
varies depending on the references consulted,
covering ranges from 1.9 km to 6.3 km (Schelling
& Torres-Ronda, 2013). The average intensity is
above the lactate threshold, that is 5.1 + 1.3 mmol/I
with heart rate reaching 85% of the maximum
possible, between 150 and 170 beats per minute
(bpm) (Edwards, Spiteri, Piggott, Bonhotal, Haff,
& Joyce, 2018).

The basketball season along with other sports
such as football, rugby or volleyball, is one of the

longest competitions in sports. A team competing
in the NBA plays an average of 82 regular league
games (Taylor, Chapman, Cronin, Newton, & Gill,
2012), while a Euroleague team can play up to 70
games, considering double competition between
Europe and the National League (Svilar, Castel-
lano, & Juckic, 2018).

In order to adjust training loads, it is neces-
sary to know competitive demands and basketball
games density that a team faces. Thus, a detailed
understanding of the game calendar and scheduling
training loads according to the weekly needs (one,
two or even three games a week) will be essential to
control both acute and chronic workloads (Gabbett,
2020; Manzi, D’ottavio, Impellizzeri, Chaouachi,
Chamari, & Castagna, 2010).

The session Rate of Perceived Exertion (sRPE)
is a reliable and valid tool, affordable and very easy
to implement to monitor training loads in team
sports (Impellizzeri, Rampinini, Coutts, Sassi, &
Marcora, 2004; Lambert & Borresen, 2010). Piedra,
Pefia, and Caparros (2021) reported weekly average
internal load values (SRPE) between 2250 and 5058
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arbitrary units (AU). Manzi et al. (2010) charac-
terized this load based on the number of weekly
matches: 3334+256 AU for weeks without competi-
tion, 2928+303 AU for weeks with one match, and
2928+303 AU for weeks with two or more matches.

In professional sport, controlling training load
is relevant to optimize performance (Akenhad &
Nassis, 2015; Drew & Finch, 2016; Gabbett, 2004;
Hulin, Gabbett, Caputi, Lawson, & Sampson,
2016) and reduce injury risks, especially those to
soft tissues and/or without contact (Soligard, et
al., 2016). In elite teams, the number of injuries is
around 23 incidents per season (Piedra, et al., 2021).
Thus, an improved load control may help to obtain
a better understanding of the athletes’ responses
to training, their recovery needs, and their fatigue
status. The highest levels of fatigue and injuries
are associated with high peak loads in highly dense
competitive calendars (Edwards, et al., 2018), for
which it is estimated that basketball players need
between 24-48 hours of post-match recovery before
the next high intensity training session.

The same dose of training (external load) will
generate different physiological responses (internal
load) in the athletes’ bodies (Lambert & Borresen,
2010), depending on their playing profile, playing
position, age, injury history, and level of phys-
ical condition. For this reason, appropriate moni-
toring in the prescription of individualized external
loads is necessary (Fox, Scanlan, & Stanton, 2017).
Importantly, it is worth considering that the training
methodology has been shown to explain between
24-100% of the variation in internal-external load
relationships (McLaren, Macpherson, Coutts,
Hurst, Spears, & Weston, 2017).

A statistically significant correlation has been
found between the data collected using the compre-
hensive task analysis system in training known as
SIATE (Ibafiez, Feu, & Canadas, 2016), the Player
Load variable (PL) collected by inertial devices, and
the percentage of maximum heart rate (%MHR).
Reina, Mancha-Triguero, Garcia-Santos, Garcia-
Rubio, and Ibafiez (2019) confirmed the direct rela-
tionship of low-cost SIATE with inertial monitoring
systems (for external load control) and heart rate
devices (for internal load). Furthermore, the strong
correlation found by Svilar et al. (2018) between
internal load (sRPE) and external load (PL) in
professional basketball players justifies the use of
sRPE as a load control indicator in intermittent
impact sports.

Based on the above, the objective of this study
was to analyze the fluctuation of both internal and
external weekly loads throughout a season in a
professional basketball team. Specifically, the aim
was to: 1) characterize the distributions of the scores
obtained in the sSRPE and SIATE; 2) study the asso-
ciation between the scores achieved in the sRPE and
SIATE; 3) make a comparison between the scores

of the groups corresponding to the weeks without
a match (0-g), with one match (1-g) and with two
matches (2-g) in each of the variables of sSRPE and
SIATE.

Methods

In the current research, the retrospective
descriptive study, records of 280 training sessions
practiced between August 2020 and May 2021
were used. The 2020/2021 season was seriously
impacted by the global pandemic of COVID-19,
which caused multiple matches to be postponed and
several changes in work plan to be made. All meso-
cycles presented had the same structure (Table 1),
composed of 5 microcycles, which could be micro-
cycles without a match (0-g) (n=8), regular microcy-
cles with a single match (1-g) (n=17), or congested
microcycles with two or more matches (2-g) (n=15).

Participants

Participants in this research were members of
a professional team (Bilbao Basket) that played
two competitions during the period analyzed: the
main professional basketball league in Spain (Liga
Endesa) and the Basketball Champions League
(European competition). Throughout the season
analyzed, up to 20 professional basketball players
made up the team’s roster, but only seven of them
were part of the final sample. Like in Clemente et
al. (2019), the inclusion criteria necessary to be part
of the final analysis were: a) completing 80% of
the total mesocycles; b) carrying out 80% of the
sessions of the corresponding mesocycle; and c)
passing the medical examination that accredits
athletes to be able to exercise at a professional level.

The study was conducted in accordance with
the Declaration of Helsinki and included the club’s
authorization, participants’ informed consent and
a favorable report from the ethics committee of the
University of La Rioja (file no. 76529).

Procedure

The sRPE was used to analyze the internal
load factor. The questionnaire on perceived exer-
tion (RPE) was quantified from 1 to 10 in two cate-
gories: a) muscular level: 1= rest, 5= challenging,
10= maximum; b) cardiovascular level: 1 = easy,
5 = intense, 10 = breathless. This categorization
provides more precise information on the charac-
teristics of the effort and the potential risk of injury
mechanisms (Jones, Griffiths, & Mellalieu, 2017,
Los Arcos, 2014). The final result is obtained from
the average of the muscular and cardiovascular
variables. This questionnaire was completed indi-
vidually 15-45 minutes after finishing the training
session (Clemente, et al. 2007), using the Team-
Buildr Training software (TeamBuildr, Silver
Spring, MD, USA), where each player had their own
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Table 1. Timeline of the study shows sessions from the 2021/2022 season

Mesocycle 1 Week 1 Week 2 Week 3 Week 4 Week 5 Total
No. of games 0 1 2 1 2 6
No. of team practices 10 9 9 7 5 40
Total 10 10 11 8 7 46
Mesocycle 2 Week 6 Week 7 Week 8 Week 9 Week 10 Total
No. of games 1 2 1 1 0 5
No. of team practices 7 6 7 6 7 33
Total 8 8 8 7 7 38
Mesocycle 3 Week 11 Week 12 Week 13 Week 14 Week 15 Total
No. of games 0 2 2 2 1 7
No. of team practices 7 7 6 6 2 28
Total 7 9 8 8 3 35
Mesocycle 4 Week 16 Week 17 Week 18 Week 19 Week 20 Total
No. of games 0 2 2 1 2 7
No. of team practices 8 6 5 7 2 28
Total 8 8 7 8 4 35
Mesocycle 5 Week 21 Week 22 Week 23 Week 24 Week 25 Total
No. of games 2 1 2 1 2 8
No. of team practices 4 6 5 5 5 25
Total 6 7 7 6 7 33
Mesocycle 6 Week 26 Week 27 Week 28 Week 29 Week 30 Total
No. of games 1 0 0 1 1 3
No. of team practices 5 5 5 5 6 26
Total 6 5 5 6 7 29
Mesocycle 7 Week 31 Week 32 Week 33 Week 34 Week 35 Total
No. of games 1 1 1 1 0 4
No. of team practices 4 5 6 5 5 25
Total 5 6 7 6 5 29
Mesocycle 8 Week 36 Week 37 Week 38 Week 39 Week 40 Total
No. of games 1 2 0 2 3 8
No. of team practices 6 6 4 5 5 27
Total 7 8 5 7 8 35

user account. Once the player’s RPE assessment
was completed, the SRPE (or RPE of the session)
was calculated, relating the resulting value of the
player’s average RPE (subjective nature) multiplied
by the useful minutes of practice (objective nature).
To obtain the sRPE, the initial and final part of the
session were not included at the time of the calcu-
lation. The results obtained were expressed in arbi-
trary units (AU) (Reina, et al., 2019; Scanlan, et
al., 2014).

To monitor the external load, the integral anal-
ysis system of training task (stands for SIATE in
Spanish) was used. This is a monitoring system
characterized by being universal, standardizable,
modular and flexible (Ibafiez, et al., 2016). This
tool controls six variables: degree of opposition,
task density, number of simultaneous performers,
competitive load, game space, and cognitive

involvement. These variables are classified from 1
to 5 (5 being assigned as the highest load), which
allows strength and conditioning coaches to easily
evaluate the load quantitatively. From the aforemen-
tioned variables, other secondary variables emerge,
such as the task load, explained as the sum of the
value assigned to each of the six primary param-
eters (from 1 to 5 points) which ranges from 6 to
30 AU, and the load of the task for useful prac-
tice time. This parameter has been shown to more
accurately reflect the actual load of the task (Fuster,
Caparrds, & Capdevila, 2021; Reina, et al., 2019).
Furthermore, this tool enables an objective control
of the external load in training for contexts where
economic and technological resources are limited.
As with the internal load control, the time of the
initial and final part of the session was not used for
the calculation of the total SIATE of the session.
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Data analysis

The data analysis was divided into two sections.
The objective of the first section was to analyze the
relationship between the sRPE and SIATE varia-
bles. To this end, the statistical significance of the
association between the tests was determined by
calculating the Pearson correlation coefficient, since
the variables were considered quantitative, showing
a linear relationship, and following a normal distri-
bution. Interpretation of the data was performed
following the criteria established by Cohen (1988,
as cited in Hopkins, Marshall, Batterham, & Hanin,
2009). According to the aforementioned criteria,
values close to 0.10 indicate a small relationship,
those near 0.30 indicate a medium relationship,
and those around 0.50 suggest a large relationship.
In addition, this analysis was completed with the
representation of the variability of the standardized
Z scores in order to determine the joint distance of
the values obtained in the variables under analysis.

Next, in the second block, the purpose of the
analysis focused on evaluating whether the mean
values in the sSRPE and SIATE variables showed
statistically significant differences depending on the
number of matches played each week. Thus, a global
analysis of variance for independent samples was
carried out in which the Brown-Forsythe contrast
statistics was calculated (Brown & Forsythe, 1974),
given that non-compliance with the assumption of
homogeneity of variances between groups using
Levene’s test. To evaluate the magnitude of the
effect, the eta squared statistics (n?) was calculated.
Once the statistical significance of the differences
between the group averages in both variables was

verified, the t-test for means’ contrast was applied,
with the Bonferroni correction, to know at what
levels these differences occur. The effect size of the
contrasts carried out was analyzed using Cohen’s
d statistics, where values around 0.20 indicate a
small effect size, those close to 0.50 are considered
medium, and equal to or greater than 0.80 are inter-
preted as large (Cohen, 1988, as cited in Hopkins,
Marshall, Batterham, & Hanin, 2009). The statis-
tical analysis of the data were carried out using the
IBM-SPSS-27 program.

Results

Descriptive statistics of the variables

Figure 1 presents descriptive data illustrating
fluctuations of direct scores across weeks for both
sRPE and SIATE variables. In relation to the
sRPE variable, the average value was 2140.92 +
791.99 AU. The coefficient of variation was 0.37,
the highest weekly load was 4152 AU in week 28,
while the lowest was 256 AU in week 15. Regarding
the SIATE variable, the average has been located
at 6679.76 + 1893.61 AU. The coefficient of varia-
tion was 0.28. In this case, the highest weekly load
was 4152 AU in week 11, and the lowest was 2019
AU in week 15. Finally, the comparison of the coef-
ficients of variation revealed greater variability in
the scores of the SRPE variable.

Association between the variables

On the other hand, the Pearson correlation
between the scores obtained in SRPE and SIATE
were both statistically significant (r = 0.721; p<.01),
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Figure 1. Fluctuation of the sSRPE and SIATE variables between weeks throughout the season expressed in direct scores.
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Figure 2. Fluctuation of the variability of the standardized Z scores of the sSRPE and SIATE variables between weeks throughout

the season.

Table 2. Group contrasts

SRPE SIATE
0-g vs. 0-g vs. 1-g vs. 0-gvs 0-g vs. 1-gvs
Mean + SD 1-g 29 5. Mean = SD 1-g 2-g 2-g
0-g 2364.11£954.41 7984.88+1909.70
p=.188 p<.001 p<.001 p=.002 p<.001 p<.001
1-9 239098474330 1_0306 d=1612 d=1.306 /07934168073 (568  d=1661  d=1.093
29 1532.90+446.89 5336.15+1216.26

Note. d = Cohen’s d; 0-g = no game per week; 1-g = one game per week; 2-g = two games per week.

* Significant differences (n.s. 0.01)

indicating a large and direct relationship. In this
regard, the weeks with higher values in the SRPE
variable corresponded to weeks with higher levels
in the SIATE variable, as shown in Figure 2. One
of the reasons was that the trend of this relationship
was altered along eight weeks, where the associa-
tion was reversed. Specifically, in weeks 1, 26 and
29, while the players assigned positive values to the
sRPE variable, these corresponded to low values in
the SIATE variable. In contrast, during weeks 3, 16,
17, 24 and 34, the association was found of oppo-
site nature: high values in the sRPE variable were
associated with low values in the SIATE variable.

Contrast between the groups

The analysis of variance test for the global
contrast of independent samples was found to be
statistically significant for both the sRPE (p<.001;
n? = 0.297) and STATE (p<.001; n? = 0.317) varia-
bles between the corresponding groups of 0-g, 1-g,
and 2-g.

In the pairwise comparison, as detailed in Table
2, the mean contrast test for independent groups
determined the existence of statistically significant
differences between the groups: 0-g and 2-g (p=.018;
d=1.612) and 1-g and 2-g (p<.001; d = 1.306) in the

sRPE variable. In relation to the SIATE variable,
statistically significant differences were present
between 0-g and 1-g (p=.002; d = 0.568), 0-g and
2-g (p<.001; d = 1.661), and 1-g and 2-g (p<.001;
d = 1.093). Likewise, the size effect of the differ-
ences that were statistically significant occurred
when comparing between 0-g and 1-g in the SIATE
variable and high in the rest of the contrasts.

Discussion and conclusions

The objective of this research was to analyze
the fluctuations of both internal and external weekly
loads using sRPE and the integral analysis system
of training tasks (SIATE), respectively, in a profes-
sional basketball team throughout a season (Ibafez,
etal., 2016). To the best of authors’ knowledge, this
is the first research that analyzes the complementary
use of these two low-cost load monitoring tools in
men’s professional basketball.

We first characterized the distribution of the
scores obtained in the sSRPE and SIATE, revealing
anotable fluctuation in the load, especially in rela-
tion to the sRPE, throughout the season, in line
with the results obtained by Manzi et al. (2010)
and Salazar, Garcia, Svilar, and Castellano (2021).
The highest average sRPE values corresponded
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to 1-g and the lowest to 2-g; while for SIATE the
highest mean values occurred in 0-g and the lowest
mean values were assigned to 2-g. Consistent with
Svilar et al. (2018) and Paulauskas et al. (2019), we
found that high competitive density (two games
per week) reduces the time available to schedule
training sessions sufficiently far from the competi-
tion to ensure players’ recovery, which was reflected
in the decrease in the training load in both the
sRPE and SIATE. During weeks without competi-
tion the training load was higher due to a greater
gap between matches and the need to maintain the
competitive pace.

Secondly, the association between the sSRPE
and SIATE scores achieved has been studied. The
positive and large correlation between internal and
external load detected in the present study corre-
sponds to previous research that has explored this
connection among other sports (Reina, et al., 2019).
Positive and important correlation has been found
between the sSRPE and SIATE scores (r = 0.721)
since the values of both variables tend to increase
together. Previous studies examined the relationship
between external load, evaluated through variables
such as Player Load, and the subjective perception
of effort in different sports (Kniubaite, Skarba-
lius, Clemente, & Conte, 2019; Svilar, et al., 2018).
Furthermore, positive correlations have been found
between external load and physiological parame-
ters, such as heart rate, which helped to understand
the adaptive physical response to training (Reina,
etal., 2019; Scanlan, et al., 2014). In line with these
studies, our measurement tools have proven to be
sensitive to load fluctuation over the course of a
season and displayed to be strong.

Finally, a comparison was made between the
scores of the groups corresponding to the weeks
without game, to those with one game, and those
with two games in each of the SRPE and SIATE
variables. In relation to sRPE, differences were
found between 0-g and 2-g and between 1-g and
2-g, supporting the impact that competitive density
has on the weekly load (Piedra, et al., 2021). The
values of internal (sSRPE) and external (SIATE) load
during weeks without competition and weeks with
one game were higher than those obtained during
weeks of higher competitive density (two or more
games), coinciding with the results of researchers

who showed the same trend for internal load (Manzi,
etal., 2010) and external load (Salazar, et al., 2020).

The comparative analysis for the SIATE showed
significant differences between 0-g and 1-g; 1-g
and 2-g; and between 0-g and 2-g. Interestingly,
these contrasts between 0-g, 1-g, and 2-g have not
been carried out for SIATE till now (Ibanez, et al.,
2016). Our findings support the use of this load
monitoring tool, which has proven to be: universal
—because it is implemented in a basic Office appli-
cation, spreadsheet type; standardizable — thanks
to the classification of each of the categories of its
basic variables, which allows comparing data from
different teams and sports levels; modular — since
the amount of information that coaches can record
in each training task can be defined; and flexible —
as it presents various variables with multiple clas-
sification categories.

Finally, our results agree with those obtained in
previous investigations (Aoki, et al., 2016; McLaren,
et al., 2018; Scanlan, et al., 2014) that used other
load monitoring tools such as sSRPE, TRIMP and
accelerometers, confirming significant differences
found between the variables based on the number of
matches per week (Manzi, et al., 2010). Our findings
indicate that both the external load (SIATE) and the
player’s perception of effort (sSRPE) are sensitive to
differentiate between weeks with different numbers
of matches. The relationship between external and
internal load depending on the different competi-
tive density is a key aspect in considering training
programming to optimize performance and well-
being of players (Conte, Kolb, Scanlan, & Santol-
amazza, 2018). The results of this research corrob-
orate the complex nature of load management in
professional basketball (Salazar, et al., 2020; Svilar,
et al., 2018).

In this article and for the first time with elite
basketball players, the appropriateness has been
demonstrated of using these two ecological tools
that allow controlling both internal load (sSRPE) and
external load (SIATE) in a complementary way,
thus making them an effective and methodical
monitoring system. The use of both low-cost tools
can help coaches and physical trainers to optimize
sports performance and reduce the risk of injury
not only in professional contexts but also in amateur
teams with limited resources.
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Abstract:

Talent identification and development in youth soccer are complex and multidimensional processes. This
scoping review aimed to explore the current literature regarding the variables used in the talent identification
and development process in soccer. This study was developed referring to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses for Scoping Reviews (PRISMA-ScR) guidelines. Pubmed, Web of
Science and Scopus databases were searched from September to October 2023. Only peer-reviewed journal
articles published in English were included, with no limitation regarding the publication year. Through the
initial search 774 records were identified and 190 articles met the inclusion criteria. The main finding was
that most studies assessed speed (52.1%), maturity (42.1%), lower limbs strength (40.5%), aerobic capacity
(35.8%), agility (32.6%), technical skills (16.8%), and tactical skills (14.2%). Male athletes were investigated in
162 studies (85.3%), whereas seven studies (3.7%) were conducted with females only, and seven articles (3.7%)
with males and females. Fourteen studies (7.4%) did not specify the sex of the participants. In conclusion,
findings indicate that physical performance and maturity factors are the most investigated variables regarding
talent identification and development in soccer. This review highlights the importance of considering physical
performance tests and technical/tactical skills, along with maturity status assessment, as key tools in talent
identification programmes. Current talent identification practices in soccer may benefit from a more balanced
approach that includes physical, technical, tactical, maturational, and psychological assessments to capture
a broader range of player potential.

Key words: young athletes, football, talent, youth development
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Introduction

Talent is regarded as a natural and exceptional
ability that may lead to outstanding results, and
talent identification in soccer has been defined as
the recognition process of individuals with the
potential to become first class players (Williams
& Reilly, 2000). In soccer, talent is often understood
as a multifaceted concept involving various quali-
ties that influence performance, such as physical,
physiological, technical, and tactical skills, along-
side psychological and social factors (Larkin &
O’Connor, 2017). Talent identification process is the
recognition of young players with the potential to
join a development programme involving coaching,
support, training, and match-play (Vaeyens, Giillich,
Warr, & Philippaerts, 2009). This is a multifactorial
and complex process designed to assist coaches and
researchers in sports academies in finding young
athletes with the potential to achieve elite status
(Bergkamp, Frencken, Niessen, Meijer, & den
Hartigh, 2021). Talent identification and develop-
ment allow for the inclusion of players from outside
the game with the potential to advance in develop-
ment programmes (Williams & Reilly, 2000). It has
been suggested that a multidisciplinary approach
should be explored to identify talented youth players
by measuring some predictor variables, including
physical, technical-tactical, maturity, and psycho-
logical factors (Williams, Ford, & Drust, 2020).

Soccer is considered the world’s leading sport
in terms of participation, licenses, spectatorship,
financial resources, and revenues (Bourke, 2003).
Therefore, millions of youth players participate in
systematic selection programmes in professional
soccer academies worldwide (Ford, et al., 2020).
Detecting young talent for soccer has become an
issue in recent years (Bergkamp, Niessen, den
Hartigh, Frencken, & Meijer, 2019). Recruitment
at an early stage in a soccer academy is crucial
for the long-term development of a player (Ford, et
al., 2020). Soccer scouts are constantly looking for
talented young players to develop elite players. This
has led to a growing number of evaluation tools
for talent identification and development in soccer
(Pino-Ortega, Rojas-Valverde, Gomez-Carmona,
& Rico-Gonzalez, 2021).

Many reviews have been written on talent iden-
tification in soccer (Fernandez-Rio & Méndez-
Giménez, 2014; Focan, Paraschiv, & Zamfir,
2018; Sarmento, Anguera, Pereira, & Araujo,
2018; Williams, 2020; Williams & Reilly, 2000).
However, there are gaps in the literature regarding
the main variables assessed by researchers and exer-
cise scientists in investigations related to the talent
identification and development process in soccer.
The rationale for conducting this scoping review
lies in the increasing recognition of the complex
and multifactorial nature of talent in soccer, where
physical, technical, tactical, psychological, and

sociological factors all play critical roles in play-
er’s success. As youth soccer talent identification
becomes more central to the development of elite
players, understanding which variables are most
frequently assessed becomes essential. Therefore,
this scoping review aims to identify the main vari-
ables assessed in studies regarding talent identifi-
cation and development in soccer.

Methods

Search strategy

This scoping review has been previously regis-
tered at OSF Registries (https:/osf.io/beqyh/). A
systematic literature search was carried out on
PubMed (n = 201), Web of Science (n = 235), and
Scopus (n = 338) databases from September to
October 2023 by two authors (VOS and CPF). Gray
literature was considered via Google Scholar. We
searched for additional records through cross-refer-
encing to avoid missing any possible relevant source.
The search strategy was performed following the
Preferred Reporting Items for Systematic review
and Meta-Analyses Extension for Scoping Reviews
(PRISMA-ScR) Checklist (Tricco, et al., 2018),
including the PICO strategy: P (participants) (e.g.,
student, adolescent, child, young); I (intervention)
(programme, intervention); C (comparators) (e.g.,
football, soccer, “sport context”); O (outcomes)
(e.g., identification, detection, selection, develop-
ment). The complete strategy used for searching
databases previously mentioned is shown in Supple-
mentary File 1.

Inclusion and exclusion criteria

The primary data from the articles, including
title, authors, date, and database, was extracted
and organized in a Microsoft Excel spreadsheet
(Microsoft Excel, Microsoft, Redmond, WA,
USA). Following the removal of duplicate records,
two authors (VOS and CPF) screened the search
results independently and blindly, considering the
inclusion/exclusion criteria established using the
Rayyan website (Ouzzani, Hammady, Fedoro-
wicz, & Elmagarmid, 2016). Any disagreements
between the reviewers were resolved by consensus
or arbitration through the third reviewer (MAPS).
References that could not be eliminated by title or
abstract alone were retrieved for further evaluation.
In case of disagreements on the final iinclusion/
exclusion status, the two authors responsible for the
screening discussed and decided against its inclu-
sion or exclusion. Only peer-reviewed journal arti-
cles published in English were included, regardless
the publication year. Only studies involving soccer
athletes, regardless of sex, were included. Studies
in which the participants were older than 18 years
were excluded. Abstracts, conference papers from
annual meetings, and case studies were not included
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due to the need for additional information for the
systematization process. Moreover, review articles,
meta-analyses, pilot studies, clinical trials, associ-
ation studies, and studies conducted with animal
models were excluded.

Data extraction

Two authors (VOS and CPF) conducted the
selection and information extraction from the
studies included. The data extracted include study
design, sample, variable evaluated, and evaluation
tool. The data were systematized using method-
ological outcomes and the results of the studies.
After independent screening, two researchers (VOS
and CPF) discussed any differences and finalized
the studies for inclusion in this review. Eventual
conflicts of decisions were resolved by consensus
or arbitration by the third author (MAPS). The
outcomes were summarized, taking into account
the author, publication year, sample size, and the
evaluation tools employed in the talent identifica-
tion and development process (see Supplementary
File 2).

Quality assessment

We evaluated the quality of the cross-sectional
studies using The Joanna Briggs Institute (JBI)
Critical Appraisal Checklist for studies reporting
prevalence data (Munn, MClinSc, Lisy, Riitano, &
Tufanaru, 2015), and for longitudinal studies, the
assessment was conducted with the Newcastle-
Ottawa Quality Assessment Scale (Wells, Shea,
O’Connell, & Peterson, 2000). Two reviewers
assessed the quality of each article (VOS and CPF),
with disagreements resolved by consensus or arbi-
tration by the third reviewer (MAPS). The complete
scores for the studies in this review are shown in
Supplementary File 2.

The JBI Critical Appraisal Checklist comprises
eight items, each scored as “Yes”, “No”, “Unclear”,
or “Not applicable”. This checklist examines the
potential for bias in three domains: (I) design,
(I) conduct, and (I11) analysis. Each article was
assessed based on nine specific criteria: (Item 1)
Was the sample frame appropriate to address the
target population? (Item 2) Were study partici-
pants sampled in an appropriate way? (Item 3)
Was the sample size adequate? (Item 4) Were the
study subjects and the setting described in detail?
(Item 5) Was the data analysis conducted with suffi-
cient coverage of the identified sample? (Item 6)
Were valid methods used for the identification of
the condition? (Item 7) Was the condition meas-
ured in a standard, reliable way for all participants?
(Item 8) Was there appropriate statistical analysis?
(Item 9) Was the response rate adequate, and if not,
was the low response rate managed appropriately?
The overall appraisal was categorized as ‘Include’,
‘Exclude’ and ‘Seek further info’.

The Newcastle-Ottawa Quality Assessment
Scale consists of eight items grouped into three
categories: (i) selection (1. Representativeness of
the exposed cohort; 2. Selection of the non-exposed
cohort [controls]; 3. Ascertainment of exposure,
and 4. Demonstration that outcome of interest was
not present at start of study), (ii) comparability
(5. Comparability of cohorts on the basis of the
design or analysis), and (iii) outcome (6. Assess-
ment of outcome; 7. Was follow-up long enough for
outcomes to occur? and 8. Adequacy of follow up of
cohorts). For each study, the items from the selec-
tion and outcome categories were assessed with one
star, and a maximum of two stars was used in the
comparability category.

Results

Studies included

A total of 774 articles were initially retrieved
from the databases used in this review, out of which
245 were excluded after duplicate removal. Addi-
tionally, 104 records were added after consulting
the gray literature and through cross-referencing. A
total of 529 articles were analyzed by reviewing the
title, abstract, and year of publication considering
the exclusion and inclusion criteria. Finally, 423
studies were read in their full-text version. Since
they did not contemplate the purpose of this review,
233 studies were discarded. Thus, 190 articles were
included (Figure 1).

Participants’ characteristics

The sample size of the studies ranged from
10 (Zago, et al., 2016) to 68,158 (Honer, Votteler,
Schmid, Schultz, & Roth, 2015). Considering
the studies that described the average age of the
participants, the sample included in this review
was 13.3+0.8 years old. Although some studies
did not specify the average age, they disclosed the
minimum and maximum age, which ranged from
three to 18 years. Out of the 162 studies on talent
identification, 85.3% focused on male athletes,
while only 3.7% involved females exclusively, and
another 3.7% included both males and females.
Additionally, 7.4% of the studies did not specify
the participants’ sex. Further details can be found
in Supplementary File 2.

Studies’ characteristics

Out of the 190 articles included in this scoping
review, 99 evaluated the sprint performance,
80 investigated the maturity status, 77 evalu-
ated the lower limbs strength, 68 investigated the
aerobic capacity, and 62 examined the agility of
their participants. In addition, technical skills,
including passing, dribbling, controlling, heading,
and kicking, were used in 32 studies and tactical
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Figure 1. Search strategy flow diagram of the study

skills were evaluated in 27 studies, as seen in Figure
2. A cross-sectional design was employed in 80%
of the studies, with the remaining 20% using a
longitudinal design. The follow-up period of the
longitudinal studies included in this review ranged
from six months (Clemente, et al., 2021) to ten years
(Craig & Swinton, 2021).

The cross-sectional studies met 78% to 100%
of the quality criteria, with an average of 95%, as

Sprint Maturity Lower limbs  Aerobic Agility Technical ~ Tactical
performance  status strength capacity skills skills

Figure 2. Distribution of variables assessed in talent
identification studies included in this review

assessed by the JBI Critical Appraisal Checklist
for Analytical Cross-Sectional Studies. Similarly,
the longitudinal studies met 67% to 100% of the
quality criteria, with an average of 81%, scoring six
to eight stars according to the Newcastle-Ottawa
Quality Assessment Scale. All the studies received
an overall appraisal of ‘include’ (Supplementary
file 2).

Discussion and conclusions

This study presented a review of the available
literature on the talent identification and develop-
ment of soccer players. The main finding of our
study is that the majority of the studies focused
on physical performance-related variables in talent
identification and development in soccer. Sprint
performance emerged as the most frequently eval-
uated metric, with 52.1% of the studies recognizing
its significance. This reflects the widely acknowl-
edged importance of speed in soccer, an attribute
that can significantly influence the effectiveness on
the field. Furthermore, maturity status and lower
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limbs strength were evaluated in 42.1% and 40.5%
of the studies, respectively. These variables address
fundamental aspects of a player’s physical devel-
opment. Lower limb power is crucial for shooting,
tackling, and jumping. Likewise, assessing maturity
status acknowledges the potential impact of growth
and development trajectories on performance.

Not surprisingly, we observed that maturity
status, physical performance, anthropometry, as
well as technical and tactical skills were investi-
gated in most of the studies in this review. Consid-
ering the specificity of soccer, the majority of the
investigations assessed variables that closely repli-
cate the demands of the game, including high-inten-
sity running, agility, and rapid changes of direction.

It is worth mentioning that maturity can signifi-
cantly impact the other variables considered in this
review, particularly in the context of sports and
exercise, including soccer (Hunter, et al., 2022).
During adolescence, the body undergoes signif-
icant changes as it develops from a child to an
adult, including increases in height, body mass, and
muscle mass, as well as changes in bone density,
hormonal levels, and other physiological systems
(Malina, et al., 2018). As a result, physical abilities
such as strength, speed, and endurance can improve
dramatically during this time (Albaladejo-Saura,
Vaquero-Cristobal, Gonzalez-Galvez, & Esparza-
Ros, 2021). Moreover, there can be individual differ-
ences in the timing and pace of physical maturation,
with some individuals developing faster or slower
than others (Albaladejo-Saura, et al., 2021). This
can result in players of the same age having notice-
ably diverse physical characteristics, which, in turn,
can affect how they perform in tests.

The predominance of physical performance
parameters in talent identification for soccer
research reflects several factors related to the sport’s
demands. Soccer relies heavily on physical abil-
ities such as speed, strength, agility, and endur-
ance, which are essential for performing actions
like sprinting, tackling, jumping, and rapid changes
of direction (Bidaurrazaga-Letona, Lekue, Amado,
Santos-Concejero, & Gil, 2015). Moreover, phys-
ical performance metrics are relatively straightfor-
ward to assess using standardized field-based tests,
which are often practical, affordable, and can be
conducted with minimal equipment. Finally, the
emphasis on physical performance is partly due
to its high relevance in competitive play and the
need for efficiency in identifying players who can
perform well under the physical demands of soccer.
However, as this review suggests, a more balanced
approach, including technical, tactical, and matura-
tional evaluations, may provide a more comprehen-
sive insight into a player’s potential beyond phys-
ical abilities.

Sprint performance

Sprint performance was the most evaluated
variable in the studies included in this scoping
review, present in 99 articles (52.1%). All the studies
used practical field-based sprint tests to estimate
this parameter. The primary test used for evalu-
ating the sprint performance in the studies included
in this review was the 30-m sprint test, used in
31 (31.3%) studies. Sprint ability plays a crucial
role in soccer, accounting for around 11% of the
total distance covered during a match (Rampinini,
Coutts, Castagna, Sassi, & Impellizzeri, 2007). In
addition, it has been reported that sprint perfor-
mance can distinguish among youth soccer players
of diverse levels of play (Comfort, Stewart, Bloom,
& Clarkson, 2013). Similarly, it is widely recognized
that sprint ability is strongly associated with lower
body power in both elite soccer players (Wislef,
Castagna, Helgerud, Jones, & Hoff, 2004) and
youth soccer athletes (Comfort, Stewart, Bloom,
& Clarkson, 2014).

Maturity status

It was observed that maturity status was widely
evaluated, being investigated in 42.1% of the studies
included in this review. Among the methods used
to assess the maturity status of the participants,
the relative age effect (RAE) and the determi-
nation of the age at peak height velocity (PHV)
stood out. RAE is a phenomenon that describes
an unbalanced distribution of individuals within
a group, where those born shortly after the estab-
lished cut-off date gain certain advantages, while
those born later face several disadvantages (Bilgi¢
& Isin, 2023). For instance, players born from
January 1Ist to December 31st of a given year may
be in the same age group. This means a player born
in January could be a year older than a player born
in December of the same year, which may pose
an advantage for their immediate and long-term
development in several contexts, including sports
and education (Baker, Schorer, & Cobley, 2010).
The competitive advantage observed in the older
athletes in their age group results from the older
athletes being more physically and emotionally
mature (Helsen, et al., 2012).

PHYV, which typically occurs during puberty,
a period characterized by significant physical and
hormonal changes, refers to the period during
growth and development when individuals expe-
rience the fastest rate of longitudinal growth
(Patel, Nevill, Cloak, Smith, & Wyon, 2019).
Soccer players are expected to achieve their PHV
for around one year between 10.7 and 15.2 years
of age, accelerating their growth rate at approxi-
mately 7.5-9.7 cm/year (Philippaerts, et al., 20006).
In soccer, biological maturation is regarded as the
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status, timing, and tempo of progress demanded to
achieve maturity (Malina, Eisenmann, Cumming,
Ribeiro, & Aroso, 2004). The age at PHV is widely
estimated using anthropometric measurements (see
Mirwald, Baxter-Jones, Bailey, & Beunen, 2002 for
more details).

Additionally, it has been reported that anthro-
pometry and performance dimensions alone can
contribute to a maturity-selection bias, in which
early-maturing players are over-selected (Carling,
Le Gall, & Malina, 2012). Some professional soccer
club confederations, such as the English Premier
League, have invested in the development frame-
works of athletes considering the influence of matu-
rity status (Ford, et al., 2011). Overall, practitioners
and coaches should establish realistic expectations
for physical abilities of younger players, consid-
ering their biological characteristics rather than
relying solely on chronological age-based stand-
ards (Deprez, et al., 2013).

Using maturity status in talent identification
offers advantages but raises ethical concerns. By
accounting for maturity, evaluations can differen-
tiate players based on developmental stage rather
than age alone, improving accuracy and reducing
bias towards early maturers who may appear more
physically capable. This approach supports creating
developmentally appropriate training programmes,
minimizing injury risks and setting realistic perfor-
mance expectations. However, labelling players
by maturity can lead to bias, where late-maturing
athletes may be undervalued, limiting their devel-
opment opportunities and impacting their self-
esteem. To ensure fairness, talent identification
must balance these practices to prevent exclusion,
provide equal developmental resources, and avoid
potential biases, supporting all athletes regardless
of their maturity level.

Lower limbs strength

Likewise, we observed that lower limbs strength
was also among the most evaluated parameters in
the studies included in this review, investigated in 77
(40.5%) articles. Lower limbs strength can be easily
estimated by measuring vertical jump height using
validated tools such as smartphone applications
(Cruvinel-Cabral, et al., 2018) and stride sensors
(Santos, et al., 2021). The countermovement jump
was the most used test of lower limbs power, present
in 59 (76.6%) studies that evaluated the lower limbs
strength of their subjects. Lower limbs strength is a
crucial aspect of soccer performance as it involves
the ability of the muscles in the lower body, particu-
larly the legs, to generate force quickly and explo-
sively. This power is vital for actions like sprinting,
jumping, kicking, and changing direction rapidly,
all of which are fundamental in soccer (Murtagh,
etal., 2018). Evidences indicate that jumping ability
can distinguish between elite and sub-elite youth

soccer players and may be valuable for coaching
staff during the athlete selection process (Comfort,
et al., 2013). Therefore, soccer academy coaches
should consider including sprint ability and lower
limbs power as parameters in their talent identifi-
cation and development programmes.

Aerobic capacity

Aerobic capacity is well-known for its impor-
tance in excellency in soccer and incorporating
aerobic conditioning and endurance training into
a soccer players’ regimen is essential for success
on the field. It has been reported that elite soccer
players usually cover up to 12km during a competi-
tive official match at an average intensity of around
70% of their maximal oxygen consumption (Stelen,
Chamari, Castagna, & Wisleff, 2005). Aerobic
training postpones fatigue onset; thus, coaches
employ soccer fitness drills and activities related
to developing aerobic fitness.

Aerobic fitness is paramount in soccer perfor-
mance as it enables the players to sustain high-
intensity efforts throughout a match. In matches
that frequently extend beyond 90 minutes, players
with high aerobic condition, depending on their
playing position, demonstrate improved endur-
ance that enables them to sustain peak perfor-
mance, make critical decisions, and execute skills
effectively, even in the final stages of the game
(Deprez, et al., 2015). Moreover, a well-conditioned
aerobic system facilitates rapid recovery between
sprints, reducing the risk of fatigue-induced
errors and injuries (Roe & Malone, 2016). Endur-
ance capacity also enables players to cover more
ground, contributing both offensively and defen-
sively. Additionally, aerobic fitness provides adapt-
ability to different styles of play, making it an indis-
pensable factor of a successful soccer player. More-
over, it has been reported that aerobic fitness, a key
factor for soccer performance, increases by age-
and maturity-status-driven morphological changes
(Armstrong & Welsman, 2019).

Out of the 68 studies included in this review,
which assessed the aerobic performance of the
participants, 46 (67.6%) used the Yo-Yo intermittent
recovery test level 1. The test provides an estimate
of an individual’s maximal aerobic speed and his/
her ability to recover from high-intensity efforts. It
is a valuable tool for coaches and athletes to monitor
and evaluate aerobic fitness, especially in sports
where repeated bouts of high-intensity efforts are
common.

Agility

Agility, also regarded as an essential skill in
soccer, was largely investigated in 62 (32.6%)
studies included in this review. Agility is recog-
nized as a vital physical ability in competitive team
sports, including soccer, as it empowers players
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to quickly change direction, evade opponents,
and react swiftly to the dynamic demands of the
game (Krolo, et al., 2020). In soccer, where deci-
sions and sudden shifts in movements are widely
common, agile players gain a technical advantage
by outmaneuvering opponents and creating scoring
opportunities. Whether executing precise dribbles,
defending against attacking runs, or transitioning
from offense to defense, agility is a crucial ability to
maintain control and effectiveness considering the
fast-paced and dynamic nature of soccer. Addition-
ally, it has been demonstrated that neuromuscular
training significantly improves agility performance
of elite soccer players (Wojtys, Huston, Taylor, &
Bastian, 1996), which is associated with lower inci-
dence of injuries (Mijatovic, Krivokapic, Versic,
Dimitric, & Zenic, 2022). Thus, agility stands as a
cornerstone of a players’ holistic skill set, enabling
them to excel in the complex and multifaceted
demands of high-level soccer.

Technical skills

Proficiency in technical skills, investigated in
32 (16.8%) studies included in this review, plays a
pivotal role in optimal performance in the sport.
Dribbling, the art of controlling the ball in motion,
empowers players to navigate through intricate
defensive formations, affording them a strategic
advantage and enabling fluid offensive plays. Accu-
rate passing, a cornerstone of effective teamwork,
facilitates ball circulation, cohesive team dynamics,
and the execution of strategic maneuvers. Juggling,
while displaying a players’ exceptional ball-control-
ling dexterity, refines their touch and spatial aware-
ness, enhancing their versatility on the field.
Shooting, the combination of precision, power, and
technique, holds the potential to change the score
of the game. Finally, heading, a specialized skill,
endows players with a distinct advantage in aerial
duels, both in attack and defense. Collectively, these
technical skills serve as the foundational elements
that not only distinguish elite players but also cata-
lyze the orchestration of cohesive, dynamic, and
tactically astute gameplay (Esposito & Raiola,
2020). In our review, we observed that dribbling,
passing, touching, juggling, shooting, and heading
skills were assessed in the majority of the studies.
Mastery of these skills, as well as other factors such
as teamwork, strategy, and mental toughness, can
help players to succeed in the sport at all levels,
from amateur to professional (Focan, Paraschiv, &
Zamfir, 2018).

Tactical skills

In our scoping review, we found that tactical
characteristics were assessed in 27 studies (14.2%).
Among these, five studies employed the Tactical
Skills Inventory for Sports (TACSIS), a self-assess-
ment questionnaire, developed by Elferink-Gemser,

Visscher, Richart, and Lemmink (2004). In team
sports, tactical skills involve a player’s ability to
execute the appropriate action at the right moment
and swiftly adjust to changes in the play and the
movement of the ball (Elferink-Gemser, et al., 2004).
These skills encompass key elements such as posi-
tioning and decision-making, understanding ball
dynamics, awareness of other players, and adapt-
ability in changing situations (Abarghoueinejad, et
al., 2021). Tactical skills like behavior in one-on-
one offensive and defensive situations, anticipation,
decision-making, and game intelligence are crit-
ical for reaching elite performance in soccer (Roca,
Williams & Ford, 2012). Therefore, coaches should
consider including tactical skills tests in their talent
identification programmes because such a compre-
hensive evaluation helps ensure that the selected
players have the potential to perform well under
pressure, contribute to team success, and develop
into top-level athletes.

Psychological characteristics

Psychological skills were each assessed in 22
(11.6%) of the studies included in this scoping review.
Sports psychology is a field within psychology
that focuses on the scientific study of individ-
uals and their behavior in the context of sports or
physical activity. One of its key aims is to under-
stand emotional stabilization, making the explo-
ration of both positive and negative emotions its
central area of interest (Martinent, Ledos, Ferrand,
Campo, & Nicolas, 2015). In the realm of sports,
emotions such as stress, pressure, tension, competi-
tion anxiety, nervousness, concern, and fright have
garnered significant experimental interest. In sports
psychology, these emotions are often classified as
different forms of anxiety. They are a major focus of
study, as they involve unpleasant sensations that can
impact performance in either positive or negative
ways, and are frequently debated and analyzed by
psychologists (Burton & Naylor, 1997). Regarding
the optimization of talent identification and devel-
opment in sports, the importance of developing
psychosocial characteristics in younger athletes
was highlighted, noting that these traits may not yet
be fully developed but could be crucial for future
success (Till & Baker, 2020). Given the significant
impact of emotions like anxiety on athletic perfor-
mance, coaches should consider incorporating tests
related to psychological characteristics into their
talent identification programmes.

Motor coordination and motion-video analysis

Our scoping review also identified 15 studies
(7.9%) that evaluated motor coordination and 17
studies (8.9%) that conducted motion tracking anal-
ysis using footage or global positioning system
(GPS) tracking. Motor coordination skills play
a crucial role in soccer, as they directly impact
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players’ ability to perform various movements
and techniques on the field (Archer, Drysdale, &
Bradley, 2016). Players can improve their motor
coordination skills through soccer participation as
it enhances lower limb coordination and reduces
motor lateralization. Additionally, utilizing foot
motor performance measurements for talent iden-
tification in soccer could be advantageous for
selecting less lateralized players from the begin-
ning (Akpinar, 2022). The Koérperkoordination-
stest fiir Kinder prominently surfaced as the most
frequently utilized evaluation instrument within
the scope of our study, present in 10 studies. The
specific components of the test may vary, but
common elements often include tasks regarding
balance, agility, spatial awareness, and fine motor
skills. Results from this test can provide valuable
insights into a child’s physical development, motor
proficiency, and potential areas for improvement
(Novak, et al., 2017).

Likewise, motion tracking analysis in soccer
involves using technology to capture and analyze
movements of players and the ball during a match.
This sophisticated technique provides valu-
able data that can be used for several purposes
in soccer, including tactical analysis (Bastida-
Castillo, Gomez-Carmona, De La Cruz Sanchez,
& Pino-Ortega, 2019) and performance improve-
ment (Reinhardt, Schwesig, Lauenroth, Schulze, &
Kurz, 2019). The majority of the studies included
in this scoping review used game footage and GPS
tracking for motion analysis in their investigations.

Small-sided games

Small-sided games were also evaluated as a
variable related to talent identification and develop-
ment in soccer, appearing in 14 (7.4%) of the articles
included in this scoping review. Small-sided games
refer to matches played on a smaller field with fewer
players on each team compared to the traditional
full-field matches. The number of players, field size,
and rules can vary, but they typically involve three
to five players per team. This training method is
used to develop specific skills, improve fitness, and
enhance tactical understanding. It has been reported
that the tactical demands of small-sided games
reflect those of 11-vs-11 games (Olthof, Frencken, &
Lemmink, 2019). Small-sided games are played on
reduced field areas with fewer players and modified
rules, with the capability of replicating the move-
ment requirements, physiological intensity, and
technical demands of an actual match-play (Hill-
Haas, Dawson, Impellizzeri, & Coutts, 2011). It
has been suggested that small-sided games play a
significant role in developing technical skills and
tactical awareness (Little, 2009). The popularity of
small-sided games as a training modality in soccer
is primarily due to their practicability, low cost,
and overall similarity with competitive match-

play. Coaches could benefit from these advantages
in their pursuit of soccer talents. In addition, it is
well known that soccer requires a range of skills
that are specific to the sport, including technical,
tactical, physical, and mental skills.

Strength of the upper body and flexibility

Strength of the upper body and flexibility
were evaluated in 11 (5.8%) and 14 (7.4%) studies
included in this review, respectively. Although
soccer is primarily a sport that involves running,
agility, and lower body strength, upper body
strength is still important for several aspects of
the game, including balance and stability, throw-
ins, physical duels and prevention of injury due to
falls (Sabag, et al., 2020). The medicine ball throw
test was the most commonly used test to measure
upper body power and strength. Its objective is
to measure the maximum distance an individual
can throw a medicine ball (usually weighing 2-5
kg) from a standing or sitting position. Similarly,
flexibility is an important component of physical
fitness for soccer players as it plays a crucial role
in injury prevention, range of motion, agility, and
overall athletic performance (Cejudo, et al., 2019).
The sit-and-reach test was widely investigated to
evaluate flexibility of soccer athletes in the studies
included in this scoping review, mostly due to its
practicability, efficiency, and reliability.

Other variables

In addition to the commonly assessed varia-
bles, this scoping review identified a range of other
factors evaluated across a smaller number of studies,
which may offer deeper insights into soccer talent
development and performance. One such factor
is time of match-play, which has been explored
for its role in understanding how experience and
exposure in game-play affect skill acquisition and
performance consistency (Clemente, et al., 2021).
Hormonal factors were another key area, reflecting
an increased focus on how hormonal fluctuations,
such as cortisol and testosterone levels, can impact
training adaptation, recovery, and mental resilience
(Baldari, et al., 2009). This emphasis on hormonal
responses underscores their potential influence in
predicting player readiness and long-term devel-
opment (Eskandarifard, Nobari, Sogut, Clemente,
& Figueiredo, 2022). Finally, this review high-
lights physiological factors as critical to a holistic
approach, including cardiovascular capacity, muscle
endurance, and metabolic efficiency (Nobari, et al.,
2021; Waldron & Murphy, 2013). Together, these
diverse factors highlight the importance of a multi-
dimensional framework for assessing soccer talent,
integrating physical, biological, and experiential
elements to provide a comprehensive understanding
of what contributes to a player’s potential.
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The inclusion of less studied variables like time
of match-play, hormonal factors, and physiological
factors enhances talent identification in soccer by
addressing essential aspects of a player’s develop-
ment that traditional metrics may overlook. Time of
play offers insights into endurance, resilience, and
decision-making over extended periods, reflecting
a player’s capacity to maintain performance under
fatigue, which is a key in high-stakes matches
(Mohr, Krustrup, & Bangsbo, 2003). Hormonal
factors provide valuable information on growth,
recovery, and adaptation, helping to assess players’
readiness for training and competition and identi-
fying those who may be at risk of overtraining or
injury due to rapid physical development (Baldari,
et al., 2009). Additionally, examining physiolog-
ical factors like heart rate variability and meta-
bolic efficiency reveals how players manage energy
during different intensities, which is crucial for
sustaining high performance throughout matches
(Nobari, et al., 2021). Together, these variables
deliver a comprehensive view of a player’s endur-
ance, physical readiness, and adaptability, making
talent identification more effective by considering
long-term developmental and health aspects essen-
tial for reaching elite levels in soccer.

Limitations and future perspectives

A limitation of this literature review is that we
included only studies in English from Pubmed,
Web of Science, and Scopus databases. Thus,
we may have overlooked other relevant studies
published in other languages or from other data-
bases. Additionally, we observed that most of the
studies in this review addressed the talent identi-
fication and development process in male athletes.
Given the findings of this scoping review, future
research should expand the focus on underrepre-
sented areas in talent identification and develop-
ment in soccer. Specifically, there is a need for more
studies involving female athletes to ensure that the
processes and variables assessed are equally appli-
cable across sexes. Additionally, the integration of
more sophisticated and objective assessment tools,
such as wearable technology and machine learning
algorithms, could enhance the accuracy and predic-
tive power of talent identification models. Future
investigations should also explore the influence of
psychological and social factors, which remain less
examined, on the development and progression of
young soccer players.

The methodological quality of the studies
included in this review was generally robust, with
cross-sectional studies meeting an average of 95%
of the quality criteria, while longitudinal studies
met an average of 81% based on the established
appraisal tools. However, variability in study
design, sample sizes, and the types of assessment
tools used may impact the interpretation of findings,

particularly concerning talent identification metrics.
Most studies relied on field-based tests, which,
while practical and cost-effective, may lack the
precision of laboratory assessments for capturing
detailed physiological or technical data. Addition-
ally, the predominance of cross-sectional designs
limits insights into the developmental trajectories of
athletes, which are critical for understanding long-
term talent progression. This methodological diver-
sity introduces some inconsistency in data compa-
rability, suggesting a need for standardized assess-
ment protocols to ensure that findings are both reli-
able and generalizable across different contexts in
soccer talent identification.

Our findings highlight the complex relationship
between physical performance, technical-tactical
skills, and maturity status in talent identification
programmes in soccer. While the review high-
lights the frequent assessment of these factors, it
also raises questions about the potential over-reli-
ance on physical attributes at the expense of a more
holistic evaluation. Moreover, the limited focus on
psychological characteristics suggests a gap in
current talent identification frameworks, poten-
tially missing critical elements that contribute to
long-term success in sports. Therefore, a more
balanced and comprehensive assessment strategy is
recommended, which equally values physical, tech-
nical, psychological, and maturity-related factors to
ensure a more inclusive and effective talent identi-
fication process.

Additionally, the findings of this review reveal
a significant emphasis on physical performance
parameters, such as sprint speed, lower limb
strength, and aerobic capacity, in talent identifica-
tion programmes for youth soccer players. However,
overreliance on physical assessments risks over-
looking other critical attributes which contribute
to, long-term player success. This approach may
favor early maturing athletes who excel in phys-
ical tests, potentially leading to a maturity-selec-
tion bias and overlooking players who may develop
these capacities later but possess strong technical,
tactical, or psychological skills. Therefore, while
physical capabilities are essential, a more balanced
approach incorporating technical skills, decision-
making abilities, and psychological resilience is
crucial. This holistic approach could provide a more
inclusive pathway for identifying talent, ensuring
that players with diverse strengths, beyond physical
performance, have the opportunity to progress and
maximize their potential in the sport.

Finally, female athletes are underrepresented
in talent identification research, with only 7.4%
of studies including female participants. This gap
limits the understanding of how physiological,
psychological, and social factors uniquely impact
talent in women’s soccer. Female athletes experi-
ence different physical development timelines, with
factors like hormonal fluctuations and muscle distri-
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bution influencing performance metrics differently
than in males. Additionally, social and psycholog-
ical motivators, such as a supportive environment,
are crucial for sustained engagement in sports for
females. Without dedicated research, talent identi-
fication programmes risk using biased evaluation
criteria that may undervalue the strengths of female
athletes, such as agility, endurance, or tactical
insight. Addressing this research gap is essential
for developing more inclusive talent identification
frameworks that reflect the diverse capabilities of
female players.

Our study provides a review of the current liter-
ature regarding the dimensions of the talent identifi-
cation and development process in youth soccer, as
well as the variables and tests used for these evalua-
tions. From the studies reviewed, we concluded that
sprint performance, maturity status, lower limbs
power, anthropometric measures, aerobic capacity,
and agility were the most evaluated variables in
the articles available in literature. Furthermore,
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SEARCH STRATEGY OF EACH DATABASE
Date of search: 19 september 2023

Databases:
Web of Science
PubMed
Scopus

Review question: What are the variables assessed
in talent identification and development in soccer?
P (participants) (e.g., student, adolescent, child,
young),

I (intervention) (e.g., program, intervention)

C (comparators) (e.g., football, soccer, “sport
context”)

O (outcomes) (e.g., identification, detection, selec-
tion, development).

PUBMED (N = 201)
Search:

(((talent * OR “high ability” OR “above
average”)) AND ((“football” OR “soccer”))) AND
((detection OR selection OR identification OR
development))) AND ((program OR intervention
OR test guideline))) AND ((student OR child * OR
adolescent * OR young OR youth))

(“aptitude”’[MeSH Terms] OR “aptitude”[All
Fields] OR “talent”[All Fields] OR “talents”[All
Fields] OR “talented”[All Fields] OR “high
ability”’[All Fields] OR “above average”[All Fields])
AND (“football”’[All Fields] OR “soccer”[All Fields])
AND (“detect”[All Fields] OR “detectabilities”[All
Fields] OR ‘“detectability”[All Fields] OR
“detectable”[All Fields] OR “detectables”[All
Fields] OR “detectably”[All Fields] OR
“detected”[All Fields] OR “detectible”[All Fields]
OR “detecting”[All Fields] OR “detection”[All
Fields] OR “detections”[All Fields] OR
“detects”[All Fields] OR (“select”[All Fields] OR
“selectability”[All Fields] OR “selectable”[All
Fields] OR “selected”[All Fields] OR “selecting”’[All
Fields] OR “selection s”’[All Fields] OR “selec-
tion, genetic”’[MeSH Terms] OR (“selection”[All
Fields] AND “genetic”’[All Fields]) OR “genetic
selection”[All Fields] OR “selection”[All Fields]
OR “selectional’[All Fields] OR “selections”[All
Fields] OR  “selective”[All  Fields] OR
“selectively”’[All Fields] OR “selectives”’[All Fields]
OR “selectivities”[All Fields] OR “selectivity”’[All
Fields] OR “selects”’[All Fields]) OR (“identifed”’[All
Fields] OR “identification, psychological”’[MeSH
Terms] OR (“identification”[All Fields] AND

“psychological”[All Fields]) OR “psychological
identification”[All Fields] OR “identification”[All
Fields] OR “identifications”[All Fields]) OR
(“develop”[All Fields] OR “develope”[All Fields] OR
“developed”’[All Fields] OR “developer”[All Fields]
OR “developer s”[All Fields] OR “developers”[All
Fields] OR “developing”[All Fields] OR
“developments”[All Fields] OR “develops”[All
Fields] OR “growth and development”[MeSH
Subheading] OR (“growth”[All Fields] AND
“development”[All Fields]) OR “growth and
development”[All Fields] OR “development”[All
Fields])) AND (“program”[All Fields] OR
“program s”[All Fields] OR “programe”[All
Fields] OR “programed”[All Fields] OR
“programes”’[All Fields] OR “programing”[All
Fields] OR “programmability”[All  Fields]
OR “programmable”[All Fields] OR
“programmably”[All Fields] OR “programme”[All
Fields] OR “programme s”[All Fields] OR
“programmed”[All Fields] OR “programmer”[All
Fields] OR “programmer s”’[All Fields] OR
“programmers”’[All Fields] OR “programmes”[All
Fields] OR “programming”[All Fields] OR
“programmings”[All Fields] OR “programs”[All
Fields] OR (“intervention s”[All Fields] OR
“interventions”’[All Fields] OR “interventive”[All
Fields] OR “methods”[MeSH Terms] OR
“methods”[All Fields] OR “intervention”[All Fields]
OR “interventional”’[All Fields]) OR ((“‘research
design’[MeSH Terms] OR (“research”[All
Fields] AND “design”[All Fields]) OR “research
design”[All Fields] OR “test”[All Fields]) AND
(“guideline”[Publication Type] OR “guidelines
as topic’[MeSH Terms] OR “guideline”[All
Fields]))) AND (“student s”[All Fields] OR
“students”[MeSH Terms] OR “students”[All
Fields] OR “student”[All Fields] OR “students
s”[All Fields] OR (“child’[MeSH Terms] OR
“child”’[All Fields] OR “children”[All Fields] OR
“child s”[All Fields] OR “children s”[All Fields] OR
“childrens”[All Fields] OR “childs”’[All Fields]) OR
(“adolescences”’[All Fields] OR “adolescency”[All
Fields] OR “adolescent”[MeSH Terms] OR
“adolescent”[All Fields] OR ‘“adolescence”[All
Fields] OR “adolescents”[All Fields] OR ““adoles-
cent s”’[All Fields]) OR (“young”[All Fields] OR
“youngs”[All Fields]) OR (“adolescent”[MeSH
Terms] OR “adolescent”[All Fields] OR “youth”[All
Fields] OR “youths”[All Fields] OR “youth s”[All
Fields]))
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WEB OF SCIENCE (N = 235)

Search:

(talent OR “high ability” OR “above average”)
AND (football OR soccer detection OR selection
OR identification OR development) AND (program
OR intervention OR “test guideline””) AND (student
OR child OR adolescent OR young OR youth)

Scopus (N = 338)

Search:

(talent OR “high ability” OR “above average”)
AND (football OR soccer detection OR selection
OR identification OR development) AND (program
OR intervention OR “test guideline””) AND (student
OR child OR adolescent OR young OR youth)

Supplementary Table 1. Search strategy of each database

Methods

The scoping review was performed in three
databases (PubMed, Web of Science and Science-
Direct) in September 2023 by two authors (VOS and
CPF). The search strategy was performed following
the Preferred Report Items for Systematic Reviews
and Guidelines for the meta-analyses (PRISMA)
[29], including the PICO strategy: P (participants)
(e.g., student, adolescent, Child, young); I (Interven-
tion) (program, Intervention); C (comparators) (e.g.,
football, soccer, “sport context™); O (Outcomes)
(e.g., Identification, Detection, Selection, Devel-
opment).

Database Search Strategy
(((((talent * OR “high ability” OR “above average”)) AND ((“football” OR “soccer”)))
PubMed AND ((detection OR selection OR identification OR development))) AND ((program OR
intervention OR test guideline))) AND ((student OR child * OR adolescent * OR young OR
youth))
Scopus (talent OR “high ability” OR “above average”) AND (football OR soccer detection OR
selection OR identification OR development) AND (program OR intervention OR “test
Web of Science guideline”) AND (student OR child OR adolescent OR young OR youth)
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Abstract:

This study aimed to compare the values of external load measures and mechanical efficiency between
male and female soccer players considering the match periods. A male professional soccer team (n=19) and
a female professional soccer team (n=16) were monitored in official matches by Global Positioning System
(GPS) devices (male 137 and female 144 observations). The external load variables studied were distance
covered per minute (DCmin in m'min™), player load per minute (PL in AU-min™) and the mechanical efficiency
obtained through the relationship of PL and DC (PLm in AU-m™) over 90 minutes of official match divided
into six periods of 15 minutes each. The results show that in all the periods studied, DCmin and PLmin for
male soccer players were higher than for female players (ES: high and moderate for DCmin and PLmin,
respectively; p<.01). However, there was no difference in mechanical efficiency between both genders. There
was a decrease (p<.01) in PLmin and DCmin in the last periods of the match ( 0-15 > 15-30 = 30-45 = 45-60
> 60-75 =75-90), as well as a decrease (p<.01) in PLm (0-15>30-45=60-75=75-90, 15-30>75-90 & 45-60>60-
75=75-90 for male; and, 0-15>30-45=60-75=75-90, for female). The decrease in values of PLmin and DCmin
were not homogeneous, so the decoupling of these values in both genders as the match progresses could be
induced by fatigue. Therefore, the findings could have a practical application: coaches and sports scientists
could use the mechanical efficiency indicator to detect fatigue and then apply intervention strategies to
improve performance or plan recovery.

Key words: external load, GPS, soccer, team sport, gender

Introduction

Soccer is a constantly evolving sport, whose
physical demands include high-speed intermittent
actions, accelerations and decelerations, turns,
jumps, and shootings (Barnes, Archer, Hogg,
Bush, & Bradley, 2014). All the actions carried
out (external load) impact the player’s organism
(internal load), generating changes in player’s
system. For professionals in this sport, managing
workloads to optimise athletes’ performance is
of great interest (Akubat, Patel, Barrett, & Abt,
2012; Akubat, Barrett, & Abt, 2014; Gabbett, et
al., 2017). In recent years, proposals have been made
to implement different technologies to analyse the
demands of the sport. Among them, the Global Posi-
tioning System (GPS) is one of the most widespread
systems in soccer (Dobson & Keogh, 2007). More
recently, the implementation of micro-technology in
GPS devices has been carried out, which makes it

possible to go deeper into the analysis of the holistic
profile of each player (Theodoropoulos, Bettle, &
Kosy, 2020).

Since Boyd, Ball, and Aughey (2011) proposed
this metric, PlayerLoad (PL), it has been used in
many collective sports with different purposes
(Gomez-Carmona, Bastida-Castillo, Ibanez, &
Pino-Ortega, 2020). The PL is an external load
variable that presents good reliability and validity
(Barrett, Midgley, & Lovell, 2014) and is obtained
using inertial sensors (triaxial accelerometers with
a high sampling frequency, e.g., 100 Hz), being the
sum of the accelerations that occur in the three
planes of body movement (Boyd, Ball, & Aughey,
2011; Cummins, Orr, O’Connor, & West, 2013).
However, there is no consensus in the scientific
literature regarding the formula used to calculate
this variable (Bredt, Chagas, Peixoto, Menzel, &
Andrade, 2020).
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As indicated by Lacome, Simpson, and Buch-
heit in their study (2018), to understand the fatigue,
performance, or injury risk of each player, it is
valuable to analyze the variables in an integrated
manner, as this provides more information than
analyzing the variables separately. The response
of the PL has shown a direct relationship with
external load variables like distance covered (DC;
Barrett, et al., 2016; Polglaze, Dawson, Hiscock,
& Peeling, 2015) or metabolic power (MP; Reche-
Soto, et al., 2019) and internal load variable like
heart rate (McLaren, et al., 2018). Several studies
applied to team sports have been interested in the
detection of neuromuscular fatigue through the inte-
gration between locomotor-derived variables (e.g.,
DC) and accelerometer-based variables (e.g., PL)
(McLaren, et al., 2018; Rowell, Aughey, Clubb, &
Cormack, 2018). Thus, we understand mechanical
efficiency as the lowest neuromuscular cost required
in response to an external load (Buchheit, Gray, &
Morin, 2015). Thus, the proposal arises to calculate
mechanical efficiency by integrating the division
of two known external load variables: PL, repre-
sented in arbitrary units (AU), and the DC in meters
(Barrett, et al., 2016), giving rise to the variable PL
per meter (PLm in AU'm™).

Previous studies have analysed the PLm during
amatch divided into 15-minute periods, noting that
as the match progressed, PLm increased, relating
this increase to a lower mechanical efficiency
(Barrett, et al., 2016). AU-m™ has also been analyzed
in training sessions over one week, revealing that
a relatively high preceding weekly training load
leads to an increase in AU-m" during a standard-
ized SSG (Rowell, et al., 2018). Studies conclude
that an increase in AU'm™! reflects a fatigue-induced
change in movement strategy.

It should be noted that female soccer has been
booming in the last decade (Martinez-Lagunas,
Niessen, & Hartmann, 2014). Even so, publications
in this field are scarcer than in male soccer; the
same is true for publications using GPS in this area
(Cummins, et al., 2013; Rago, et al., 2020). As far as
the authors of this study are aware, very few studies
have analyzed PL in female soccer (Ramos, et al.,
2019; Strauss, Sparks, & Pienaar, 2019), and none
have established differences in terms of mechanical
efficiency during soccer matches among players of
different genders. These studies used PL in terms of
intensity (e.g., PL divided by minutes of practice).
The main findings show that PL'-min"' decreases
in the match’s second half and that midfielders
have higher PL-min! values than defenders and
forwards (Strauss, et al., 2019). On the other hand,
Ramos et al. (2019) showed that senior players have
higher PL-min™! values in matches than U17 players.
However, this concept of intensity could not be
entirely representative of fatigue because it depends
on the distance the athlete runs, which, although it

may have an indirect relationship with fatigue (e.g.,
she runs less because she cannot keep up with other
moments of the match), it could have to do with
situational variables implicit in the match such as
score, weather, substitutions..., which are known
to condition physical performance (Carling, 2013).

For the reasoning previously stated, this study
will compare the external load and mechanical effi-
ciency during 15-minute periods between male and
female soccer players. As a practical application,
the description of the fatigue’s evolution during the
match can verify if, with the application of a suit-
able training process, we can make the efficiency
deteriorate in a smaller amount and then apply
intervention strategies to improve performance or
plan recovery.

Materials and methods

Participants

In this study, 35 players were recruited from two
different teams of the same professional Spanish
club: the professional female team (n=16; age:
24.2+2 .8 years; stature: 165.445.2 cm; body mass:
58.6+5.3 kg) and the professional male team (n=19;
age: 21.3+1.6 years; stature: 171.6+41.6 cm; body
mass: 72.246.8 kg). Data arose as a condition of the
players’ employment whereby they were assessed
daily; thus, no authorization was required from an
institutional ethics committee (Winter & Maughan,
2009). Nevertheless, this study conformed to the
Declaration of Helsinki, and players provided
informed consent before participating.

Measures

Three external load variables have been meas-
ured, two relative to intensity, DC per min (DCmin,
in m'min') and PL per min (PLmin, in AU-min™),
and one mechanical efficiency indicator, obtained by
dividing PL'min" and DC-min™ (PLm, in AU -m™).
Previous studies have shown that PL is an external
load indicator that presents a high inter- and intra-
device reliability (Boyd, et al., 2011) and that it has
been shown to be valid in the monitoring of the
training and match-play load in soccer (Casam-
ichana, Castellano, Calleja-Gonzalez, Roman, &
Castagna, 2013).

Procedures

The study was conducted in the 2019-20 compet-
itive season. The external load was collected using
GPS devices (Vector S7 by Catapult). The number
of satellites used to infer GPS signal quality, hori-
zontal dilution of precision and the average of the
Navigation Satellite System (GNSS) quality were
for the F: 11.9+0.2 satellites, 0.8+0.1 and 67.9+4.3%
and for the M: 12.0£0.8 satellites, 0.9+0.2 and
67.3+4.7%, respectively. Players wore a GPS device
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from the beginning until the end of the match. The
GPS device was fitted to each player’s upper back
(e.g., between the shoulder blades) using an adjust-
able neoprene harness. After each game, the data
was extracted to a computer and analyzed using
Catapult OpenField v2.4. A total of 281 individual
GPS files from match data were studied, with this
distribution per team: 144 female and 137 male GPS
files. Only data adopted from the full 90 minutes
of a match were considered, so data from players
who had not completed the entire match were
excluded. The dependent variables studied were the
three measures of external load, DCmin (m'min),
PLmin (AU'min"), and PLm (AU'm™), while the
independent variables were the different genders
(male and female) and the six periods of the match
(0-15, 15-30, 30-45, 45-70, 60-75, and 75-90 min).

Statistical analyses

For the comparison of the three variables
(DCmin, PLmin, and PLm) intra-team or gender,
during the six periods of 15 minutes, the analysis
of variance (ANOVA) was used. While the analysis
of the three dependent variables (DCmin, PLmin,
and PLm) during the different time periods between
genders was carried out by means of the Student’s
t-test. The descriptive statistics were calculated and
expressed as mean and standard deviations (M+SD).
All analyses were carried out using Excel and JASP
statistical analysis software version 0.9.2 (Univer-
sity of Amsterdam, https://jasp-stats.org/). For the
comparison between genders and match periods,
the effect size (ES) was used, establishing the differ-
ence magnitudes as follows (Batterham & Hopkins,
2006): trivial (<0.2), low (>0.2-0.6), moderate (>0.6-
1.2), high (>1.2-2.0) and very high (>2.0). The level
of significance was set at p<.01.

Results

Table 1 and Figure 1 shows the DCmin by each
gender team in each match period. In the period
0-15, DCmin values were higher than in the other
periods in both teams (ES: 0.43-1.56). The lowest
values were in the periods 60-75 and 75-90, with
a significant difference from the other periods in
both teams (ES: 0.40-1.56). On the other hand, in
the 15-30 period of the female team, the DCmin
was significantly greater than in the 30-45 period
(ES: 0.73). Finally, if we compare the two teams in
each period, there was a significant difference in
all periods (ES: 0.71-1.56), with the values for the
male team being higher than for the female team.

Table 2 and Figure 2 shows the PLmin of each
team, divided into six match periods. In this vari-
able, significantly higher values were also achieved
in the first period with respect to the other periods,
in both the male and female teams (ES: 0.46-1.42).
The lowest PLmin occurred in the 60-75 and 75-90
periods, with a significant difference from the other
periods in both teams (ES: 0.37-1.42). On the other
hand, in the 15-30 period for the female team the
workload was significantly higher than in the 30-45
(ES: 0.62) and 45-60 periods (ES: 0.38). Finally, if
we compare the two teams in each period, there was
a significant difference in all periods (ES: 0.51-1.07),
with the values for the male team being higher than
for the female team.

Finally, Table 3 and Figure 3 shows the PLm of
each team in each match period. In the 0-15 period,
in both the female and male teams, the PLm was
significantly higher than in the 30-45, 60-75, and
75-90 periods (ES: 0.35-0.56). On the other hand,
for the male team, significantly higher PLm was
achieved in the 15-30 and 45-60 periods compared
to 75-90 (ES: 0.40-0.53). It can also be seen that in

Table 1. Distance covered per minute (DCmin, in m'min™') in each of the match periods in the female and male teams.

Gender 0-15 15-30 30-45 45-60 60-75 75-90 F(p)
Male 120.04£16.0°¢%#  114.0+11.6%%  114.6£10.2%%  111.4%11.1%#  105.7+11.4*  105.9+10.7* (<23'091)
Female 110.0+8.8%%  105.7+7.6%% 99.6+9.0% 103+11.7¢% 95.8+9.4 95.7410.9 (<4g'07 1
) -6.34 -6.98 -12.80 -5.80 -7.82 -7.81

P (<.001) (<.001) (<.001) (<.001) (<.001) (<.001)

Note. #>15-30; ®>30-45; ©>45-60; 9>60-75; *>75-90; #>female.

Table 2. Player load per minute (PLmin, in AU-min™) in each of the periods in the female and male soccer teams

Gender 0-15 15-30 30-45 45-60 60-75 75-90 F(p)
Male 12.041.9zbcde # 11.0£1.6%#  10.9%1.4%*  10.9%1.5%% 10.0+1.4* 10.0+1.4* (fg';;)
Female 10.9:1.4abcde 10.341.30c0e 9.541.3% 9.8+1.3% 9.0+1.3 9.041.3 (33'051)
) -5.75 -4.24 -8.83 -6.53 -5.86 -5.92

P (<.001) (<.001) (<.001) (<.001) (<.001) (<.001)

Note. 2>15-30; °>30-45; ©>45-60; “>60-75;>75-90; #>Female.
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Table 3. Indicator of mechanical efficiency (PLm, in AU-m™) in each of the periods in the female and male soccer teams

Gender 0-15 15-30 30-45 45-60 60-75 75-90 F(p)
Male 099+.01% .097+.01¢ 095+.01 098+.01% 094+.01 094+.01 (<%§ .
Female 099+.01% 097401 09601 097+.01 095401 094%.01 (<f‘0'g1)
®) .03 61 18 .88 005 12

(.974) (542) (857) (.381) (.996) (.902)

Note. >30-45; ©>45-60; >60-75; *>75-90.

125 Team

O Female
® Male
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Figure 1. Distance covered per minute (m-min™) in each of the
periods studied in the female and male teams.
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Figure 2. Player Load per minute (AU-min™) in each of the
periods in the female and male soccer teams.

Player Load Per Minute
AU-min-!

0.102 Team

O Female
® Male

Player Load Per Metre
AU-m"!

0.092

f T T T T |
0-15 15-30 30-45 45-60 60-75 75-90

Period

Figure 3. Player Load per metre (AUm™) in each of the
periods in the female and male soccer teams.

the 45-60 period the PLm was higher than in the
60-75 period (ES: 0.47). Finally, in no period have
significant differences been found between genders.

Discussion and conclusions

The study’s main aim was to compare the
external load and mechanical efficiency between
male and female soccer players by analyzing their
evolution during the match across 15-minute inter-
vals. The main findings of the study refer to the fact
that differences were observed in the DCmin and
PLmin, concerning minutes, when both variables
were analyzed independently, finding significantly
higher values in male soccer. Nevertheless, there
were no differences in the mechanical efficiency
(PLm) between genders. In addition, a decrease
in the three measures was observed, moderate for
DCmin and PLmin and low for PLm, as the match
progressed. Finally, as the match progressed, more
differences in mechanical efficiency (PLm) were
found between the male and female teams The
similar patterns of decline in both genders in all
variables suggest that match time impairment simi-
larly affects both genders as the match progresses
and that PLm may be a sensitive indicator of fatigue
in both female and male players.

The results obtained in this study in terms of
gender differences are in concordance with the liter-
ature (Bradley, Dellal, Mohr, Castellano, & Wilkie,
2014; Cardoso de Araujo, Baumgart, Jansen, Frei-
wald, & Hoppe, 2020; Cardoso de Aratjo & Miel3en,
2017). The higher values in the physical demands
of male than female soccer players are in part due
to the physiological-anthropometric characteristics
and style of play being different between the genders
(Slimani, Baker, Cheour, Taylor, & Bragazzi, 2017).
We must be careful when making comparisons
that, on many occasions, could generate negative
points of view on female soccer with respect to
male soccer (Pedersen, Aksdal, & Stalsberg, 2019).

Previous studies have found decreases in the
total distance covered and distances covered at high
speed in the last minutes of each half of the match
(Weston, Drust, & Gregson, 2011). However, recent
studies seem to attribute this decrease in activity
more to the actual effective playing time than to
fatigue that could exist at the end of the match
(Carling & Dupont, 2011; Linke, Lames, Link, &
Weber, 2018; Morgulev & Galily, 2019; Siegle &
Lames, 2012). Even considering only the effective
playing time, the distance covered in the second half
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was greater regardless of the location, the result,
and the level of the teams (Rey, et al., 2024). In
contrast, Rabbani, Ermidis, Clemente, and Twist,
(2024) attribute the decrease in activity to inter-
mittent running capacity. That is, there are no clear
conclusions about the reasons for the decrease, as
there may be contextual variables that put noise
(Castellano, Blanco-Villasefior, & Alvarez, 2011).

Regarding PLmin, the results of a lower PLmin
obtained in the study as the match progressed are in
line with previous studies conducted with Australian
professional footballers (Rowell, et al., 2018) and
with the results obtained in a study carried out in
English professional soccer (Barrett, et al., 2016).
This can be explained by a lower value of accel-
erations/decelerations in the course of match-play,
understanding that the greater the neuromuscular
fatigue, the less speed changes are generated by
players (Akenhead, Hayes, Thompson, & French,
2013).

Contrary to the results found in our study,
Barrett and colleagues (2016) found an increase in
PLm in the last periods of the match. In the current
study, we found apparently an increase in mechan-
ical efficiency indicator as the game progressed
(e.g., values of PLm decreased progressively trough
the 15-min periods). Previous studies have hypoth-
esized that these changes in the mechanical effi-
ciency index (PLm) could reflect a reduction in the
length of the step, which would cause an increase in
the frequency of steps, and usually a simultaneous
reduction in speed (Barrett, et al., 2016; Cormack,
Mooney, Morgan, & McGuigan, 2013). Neverthe-
less, to assess adequately the existence of fatigue
(e.g., better mechanical efficiency supposes less
fatigue), we should consider the patterns of DCmin
and PLmin. PLm is just a ratio between PLmin and
DCmin and does not provide additional informa-
tion. Firstly, the increase in the PLm (worse effi-
ciency) could be justified by the increase in the
amount of accelerations, decelerations and changes
of direction relative to the distance covered (Dalen,
Jorgen, Gertjan, Havard, & Ulrik, 2016) and not
byfatigue accumulated throughout the match
(Bradley & Noakes, 2013; Paul, Bradley, Nassis,
& Paul, 2015). Secondly, decreasing of PLm (better
efficiency) could be motivated mainly by distance
covered with less pacing or less intermittency
(fewer accelerations, decelerations, and change of
directions activities), while maintaining the same
distance covered by minute.

On the other hand, previous studies have also
shown changes in movement patterns and strength
in the lower limbs that may be fatigue-induced
and related to an increased risk of injury (Lovell,
Midgley, Barrett, Carter, & Small, 2013). Acute
load in a training session or match and fatigue are
closely related and have a positive relationship with
the risk of injury (Drew & Finch, 2016; Rogalski,

Dawson, Heasman, & Gabbett, 2013). In addition,
a higher incidence of injuries was found in the last
period of each part of the game (30-45 and 75-90)
(Ekstrand, Hagglund, & Waldén, 2011; McCall, et
al., 2014). This is of great relevance at the level of
optimal performance (Gabbett, 2016), both at the
individual and collective level, since being with a
minimum number of injuries favours the team’s
success (Héagglund, et al., 2013). However, there are
many variables that can affect behaviour of players
in different periods of time (psychological, tactical,
match results, weather...) so more studies are needed
to determine the influence of fatigue on the change
of movement strategy.

One of the study’s main limitations is not
having another way of calculating fatigue to vali-
date whether the mechanical efficiency that PLm
seems to provide is theoretically sensitive to this
fatigue. In addition, the study has yet to analyze
the three acceleration planes separately, including
the differences that could exist between them and
their relationship with the movement pattern. On
the other hand, the results of the female team can
hardly be compared with other studies since there
are almost no studies carried out with this gender,
highlighting the need for future studies in this popu-
lation. Finally, the statistical results of the different
15-minute periods should be analyzed with caution,
as the changes may be related to fatigue generated in
the match or to the physical capacity of the players.

As for the practical applications of the study,
the ease of quantifying loads using the method of
positioning system devices (GPS) with integrated
accelerometers is highlighted. Through this quan-
tification of external loads, we can detect at which
moment of the training session or game fatigue
appears in each player; that is, we can look at which
moment the mechanical efficiency decreases. It
would be interesting to see if, with training, we
can maintain the PLm values for longer, increasing
performance and decreasing the risk of injury. In
this way, a more specific readjustment of each
player could be carried out based on objective data
of external load by positioning on the field.

The study concludes that in all the periods
studied, DCmin and PLmin for male soccer players
were higher than for female players, but the PLm
pattern did not differ between genders. On the other
hand, there was a decrease in PLmin and DCmin in
the last periods of the match as well as a decrease in
the mechanical efficiency indicator (PLm), deducing
that a certain degree of fatigue produces the decou-
pling observed between the variables PLmin and
DCmin. As a practical application, monitoring the
evolution of fatigue during a match can help verify
if an appropriate training process minimizes effi-
ciency deterioration. This information can then be
used to implement intervention strategies aimed at
enhancing performance or planning recovery.
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Abstract:

Interventions aimed at enhancing need-supportive behaviours have predominantly focused on assessing
their effects on student outcomes, thereby placing comparatively less emphasis on gains experienced by
teachers. This study investigated whether a web-based need-supportive intervention programme for physical
education (PE) teachers would also provide significant gains in enhancing PE teachers need-supportive
behaviours, psychological need satisfaction, intrinsic motivation to teach, teaching efficacy and reducing
their controlling behaviours. Participants were 74 PE teachers (54 women). Their average age was 46.04 years
(SD = 12.64), and they had an average teaching experience of 17.33 years (SD = 13.83). Participants were
allocated into experimental and control conditions. PE teachers in the experimental group completed a four-
week web-based need-supportive intervention programme. Results demonstrated that the experimental group
PE teachers demonstrated significant gains in their autonomy support, competence support and teaching
efficacy compared to the control group PE teachers within a one-month follow-up. These results suggest that
our web-based need-supportive intervention programme for PE teachers was partially effective to produce
gains for PE teachers themselves.

Key words: autonomy support, competence support, relatedness support, controlling behaviour,

motivation, teaching efficacy

Introduction

Enhancing autonomy supportive behaviours
among physical education (PE) teachers plays a
crucial role in shaping experiences of intrinsic moti-
vation among their students (Raabe, Schmidt, Carl,
& Honer, 2019; Vasconcellos, et al., 2020; White,
et al., 2021). The possible mechanism behind this
process is most likely that autonomy supportive
behaviours enhance students’ experiences of
basic psychological need satisfaction, and, in turn,
students experience higher levels of intrinsic moti-
vation (Kalajas-Tilga, Koka, Hein, Tilga, & Raud-
sepp, 2020). Moreover, recent research has demon-
strated that not only students, but also teachers
themselves gain various benefits when they become
more autonomy supportive towards their students
(Cheon, Reeve, Yu, & Jang, 2014; Tilga, Kalajas-
Tilga, Hein, Raudsepp, & Koka, 2021a). However,
based on the self-determination theory (SDT; Ryan
& Deci, 2020), one should aim to fulfil all three basic
psychological needs for autonomy, competence, and
relatedness. Based on recent classification system
of need supportive behaviours (Teixeira, et al.,
2020), a need supportive intervention programme

for PE teachers was developed, indicating several
important gains in students’ experiences after their
teachers participated in this need supportive inter-
vention programme. One might argue that teachers
also gain even greater benefits when they learn how
to become more need supportive. However, there
is no research so far testing the effectiveness of
not only autonomy-supportive training, but also
competence supportive and relatedness supportive
training on teacher’s outcomes. Thus, the current
study was designed to test the efficacy of a need
supportive intervention programme on PE teachers’
outcomes.

Self-determination theory (Ryan & Deci,
2020) posits three primary psychological needs—
autonomy, competence, and relatedness—that are
essential for fostering intrinsic motivation and
well-being. Autonomy refers to the need to feel
a sense of volition and choice in one’s actions;
competence involves the need to feel effective and
capable within one’s environment; and related-
ness is the need to feel connected and supported
by others (Ryan & Deci, 2020). In educational
contexts, interventions that aim to enhance need-
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supportive behaviours, such as autonomy support,
typically focus on helping teachers provide students
with choice, encourage self-initiation, and respect
students’ perspectives (Vasconcellos, et al., 2020).
When these pre-intervention (antecedent) variables,
such as autonomy support, are strengthened, they
positively impact post-intervention (consequence)
variables, like students’ need satisfaction and moti-
vation. Research has demonstrated that fulfilling
these psychological needs leads to increased
intrinsic motivation, improved well-being, and
higher engagement in students (Kalajas-Tilga, et
al., 2020; Cheon, et al., 2014) and can concurrently
enhance teachers’ own teaching efficacy and reduce
controlling behaviours (Tilga, et al., 2021a).

In this research, SDT (Ryan & Deci, 2020) was
used as a theoretical background for explaining how
autonomy supportive, competence supportive and
relatedness supportive behaviours exhibited by PE
teachers is beneficial to teachers themselves. Based
on the SDT, individuals strive to satisfy their basic
psychological needs for autonomy, competence,
and relatedness. Fulfilment of these needs is related
to intrinsic motivation and, in turn, to various
adaptive outcomes. A great number of studies
have shown that students benefit from receiving
autonomy-supportive teaching (e.g., Raabe, et
al., 2019). However, only a few of recent studies
have demonstrated that teachers also experience
several adaptive outcomes when they provide need
support (Cheon, et al., 2014; Tilga, et al., 2021a).
For example, Cheon and colleagues (2014) found
that teachers who participated in an autonomy-
supportive face-to-face intervention demonstrated
after the intervention greater teaching motivation.
Moreover, teachers also reported higher psycholog-
ical need satisfaction, autonomous motivation and
intrinsic goals (Cheon, et al., 2014). Furthermore,
teachers perceived greater level of overall well-
being, including increased vitality and job satisfac-
tion, but lower emotional and physical exhaustion.
Additionally, their teaching skills, as reflected in
teaching efficacy, demonstrated increase. In another
study by Tilga and colleagues (2021a), it was found
that after participating in a web-based multidi-
mensional autonomy-supportive intervention
programme teachers reported significant gains in
their multidimensional autonomy-supportive behav-
iours and in teaching efficacy for students’ engage-
ment. Similarly to a study by Tilga and colleagues
(2021a), we also adopt a web-based approach in this
study for the following reasons: (1) web-based inter-
ventions are cost-effective; (2) web-based interven-
tions are convenient and easily accessible; (3) web-
based interventions can afford attendees’ anonymity
(Murray, 2012). The use of web-based interventions
has become increasingly prevalent in the field of
PE and beyond, providing a flexible and accessible
platform for training. This study adopts a web-

based approach for several practical and empirical
reasons. First, web-based interventions are often
more cost-effective than in-person programmes,
as they reduce the need for physical materials,
venues, and travel expenses (Murray, 2012). This
cost-efficiency makes it possible to reach a wider
audience, particularly in cases where resources may
be limited. Second, web-based interventions offer
convenience and accessibility, allowing participants
to engage with the content at times and locations that
suit them, which is particularly valuable for busy
professionals like PE teachers (Tilga, Kalajas-Tilga,
H., Hein, V., & Koka, 2021c). Additionally, online
platforms enable a degree of anonymity that can
encourage more open participation, as teachers may
feel more comfortable engaging with the content
privately (Murray, 2012). Empirical evidence also
supports the effectiveness of web-based training in
promoting autonomy-supportive behaviours among
PE teachers (Tilga, et al., 2021a), suggesting that
these digital interventions can successfully enhance
the quality of teaching and, consequently, students’
outcomes in PE. This combination of accessibility,
cost-effectiveness, and supportive evidence under-
lines the decision to implement a web-based inter-
vention in the present study.

Most of the SDT-driven intervention program-
mes conducted in the context of PE have focused
on enhancing PE teachers’ autonomy-supportive
behaviours (e.g., Raabe, et al., 2019; Su & Reeve,
2011). Only few studies have aimed to educate PE
teachers how to provide autonomy, competence, and
relatedness support to their students (Paap, Koka,
Meerits, & Tilga, 2024). To our best knowledge,
there is also one effective need-supportive inter-
vention programme for parents to increase their
need-supportive behaviour towards their children
(Meerits, Tilga, & Koka, 2022, 2023). Adopting
need-supportive techniques from a classification
system provided by Teixeira and colleagues (2020)
was aimed in this study to enhance PE teachers’
autonomy, competence and relatedness support
towards their students. In total, there are 21 motiva-
tional and behavioural change techniques (MBCT)
proposed by Teixeira and colleagues (2020): there
are seven autonomy support techniques, seven
competence support techniques and seven related-
ness support techniques. There are several reasons
why we expect that it is beneficial to PE teachers to
adopt these need-supportive techniques. Firstly, PE
teachers who have successfully passed this need-
supportive intervention programme most likely
exhibit higher teaching efficiency. The reason for
this is that this need-supportive intervention most
likely provides teachers with acknowledged teaching
strategies that help to deliver classroom instructions
more efficiently. Secondly, there might be recip-
rocal associations between students’ and teachers’
outcomes (e.g., Jang, Kim, & Reeve, 2012; Pelletier,
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Séguin-Lévesque, & Legault, 2002; Reeve, 2013).
Specifically, it is likely that when students expe-
rience gains in their motivational outcomes, then
their teachers also might exhibit higher experiences
in their motivational outcomes. Thirdly, previous
studies have shown that teachers with higher scores
of need-supportive behaviours are more likely to
report greater motivational outcomes (Roth, Assor,
Kanat-Maymon, & Kaplan, 2007; Stebbings, Taylor,
Spray, & Ntoumanis, 2012; Taylor, Ntoumanis, &
Standage, 2008). Based on this, one might argue
that giving need support to other would enhance
the giver’s own motivational experiences.

The present study

The present study seeks to address a signifi-
cant gap in the literature on need-supportive inter-
ventions for physical education (PE) teachers by
focusing on a web-based approach. While tradi-
tional, face-to-face interventions have shown effi-
cacy in promoting autonomy-supportive behav-
iours among teachers (Cheon, et al., 2014), there is
arelative scarcity of research examining the impact
of web-based interventions in this context. Given
that web-based approaches offer advantages such
as cost-effectiveness, accessibility, and conveni-
ence (Murray, 2012), they hold promise for broader
application in teacher training programmes. Despite
the potential benefits, few studies have rigorously
tested the effects of web-based need-supportive
interventions on PE teachers’ own psychological
experiences, such as autonomy support, compe-
tence support, and relatedness support, as well as
on critical outcomes like teaching efficacy, moti-
vation, and behaviour management skills (Tilga,
et al., 2021a).

Therefore, this study aims to test the efficacy of
a web-based intervention programme specifically

designed to enhance PE teachers’ need-supportive

behaviours. Based on SDT (Ryan & Deci, 2020) and

previous research in autonomy-supportive interven-

tions (Cheon, et al., 2014; Tilga, et al., 2021c), we

hypothesize that, PE teachers in the experimental

group, compared to PE teachers in the control

group, would perceive:

H,: higher provision of autonomy, competence, and
relatedness support at follow-up.

H,: lower controlling behaviours at follow-up.

H,: higher psychological need satisfaction at follow-
up.

H,: higher intrinsic motivation to teach at follow-
up.

Hs: higher teaching efficacy at follow-up.

By addressing these hypotheses, this study
contributes to the growing field of digital interven-
tions in education, providing insights into how web-
based platforms can enhance teacher behaviour and
potentially improve students’ outcomes in physical
education settings.

Methods

Participants

Participants were 74 PE teachers (20 men and
54 female) from 90 schools throughout Estonia
who voluntarily agreed to participate in the
study. Teachers were on average 46.04 years old
(SD = 12.64, range 22-68), and had an average of
17.33 years of teaching experience (SD = 13.83,
range = 1-45). These 74 PE teachers expressed
an interest in the study via survey they received
that provided them detailed information about the
survey, followed by agreement to participate in this
survey. There was approval from the local ethical
committee obtained to conduct the survey (approval
number: 327/T- 4).

Teachers (n = 74)
allocated to conditions

Teachers (n = 44) allocated
to control condition at
baseline

A
Teachers (n = 26) lost to
follow-up

A4

Complete data to be analysed
for teachers (n = 18)

Figure 1. Participant flow diagram.

Teachers (n = 30) allocated to
experimental condition at
baseline

A4

Teachers (n = 15) lost to
follow-up

A 4

Complete data to be analysed
for teachers (n = 15)
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Figure 2. Overall study design.

Procedure

A randomized controlled research design was
adopted in which teachers were randomly assigned
to either the experimental or control group. More
detailed participant selection flow chart appears in
Figure 1. At baseline, 74 PE teachers completed
a questionnaire about their perceptions of self-
reported autonomy, competence, and relatedness
need-supportive behaviours, self-reported control-
ling behaviours, self-reported perceptions of their
own basic psychological need satisfaction, self-
reported intrinsic motivation to teach and self-
reported teaching efficacy. One week later, the
web-based need-supportive four-week interven-
tion programme for the PE teachers was initiated
in the experimental group. PE teachers completed
the follow-up questionnaire four weeks after the
intervention ended (see Figure 2 for the overall
study design).

Measures

Self-reported need support by PE teachers. PE
teachers reported providing of autonomy support
to their students by filling in the modified version
of Perceived Autonomy Support Scale for Exer-
cise Setting (PASSES; Hagger, et al., 2007), short-
ened and modified by Kalajas-Tilga and colleagues
(2022a). PE teachers reported provision of compe-
tence and relatedness support to their students
by filling in the Perceived Psychological Needs
Support from the Teacher in PE (PPNST-PE;
Standage, Duda, & Ntoumanis, 2005), adapted to
Estonian context by Viira and Koka (2012). Example
items are following: “I offer students choices and
how to be physically active” (autonomy support),
“I help students feel that they are competent at
physical education” (competence support), and “I
make my students feel that I respect them” (relat-
edness support). In this study, 7-point Likert scale
was used ranging from “l — completely disagree
with the statement” to “7 — completely agree with
the statement”. Previous studies have shown that
PASSES and PPNST-PE are reliable and valid (e.g.,
Kalajas-Tilga, et al., 2022a, 2022b).

Self-reported controlling behaviours by PE
teachers. PE teachers reported provision of control-
ling behaviours to their students by filling in the
modified version of multidimensional Controlling
Coach Behaviours Scale (CCBS; Bartholomew,
Ntoumanis, & Thegersen-Ntoumani, 2010), adapted
to PE (Hein, Koka, & Hagger, 2015). An example
items is following: “I try to control everything the
students do”. In this study, 7-point Likert scale was
used ranging from “1 — completely disagree with the
statement” to “7 — completely agree with the state-
ment”. Previous studies have shown that CCBS is
reliable and valid (e.g., Koka, Tilga, Kalajas-Tilga,
Hein, & Raudsepp, 2019; Koka, Tilga, Kalajas-
Tilga, Hein, & Raudsepp, 2020; Tilga, Kalajas-
Tilga, Hein, Raudsepp, & Koka, 2020a).

Self-reported basic psychological needs satis-
faction. PE teachers reported their own basic psycho-
logical needs satisfaction by filling in the modified
version of the Basic Psychological Need Satisfac-
tion and Need Frustration Scale (BPNSNF, Chen,
et al., 2015), adapted to PE (Haerens, Aelterman,
Vansteenkiste, Soenens, & Van Petegem, 2015).
PE teachers were presented with a common stem:
“During the teaching ...”, followed by the items
tapping three subscales: need satisfaction for
autonomy (e.g., “ ... I felt freedom of choice in
my actions”), competence (e.g., “ ... I felt I could
successfully complete difficult tasks”), and relat-
edness (e.g., “ ... I felt that the students I cared
about also cared about me”). In this study, 7-point
Likert scale was used ranging from “1 — completely
disagree with the statement” to “7 — completely
agree with the statement”. Previous research has
supported the reliability and factor structure of the
BPNSNF (e.g., Tilga, et al., 2020a).

Self-reported intrinsic motivation to teach.
PE teachers reported intrinsic reasons to teach by
filling in the modified version of the Perceived
Locus of Causality (PLOC, Goudas, Biddle, & Fox,
1994), adapted by Cheon and colleagues (2014).
An example items is following: “I teach because
I enjoy it”. In this study, 7-point Likert scale was
used ranging from “1 — completely disagree with the

294



Tilga, H. et al.: EFFECTS OF A WEB-BASED NEED-SUPPORTIVE INTERVENTION...

Kinesiology 56(2024)2:291-303

statement” to “7 — completely agree with the state-
ment”. Previous research has supported the relia-
bility of the PLOC (e.g., Tilga, Kalajas-Tilga, Hein,
Raudsepp, & Koka 2021b).

Self-reported teaching efficacy. PE teachers
reported their teaching efficacy by filling in the
short form of the Teachers’ Sense of Efficacy
Scale (TSES, Tschannen-Moran & Hoy, 2001). An
example items is following: “I can contribute so that
students feel that they can cope with their school
work”. In this study, 9-point Likert scale was used
ranging from “1 —not at all true” to “9 — very true”.
Previous research has supported the reliability of
the TSES (e.g., Tilga, et al., 2021a).

Web-based need-supportive intervention
programme

The experimental group PE teachers were asked
to participate in a web-based need-supportive inter-
vention programme. It was designed as a four-week
online training aimed at introducing various need-
supportive behaviour techniques for PE teachers
with the aim to support students’ intrinsic motiva-
tion towards physical activity during PE classes.
The online intervention programme consists of 21
short instructional videos (each video averaging
four to five minutes in length), in which examples
are provided to give PE teachers knowledge about
these behaviour techniques and how to support
students’ psychological basic needs for autonomy,
competence, and relatedness in PE class. The videos
are structured as follows: first, an explanation is
given about the basic psychological need that the
introduced technique supports; second, the content
of the behaviour technique is briefly introduced;
third, a sample situation of the negative application
of the behaviour technique is presented; and fourth,
a sample situation of the positive application of the
behaviour technique is presented. The instructional
videos are compiled based on the results of scien-
tific literature (Teixeira, et al., 2020).

In the first week of the web-based intervention
programme, PE teachers were required to review
six videos as part of the intervention programme.
The focus was on the following motivational tech-
niques: (1) elicit perspectives on condition or behav-
iour (supporting the need for autonomy), (2) explore
life aspirations and values (supporting the need for
autonomy), (3) acknowledge and respect perspec-
tives and feelings (supporting the need for related-
ness), (4) encourage asking questions (supporting
the need for relatedness), (5) clarify expectations
(supporting the need for competence), and (5)
help develop a clear and concrete plan of action
(supporting the need for competence). To ensure
whether PE teachers understood the learning
materials or not, a test consisting of nine multiple-
choice questions had to be taken after watching the
videos. At the end of the week, a forum post from

PE teachers was required, analysing the application
of the learned techniques during the week.

In the second week of the web-based interven-
tion programme, PE teachers needed to familiarize
themselves with five videos, and the intervention
programme focused on the following techniques:
(1) use non-controlling, informational language
(supporting the need for autonomy), (2) provide
choice (supporting the need for autonomy), (3)
acknowledge and respect perspectives and feel-
ings (supporting the need for relatedness), (4) assist
in setting optimal challenge (supporting the need
for competence), and (5) offer constructive, clear,
and relevant feedback (supporting the need for
competence). After watching the videos, a test for
the second week consisting of five multiple-choice
questions had to be completed. At the end of the
week, a forum post from PE teachers was required,
analysing the application of the learned techniques
during the week.

In the third week of the web-based interven-
tion programme, PE teachers had to work through
five videos, and the techniques taught in the course
were: (1) prompt identification of sources of pres-
sure for behaviour change (supporting the need
for autonomy), (2) demonstrate/show interest in
the person (supporting the need for relatedness),
(3) prompt identification and seek available social
support (supporting the need for relatedness), (4)
address obstacles for change (supporting the need
for competence), and (5) explore ways of dealing
with pressure (supporting the need for competence).
After watching the videos, a test for the third week
consisting of five multiple-choice questions had to
be completed. At the end of the week, a forum post
from PE teachers was required, analysing the appli-
cation of the learned techniques during the week.

In the fourth week of the web-based interven-
tion programme, teachers needed to familiarize
themselves with five videos, where the techniques
taught for the week were: (1) provide a meaningful
rationale (supporting the need for autonomy), (2)
encourage the person to experiment and self-initiate
the behaviour (supporting the need for autonomy),
(3) show unconditional regard (supporting the need
for relatedness), (4) providing opportunities for
ongoing support (supporting the need for related-
ness), and (5) promote self-monitoring (supporting
the need for competence). After watching the
videos, a test for the fourth week consisting of two
multiple-choice questions had to be completed. At
the end of the week, a forum post from PE teacher
was required, analysing the application of the
learned techniques during the week.

Data analysis

The SPSS Statistics version 23.0 statistical
package was used for statistical analyses. The skew-
ness and kurtosis estimates of each item were esti-
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mated, which ranged between —2 to + 2 and were
considered acceptable to support normal univar-
iate distribution (Byrne, 2010). A series of sepa-
rate confirmatory factor analyses (CFAs) were
conducted to test the validity of the proposed
factor structure of the scales used in this study.
The following indices were used: the comparative
fit index (CFI), the Bentler—Bonett non-normed fit
index (NNFI), and the root mean square error of
approximation (RMSEA). An acceptable fit of the
data with the hypothesised model was indicated
by values > .90 for the CFI and NNFI, and value
< .08 for the RMSEA (Hu & Bentler, 1999). The
reliability of the scales in this study was assessed
using Cronbach’s alpha, with values ranging from
.70 to .95, indicating acceptable internal consistency
(Nunnally, 1978). For preliminary analysis the chi-
square tests and independent samples t-tests were
performed to examine baseline differences between
the study groups (i.e., randomization check) and to
examine differences between the group of those
who remained in the study and the group of those
who were lost to follow-up (i.e., attrition check).
For main analysis a series of analyses of covariance
(ANCOVAs) were performed to examine the effec-
tiveness of the web-based need-supportive inter-
vention programme on PE teachers’ psychological
experiences. Specifically, variables of PE teachers’
self-reported autonomy support, competence
support, relatedness support, controlling behav-
iours, psychological needs satisfaction, intrinsic
motivation to teach, and teaching efficacy were used
as dependent variables, whereas study group (i.e.,
experimental group and control group) was used as
the independent variable. The respective baseline
variable was included as a covariate in each of the
ANCOVA analysis. Partial eta squared was used as
a measure of the effect size for ANCOVA.

Results

Preliminary analysis

Reliability and validity of the study instru-
ments. Results of a series of CFAs for each of the

study measures indicated acceptable goodness-of-fit
statistics: PASSES (CFI =.94; NNFI=.93; RMSEA
=.07), PPNST-PE (CFI=.95; NNFI = .94; RMSEA
=.07), CCBS (CFI = .94; NNFI = 94; RMSEA =
.07), BPNSNF (CFI = .96; NNFI = .94; RMSEA
=.06), PLOC (CFI = .91; NNFI = .90; RMSEA =
.08), TSES (CFI1=.92; NNFI =.92; RMSEA = .08).
Cronbach’s alpha values of the scales used in the
study were as follows: PASSES (o = .74), PPNST-
PE (o = .86), CCBS (o = .79), BPNSNF (o = .89),
PLOC (o =.71), TSES (a = .73). Please note that all
the scales used in this study were used in the context
of PE and PE teachers used these scales to provide
self-reported experiences. Please see the section
Measures for more specific information of which
part and how these scales were used in this study.

Randomization check. The characteristics
of the participants at baseline are reported in
Table 1. Results of the independent samples t-test
showed that there were no significant differences
in the study variables between the study groups
(i.e., experimental and control group) at baseline
(ps>.006). Also, there were no significant differences
in the groups of male and female participants in the
experimental and control groups (3> = 0.349, p=.61).

Attrition check. The characteristics of the
participants who remained in the study and those
who were lost to follow-up are reported in Table 2.
Results of the independent samples t-test demon-
strated that there were no significant differences at
baseline between those who remained in the study
and those who were lost to follow-up (ps>.22). Also,
there were no significant sex differences between
the participants who remained in the study and
those who were lost to follow-up (y*> = 0.324, p=.61).

Main analysis

Between-group change comparisons. The
results of the ANCOVA are reported in Table 3.
Results indicated that PE teachers in the experi-
mental group reported significantly higher provi-
sion of autonomy support (p<.002), competence
support (p<.009), and higher experiences of
teaching efficacy (p<.006) at follow-up compared

Table 1. Comparisons of the baseline variables between the experimental and control group

Experimental group

Control group

Variable (n=30) (n=44) tor 2 p
M (SD) M (SD)
Autonomy support 6.11 (0.62) 6.10 (0.54) t=0.65 .31
Controlling behaviour 3.79 (1.07) 3.90 (0.90) t=-0.48 .33
Competence support 6.61 (0.41) 6.40 (0.61) t=1.67 .06
Relatedness support 6.51 (0.54) 6.36 (0.62) t=1.10 .32
Psychological need satisfaction 5.87 (0.56) 5.65 (0.64) t=1.49 41
Intrinsic motivation to teach 6.23 (0.65) 5.81(0.87) t=1.57 13
Teaching efficacy 7.55 (0.88) 7.29 (1.03) t=1.10 A2
Gender 7123 13/31 x?=0.349 .60
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Table 2. Comparisons of the variables between those who remained in the study and those who were lost to follow-up

Remained in the study Lost in follow-up
Variable (n=33) (n=41) tor 2 p
M (SD) M (SD)

Autonomy support 6.03 (0.60) 6.17 (0.54) =-1.06 .29
Controlling behaviour 3.87 (0.98) 3.85(0.97) t=0.057 .96
Competence support 6.51 (0.55) 6.47 (0.55) t=0.35 72
Relatedness support 6.38 (0.66) 6.45 (0.53) =-0.52 .61
Psychological need satisfaction 5.77 (0.71) 5.71 (0.53) t=0.40 .69
Intrinsic motivation to teach 6.13 (0.61) 5.90 (0.95) t=1.23 .22
Teaching efficacy 7.54 (1.04) 7.28 (0.92) t=1.16 .25
Gender 10/23 10/31 x?=0.324 .61

Table 3. Comparisons of the variables between study groups at follow-up

Experimental group Control group
Variable (n=15) (n=18) F (1,33) p
M (SD) M (SD)

Autonomy support 6.65 (0.50) 6.07 (0.47) 11.43 .002
Controlling behaviour 3.15(1.12) 3.67 (1.14) 1.69 .203
Competence support 6.71 (0.58) 6.13 (0.59) 7.82 .009
Relatedness support 6.50 (0.50) 6.18 (0.12) 3.50 .071
Psychological need satisfaction 5.73 (0.58) 5.50 (0.51) 1.29 .266
Intrinsic motivation to teach 5.89 (0.89) 5.40 (0.89) 2.22 146
Teaching efficacy 8.23 (1.01) 7.19 (0.98) 8.93 .006

to PE teachers in the control group. No significant
study group effects were found on provision of relat-
edness support, controlling behaviour, experiences
of psychological needs satisfaction, and intrinsic
motivation to teach.

Discussion and conclusions

This study aimed to investigate whether the web-
based need-supportive intervention programme for
PE teachers led to changes in PE teachers’ provision
of autonomy support, competence support, related-
ness support, controlling behaviours, experiences
of basic psychological needs satisfaction, intrinsic
motivation to teach, and teaching efficacy. The
findings demonstrated that this web-based need-
supportive intervention programme for PE teachers
was partially effective.

First, it was hypothesized that the PE teachers
in the experimental group, compared to the PE
teachers in the control group, would perceive higher
provision of autonomy, competence, and related-
ness support at follow-up. This hypothesis was
partly supported because PE teachers in the experi-
mental group reported that they provided signifi-
cantly higher autonomy support and competence
support to their students after they participated in
this four-week web-based need-supportive inter-
vention programme. In other words, PE teachers
reported that they offered to their students’ choices

and provided information on how to be more physi-
cally active (i.e., provided autonomy support), and
helped their students to feel that they were compe-
tent at physical education lesson (i.e., provided
competence support) after they had completed this
web-based intervention programme. This finding is
similar to a previous study by Tilga et al. (2021a)
that a web-based intervention programme for PE
teachers could have a direct effect on PE teachers
self-reported autonomy support. Although the
previous study based on students’ reports has indi-
cated that PE teachers effectively become more
competence-supportive towards their students after
they have completed web-based need-supportive
intervention programme (Paap, et al., 2024), there
are no previous studies assessing changes in provi-
sion of competence and relatedness support from the
PE teacher perspective. The possible reason why PE
teachers demonstrated significant gains in their self-
reported provision of competence support might
be related to the reason that PE teachers acquired
various knowledge on how to make their students
feel more competent. The possible reason why PE
teachers did not demonstrate significant gains in
their self-reported provision of relatedness support
might be related to the reason that the provision of
relatedness support also implies more specific inter-
action with their students which might imply that
PE teachers need a longer period of time to apply
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provision of relatedness support. However, based
on previous findings and based on students’ self-
reports, PE teachers might become more related-
ness-supportive towards their students after they
have participated in the web-based need-supportive
intervention programme (Paap, et al., 2024).

Second, it was hypothesized that the PE
teachers in the experimental group, compared
to the PE teachers in the control group, would
perceive significantly lower provision of control-
ling behaviours at follow-up. This hypothesis was
not supported because there were no significant
differences between the experimental and control
group PE teachers’ self-reports at follow-up on
their provision of controlling behaviours to their
students. The possible reason for this might be that
PE teachers had to focus on mastering very many
different motivational behaviours. Also, this web-
based need-supportive intervention programme for
PE teachers exclusively focused on increasing their
autonomy, competence, and relatedness support
toward their students, but there was no specific
focus on how to avoid controlling behaviours
towards their students. For example, in a previous
study, based on students’ self-reports, the inter-
vention programme was effective in reducing the
experimental group PE teachers’ controlling behav-
iours (Tilga, et al, 2021c). Also, in this study by
Tilga et al. (2021¢), the focus was only on increasing
autonomy support and reducing controlling behav-
iours towards students, which might make it easier
to PE teachers to acquire new knowledge. Previous
studies have also indicated that it is important to not
only increase the autonomy support, but also reduce
the experiences of controlling behaviours because
autonomy support and controlling behaviours are
related to students’ outcomes via separate pathways
(Haerens, et al., 2015; Tilga, et al., 2020a).

Third, it was hypothesized that the PE teachers
in the experimental group, compared to the PE
teachers in the control group, would perceive
their own psychological needs higher satisfaction
at follow-up. This hypothesis was not supported
because there were no significant differences
between the experimental and control group PE
teachers’ self-reports in their own basic psycho-
logical need satisfaction at follow-up. The possible
reason for this might be that it takes more time for
PE teachers before they experience gains in their
own basic psychological needs satisfaction when
providing need support to their students. This
finding is similar to previous research by Tilga et
al. (2021a), in which there was no direct effect from
web-based intervention on PE teachers own basic
psychological need satisfaction. However, in a study
by Cheon et al. (2014), teachers reported higher
psychological need satisfaction after they completed
autonomy-supportive intervention programme. The
possible reason for this might be that face-to-face

intervention programme by Cheon et al. (2014)
enabled to provide more personal approach to
teachers that might help in inducing teachers expe-
riences of psychological need satisfaction compared
to web-based intervention programme. However,
previous studies have demonstrated that the greatest
intervention effects might be found when face-to-
face and web-based intervention programmes are
combined (Tilga, et al., 2021c).

Fourth, it was hypothesized that the PE teachers
in the experimental group, compared to the PE
teachers in the control group, would experience
higher intrinsic motivation to teach at follow-up.
This hypothesis was not supported because there
were no significant differences between the experi-
mental and control group PE teachers’ perceptions
of intrinsic motivation to teach at follow-up. This
finding is similar to a study by Tilga et al. (2021a), in
which web-based intervention had no direct effect
on PE teachers’ intrinsic motivation. The possible
reason for this might be that intrinsic reasons to
teach take time to consolidate. It might be that PE
teachers need more time to professionalize these
need-supportive behaviours before they experience
greater intrinsic motivation to teach their students.
However, in a study by Cheon et al. (2014), teachers
experienced higher intrinsic motivation to teach
after they have completed face-to-face autonomy-
supportive intervention programme. The possible
reason for this might be that focusing exclusively on
autonomy support behaviours might enable greater
opportunities to experience gains in intrinsic
motivation to teach. Previous research has clearly
shown that perceived autonomy support is exclu-
sively related to experiences of intrinsic motivation
(e.g., Kalajas-Tilga, et al., 2020). Another reason
might be that face-to-face approach by Cheon et
al. (2014) enabled more personalized approach to
induce intrinsic motivation in teachers. However,
based on previous research (Tilga, et al., 2021c¢), the
greatest intervention effects might occur to combine
face-to-face and web-based approaches in deliv-
ering knowledge about need-supportive behaviours
to PE teachers.

Fifth, it was hypothesized that the PE teachers
in the experimental group, compared to the PE
teachers in the control group, would experience
higher teaching efficacy at follow-up. This hypoth-
esis was supported because there were significant
differences between the experimental and control
group experiences of teaching efficacy at follow-
up. More specifically, after completing the inter-
vention programme, the PE teachers in the exper-
imental group reported significant gains in their
teaching efficacy at follow-up compared to those PE
teachers who were in the control group. This finding
is similar to a study by Cheon et al. (2014), in which
intervention group teachers exhibited significant
gains in their teaching efficacy compared to the
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control group at follow-up. The possible reason for
this finding is that PE teachers used strategies to
provide need support to their students that resulted
in their more effective teaching.

The main findings of the study indicate that
the web-based need-supportive intervention
programme for PE teachers was partially effec-
tive. The PE teachers who participated in the inter-
vention reported significantly higher provision of
autonomy support and competence support to
their students, aligning with previous research by
Tilga et al. (2021a) and Paap et al. (2024), which
also found enhancements in these areas following
similar interventions. However, the interven-
tion did not lead to significant gains in the provi-
sion of relatedness support, suggesting that this
aspect may require more time or specific strate-
gies to implement effectively—a point not exten-
sively addressed in earlier studies. Additionally,
there were no significant reductions in controlling
behaviours, possibly because the programme did
not specifically focus on reducing these behaviours,
contrasting with studies like Tilga et al. (2021c) that
did address such reductions when targeting control-
ling practices. The intervention also did not result
in significant improvements in PE teachers’ own
psychological need satisfaction or intrinsic moti-
vation to teach, mirroring findings from Tilga et
al. (2021a) but differing from Cheon et al. (2014),
where face-to-face interventions yielded positive
results in these areas. This suggests that the mode
of delivery may influence the effectiveness of inter-
ventions on teachers’ internal experiences. Notably,
the study found significant gains in teaching effi-
cacy among the experimental group, consistent with
Cheon et al. (2014), indicating that need-supportive
interventions can enhance teachers’ confidence in
their teaching abilities.

Practical implications

The findings from this study offer several prac-
tical implications for PE teacher training. The web-
based need-supportive intervention programme
was effective in enhancing teachers’ autonomy and
competence support, as well as their overall teaching
efficacy. Based on these results, PE teachers are
encouraged to adopt autonomy-supportive strate-
gies, such as providing students with choice, using
non-controlling language, and encouraging self-
initiated behaviour, which are likely to promote
students’ intrinsic motivation and engagement in
PE classes. Similarly, competence-supportive prac-
tices, like setting optimal challenges and offering
constructive feedback, may enhance students’ sense
of competence and engagement.

Additionally, while the decrease in teachers’
controlling behaviours was not statistically signif-
icant when compared with the control group, the
trend observed in reduced controlling behaviours

post-intervention is noteworthy. This slight decrease
suggests that implementing need-supportive strat-
egies may contribute to a natural reduction in
controlling behaviours, even if the primary focus is
on fostering autonomy and competence. As control-
ling behaviours can detract from students’ moti-
vational experiences, teachers are encouraged to
reflect on their practices and gradually incorporate
strategies that minimize controlling interactions.
By reducing these behaviours, teachers may foster
a more positive and autonomy-supportive classroom
environment, aligning with the broader objectives
of SDT to promote motivation and well-being.
Looking ahead, web-based interventions hold
substantial promise for advancing PE teacher
training and professional development. Given the
convenience, accessibility, and scalability of online
platforms, web-based programmes can reach a
larger population of educators than traditional
face-to-face workshops. This is especially rele-
vant in PE, where teachers often have limited time
and resources for continuous professional devel-
opment. Web-based interventions also provide a
flexible learning environment that allows teachers
to engage with training content at their own pace,
revisit materials as needed and apply newly learned
strategies directly to their practice. Additionally, as
demonstrated in this study, web-based formats can
successfully promote need-supportive behaviours,
which are critical for fostering students’ motivation
and positive experiences in PE classes. As digital
technology continues to evolve, there is potential
to enhance these interventions further with interac-
tive elements, peer collaboration, and personalized
feedback. This could deepen the impact of training
programmes by allowing teachers to receive more
tailored support and guidance. Future research
should continue to explore and refine web-based
approaches, particularly focusing on how they can
sustain long-term improvements in teaching effi-
cacy and classroom climate in PE settings. High-
lighting the potential of these digital interventions
offers exciting prospects for scalable, high-impact
teacher development that aligns with the broader
educational goals of promoting physical activity,
motivation, and well-being in students.

Limitations and future directions

Although there are several strengths of this
study, there are also several limitations related to
this study that should be acknowledged. First, in
this study we relied on teachers’ self-reported meas-
ures to examine intervention effects. However, there
might be great differences between self-reports and
actual behaviour (Aguado-Gémez, Diaz-Cueto,
Hernandez-Alvarez, & Lopez-Rodriguez, 2016).
Future studies would do well by videotaping PE
lessons to capture actual changes in PE teachers’
behaviours or PE lessons could be observed and
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rated by external observers (Aelterman, Vansteen-
kiste, Van Keer, & Haerens, 2016). Second, in this
study, PE teachers’ data of only one-month follow-
up was examined. Based on previous studies,
one-month follow-up data might demonstrate
changes in most study variables among experi-
mental group (e.g., Tilga, Hein, & Koka, 2019a),
but 15-month of follow-up data might reveal fewer
enduring effects on the study variables (Tilga,
Kalajas-Tilga, Hein, Raudsepp, & Koka, 2020b).
Future studies are recommended to test interven-
tion effects based on longer follow-up period. Third,
in this study perceptions of controlling behaviours
were measured via experiences of negative condi-
tional regard, controlling use of grades, and intim-
idation (Hein, et al., 2015). In a recent study by
De Meyer, Soenens, Aelterman, De Bourdeaud-
huij, and Haerens (2016), framework of externally
and internally controlling teaching behaviours
was proposed and a scale to measure faces of PE
teachers’ behaviours was developed and validated
(Burguetio, Abos, Garcia-Gonzalez, Tilga, & Sevil-
Serrano, 2021). Future research could test changes
in different dimensions of controlling behav-
iours such as externally and internally controlling
teaching as promising predictors of basic psycho-
logical need satisfaction and frustration (Burguefio,
et al., 2021, Koka, Tilga, Hein, Kalajas-Tilga, &
Raudsepp, 2021, Viksi & Tilga, 2022). Fourth, in
this study, autonomy support was considered as a
unidimensional construct. Previous studies have
demonstrated that multidimensional approach to
autonomy-supportive behaviour (Tilga, Hein, &
Koka, 2017) enables to describe a larger amount
of variance in motivational outcomes (Zimmer-
mann, Tilga, Bachner, & Demetriou, 2020, 2021).
Thus, future studies could adopt a multidimensional
approach to measure autonomy support from PE
teachers. Fifth, perceived structure and chaos from
the circumplex model (Aelterman, et al., 2019), were
not measured in this study. Recent research has

demonstrated that perceived structure and chaos
are important predictors of motivational outcomes
in the field of PE (Diloy-Pena et al., 2024; Tilga,
Vahtra, & Koka, 2023). Future research could do
well by adopting scales to measure constructs from
the circumplex model. Sixth, in this study we relied
on a classification system of motivational behav-
iours proposed by Teixeira and colleagues (2020).
However, classification system of motivational
behaviours proposed by Teixeira and colleagues
(2020) is more relevant to health context. In a recent
study by Ahmadi and colleagues (2023), a classifi-
cation system for teachers’ motivational behaviours
recommended in self-determination theory inter-
ventions for educational context was developed.
Also, classification system developed by Ahmadi
et al. (2023) also provides a list of need-thwarting
behaviours that should be avoided. It is important
to not only teach how to provide need support, but
also to provide information on how to avoid need
thwarting because controlling behaviours dampen
the effect of need support (Tilga, Hein, Koka,
Hamilton, & Hagger, 2019b), and need satisfac-
tion and need thwarting are related to respective
outcomes via separate pathways (Haerens, et al,
2015; Tilga, et al., 2020c). Future studies that rely
on Ahmadi and colleagues’ (2023) classification
system could do well by developing intervention
programme for teachers to enhance their motiva-
tional behaviours.

In conclusion, the current study provides initial
information that our developed web-based need-
supportive intervention programme for PE teachers
is effective to increase their self-reported autonomy
support, competence support and teaching efficacy.
Thus, teachers are recommended to study specific
motivational behaviours proposed by Teixeira and
colleagues (2020), if the aim is to increase teachers’
perceptions of their autonomy support, compe-
tence support and teaching efficacy towards their
students.
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Abstract:

A very few studies examined the validity and reliability of the International Physical Activity Questionnaire-
Short Form (IPAQ-SF) in the adolescent population, and no study has been conducted in Serbia. The aim
of this study was to examine the validity and reliability of the IPAQ-SF in adolescents. The cross-sectional
study included 101 adolescents aged 15-19 years (31.8% boys, 68.2% girls). The study instrument was a
questionnaire regarding demographic characteristics, physical activity, and iPhone built-in pedometer. The
data were analyzed using the interclass correlation coefficient (ICC), Spearman correlation coefficient,
exploratory factor analysis (EFA) with promax rotation, and two confirmatory factor analyses (CFA) to
examine theoretical factor model and for the two-factor model based on the EFA. Total activity measured
by IPAQ-SF correlated weakly but significantly with the pedometer measured steps (r=0.25, p=.045). The
EFA showed two factors that explained 64.19% of the variance (46.15% and 18.05%). The CFA for the
two-factor model showed acceptable fit, and for the three-factor model better fit GFI 0.951, AGFI 0.827,
CFI 0.934, RMSEA 0.131 (95% CI: 0.07-0.198). Poor to moderate reliability was observed with ICC (0.36-
0.65). Our study shows that the IPAQ-SF has a good validity and acceptable reliability in the population of
adolescence, and has numerous advantages, especially in the population studies, but it requires caution in

the interpretation of the results.

Key words: [IPAQ-SF, physical activity, adolescents, iPhone Health App, pedometer, validity

Introduction

Regular physical activity (PA) has many health
benefits. PA has a preventive effect on chronic non-
communicable diseases, such as cardiovascular
diseases, hypertension, type 2 diabetes mellitus,
obesity, cancer, and metabolic syndrome (Bhatt,
2016; Lavie, Ozemek, Carbone, Katzmarzyk, &
Blair, 2019). It has a positive effect on social and
psychological status, improves the quality of life,
and reduces costs of the healthcare (Wang, et al.,
2023). Insufficient PA is associated with 20-30%
increased risk of all-cause mortality (WHO, 2022).
Older adolescents (18-19 years old) are less physi-
cally active than younger ones (15-16 years old)
(Djurdjevic, Nikolic, Mazic, & Sipetic-Grujicic,
2023). Adolescents with obesity have an increased
risk of being obese in adulthood, and a higher risk
of developing chronic non-communicable diseases.
In addition, insufficient PA during adolescence is
associated with the development of depression and

destructive behavior, poorer social life and school
success (Asigbee, Whitney, & Peterson, 2018).

According to the World Health Organization
(WHO) and the National Health Service (NHS),
the recommended daily PA for adolescents is 60
minutes of moderate to vigorous PA together with
exercises to strengthen the musculoskeletal system
at least three times a week, and flexibility exercises
at least twice a week (NHS, 2019; WHO, 2020).
WHO data show that about 80% of adolescents
do not meet the recommendations for PA (WHO,
2020).

Researchers and health care professionals
need accurate data on PA in order to better under-
stand PA behavior and develop programmes for
the improvement of PA levels in this population.
To obtain accurate data, it is necessary to use a
valid instrument. PA can be measured objectively
and subjectively. Among the objective measures
of PA, the most commonly used instruments are
accelerometers and pedometers (Ramakrishnan,
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et al., 2021). Among subjective measures of PA,
the most commonly used instruments are ques-
tionnaires (Sember, et al., 2020). Accelerometers
are used as a standard in PA estimation, but due
to their cost, they are not suitable for use in large-
scale studies. In addition, the pedometer is a valid
instrument for community based studies, cheaper
than an accelerometer, easier to use, but has limi-
tations in measuring slow walking (<0.6m/s), in
swimming, cycling, for people with abnormal gait
patterns, and people who are obese (Ehrler, Weber,
& Lovis, 2016; Keating, et al., 2019).

The technological development and the
increasing possibilities provided by smartphones
have made it easier to monitor PA and health
behavior. In2023, 6.92 billion (86.29%) of the world’s
population used smartphones (Bankmycell, 2023).
In addition to the usual features, smartphones have
a built-in gyroscope, compass and triaxial acceler-
ometer, with very similar specifications to the accel-
erometers used in PA monitoring (Romeo, et al.,
2019). Modern iPhone models, starting in 2013 and
iPhone 5s model, unlike other smartphone manu-
facturers have a built-in M (motion) coprocessor,
which is responsible for processing data related to
PA (Apple, 2013). Some studies have shown that
just having the pedometer app increases the total
number of steps taken (Romeo, et al., 2019; Sullivan
& Lachman, 2017). To monitor and encourage PA,
Apple has developed the Health App. Due to these
hardware and software characteristics, it is possible
to monitor movement, energy consumption, inten-
sity, number of steps, elevation, sleep, etc. All this
makes the iPhone a valid and reliable instrument,
which can be used as a valid replacement for the
pedometer and accelerometer (Hochsmann, et al.,
2018; Major & Alford, 2016; Nolan, Mitchell, &
Doyle-Baker, 2014).

Many researchers opt for using questionnaires
over the objective measures as they are easy to use,
and the studies are of lower cost. Among the ques-
tionnaires developed so far for the measurement
of PA, the most commonly used is the Interna-
tional Physical Activity Questionnaire-Short Form
(IPAQ-SF). In some studies, this method has been
shown to be less accurate due to its self-reported
nature, language-specificity, susceptibility to bias
and most often overestimation of PA (Fillon, et al.,
2022; Raidsk, et al., 2017). Validity and reliability of
the IPAQ-SF has been verified in many studies in
the adult population (Sember, et al., 2020). However,
validity and reliability of the IPAQ-SF in adoles-
cents is less known. To the best of our knowledge,
only four studies examined the validity and relia-
bility of the IPAQ-SF in this population, i.e., inves-
tigating participants that in some part belonged to
the age of high school students aged 15-19 years
(Lachat et al., 2008; Monyeki, Moss, Kemper, &
Twisk, 2018; Rangul, Holmen, Kurtze, Cuypers,

& Midthjell, 2008; Wang, Chen, & Zhuang, 2013),
and no study has been conducted in Serbia.

The aim of this study was to examine the
validity and reliability of the IPAQ-SF in adoles-
cents 15-19 years old for the measurement of PA,
and to compare the results from IPAQ-SF with the
number of steps measured by an iPhone smartphone
recorded in the Health App.

Methods

A total of 101 adolescents (36 boys, 65 girls),
15-19 years old, were included in the study conducted
during January 2020. The research targeted students
from two high schools in Valjevo, a key administra-
tive hub of the Kolubara district in western Serbia.
Specifically, students from Valjevo High School and
the Medical School were considered for participa-
tion. To be eligible, students needed to meet two
requirements: they had to be present at school
during the designated recruitment week and possess
an iPhone. Only those who met these criteria were
contacted and invited to participate in the study.
Targeting Valjevo High School and the Medical
School allowed researchers to work with a practical
and manageable sample that is likely representative
of students in the Kolubara district. These schools’
curricula emphasize physical activity and health-
care, which may enhance students’ interest and
engagement in the study, unlike other vocational
schools, thereby potentially improving the quality
of the data collected. Participants who lacked one or
more values, or who answered “I don’t know,” were
excluded from the analysis. The analysis included
only participants with the complete data, and our
final sample included 66 participants.

Information about the study and the study
protocol were submitted to the School Board and
then to the Parents Council, who approved the
research, after which the parents gave their consent
for the children’s participation in the study. This
study was approved by the Ethical Committee of
the Faculty of Medicine, University of Belgrade
(No: 29/X11-18).

Data collection

The data were collected through the question-
naire which consisted of two sections: demographic
characteristics (gender, age, school, grade, housing),
and current physical activity level (IPAQ-SF). The
data from the iPhone Health App, as a pedometer,
was recorded along with the anthropometric meas-
ures (height, weight, waist circumference).

IPAQ-SF

The assessment of PA was done through the
modified and translated Serbian version of [PAQ-
SF. Modification and translation were done in
three phases: backward translation, forward trans-
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lation and pilot testing (kappa > 0.90) (Todorovic,
et al., 2019). IPAQ-SF consists of seven questions
through which the level of physical activity and
sitting time in the previous seven days are assessed.
Participants were asked to record how many days
a week they engage in PA (vigorous PA, moderate
PA, walking) and how many hours and minutes, as
well as how much time they spend sitting. All data
from the survey were processed in order to calcu-
late energy expenditure expressed in MET-min/
week (Harraqui, et al., 2023). Only those activi-
ties that lasted at least 10 minutes were considered.
Energy expenditure (in MET minutes per week)
was calculated as a sum of energy expenditure in all
activities (in MET-min/week in each of the activi-
ties—vigorous PA [VPA], moderate PA [MPA]
and walking). The energy expenditure in each of
the activities was calculated as number of days
of activity*number of minutes/day of activity*k.
K values used were the values recommended for
IPAQ scoring: 3.3 METs for walking, 4 METs for
moderate activity, and 8 METs for vigorous activity
(Harraqui, et al., 2023).

iPhone Health App (pedometer)

Using the iPhone, built-in triaxial accelerometer
and motion co-processor in the phone, the number
of steps taken was recorded through the Health App
system application. As there is no manufacturer’s
recommendation on the specific location of the
iPhone to be worn while moving, we used finding
from the study by Hochsmann et al. (2018) showing
that the position of the phone does not affect the
accuracy of the step measurement. All partici-
pants were told to keep their phone in their trou-
sers pocket when moving, being the most common
place to carry a phone. It was emphasized to them
that they should carry the phone every time they
moved. The reliability and validity of the iPhone in
measuring steps taken has been tested in the popu-
lation (Case, et al., 2015; Hochsmann, et al., 2018;
Nolan, et al., 2014), so it was chosen for its practical
use to estimate the number of steps.

Anthropometric measurements

Body height was measured with an accuracy of
0.1 cm using an altimeter SECA 213 (Seca GmbH
&Co0.KG.), and body mass with an accuracy of 0.1
kg using Tanita smart scale RD-953 (Tanita Corpo-
ration, Japan). Waist circumference was measured
with a measuring tape (cm) in the middle between
the lower rib arch and the iliac bone. Participants
were barefoot and in sportswear. After measuring
height, weight and waist circumference, body mass
index (BMI) (kg/m?) was calculated as the ratio of
weight (kg) and square of height (m?). Also, WHtR
was calculated as the ratio of waist circumference
(cm) and height (cm).

Data analysis

Descriptive statistics are expressed as mean+SD
and percentages. Student’s independent t-test was
used to assess differences between the normally
distributed continuous variables. The differences
between the continuous variables without normal
distribution were assessed using Mann-W hitney
U test. Chi-square was used for categorical vari-
ables. The interclass correlation coefficient (ICC)
was used to assess the test-retest reliability of the
IPAQ-SF. Spearman correlation coefficients were
used to assess the correlation of the IPAQ-SF data
(MET-min-wk") and the steps taken by the iPhone
Health App. Exploratory factor analysis (EFA) with
promax rotation was done to explore the factor struc-
ture based on the original construct. Two confirm-
atory factor analyses (CFA) were done. The first
was to examine the theoretical factor model with
three scales of IPAQ-SF. The second was for the
two-factor model based on the exploratory factor
analysis. Confirmatory factor analyses were done
using AMOS 22 (IBM Corp). Data analysis was
done using IBM SPSS Statistics analysis software
(v.22.0 for Mac, Chicago, IL, USA).

Results

The participants were mostly girls (68.2%).
There were no significant differences between the
sexes in age, participation in relation to school,
school grade and housing. Girls had significantly
lower BMI and WHtR (Table 1).

Measured by the IPAQ-SF, the participants had
a total PA of 3526.5+2838.1 MET-min-wk', and the
number of steps taken measured with a pedometer
42,194.9+15,741.2. During physical activity, the
highest energy expenditure in MET-min-wk! was
during walking. Energy expenditure while walking
participated with 52% of total energy expenditure
(excluding sitting). After walking, the highest esti-
mated energy expenditure was recorded during
VPA, expressed in MET-min-wk'. The total number
of steps per week varied between 10,930 and 74,077
(Table 2).

The EFA showed two factors that explained
64.19% of the variance. The first factor explained
46.15% of the variance and the second 18.05%.

The factor loadings for each item are presented
in Table 3.

The CFA for the traditional three-factor model
showed GF10.951, AGF10.827, CF10.934, RMSEA
0.131 (95% CI: 0.07-0.198). The CFA for the tradi-
tional three-factor model is shown in Figure 1. The
CFA for the two-factor model showed that GFI was
0.895, AGFI1 0.724, CF1 0.788, RMSEA 0.203 (95%
CI: 0.152-0.258).

Table 4 shows the reliability of IPAQ-SF through
intraclass correlation coefficient (ICC). The ICC of
all domains ranged from 0.36-0.65. It was highest
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Table 1. Descriptive characteristics of participants (means = SD and percentages)

Boys Girls "
(n=21: 31.8%) (n=45; 68.2%) P
Age (year) 171 £141 16.8 £ 0.9 .21
Height (cm) 184.2+5.9 167.6 £5.9 <.001
Weight (kg) 80.03+9.5 59.6 +8.6 <.001
Body mass Index (kg/m?) 23.54 +£2.16 21.23+2.83 .002
Waist circumference (cm) 88.7+7.7 74.7+8.6 <.001
Waist-to-height ratio 0.48 £0.04 0.45+0.05 .007
School (%)
Valjevo High School 71.4 64.4 779
Medical school 28.6 35.6
School grade? (%)
1st (USA 9t) 14.3 4.4 .53
27 (USA 10™) 4.8 33.3
3 (USA 11t) 42.9 37.8
4t (USA 12™) 381 24.4
Housing (%)
Living with both parents 85.7 75.6 573
Living with one parent 14.3 22.2
Living with foster parents 0(0) 2.2
Table 2. IPAQ-SF and pedometer activity of participants (means + SD and median)
Boys (n=21) Girls (n=45) Total (N=66)
Mean + SD Median (range) Mean = SD Median (range) Mean + SD Median (range) p*
IPAQ-SF
(MET-min-wk)
Vigorous activity 1557.1+1734.9 1200 (0-5040) 1069.3+1715.4 0 (0-6720) 1230.9+1724.8 160 (0-6720) 0.269
Moderate activity 637.1+£805.9 360 (0-2940) 365.3+619.4 0(0-3000) 451.8+689.8 0(0-3000) 0.137
Walking 1923.4+1577.8 1188 (198-5544) 1806.6+1355.5 1386 (33-5544) 1843.7£1418.7 1386 (33-5544) 0.758
Sitting 3333.3£998.4 3360 (1260-5040)  3526.4+875.9 3360 (2100-5880) 3465+913.4 3360 (1260-5880)  0.428
Total activity 4137.7£3117.9 3359 (198-10371)  3241.2+2686.8 2376 (311-10932)  3526.5+2838.1 2742 (198-10932)  0.235
(excluding sitting)
Pedometer 47923 34172 40416 (
(steps per week) 47536.2+13963.1 (27851-74077) 39702.3+16045.4 (10930-72804) 42194.9+15741.2 10930-74077) 0.059

Note. *p values (p<.05) for comparison between genders; IPAQ-SF — International Physical Activity Questionnaire—Short Form.

Table 3. PCA with equamax rotation with the Kaiser

normalization

ltem Factor 1 Factor 2
Days in VPA 0.835

Minutes/day in VPA 0.755

Days in MPA 0.758

Minutes/day in MPA 0.866

Days walking 0.581
Minutes/day in walking 0.846

Note. PCA — principal component analysis.

Table 4. Test-retest reliability of the IPAQ-SF (MET-min-wk”)

IPAQ-SF (MET-min-wk")

Intraclass coefficient
(95% ClI)

Vigorous activity
Moderate activity
Walking

Sitting

Total activity
(excluding sitting)

0.65 (0.49-0.77)
0.55 (0.35-0.69)
0.36 (0.13-0.55)
0.56 (0.38-0.71)

0.57 (0.39-0.71)

<.001

<.001
.001

<.001

<.001

Note. IPAQ-SF — International Physical Activity Questionnaire—

Short Form.
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Note. CFA — confirmatory factor analysis.

Figure 1. The path diagram for the three-factor CFA.

for vigorous activity (0.65, 95% CI: 0.49-0.77) and
lowest for walking (0.36, 95% CI: 0.13-0.55).

The median of PA and Spearman correlation
coefficient between the IPAQ-SF (MET-min-wk')
and pedometer (steps/week) are presented in Table
5. Walking measured by the IPAQ-SF and the
number of steps taken by pedometer had a relatively
weak correlation, but significant (r, = 0.25, p=.045).
No significant correlation was found between other
IPAQ-SF variables and by the pedometer measured
number of steps. The correlation between energy
expenditure measured by [PAQ-SF (total energy
expenditure, energy expenditure in walking, energy
expenditure in VPA, energy expenditure in MPA)
and the number of steps/week is shown in Table 5.

Discussion and conclusions

Assessment of PA is very important in the
adolescent population, as more than three-quarters
of them do not meet WHO’s recommendations on
minimal PA (WHO, 2020). One of the most prac-
tical instruments that can be used in comprehensive
studies assessing PA is the IPAQ-SF, so the aim of
this study was to examine validity and reliability
of the Serbian version of IPAQ-SF and to deter-
mine if there is a correlation between the subjec-
tive (IPAQ-SF) and objective measurement of PA
(Health App—pedometer).

Our study showed that the average number of
steps per week was just over 40,000 steps, which
is almost a half of the expected number of steps
for adolescents (Caillaud, et al., 2022). The recom-
mendation by the World Health Organization for
PA of adolescents states that adolescents need at
least 60 minutes of moderate intensity PA each
day and muscle strengthening exercises at least
three times a week, which can roughly be trans-
lated in the 2,400 MET-min'wk-1 (Chaput, et al.,
2020). According to our results, the average energy
expenditure of participants in our study was higher
than minimal recommended level. The discrepancy
between the results on energy expenditure from
IPAQ-SF and the number of steps per week meas-
ured by the pedometer was confirmed with the
correlation analysis, as we only found significant
correlation between the number of steps per week
and energy expenditure from walking. The cause of
this discrepancy may be in the modalities of phys-
ical activity that our participants had. The IPAQ-SF
questionnaire would, unlike pedometer, measure
physical activity in cycling, or swimming, and
would include muscle strengthening exercises. On
the other hand, IPAQ-SF was also shown to overes-
timate PA (Fillon, et al., 2022; Raisk, et al., 2017),
which is why we have to be very cautious when
interpreting the results from it. The significant but
weak correlation between the energy expenditure
during walking and the number of steps per week
assessed using pedometers may be due to differ-
ences in types of measurements. Pedometers assess

Table 5. Median values for IPAQ-SF and correlation between IPAQ-SF and pedometer

Variable IPAQ-SF IPAQ-SSpregg:j?)r:n(:;gre(ISttg:)g/week) P”

Vigorous activity (MET-min-wk") 0.02 .906
Moderate activity (MET-min-wk") 0.12 .355
Walking (MET-min-wk") 0.252 .045
Sitting (MET-min-wk") -0.30 .810
Total activity (excluding sitting) (MET-min-wk") 0.11 .378

Note. *p values; 2p<.05; IPAQ-SF — International Physical Activity Questionnaire—Short Form.
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all steps, without limitation on minimal duration
of activity, while we only included PA that lasted
longer than ten minutes in the [PAQ-SF measure-
ments.

The EFA showed two factors with high load-
ings and explained almost two-thirds of the total
variance. The factors did not completely corre-
spond to the scales in the instrument; the questions
regarding walking (the number of days walking and
an average number of minutes per day of walking)
grouped in the separate factor, while the questions
regarding VPA and MPA grouped in one factor. The
questions regarding VPA and MPA always refer to
the leisure time physical activity, while the ques-
tions for walking in the IPAQ-SF questionnaire do
not differentiate between walking as an active form
of commuting and as a form of leisure time physical
activity, which may explain why the items refer-
ring to walking formed a separate factor. The CFA
for the two-factor model showed an acceptable fit;
however, the CFA for the traditional three-factor
model showed even better fit.

In our study, the IPAQ-SF showed poor test-
retest reliability for walking, while for other param-
eters it showed moderate reliability (Koo & Li,
2016). Nonetheless, the instrument showed good
construct validity and, although some previous
studies have showed that it can overestimate PA,
it can be used as a reliable measure of PA among
adolescents.

Implications for adolescent health

Assessing PA levels using the IPAQ-SF can
have important implications for adolescent health.
It can help schools to identify adolescents who are
not meeting recommended levels of PA, to plan
interventions, monitor progress, evaluate phys-
ical education programmes, and promote physical
activity among adolescents:

* Adolescence is a critical period for establishing
healthy behaviors, and regular PA is an impor-
tant component of a healthy lifestyle. The
IPAQ-SF can help identify students who are
not meeting recommended levels of PA. Using
the IPAQ-SF we can collect information that
can be used to target interventions to increase
PA levels among adolescents.

* The data collected from the IPAQ-SF can be
used to plan interventions to increase PA levels
among adolescents. For example, schools can
use this information to develop PA programmes
that are tailored to the needs of their students.

* Schools can use the IPAQ-SF to monitor the
progress of their PA interventions. This can
help them identify which interventions are most
effective and make adjustments as needed.

* Schools can evaluate the effectiveness of their
physical education programmes. This can help
them identify areas where they can improve
their programmes to better meet the needs of
their students.

* The data collected from the IPAQ-SF can be
used to promote PA among adolescents, creating
awareness campaigns about the benefits of PA.

Limitations

The main limitation of our study is the modality
of objective measurement, as it could not be used
to assess the total PA of our participants. Another
limitation is that we included only students who
had iPhone, as it was the only possibility for the
objective examination of physical activity. We opted
for iPhone use, instead of other smartphone appli-
cations for steps measurement in order to provide
the uniformity of measures. [IPAQ-SF assesses only
the PA that lasts longer than ten minutes, while the
pedometers measure all steps, without restrictions
on duration. Nonetheless, this is the first study to
examine the validity and reliability of the Serbian
version of IPAQ-SF in the population of adolescents
and to examine its correlation with the objectively
measured PA.

Our study showed that the IPAQ-SF has accept-
able reliability in the population of adolescents and
that it has a good validity. The PA measured by
IPAQ-SF was slightly higher compared to the PA
measured by pedometer, but pedometers do not
assess number of different PA types. On the other
hand, the overestimation of PA when using subjec-
tive measures was previously shown and although it
requires caution in the interpretation of the results,
has numerous advantages, especially in the popu-
lation studies.
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Abstract:

In recent years, stress tests have emerged as one of the best ways to assess fitness and health of athletes.
However, there is some controversy as to their ability to replicate the actual physiological needs generated
during competition. The aim of the study was to compare the levels of various physiological variables measured
during laboratory stress tests with those observed during competition. Heart rate, blood lactate, blood pressure,
rate of perceived effort and stress level were analysed in ten amateur male basketball players, during three
maximal laboratory tests (TREADMILL, CYCLE and Wingate test), and in five official competition games.
The level of significance for the study was set at p<.05. Statistically significant differences between the
physiological needs of competitive matches and those of stress tests were reported (p<.05). Furthermore, the
time during which a higher HR was recorded during the competition compared to the HR obtained during
the stress tests was calculated. This time was 12.36 £ 9.21% of the Live Time (LT) on TREADMILL, 35.04
+ 11.78% of the LT on CYCLE and 63.75 + 11.57% of the LT on Wingate. The results suggest that laboratory
stress tests do not reproduce the physiological requirements imposed on amateur basketball players during
competition.

Key words: amateur basketball, stress testing, perceived effort, intensity, physiological needs

Introduction

In recent years, an increase in the number of
cardiovascular accidents occurring during sport
competitions has been observed (Emery & Kovacs,
2018), which has been related to several factors such
as the continuous increase in the number of sport
practitioners, the type of sources consulted when
accounting for accidents (media, insurance reports
or sport federations) (Harmon, Zigman, & Drezner,
2015), the inclusion criteria used in epidemiolog-
ical studies (Hajduczok, Ruge, & Emery, 2022)
and, more recently, an increase in the number
of myocarditis caused by coronavirus 2 (SARS-
CoV-2) (Daniels, et al., 2021). Moreover, it seems
the variation in incidence depends on several factors
such as race, gender and the intensity at which the
sport is done (Maron, Haas, Ahluwalia, Murphy, &
Garberich, 2016). Although some authors suggest

a higher incidence among high-level athletes, in
some countries such as Spain, 96% of athletes
who suffered a sudden death were recreational or
amateur athletes (Morentin, et al., 2021), showing
a direct relationship between a lower level of phys-
ical fitness and a higher probability of suffering a
serious cardiovascular accident (Kokkinos, et al.,
2017).

Therefore, early detection of cardiovascular
pathology prior to any physical activity is partic-
ularly important (Cetin, Ekici, Kibar, Siiriicii,
& Orgun, 2018). A complete anamnesis, phys-
ical examination and 12-lead resting electrocar-
diogram are some of the recommended tools for
early detection of cardiac impairment (Lollgen &
Leyk, 2018). In addition, the heart rate achieved
during high-intensity physical exercise has been
associated with an increased risk of sudden death

312



Batalla-Gavalda, A. et al.: DO STRESS TESTS REFLECT THE INTENSITY REACHED...

Kinesiology 56(2024)2:312-324

(predictive factor), especially when the exercise is
strenuous (Jouven et al., 2005). On the other hand,
several studies suggest that the combination of high
training volumes and intensities could lead to nega-
tive cardiac adaptations such as accelerated coro-
nary artery calcification, acute release of cardiac
biomarkers or the development of certain patholo-
gies such as myocardial fibrosis or atrial fibrilla-
tion (Franklin, et al., 2020). For example, in recent
years, an increase in the latter pathology has been
observed in high-intensity endurance sports (Estes
& Madias, 2017).

In this regard, the American College of Sports
Medicine (ACSM) suggested that the best way for
early detection of cardiovascular pathology is the
performance of a maximal stress test (American
College of Sports Medicine, Liguori, Feito, Foun-
taine, & Roy, 2021). This has been defined as “a
non-invasive procedure that provides diagnostic
information on cardiopulmonary function and
assesses individual dynamic exercise capacity”
(Myers, et al., 2009).

Furthermore, apart from their usefulness for
the assessment of physical performance capacity
and advice before the start of training, they could
also be used as a tool for: 1) the assessment of the
general state of health of the athlete, 2) the detection
of various cardiovascular and metabolic pathologies
that could limit and/or contraindicate the practice
of physical exercise and sport (Lollgen & Leyk,
2018), and 3) as a way of assessing the evolution
of sporting performance throughout a competitive
season.

Given that a direct relationship has been
observed between the inability to reach certain heart
rates—calculated from an estimated maximum
heart rate—and an increased risk of death from
cardiovascular disease (Harber, et al., 2017), for this
type of assessment to be effective, the athlete must
reach maximum intensities (HRmax) during perfor-
mance (Hamlin, Draper, Blackwell, Shearman, &
Kimber, 2012).

Therefore, a stress test should reproduce the
maximum intensity levels at which the athlete
performs when doing sport in order to be consid-
ered effective (Currell & Jeukendrup, 2008), since
the intensity reached could determine whether
a pathology can be detected or, on the contrary,
would go undetected. As such, it is essential that
the intensity of effort reached during the perfor-
mance of an exercise test is equal to or higher than
that the athlete will attain during the competi-
tion and that there are no significant differences
between the two (Santos, et al., 2012). In fact, the
performance of a stress test without meeting the
completion criteria, which ensures maximum effort
by the participant, is considered a cause of a false
negative in the performance of the test (Higgins
& Higgins, 2007). Moreover, the existing differ-

ences may vary depending on the sport, the type
of ergometer (treadmill, cycle ergometer...), the
population group practising, and, finally, they may
also be influenced by various psychological factors
such as stress or anxiety (Sanchez-Belena & Garcia-
Naveira Vaamonde, 2017).

Unfortunately, as far as we are aware, there are
no studies in basketball that have made an in-depth
analysis of the differences between the intensity
levels reached during stress tests and during compe-
tition, which opens the door to questioning whether
the intensities reached during stress tests are high
enough to reflect the true intensity developed during
competition. On the other hand, in many cases the
players and/or the clubs they play for do not have
qualified personnel and/or laboratories where all
these aspects can be assessed, so many assessments
are carried out by applying field tests (Durmic, et
al., 2019).

On the other hand, although during the perfor-
mance of the laboratory tests an attempt is made
to reproduce the conditions and patterns applied
during competition (movement patterns, types of
effort, duration, etc.), the need to apply standardised
protocols, the performance of the tests in a limited
space and the impossibility of adapting the type
of test used to all movement patterns and sports,
means that the tests are performed in reduced
spaces and using instruments such as the cycle
ergometer or treadmill, which could cause a change
in the performance conditions that would limit the
intensities achieved in the tests. This could lead to
very different perceptions of fatigue depending on
the assessment conditions used.

Therefore, the main objective of this study was
to analyse whether there were differences between
the values of various physiological and psycholog-
ical variables related to cardiovascular pathology,
obtained in different maximal stress tests performed
in the laboratory and the values obtained during
official competition, in a group of amateur male
basketball players.

Methods

Experimental approach to the problem

The study was organised in two phases: Phase 1:
pre-competitive period (two weeks before the start
of the competition), in which the maximal labora-
tory tests were carried out, and Phase 2: competi-
tive period, in which the physiological and psycho-
logical variables of the first five official matches
(MATCH) were recorded.

The maximal laboratory tests consisted of the
following: 1) a Wingate (WIN) test (Ayalon, Inbar,
& Bar-Or, 1974), 2) a treadmill (TREADMILL)
maximum incremental step-up test (Manoelles,
2005), and 3) a cycle ergometer (CYCLE) maximum
incremental ramp test (Keir, et al., 2015). These tests
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were selected because they are the most commonly
used in laboratory assessments during pre-season
in many competitive sports (Manonelles, Franco,
& Naranjo, 2016).

Two types of variables were monitored: 1) phys-
iological: heart rate, blood lactate, and blood pres-
sure, and 2) psychological: perceived level of effort
and perceived stress. In the case of matches, HR
data were recorded and the corresponding Live
Time (LT; defined as “the time that elapses when
the player is on the court, the ball is in play and the
stopwatch is running”) was considered for the anal-
ysis (Mclnnes, Carlson, Jones, & McKenna, 1995).
The experimental design of the study is shown in
Figure 1.

Participants

The study sample consisted of 10 amateur male
basketball players (age: 21.40 + 2.22 years; body
height: 1.92 + 0.07 m; body mass: 88.44 + 8.52 kg;
fat mass: 15.49 + 3.41 %; years of practice: 12.40 +
2.50 years), belonging to the top-level regional cate-
gory (1st National Division). The players had three
2-hour training sessions per week and one match
on the weekend. In addition, during the study,
special care was taken to ensure that participants
did not engage in moderate- or high-intensity phys-
ical activity apart from the assessment or regular
training sessions. The participants had no personal
or family history of cardiac pathology, nor had they
suffered from any injury that could alter regular
sports practice in the six months prior to the study.

To check the minimum effect size to which the
statistical model was sensitive, a sensitivity analysis
with the analysed sample size (n = 10, number of
groups = 1, number of measurements = 4, and non-
sphericity correction of € = 1) was done. The power
and alpha values used were 0.80 and 0.05, respec-
tively. The model was sensitive enough to detect
moderate effects of at least f = 0,39 or the equivalent

d = 1,12 described as moderate (Hopkins, Marshall,
Batterham, & Hanin, 2009).

None of the participants received any finan-
cial or in-kind reward for their collaboration in the
study. They also signed an informed consent form,
and a protocol was established for the delivery and
explanation of the results. At the time of the study,
none of the participants were taking any type of
medication, nor were they following a specific
dietary pattern, nor did they suffer from any respi-
ratory or metabolic disorder.

Procedures

The timing of the records of the variables is
detailed in Table 1.

Information prior to the initiation of the
research. Three days prior to the first exercise
test, participants were contacted to remind them
not to exercise or consume caffeinated or carbon-
ated beverages at least 12 hours before the assess-
ments. They were also not to smoke in the three
hours prior to data collection.

Information protocol and consents in the labo-
ratory. When they arrived at the laboratory, having
understood the procedure to follow for data collec-
tion and clarified any queries they might have, they
were asked to sign the informed consent form for
the study and for the clinic where the stress tests
were carried out.

Anamnesis and physical examination of the
participants. A complete anamnesis and a 12-lead
electrocardiogram were performed by a sports
medicine physician in a specially equipped room
(18-22°C and 40-60% relative humidity). In addi-
tion, anthropometry was assessed (height: Seca®
220 measuring rod with an accuracy of 0.1 cm;
weight: Seca® 700 column scale, Germany with an
accuracy of 0.05 kg; and body fat: BC-601 meter,
Tanita® scale, with an accuracy of 0.1%).

Amateur basketball male players

Laboratory tests

\

Matches

I

Registered variables

.......................................................................................

Physiological
HR
BP
La

Psychological

RPE
PSS

Note. HR: heart rate; BP: blood pressure; La: lactate; RPE: rate of perceived exertion; PSS: perceived stress scale.

Figure 1. Experimental design.
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Table 1. Timing of the recording of variables from laboratory tests and matches

Condition Before During After
Laboratory tests
PSS BP
Wingate BP HR La
La RPE
PSS BP
Cycle ergometer BP HR La
La RPE
PSS BP
Treadmill BP HR La
La RPE
PSS BP
Matches BP HR La
La RPE

Note. HR: heart rate; BP: blood pressure; La: lactate; RPE: rate of perceived exertion Borg-20; PSS: perceived stress scale.

Laboratory tests

Temporal organisation of stress tests. The labo-
ratory assessments were divided into two recording
sessions separated by 48 hours of recovery time.
In the first session, the WIN test (Ayalon, et al.,
1974) and the CYCLE test (Keir, et al., 2015) were
performed, leaving a full recovery period of 30
min between the tests. In the second session, the
TREADMILL test (Rabadan & Boraita, 2005) was
performed. Half of the participants took the WIN
and CYCLE on the first day, while the other half
started with the TREADMILL and took the rest of
the tests on the second day, in order to avoid that
the order of the tests could influence the final result
of the study.

Wingate test (WIN). 1t followed the protocol
proposed by Ayalon et al. (1974). After a 5-minute
warm-up on the cycle ergometer, the participant
pedalled at the maximum possible speed for 30
seconds, and revolutions per minute (rpm) were
collected every five seconds. The load applied was
75 g/kg body weight.

Cycle ergometer test (CYCLE). 1t followed the
protocol described by Keir et al. (2015), which
consists of a maximum incremental ramp test,
starting at 20W for four minutes, increasing by 25W
every minute, maintaining a pedalling cadence of
between 70 and 100 rpm at all times.

TREADMILL test. A continuous stepwise
maximum incremental test with a constant slope of
1% was performed. The test began with a 2-minute
warm-up at 6 km/h with progressive increases of 1
km/h every minute (Manoelles, 2005).

Competitive matches

The week before the start of the recording of
physiological and psychological variables during
the competition, a friendly match was organised
so that both the participants and the research team
could familiarise themselves with the data collec-

tion protocol. Subsequently, the first five official
competition matches were assessed.

Recording of physiological variables

Heart rate. Polar Team heart rate monitors
(Polar Electro, Corp., Finland) with a recording rate
of 1 Hz (second by second) were used for HR moni-
toring. At the same time, the matches were recorded
with two video cameras (JVC -GZ620SE HDD.
Hong Kong, China) synchronised with the heart
rate monitors by means of an acoustic and visual
signal, just before the start of the warm-up. The
cameras were placed in an elevated position in the
grandstand from where they could record at least
half of the arena without having to be moved. The
heart rate monitors were placed 10 minutes before
the start of the warm-up (36 min before the start of
the matches, the specific warm-up had a duration
of 26 min). The recording was synchronised acous-
tically and visually with the video cameras at the
beginning and end of each quarter.

Blood pressure. An OMRON HEALTHCARE
M2 Basic (HEM-7120-E) sphygmomanometer
(Derivative of Omron HEM-7130) was used for
blood pressure assessment following the recom-
mendations proposed by James and Gerber (2018).
This model was previously validated by Takahashi,
Yoshika, and Yokoi, (2015). The assessments were
carried out before and after each test and each
match.

Lactate. Blood samples were drawn from the
earlobe of each participant following the protocol
proposed by Sanchez-Arjona, Ruiz Martinez, and
Martin Fernandez (2008). For this purpose, the
lactate scout photometer (Lactate Plus DPI110,
Diaglobal GmbH, Berlin, Germany) was used.
Measurements were taken before and after each
test and match, following the protocol by Warr-di
Piero, Valverde-Esteve, Redondo-Castan, Pablos-
Abella, and Sanchez-Alarcos Diaz-Pintado (2018).
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Recording of psychological variables

Perceived Stress Scale (PSS). The Spanish
version of the Perceived Stress Scale (PSS) (Remor,
2006) was administered before each test and match.
This questionnaire is a self-report instrument that
assesses the level of perceived stress over the past
month, consisting of 14 items with a five-point scale
response format (0 = never, 1 = hardly ever, 2 =
occasionally, 3 = often, 4 = very often). The total
PSS score is obtained by inverting the scores of
items 4, 5,6, 7,9, 10 and 13 (in the following sense:
0=4,1=3,2=2,3=1and 4 =0) and then adding
up the 14 items. The direct score obtained indicates
that a higher score corresponds to a higher level of
perceived stress.

Rate of Perceived Exertion (RPE). The orig-
inal Borg Scale (Borg, 1982), consisting of 15 items
(6-20), where 6 is a very, very mild perception, and
20 is a very, very hard perception, was administered
in response to the question “How hard have I tried
relative to my 100% effort?”. The scale was admin-
istered after each test and match (30 min after) and
during match breaks.

Statistical analyses

To compare the psycho-physiological demands
of Match, Wingate, Treadmill and Cycle Ergom-
eter conditions, a repeated measure analysis of
variance (ANOVA) was used. Normality assump-
tions were checked using the Shapiro-Wilk test and
exploring the Q-Q plots and the histogram plot of
the residuals. Assumptions of sphericity were evalu-
ated using the Mauchly’s test. When sphericity was
violated (p<.05), the Greenhouse-Geisser correc-
tion factor was applied. Whenever a significant
main effect was observed, post-hoc comparisons
were performed with the Bonferroni correction.
Effect sizes were evaluated using a partial omega
squared (®?), with 0.06, 0.06-0.14, and > 0.14 indi-

cating a small, medium, and large effect, respec-
tively. Mean difference was obtained and the stan-
dardised mean difference Cohen’s d effect size was
calculated (Lakens, 2013), where ¢ is the ¢ statistic
and n is the sample size. Effect sizes were inter-
preted as: < 0.2 = trivial; 0.2-0.6 = small; 0.6-1.2
= moderate; 1.2-2.0 = large; > 2.0 = very large
(Hopkins, et al., 2009). The level of significance
was set at 0.05 for all the tests. Statistical analyses
were performed using JASP for Mac (version 0.16.4;
JASP Team, 2024).

Results

The descriptive values of the different depen-
dent variables measured are shown in Tables 2, 3,
and 4. The percentage of time of the LT in which
the player’s heart rate stayed above the registered
heart rate max of each laboratory test is shown in
Figure 2.
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Figure 2. Percentage of time of the live time (LT) in which the
player’s heart rate stays above the registered heart rate max
of each laboratory test.

Table 2. Values of the HR variables measured in the different conditions

Treadmill

Cycle ergometer

Variable Match Wingate
HRmax 197.91 £4.72 164.90 £ 12.19 *V*
z0 0.00 £ 0.00 0.00 +0.00

z1 0.00 +0.00 1.00 + 3.16

z2 1.09+0.73 6.00+ 717

z3 9.91+4.88 22.67 £4.10*V-
z4 43.84 +9.91 25.00 £4.23 %+
z5 4516 + 13.55 45.33+9.96

188.70 £ 8.49 *M
8.88 +6.49 *\t
917 £4.15*Vt
12.71 £5.21*

13.77 £ 3.07

20.97 +6.26 *V*

34.50+5.78 *M

179.60 £ 8.87 *V-
0.14 £ 0.46
4.97 +9.36 *M
16.43 £ 14.32 *Vt
21.01+8.78 *\*
24.04 £ 7.71 "
33.40+ 717 *\*

Note. Values are presented as mean + SD. Match_LT: mean values of the heart rate variables for the match condition during the live
time; Wingate: mean values of the heart rate variables for the Wingate condition; Treadmill: mean values of the heart rate variables
for the treadmill condition; Cycle ergometer: mean values of the heart rate variables for the cycle ergometer condition; z0: percentage
of minutes accumulated under 50% of the heart rate maximum; z1: percentage of minutes accumulated between 50 and 60 % of
the heart rate maximum; z2: percentage of minutes accumulated between 60 and 70 % of the heart rate maximum; z3: percentage
of minutes accumulated between 70 and 80 % of the heart rate maximum; z4: percentage of minutes accumulated between 80 and
90 % of the heart rate maximum; z5: percentage of minutes accumulated between 90 and 100 % of the heart rate maximum; *p<.05
statistically significantly different from match values; T trivial effect size; S: small effect size; M: medium/moderate effect size; \: large

effect size; V-: very large effect size.

316



Batalla-Gavalda, A. et al.: DO STRESS TESTS REFLECT THE INTENSITY REACHED... Kinesiology 56(2024)2:312-324

Table 3. Values of the psychological variables measured in the different conditions

Variable Match Wingate Treadmill Cycle ergometer
RPE-20 1413 £2.31 16.20 £ 0.92 *- 18.20 £ 0.42 *V- 18.30 £ 0.95 *V+
Stress 10.17 £4.26 10.40 + 3.41 7.60 +5.52 10.40 + 3.41

Note. Values are presented as mean + SD. Match: mean values of the psychological variables for the match condition; Wingate:
mean values of the psychological variables for the Wingate condition; Treadmill: mean values of the psychological variables for the
treadmill condition; Cycle ergometer: mean values of the psychological variables for the cycle ergometer condition; RPE-20: Rate of
perceived exertion; Stress: Perceived stress scale; *p<.05 statistically significantly different from match values; ™: trivial effect size;
S: small effect size; M: medium/moderate effect size; \: large effect size; V': very large effect size.

Table 4. Values of the lactate and blood pressure variables measured in the different conditions

Variable Match Wingate Treadmill Cycle ergometer
Lactate (mmol/L)

Pre 0.85+0.07 0.94 +0.05 0.94+0.13 0.95+0.05
Post 412+1.20 12.02£0.87 *\* 6.99 £ 0.54 *\t 6.59 +0.35 *Vt
Blood pressure (mm Hg)

SBP_pre 130.17 £5.39 125.50 + 7.62 125.00 + 12.02 125.00 £ 9.13
SBP_post 125.33+6.15 165.50 + 13.43 *V- 166.00 + 8.43 *- 177.00 + 13.37 *V*
DBP_pre 74.73 +4.30 71.00 £7.38 65.50 + 4.97* 72.00 £7.89
DBP_post 77.45 + 3.65 70.00 £ 6.67 *- 62.50 + 3.54 *Vt 66.50 + 3.37 *Vt

Note. Values are presented as mean + SD. Match: mean values of the lactate and blood pressure variables for the match condition;
Wingate: mean values of the lactate and blood pressure variables for the Wingate condition; Treadmill: mean values of the lactate and
blood pressure variables for the treadmill condition; Cycle ergometer: mean values of the lactate and blood pressure variables for the
cycle ergometer condition; SBP: systolic blood pressure; DBP: diastolic blood pressure; *p<.05 statistically significantly different from
match values; ™: trivial effect size; S: small effect size; M: medium/moderate effect size; - large effect size; V: very large effect size.

Match vs. Wingate differences

Regarding the HR variables, statistically signif-
icant lower values of HRmax (very large) and z4
(very large) variables were shown in Wingate than
in Match. However, statistically significant higher
values of z3 (very large) were shown in Wingate
than in Match (Table 2).

Regarding the psychological variables, signif-
icant higher values of RPE-20 (very large) were
shown in Wingate than in Match (Table 3).

Regarding the lactate and blood pressure vari-
ables, statistically significant lower values of DBP
post (large) were shown in Wingate than in Match.
However, statistically significant higher values of
Lactate at post condition (very large) and SBP post
(very large) were shown in Wingate than in Match
(Table 4).

Finally, when the Wingate test was performed,
63.75 % of the time of the LT the players’ heart
rate stayed above the registered HRmax in the test
itself (Figure 2).

Match vs. cycle ergometer differences

Regarding the HR variables, statistically signif-
icant lower values of HRmax (very large), z4 (very
large) and z5 (very large) variables were shown in
Cycle ergometer than in Match. However, statis-
tically significant higher values of zI (moderate),
z2 (very large) and z3 (very large) variables were
shown in Cycle ergometer than in Match (Table 2).

Regarding the psychological variables, statis-
tically significant higher values of RPE-20 (very
large) were shown in Cycle ergometer than in Match
(Table 3).

Regarding the lactate and blood pressure vari-
ables, statistically significant lower values of DBP
post (very large) variables were shown in Cycle
ergometer than in Match. However, statistically
significant higher values of lactate at post condi-
tion (very large) and SBP post (very large) were
shown in Treadmill than in Match (Table 4).

Finally, when the Cycle ergometer test was
performed, 35.04 % of the time of the LT the players’
heart rate stayed above the registered HRmax in the
test itself (Figure 2).

Match vs. treadmill differences

Regarding the HR variables, statistically signifi-
cant lower values of HRmax (moderate) and z5
(moderate) variables were shown in Treadmill than
in Match. However, statistically significant higher
values of z0 (very large), z1 (very large), z2 (very
large) and z5 (moderate) variables were shown in
Treadmill than in Match (Table 2).

Regarding the psychological variables, statis-
tically significant higher values of RPE-20 (very
large) were shown in Treadmill than in Match
(Table 3).

Regarding the lactate and blood pressure vari-
ables, statistically significant lower values of DBP_
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pre (large) and DBP_post (very large) variables were
shown in Treadmill than in Match. However, statis-
tically significant higher values of Lactate at post
condition (very large) and SBP post (very large)
were shown in Treadmill than in Match (Table 4).

Finally, when the Treadmill test was performed,
12.36 % of the time of the LT the players’ heart
rate stayed above the registered HRmax in the test
itself (Figure 2).

Discussion and conclusions

This is the first study, at least to our knowledge,
to compare the differences between the intensity
achieved during various laboratory stress tests and
the intensity recorded during an official competi-
tion in amateur men’s basketball. The results seem
to confirm the existence of differences between the
two conditions in some of the variables analysed.
Although the intensity levels observed were higher
during the competition, the levels of RPE, lactate
and blood pressure were found to be lower than in
the stress tests. In contrast, no significant differ-
ences were observed in the vast majority of variables
between conditions prior to the match, ensuring that
the tests and the match were conducted under equal
conditions.

Match vs. Wingate differences

Basketball is a sport with a combination of high
intensity aerobic and anaerobic actions (Petway,
Freitas, Calleja-Gonzalez, Medina Leal, & Alcaraz,
2020) and lactate concentrations ranging from 2.7
to 6.8mmol-L-1 (Stojanovig, et al., 2018), suggesting
the importance of the glycolytic pathway in energy
production. The Wingate test is a maximal anaer-
obic test in which the adenosine triphosphate-phos-
phocreatine system and the glycolytic system are
significantly stimulated, activating purine catab-
olism and lactate production (Granier, Mercier,
Mercier, Anselme, & Préfaut, 1995; Sawada, et
al., 2023). This makes it the gold standard tool for
monitoring improvements in anaerobic capacity
and power in sports where anaerobic metabolism
is clearly involved (Bar-Or, 1987; Dobashi, Kata-
giri, Fujii, & Nishiyasu, 2023). It is also the most
commonly used test to assess anaerobic perfor-
mance in some groups such as athletes with disabili-
ties (Marszatek, et al., 2019).

This test has been used in basketball as a
way of assessing anaerobic performance, both in
competitive players and young basketball players
(Apostolidis, Nassis, Bolatoglou, & Geladas, 2004;
Gholami, Ali, Hasani, & Zarei, 2022), although its
usefulness has been questioned, due to the fact that
its duration allows the assessment of capacity and
not so much anaerobic power, which seems to be
the most relevant in basketball (Delextrat & Cohen,
2008).

Despite this, it has been used in the field of
prevention and health promotion as a way of
assessing cardiac and respiratory function and arte-
rial response to exercise (Coates, Millar, & Burr,
2023; Tamonti, et al., 2022). In our study, this test
was used because of its simplicity and short dura-
tion and because it can be applied in conjunction
with other laboratory tests in the same assessment
session, which means that it is used by many clubs
as a complementary test to the stress test. Further-
more, it seems that this test could correlate with
other anaerobic track tests (Fatouros, et al., 2011;
Yanci, et al., 2014), which would allow us to obtain
a first approximation of the state of this pathway in
the athletes analysed.

When comparing the results obtained between
the WIN test and the MATCH, we observed that the
HR levels achieved were lower in the WIN than in
the MATCH, with the exception of the z3 values.
This could indicate that the players did not reach
the maximum heart rate intensity during the test
(see Table 2). This may be due to the short dura-
tion of the WIN test (30 seconds). However, the
subjective perception of reported effort was higher
in the WIN test (see Table 3). This could indicate
that, although the intensity during the test was not
maximal, the perception of exertion experienced by
the participant during the test was maximal. This
point leads to the view that individual perception
of effort should not be considered as synonymous
with the level of intensity achieved, which could
lead to a false-negative, when the aim is to ensure
the cardiovascular health of the athlete (Higgins &
Higgins, 2007).

Although this could be attributed to the fact
that the lactate values achieved in the WIN test
were significantly higher (large effect size), since
for many years there has been a certain consensus
on the idea that the higher the lactate concentra-
tion, the greater the subjective perception of effort,
recent studies question this relationship (Lee, et al.,
2023). In addition, it seems that intermittent exer-
cises, such as basketball practice, could generate a
“rebound effect” that would generate a lower percep-
tion of effort, generating more pleasurable effects
(Jung, Bourne, & Little, 2014), which would suggest
that the subjective perception of effort should be
greater in continuous efforts. On the other hand,
the data collection of all players was performed
following the protocol proposed during the stress
tests by Warr-di Piero et al. (2018), consisting of the
collection of lactate and blood pressure values after
the end of the effort. However, the application of
this protocol during competition can only be effec-
tively carried out on players who have finished the
match on court, losing the information on lactate
kinetics during competition. In addition, several
studies suggest that the specificity of the move-
ment pattern to be assessed could influence the
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final result of the test, as it has been found that the
higher the specificity and complexity of the test,
the lower the performance during the test (Batra,
2019). This could be caused by the fact that stress
tests are performed in a controlled and standardised
environment (Weichenberger, Esefeld, & Miiller,
2023), where all the player’s attention is focused
on completing the test with the best possible effort,
whereas during competition, there are many vari-
ables that can affect the perceived effort, such as
emotions, game strategy, the match environment
or the score (Batalla Gavalda, Bofill Rédenas,
Montoliu Colas, & Corbi Soler, 2018; Sansone,
Gasperi, Tessitore, & Gomez, 2021). In addition,
the complexity and intermittent nature of movement
patterns are also factors that should be considered,
as in the case of the court movement patterns may
vary depending on the needs of the game (Boutios,
et al., 2022).

Blood pressure has been associated with an
increased risk of cardiovascular disease (Yang, et
al., 2021), although its influence will vary depending
on various factors such as age, arterial elasticity and
the existence of atheromatous plaques (Wu, et al.,
2023). In our study, an increase in both post-exercise
SBP and post-exercise BOD was observed in both
tests, although this increase was greater in the WIN
test. This fact could be explained by the different
nature of the efforts made (continuous vs. intermit-
tent high intensity) and by the existence of pauses
during the competition, which would naturally tend
to normalise blood pressure (Huang, et al., 2023).
In addition, the high intensities reached, together
with the fact that in the WIN test, the action of the
arms and trunk are performed in a quasi-isometric
manner, could further increase blood pressure in
the trunk (Léssing, et al., 2023).

Match vs. cycle ergometer differences

When comparing the variables recorded
between the MATCH and the CYCLE, significant
differences of large or very large magnitude were
observed in almost all the variables analysed (with
the exception of the values recorded in z0, which did
not present significant differences, and the values
of z1, which presented significant differences of
moderate magnitude), with the results obtained on
the court being higher in relation to HRmax, % time
spent in z4 and z5 (see Table 2), and DBP_post (see
Table 4), and lower in % time spent in z1, z2 and
z3 (see Table 2), and RPE-20 (see Table 3), lactate
post, and SBP_post.

These differences could be due to a number of
reasons. First, it is different types of efforts made in
both situations. While in the CYCLE test a contin-
uous effort is made (Keir, et al., 2015), in match
situations the type of effort made involves actions
of an intermittent high intensity (Khoramipour et
al., 2021). In fact, as indicated by Hauer, Tessitore,

Binder, and Tschan (2018), one of the elements to
take into account is exercise density, i.e., the ratio
of activity time to pause time within an event, as
this can modify intensity levels. In addition, the
alternation between high intensity and recovery in
match situations could lead to spontaneous regu-
lation of blood pressure behaviour, moderating the
difference between the two variables (Ghasem,
Abouzeid, Toresdahl, & Shah, 2022). Second, due
to the fact that during the match the HR is in the
74 and z5 for more than 85% of the time, the work-
load at high intensity is considerably higher than in
the CYCLE test. These values are similar to those
reported by Sanders, Boos, Rhodes, Kollock, and
Peacock (2021) in an NCAA female population,
who found that players were at values above 85%
of HRmax for an average of 34.5 minutes of the
match. Third, the type of motor patterns performed
during competition is very different from that used
during the CYCLE test, since in pedalling actions,
hip flexors and extensors would not be fully acti-
vated, contrary to what happens in running actions
(Dorel, Guilhem, Couturier, & Hug, 2012). This
justifies the greater capacity to generate power
during competition, an aspect that allows higher
levels of intensity to be reached (Medbg & Toska,
2001). Fourth, the change in blood pressure, which
was much greater during the CYCLE test compared
to the MATCH, as a result of peripheral vasocon-
striction in the upper limbs and vasodilation in the
lower limbs (Joyner & Casey, 2015).

Match vs. treadmill differences

A comparison of the variables analysed between
the MATCH and the TREADMILL shows signifi-
cant differences in the vast majority of the vari-
ables analysed. While HRmax and % at z4 and
75 were higher during the competition, RPE-20,
lactate and blood pressure were higher during the
TREADMILL test. This aspect could be related,
as mentioned above, to the conditions in which the
test was carried out and the psychological factors
that derive from its performance, as it is difficult
to reproduce the emotional situations generated by
the competition in a laboratory test (Khoramipour,
et al., 2021).

In relation to the lactate levels obtained during
the MATCH, these were similar to those obtained
in previous studies carried out with players during
competition (Ben Abdelkrim, El Fazaa, El Ati, &
Tabka, 2007; Mclnnes, et al., 1995; Stojanovic¢, et
al., 2018). In addition, the ability to clear lactate
also appears to be related to the position and type
of movements performed by participants after exer-
cise (Wilson, 2016) and there appears to be a move-
ment pattern specificity in the recording of lactate
concentrations (Legaz-Arrese, Munguia-Izqui-
erdo, Carranza-Garcia, & Torres-Davila, 2011),
which may be related to the amount of muscle mass

319



Batalla-Gavalda, A. et al.: DO STRESS TESTS REFLECT THE INTENSITY REACHED...

Kinesiology 56(2024)2:312-324

recruited. On the other hand, the need to counteract
the inertial loads generated by body mass on the
vertical component during running may also lead
to increased lactate concentrations (Quittmann et
al., 2021).

Therefore, and as a result of the above, our
study suggests that laboratory stress tests do not
reproduce the real physiological needs that amateur
basketball players have on the court during an offi-
cial competition. All this suggests the need to adapt
the assessment protocols to the real competitive
context of amateur basketball, as it seems that the
type of pattern selected for the assessments could
contribute significantly to the final result of the test.

Limitations of the study

This study has several limitations. Firstly,
the gas exchange during the stress tests was not
assessed. Although from the respiratory exchange
ratio we can know the level of involvement of the
athlete during the test (Myers, et al., 2009) and
whether this is a reflection of the true level of effort
applied (Mehra, et al., 2006), there are significant
drawbacks to these assessments, such as the neces-
sity of specialized technology and knowledge how
to use it, associated legal constraints, and practical
issues like athlete’s discomfort when using masks
(Pinkstaff, Peberdy, Kontos, Finucane, & Arena,
2010). Additionally, the equipment requires regular
calibration, and its use during competition is not
feasible.
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Abstract:

Opposition in soccer is a determining factor for the success of collective and individual actions that are
performed by the players to solve the problems of the game. Many studies studied the opposition in official
matches and training and its impact on the dimensions of soccer. However, no previous review organised
the literature about the effects of the opposition in soccer training. Therefore, this systematic review aimed
to verify: i) the effects of the opposition in individual and collective behaviours in soccer training; ii) how
was the level of the opposition established during training; and iii) how the variables were analysed and
instruments utilized to measure those effects. The PRISMA guidelines were used to search five databases
for relevant publications before 10th April 2023. The population was soccer players, and the outcome was
any variable related to the tactical, technical, physical, and/or psychological dimension. In the end, there
were thirteen studies included. Overall, the main results pointed out two ways to establish the opposition
in soccer training: numerical relations and through teams’ composition according to players’ individual
characteristics. Moreover, it is possible to affect soccer’s tactical, technical, and physical dimensions by
establishing the opposition in different ways. Manipulating the opposition through numerical relationships
can facilitate the exchange of passes and maintenance of ball possession, in the offensive phase, and generate
greater commitment in attempts to recover possession of the ball in the defensive phase. Regarding the
individual characteristics of the players, the effects of the opposition depend mainly on the variable used in
organising the teams.

Key words: football, training sessions, small-sided games, decision-making, tactics

Introduction

Soccer is dynamic, fluid, and complex (Garganta
& Gréhaigne, 1999). It is characterised by the simul-
taneous existence of cooperation and opposition,
which causes at every moment a collective rela-
tional dynamics that stimulates players to eval-
uate game situations and make constant decisions
based on actions, reactions, and interactions; the
said build the singularity and diversity of the flow
of events that allow goals to be scored in the oppo-
nent’s goal and prevent conceding a goal in one’s
own goal (Castelo, 1996; Julio & Araujo, 2005). In
this context, according to the theory of dynamic
systems, the two teams involved in a match are seen
as two interacting systems in motion, in which the
quality of the opposition is a determining factor for
the success of the interactions and, consequently,
for the collective and individual actions that are
performed to solve the problems of the game thus
allowing the achievement of the main goal (Gréh-
aigne & Godbout, 2014).

The opposition (namely: level of opposition,
quality of opposition, and ability of opposition)
in soccer has been primarily studied in official
match situations. Such studies define the level of
the opposition through the opponent’s ranking and
employ several methods of performance analysis to
understand its effects, separately or in conjunction
with other situational factors (e.g., match outcome,
match venue, match statistics, etc.), on many vari-
ables in the game (Lago-Penas, 2009; Taylor, Mella-
lieu, James, & Shearer, 2008; Yi, Gomez, Liu, &
Sampaio, 2019). The results of these studies indicate
that the opposition has a direct effect on variables
related to the tactical (Fernandez-Navarro, Fradua,
Zubillaga, & McRobert, 2018), technical (Augusto,
etal., 2022), and physical dimensions (Aquino, et al.,
2020). Therefore, the opposition plays a central role
in the team’s performance during official matches
and should be considered during the teams’ prepa-
ration.
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Furthermore, the other context in which the
opposition has been studied in soccer regards
training sessions. In this sense, the level of the
opposition is usually a task constraint that can be
manipulated in small-sided games (SSG) (Praxedes,
Moreno, Gil-Arias, Claver, & Del Villar, 2018) and
is understood as the level of difficulty presented due
to the numerical equality or inequality of the partic-
ipating teams (Travassos, et al., 2012; Travassos,
Vilar, Aratjo, & McGarry, 2014). This concept is
directly related to the general tactical principles,
which are based on the numerical and spatial rela-
tionships between teammates and opponents in
the ball contention zones (Garganta & Pinto, 1994;
Teoldo, Guilherme, & Garganta, 2021). In this
regard, it was found that the level of the opposi-
tion can impact the tactical (Gongalves, Marcelino,
Torrents, & Sampaio, 2016), technical (Praxedes,
Pizzaro, Travassos, Dominguez, & Moreno, 2021),
and physical dimensions (Torres-Ronda, et al.,
2015) in soccer training. Those results are similar
to the findings of studies with official matches, and
they must have this congruence once the training
process aims to improve the skills and competen-
cies of players and teams to meet the competitive
demands required (Teoldoet al., 2021).

While many studies comprise the opposition in
a competitive context of soccer (Aquino, et al., 2020;
Augusto, et al., 2022; Fernandez-Navarro, et al.,
2018), the number of studies that include the oppo-
sition in training sessions is much smaller. Even
being an intrinsic element to the soccer game, it is
commonly manipulated during training (Praxedes,
et al., 2018), researchers have dedicated so much
effort to studying the manipulation of other param-
eters like the number of players and field dimen-
sions (Ometto, et al., 2018) instead of the opposition.
A possible explanation for this fact may be related
to the difficulty of establishing and controlling the
opposition in training in an effective way since the
same parameter in official matches could be easily
associated with the ranking of the opposite team.

Despite the aforementioned importance of the
opposition in both contexts (e.g., official matches
and training sessions) in soccer, to the best of our
knowledge, no previous review has been conducted
investigating the influence of the level of the oppo-
sition on training sessions in soccer. It is essential
to understand how coaches establish and manipu-
late the opposition to ensure adequate training to
generate behaviours that meet the demands imposed
by the opponent during the match. In addition, it
is necessary to know the variables analysed and
instruments utilized to understand how individual
and collective behaviours change according to the
level of the opposition in this situation. Therefore,
this article aims to systematically review the litera-
ture to verify: i) the effects of the opposition on indi-

vidual and collective behaviours in soccer training,
ii) how was the level of the opposition established
during training sessions; and iii) how were the vari-
ables analysed, and what instruments utilized to
measure those effects.

Materials and methods

Search strategy and inclusion criteria

A systematic review of the available litera-
ture on the effects of the opposition in soccer was
conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Page, et al., 2021). The
protocol was registered with the International Plat-
form of Registered Systematic Review and Meta-
Analysis Protocols with the number 202340105 and
the DOI number 10.37766/inplasy2023.4.0105. The
Population, Intervention, Comparison, Outcome
(PICO) framework was adapted and employed
to develop the search strategy. The population of
interest was soccer players. The intervention was
the opposition. No comparison was used because
the review sought to investigate what interventions
have been carried out on this topic. The outcome
was any tactical, technical, physical, or psycholog-
ical variable.

In order to ensure article quality, five databases
were used for the search: 1) Web of Science (all
databases); 2) SCOPUS; 3) PubMed; 4) SPORT-
Discuss; and 5) Scielo. The search was carried out
for relevant publications prior to 10th April 2023.
The title, abstract, and keywords were searched
through the following descriptors: [(soccer OR foot-
ball) AND (opposition OR opponent OR “quality
of opposition” OR “levels of opposition” OR “situ-
ational variables” OR “‘contextual variables” OR
“opposition ability” OR “numerical unbalance”
OR “opposing teams”) NOT (referee OR injur*
OR “american football” OR “‘australian football”
“gaelic football” OR rugby OR volleyball OR
basketball OR “robot soccer” OR handball)].

The inclusion criteria for the articles were:
1) published in peer-reviewed scientific journals;
2) the study was carried out with male or female
soccer players (either youth or adult); 3) written in
the English, Portuguese, or Spanish language. On
the other hand, the exclusion criteria were applied if
the article: 1) was related to any other sport different
from soccer; 2) was a review, opinion, or a confer-
ence abstract; and 3) was a study in the context of
friendly or official match; 4) was a study classified
as having low methodological quality (< 50%). In
case of any disagreement, it was solved by discus-
sion between the two review authors (VM and
IMCQ).

Two independent reviewers (VM and JMC)
separately screened titles and abstracts to identify
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articles based on the inclusion criteria. For those
articles, full text was screened by those reviewers
to establish whether the inclusion criteria were met.
Disagreements were solved by discussion between
the two reviewers.

A backward search was carried out by screening
references for those selected articles in databases.
Those references that exhaustively matched the
inclusion criteria were included in the review.

Extraction of data and quality of the
studies

The quality of the studies was assessed with a
risk-of-bias quality form (16 items) adapted from
Law et al. (1998) and previously used in systematic
reviews of sports (Sarmento, Anguera, Pereira, &
Aratijo, 2018; Sarmento, Clemente, Aragjo, Davids,
McRoberts, & Figueiredo, 2018; Sarmento, Clem-
ente, Harper, Teoldo, Owen, & Figueiredo., 2018).
The items in the form assessed articles based on:
objective (item 1); relevance of background litera-
ture (item 2); study design (items 3); the sample
included (items 4 and 5); informed consent obten-
tion (item 6); outcome measures (items 7 and 8);
description of methods (item 9); results signifi-
cance (item 10); analysis methods (item 11); prac-
tical importance (item 12); drop-outs description
(item 13); appropriateness of conclusion (item 14);
practical implications (item 15); and study limi-
tations (item 16). The assessment for each item
was a binary scale (1 — meets the criteria; 0 — does
not meet the criteria). The quality of the articles
was expressed individually as a final score corre-
sponding to the sum of the scores that met the
criteria (1) divided by the total number of scored
items (16). Articles were classified based on their
final scores as having low methodological quality (<
50%); good methodological quality (between 51%
and 75%), and excellent methodological quality (>
75%), as used in previous studies (Faber, Bustin,
Oosterveld, Elferink-Gemser, & Van der Sanden,
2016; Sarmento, Anguera, et al., 2018; Wierike,
Van Der Sluis, Van Der Akker-Scheek, Elferink-
Gemser, & Visscher , 2013).

A data extraction sheet was used (adapted from
Cochrane Consumers and Communication Review
Group’s data extraction template). Initially, one of
the researchers assessed the studies included in
this review, and the second researcher checked
the inputted data (VM and JMC). Any disagree-
ment was solved by the consensus between both
researchers.

Narrative analysis was used to synthesise
and analyse the information collected from each
included publication. This approach involved the
grouping of studies according to the establishment
of the opposition.

Results

Search, selection, and inclusion of
publications

Initially, 4507 articles were found in the afore-
mentioned databases. All these articles were
exported to the reference software manager
(EndNote 20.0). In the next step, all duplicates
(n = 1550) were removed manually and automat-
ically. Afterwards, the remaining 2957 articles
were screened for relevance based on their title
and abstract, resulting in the exclusion of 2825
articles. The remaining 132 articles were eligible
to the screening based on their full text, but four
were excluded because the full text was not found,
resulting in the full-text screening of the remaining
128 articles. There were 115 articles excluded based
on the inclusion/exclusion criteria, leaving 13 arti-
cles for in-depth reading and analysis. The main
reasons for exclusion are described in the flow chart
(see Figure 1). Subsequently, a backward search
based on the references from those 13 selected arti-
cles was performed, but not any other article was
included for consideration. In total, 13 articles were
reviewed in this paper. The chronological analysis
of the articles included in this review showed that
the selected articles were published between 2015
and 2023. Furthermore, all articles (100%) included
in this review were published in the last ten years.

Quality of the studies

Considering the quality of the studies (see
Table 1), the main results were: 1) The average
score for methodological quality of the thirteen
included articles was 83.7%; 2) 11 (84.6%) articles
achieved an excellent methodology quality (>75%);
3) two (15.4%) articles achieved a good method-
ology quality (between 51% and 75%); and 4) the
13 included articles achieved an overall score of
> 75% (excellent methodology quality).

Some possible limitations of the 13 selected
articles were found, which were related to three
items assessed and are further described in order of
percentage: 1) item 13 — the totality of studies (n =
13; 100%) did not inform about drop-outs; 2) item
5 — the majority of studies (n = 12; 92.3%) did not
justify the sample size; and 3) item 16 — more than
a half of the studies (n = 7; 53.8%) did not acknowl-
edge and/or describe the limitations.

Data extraction and synthesis

The characteristics of the thirteen studies
included in this systematic review are presented
in Table 1. Overall, the effects of the opposition
on collective and individual behaviours in soccer
training were verified in all thirteen studies (100%).
Additionally, according to the aims of this study and

327



Reis Machadol, V. et al.: THE EFFECTS OF THE OPPOSITION ON COLLECTIVE...

Kinesiology 56(2024)2:325-337

Identification of studies via databases and registers

Records removed before screening (n=1530):

Duplicate records removed (o= 1550)

v

Fecords excluded (n=28213)

Reports not retrieved (n=4)

L

Eeports excluded (n=113):

Opposition in the context of a friendly or official match (n = 91)
There 1z not opposition as independent variable in training
zessions (n=21)

Mot written in English, Spanish or Portuguese (n=1)

Mot a peer reviewed article (n =2

Records identified through databases searching

- (n=4507)
g

a Pubmed (n=394)
= SCOPUS (n=1316)

g Web of Science (n=935)
= SPORTDiscuss (n = 1632)

Scielo (n=10)
Fecords screened (n=2937)
v

w Eeports sought for retrieval (n = 132)

2
]

Y
Feports assessed for eligibility (n = 128)
Studies selected by Studies zelected from

v databases (n=13) backward search (n = 0)
: l l

=

=

Studies included in review (n = 13)

LS

Figure 1. Flow chart of the methodology used for the article search based on the preferred reporting items for systematic review

(PRISMA).

for a better understanding of the data, the results
will be presented separately according to the estab-
lishment of the opposition and the measurements
realised.

Opposition establishment

In terms of the establishment of the opposi-
tion in the thirteen studies, the great majority used
numerical relations (numerical superiority/infe-
riority) (n = 10), followed by teams’ composition
according to players’ individual characteristics (n
=3). Regarding players’ individual characteristics,
all studies (n = 3) have used different characteris-
tics: creative behaviour (n = 1), procedural tactical
knowledge (n = 1), and experts’ subjective evalu-
ation (n = 1).

Measurements

The 13 studies included in this review have
analysed three of the four possible dimensions
of soccer: the majority (n = 10) have assessed the
tactical dimension, followed by the physical (n=7)
and finally, the technical (n = 4). None of the studies
have assessed the psychological dimension.

Regarding the tactical dimension (n = 10), which
was the most frequently studied, it was found that
the majority of the articles analysed this dimension
in conjunction with the physical (n =4) followed by
the analysis of the technical dimension (n = 3) and
the tactical dimension separately (n = 3). Concerning
the variables related to the tactical dimension, it
was found that a significant number of studies
(n = 5) has used individual tactical behaviours
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(such as tactical core principles and decision-
making), followed by the combination of individual
and collective tactical behaviours (such as positional
variables) (n = 4) and the isolated collective tactical
behaviours (n = 1). The instruments employed to
assess those variables were Global Positioning
System (GPS) (n = 6), observational instruments
(n = 3), and a combination of both (n = 1).

In terms of the physical dimension (n = 7), it
was found that this dimension was most frequently
analysed in addition to the tactical (n = 4) followed
by the isolated analysis (n = 2) and jointly the tech-
nical (n = 1). Regarding the variables related to the
physical dimension, the more significant part of the
studies has focused on the combination of external
workload (such as total distance covered and total
distance covered per speed zones) and internal
workload (such as ratings of perceived exertion and
heart rate) (n = 4), followed by isolated internal
workload (n = 2) and finally the isolated external
workload (n = 1). The instruments used in this anal-
ysis were: GPS (n =5), RPE Borg scale (n = 5), and
heart-rate monitors (n = 3).

Concerning the technical dimension (n = 4), it
was found that a more significant number of studies
have analysed it in addition to the tactical dimen-
sion (n = 3) followed with the physical dimension in
conjunction (n = 1). None of the studies had studied
the technical dimension in the isolated form. In
terms of analysed variables, half of the studies (n
= 2) have analysed just offensive techniques (such
as passes and the number of ball touches), and the
other half (n = 2) has analysed both offensive and
defensive (such as steals and interceptions) tech-
niques. The instruments used in all analyses were
observational (n = 4).

Discussion and conclusions

This article aimed to systematically review the
literature to verify: i) the effects of the opposition
on individual and collective behaviours in soccer
training, ii) how was the level of the opposition
established during training sessions, and iii) how
the variables were analysed and what instruments
were utilized to measure those effects. In general,
it was found that the opposition affected collective
and individual behaviours in soccer training. This
result is supported by the main findings of all thir-
teen studies included in this systematic review. In
this sense, as the effects of the opposition are influ-
enced by how the opposition was established, the
studies were grouped according to the opposition
establishment to highlight and discuss the evidence.
Finally, discussion was made about how the opposi-
tion establishment met or did not meet the demands
of soccer training.

Numerical relations

The studies carried out with the opposition
established by numerical relations were the majority
included in this systematic review (n = 10), and
all of them presented some effect of the opposition
on one or more dimensions of the game (namely:
tactical, technical, and/or physical). Overall, the
findings presented in these studies pointed out that
small-sided games played with lower levels of the
opposition (numerical superiority) can be used to
improve the decision-making and skill execution
of the players (Praxedes, et al., 2018), provided a
better offensive performance with higher passing
frequency and greater ease in keeping ball posses-
sion (Nunes, Gongalves, Roca, & Travassos, 2021;
Praxedes, et al., 2021), and resulted in lower phys-
ical demands with more covered distances in lower
velocity zones (Nunes, Gongalves, Coutinho, &
Travassos, 2020).

One explanation for the results with lower
levels of the opposition is that when a team plays
in numerical superiority, the players have more time
and space to make their decisions and to execute
their technical gestures, favouring the develop-
ment of both decision-making and execution skills,
mainly in the average and young players (Praxedes,
et al., 2018). Moreover, in numerical superiority,
the team generates more uncovered passing lines,
which results in a better offensive performance in
terms of the number of passes and maintaining
the ball possession (Nunes, et al., 2021; Praxedes,
et al., 2021). Lastly, due to more time, space, and
uncovered passing lines, the players do not need to
reach high velocities to generate the passing lines
and keep the ball; then, they have more distances
covered at lower velocities (Nunes, et al., 2020).

In relation to the training sessions using small-
sided games with higher levels of the opposition
(numerical inferiority), it was found that the players
spent more time in the defensive phase and were
more active in trying to recover the ball (Torrents,
et al., 2016). Moreover, the players also had higher
physiological impacts (Torres-Ronda, et al., 2015).
When the team plays in numerical inferiority, it is
harder to keep ball possession because the oppo-
nent can close out the available space and recover
the ball more efficiently, thus it is customary to
spend more time in the defensive phase (Torrents,
et al., 2016). Since the goal of both teams is the
same and is usually fulfilled when in possession
of the ball (e.g., keep possession, score a goal), the
players in defence have to become more active in
trying to regain possession (Torrents, et al., 2016).
The physical effort to recover the ball and meet the
game objective by compensating for the absence
of one or more players, especially in spatial terms
having to move more and more quickly to cover the
same space, results in greater physiological impact
(Torres-Ronda, et al., 2015).
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These findings suggest that training with
different levels of the opposition affected indi-
vidual and collective behaviours in soccer players
when the opposition is established through numer-
ical relation (Gongalves, et al., 2016; Ric, et al.,
2016). Furthermore, the level of the opposition is
a significant factor contributing to the total task
load (Ibafiez, Pérez-Goye, Garcia-Rubio, & Courel-
Ibafiez, 2020). Thus, it is crucial to understand the
effects of this manipulation to better design training
sessions according to the aims.

Teams’ composition according to players’
individual characteristics

In addition to the numerical relations, another
way to establish the opposition found in the litera-
ture was teams’ composition according to players’
individual characteristics, which included three
studies in this systematic review. In this sense,
the three studies have used different parameters to
establish the opposition (Hulka, Weisser, Bélka, &
Hap, 2015; Praga, et al., 2016; Santos, Coutinho,
Gongalves, & Sampaio, 2023).

A study by Hiulka and colleagues (2015), which
established the opposition through the experts’
subjective evaluation, found that lower-level teams
achieved higher heart rates and covered longer
distance when facing higher-level opponents in
4-a-side SSG. Additionally, higher-level teams
reached higher heart rates playing against higher-
level opponents than their lower-level counterparts.
These results are in accordance with the results
from studies using numerical relations, which found
that higher levels of the opposition results in supe-
rior physiological impacts (Nunes, et al., 2020),
even using different parameters to establish the
opposition. A possible explanation for these facts
could be that higher-level teams displayed supe-
rior tactical and technical capacities when evalu-
ated by the experts and converted this superiority
by imposing difficulties on the lower-level teams,
resulting in higher physical demands imposed on
the latter (Htlka, et al., 2015).

On the other hand, a study conducted by Praga
and colleagues (2016), which established the oppo-
sition through the procedural tactical knowledge
(PTK) (Greco, Campos Aburachid, Da Silva, &
Perez Morales, 2014) in 3-a-side games found that
teams facing similar levels of the opposition (e.g.,
lower-level team x lower-level team and higher-
level team x higher level team) presented no differ-
ences in collective tactical behaviours and just
slight differences in physical demands. Therefore,
the fact that the teams had similar tactical levels,
according to the PTK, could explain the results of
collective tactical behaviours (Praca, et al., 2016).
On the other hand, the slight differences in phys-
ical demands may be related to the fact that, in this
study, the players’ physical capacities were not

controlled when the teams were divided (Praga,
et al., 2016). These results partially agree with the
results of Hiilka and colleagues (2015), that pointed
out no significant differences in physical demands
in games with teams of similar levels, especially
lower-level teams facing lower-level opponents.

Finally, a study by Santos and colleagues (2023)
aimed to identify the creative and tactical effects of
playing against a varying number of creative oppo-
nents (from one to four creative players) of different
age groups (U9, Ul1, and U13) during 4-a-side SSG.
The players’ creative behaviour score was assessed
using the Creative Behaviour Assessment in Team
Sports (CBATS) (Santos, Jimeénez, Sampaio, &
Leite, 2017). In general, all categories were affected
by the changes in opposing teams from a creative
perspective in terms of collective tactical behav-
iour and creative behaviour (Santos, et al., 2023).
Additionally, the players that were more sensitive to
these changes were the younger ones (U9) (Santos,
et al., 2023). A possible explanation for these find-
ings is that adding more creative players to the
opponent team demanded different solutions to the
game problems, resulting in a change of collective
tactical behaviour and even creative behaviour from
the average players (Santos, et al., 2023).

Overall, these results suggest that it is possible
to manipulate the levels of the opposition through
experts’ subjective evaluation to affect physical
demands (Hulka, et al., 2015) and that manipu-
lating levels of the opposition through the creative
perspective affected the collective tactical behav-
iours of young soccer players during training
(Santos, et al., 2023). However, using PTK to estab-
lish the opposition does not affect collective tactical
behaviours and only has minor effects on physical
demands (Praga, et al., 2016).

Opposition establishment

As previously mentioned, the opposition estab-
lishment is primordial to the studies’ findings in this
systematic review. Consequently, it is essential to
go beyond the discussion of the results themselves
by presenting the discussion of the ways of estab-
lishing the opposition and exploring their vantages
and disadvantages to seek progress in the scientific
area and in the practice of soccer training.

In this sense, the opposition level established
through numerical relation is directly related to the
general tactical principles, which received this name
because they are common to the different phases of
play and the other categories of principles (Teoldo,
Silva, Greco, & Mesquita, 2009). The tactical prin-
ciples aim to help the players understand the game’s
logic and solve the game’s problems (Teoldo, et al.,
2021; Teoldo, et al., 2009). Therefore, it is impor-
tant to base training processes in soccer, especially
tactical training, on tactical principles. Further-
more, tactical training through tactical principles
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advocates that teaching focused on general tactical
principles be carried out until around eight years
old (Teoldo, et al., 2021). Thus, the establishment
of the opposition in players older than eight only
through numerical relations may be limited, and it
is necessary to consider other game factors, such
as the players’ individual characteristics.

Concerning the teams’ composition according
to players’ individual characteristics, three studies
included in this systematic review presented three
different parameters used for the opposition estab-
lishment (Hilka, et al., 2015; Praga, et al., 2016;
Santos, et al., 2023). PTK appears unsuitable since
it provokes only a few changes in physical demands
(Praca, et al., 2016). Otherwise, creative behaviour
could be an excellent variable to provoke changes
in collective tactical behaviour and in the creative
behaviour itself when used in addition to numerical
relation (Santos, et al., 2023). Still related to crea-
tivity, a limitation of the instrument used to assess
creative behaviour is that it only assessed creativity
with the ball (Santos, et al., 2023, 2017). Then, it
could be a problem during training sessions using
SSG with many players because they will probably
spend more time without ball possession when their
creative behaviour with the ball has less impact.
Lastly, the experts’ subjective evaluation could
be helpful and be used to alter physical demands
(Hulka, et al., 2015). The problem with this kind of
subjective evaluation is that it could not correspond
to the actual capabilities of the player (Daga, Veglio,
Cherasco, & Agostino, 2023; Dugdale, Sanders,
Myers, Williams, & Hunter, 2020), even more so
in contexts of homogeneous conditions (Dugdale,
et al., 2020).

Therefore, the suggestion for future studies
and people involved with the training of soccer is
to establish the opposition levels through reliable
and validated instruments using parameters that
are related to all dimensions of the game (namely:
tactical, technical, physical, and psychological),
such as the decision-making (Teoldo, Cardoso, &
Machado, 2021). Furthermore, these parameters
must be in accordance with the age and level of
expertise of the players involved. Another sugges-

tion regards the inclusion of psychological varia-
bles in the studies since psychological parameters
are very relevant to sports performance (Fawver,
et al., 2020; Wachsmuth, Feichtinger, Bartley, &
Honer, 2024) and could give a broad perspective
of the opponents. Finally, concerning the methodo-
logical aspects, including sample size justification
would allow other researchers to know how possible
it is to transfer the results found in that sample to
other populations (Lakens, 2022). Furthermore,
adding the dropout reporting could also enhance
the evidence found and further contribute to the
scientific advancement of the area.

This study was the first to scope peer-reviewed
literature on: i) the effects of the the opposition
on individual and collective behaviours in soccer
training, ii) how was the level of the opposition
established during training sessions, and iii) how
the variables were analysed and what instruments
were utilized to measure those effects. However,
some limitations, like the data collection up to
the 10th April 2023, could have influenced the
results regarding the lack of more recent research.
Our findings suggest that there are two ways in
the literature to establish levels of the opposition:
numerical relations and through teams’ composi-
tion according to players’ individual characteris-
tics. Moreover, according to the results discussed
in this systematic review, manipulating levels of
the opposition through numerical relations and
players’ characteristics affects tactical, technical,
and physical dimensions during soccer training.
Manipulating the opposition through numerical
relationships can facilitate the exchange of passes
and maintenance of ball possession, in the offen-
sive phase, and generate greater commitment in
attempts to recover possession of the ball in the
defensive phase. Regarding the individual charac-
teristics of the players, the effects of the opposition
depend mainly on the variable used in organising
the teams. Therefore, it is important to know these
effects and how it could be possible to manipulate
the opposition levels according to the aims of the
training, besides the age and level of expertise of
the players.
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Abstract:

The aim of this study was to evaluate: i) the changes and interrelationships of competitive anxiety (CA)
and self-efficacy responses; and ii) the predictive power of these variables and the competitive context in
predicting match-by-match performance of a volleyball team in an entire season. The sample consisted of
15 Brazilian high-performance male volleyball players (U-18). The outcomes were somatic CA, cognitive
CA, and self-confidence measured with the Competitive Anxiety Questionnaire in Sports (CSAI-2R), and
self-efficacy, assessed with the Individual Self-Efficacy Scale for Volleyball. The athletes answered the
questionnaires before each match during the season (N=24 matches). The athletes presented higher somatic
and cognitive CA and lower self-confidence at the beginning of the competitive phase. Trend-repeated
measures analysis showed seasonal variations with a decrease in somatic (~57%) and cognitive (~62%) CA
and increase in self-confidence (~40%) and self-efficacy (~16%). Self-efficacy presented a high and positive
correlation with self-confidence (rho=0.56, p<.05), but did not correlate with CA. Binary logistic regression
revealed that previous matches with an “easy” degree of intensity (i.e., 3-set duration) estimated a 230%
increase in the chance of winning the next match compared to previous matches with “moderate intensity”
(i.e., 4-set duration). The likelihood of wins in the morning matches was 152% more likely as compared
to afternoon matches. Winning odds increased about 3% for every 1-unit increase in precompetitive self-
efficacy and decreased 12% for each somatic CA 1-unit increase. It is concluded that the degree of intensity
of previous contests (regardless of the match outcome) and match day period seem to interact with self-
efficacy. Understanding seasonal variations and the transient competitive context enables better management
of athletes’ psychological skills.

Key words: performance, team sports, CSAI-2R, repeated measures analysis

Introduction

Volleyball is a team sport with intermittent
characteristics, in which the main actions of the
game are performed at high intensity involving
successive jumps, multidirectional movements,
and lower limb power associated with explosive
strength. Alongside this high physical demand,
volleyball features a high degree of complexity and
cognitive requirement due to the unpredictability
of opponent actions and reactive decision-making
process (Andrade, Fernandes, Miranda, Coimbra,

& Bara Filho, 2021; Costa, et al., 2017; Fortes,
Fiorese, Nascimento-Junior, Almeida, & Ferreira,
2019; Marcelino, Mesquita, & Sampaio, 2011). In
addition to the inherent physical and mental fatigue
associated with volleyball, the competitive nature
of the sport (including travel, disruption of routines,
rival fans, and the pressure of results) and the rapid
rate of information transfer with coaches and team-
mates require players to manage a range of skills.
As a result, coping with the physical, perceptual-
cognitive, and logistical demands of competitive
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sport can lead to increased anxiety during training
sessions and especially during the major competi-
tions of the season (Andrade, Bevilacqua, Coimbra,
Pereira, & Brandt, 2016; Aoki, et al., 2017; Brazo-
Sayavera, et al., 2017; Fortes, et al., 2021).

Competitive anxiety (CA) can be defined as a
perception of competitive situations as threatening,
in which athletes generally respond by feeling
apprehension and physiologically aroused (Martens,
Vealey, & Burton, 1990). The current consensus
is that CA comprises three distinct dimensions:
cognitive CA, characterized by elements such as
worrisome thoughts, negative self-evaluations, and
uncertainties regarding performance; somatic CA,
manifested through physical activation, tension,
and an elevated heart rate; and self-confidence,
denoting the athlete’s belief and assurance in their
own capacity to perform (Branddo & Amaro 2023;
Fernandes, Nunes, Raposo, Fernandes, & Brustad,
2013; Martens, et al., 1990). In a systematic review
of 27 studies, Rocha and Osoério (2018) found that
individual differences in athletes’ CA levels could
be explained by sociodemographic (i.e., gender and
age), sporting profile (i.e., experience, previous
performance), and sport context (i.e., type of sport
and match intensity).

In this sense, CA and its relation with perfor-
mance have been widely studied by researchers in
the field of sport psychology (Chuang, Huang, &
Hung, 2015; Englert & Bertrams, 2012; Fernandes,
et al., 2013; Fortes, Lira, de Lima, Almeida, &
Ferreira, 2016; Fortes, et al., 2017; Franklin, Smith,
& Holmes, 2015). For example, cognitive CA in elite
athletes has a weak and inverse correlation with
performance, while for the European club level,
somatic CA has a stronger and positive correlation
with performance (Craft, Magyar, Becker, & Feltz,
2003). One possible explanation is that cognitive
CA can predispose athletes toward aversive self-
appraisals and disruptions in attention processing,
while somatic CA may have a curvilinear relation-
ship with performance. In other words, it can affect
performance in the moments before the competi-
tion, but dissipate after the beginning of the game
(Barrett, Kannis-Dymand, Love, Ramos-Cejudo,
& Lovell, 2023).

Given that CA can exhibit a direct correlation
with sports performance (Costa, Fernandes, Silva,
& Batista, 2019; Craft, et al., 2003; Fortes, et al.,
2019) or be associated with other psychological
variables (Chun, Lee, Kim, Cho, & Lee, 2022), it
becomes imperative to explore additional variables
that could be interconnected with or mediating the
relationship between CA and performance. For
example, Brandao and Amaro (2023) found that
cognitive reappraisal, a component of emotion
regulation, was significantly associated with self-
confidence, whereas extroversion (personality) was
significantly associated with somatic CA.

In the context of sport, self-efficacy emerges
as an important component linked with athletes’
performance (Purovi¢, Popov, Soki¢, Gruji¢, &
Aleksi¢ Veljkovi¢, 2021; Moritz, Feltz, Fahrbach,
& Mack, 2000; Reverdito, et al., 2023; Sivrikaya,
2019). Self-efficacy can be conceptualized as the
individual’s belief in his/her ability to perform a
specific task successfully that will lead to desired
outcomes (Bandura, 1997). Self-efficacy has been
described as one of the most influential psycholog-
ical variable for sport performance (Moritz, et al.,
2000; Mouloud & El-Kadder, 2016), with moderate
to large correlations and reciprocal effects (Moritz,
et al., 2000). This means self-efficacy can arise
from a previous positive outcome, and simultane-
ously this self-efficacy appears to promote better
subsequent performance (Lochbaum, et al., 2022).
Additionally, as proposed by Bandura in the Social
Cognitive Theory (Bandura, 1997), self-efficacy
stems from four sources: mastery experiences,
vicarious experiences, verbal persuasion, and physi-
ological and affective states.

One of the ways in which athletes’ self-effi-
cacy can influence their performance is through
the potential role to regulate positive emotional
states, such as pleasure and satisfaction, and nega-
tive emotional states, such as boredom and CA
(Feltz, Short, & Sullivan, 2008). CA can adversely
affect self-efficacy, and the possibility of diminished
self-efficacy may in turn exert a negative impact on
sports achievement. Conversely, how this relation-
ship occurs is still poorly investigated. Chun et al.
(2022) showed that cognitive and somatic CA had
anegative correlation with perceived performance,
while self-confidence showed a positive correlation
with perceived performance. On the other hand,
self-confidence can positively influence the rela-
tionship between CA and performance. Addition-
ally, higher levels of self-efficacy can help athletes
become less susceptible to the negative effects of
CA during matches, thus improving performance
(Besharat & Pourbohlool, 2011).

Valiante and Morris (2013) investigated the
importance of previous performances in the sources
of self-efficacy in golfers. The golfers were able
to maintain high levels of self-efficacy for a long
time by recalling successful events. According to
Sivrikaya (2019), the maintenance of these self-
efficacy levels suggests that previous experiences
can benefit athletes’ performance, and this benefit
can remain for a long time. Sivrikaya (2019) found
that self-efficacy is necessary for the success
of athletes, because the belief that a person has
about his/her power to affect the situation influ-
ences the way that person faces challenges compe-
tently, making better choices. In this regard, these
connections should be strengthened when working
with young athletes. Furthermore, young athletes,
who have less deliberate practice time compared
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to professionals, may be vulnerable during match
days, which potentially impacts their psychological
well-being, tactical comprehension of the game, and
perceptual-cognitive skills, thus adversely affecting
performance (Rice, et al., 2016; Rocha & Osorio,
2018). Interestingly, competitive anxiety (CA) and
self-confidence have not yet been evaluated as
potential sources of self-efficacy that can influ-
ence athletes’ performance. Understanding how
these psychological demands and contextual vari-
ables from previous matches influence performance
could assist youth volleyball players in managing
their emotions, developing cognitive routines, and
filtering out irrelevant stimuli to maximize their
chances of winning.

In addition, the seasonal variation effect of
athletes’” CA may coexist with peak training loads,
poor recovery, and proximity to major competi-
tion. Thus, understanding transient and psycholog-
ical performance-dependent behavior throughout
the season emerges as another skill demanded by
coaches.

Therefore, the present study aimed to eval-
uate the seasonal change and the interrelation-
ship between CA, self-efficacy, and the predictive
explanatory power of these psychological varia-
bles and the competitive context in predicting the
next game performance throughout the season in
a young volleyball team. Considering the contex-
tual variables, we hypothesized that: i) self-confi-
dence response will correlate with self-efficacy;
ii) competitive anxiety (somatic and cognitive),
self-confidence, and self-efficacy are predictors of
winning matches.

Methods

Participants

A total of 15 male athletes from the Under-18
category of a professional elite volleyball team
in Brazil participated in this study (mean age:
16.29£1.72 years; range 15 to 17 years; weight:
71.8+£5.4 kg; height: 182.3£3.7 cm; %body fat:
11.8+£5.6%). The volleyball team was selected by
convenience. The team participated in state- and

national-level competitions (i.e., the Superliga,
the most important volleyball championship in
Brazil); and one athlete of this sample represented
the Brazilian team in international championships.
At the time it was surveyed, the sampled team was
among the top three in the state-level competi-
tions. The inclusion criteria for this study were the
following: being an athlete on the team; training
routinely; and participating in at least 10 matches
during the competitive season. The exclusion crite-
rion was injury during the season and missing more
than 15% of the training sessions. All athletes and
their legal guardians signed an informed consent
term attesting to their voluntary participation. The
study was approved by the Ethics Committee on
Research in Human Beings, protocol number (663
188/2014), in accordance with the Declaration of
Helsinki.

The young athletes trained five days a week,
from Monday to Friday, 2-3 hours a day, in the after-
noon (Table 1). In training sessions, they performed
physical, technical, and tactical exercises with
and without the ball. In addition, the athletes had
strength training three times a week for one hour,
and functional, core, and mobility training twice a
week. The complete season schedule is shown in
Figure 1.

Experimental approach

We followed an observational study design
with the study’s deductive logic launched a poste-
riori. Thus, the technical staff and participants
received no feedback from the research team.
On the day of the presentation of the team for the
season, after consent from the technical committee,
the researchers explained the study objectives,
promoted familiarization with the instruments, and
any doubts were clarified.

The athletes completed the Individual Self-
Efficacy Scale for Volleyball (Carmo, 2006) and
the Competitive State Anxiety Inventory — 2,
short version (CSAI-2R) developed by Martens et
al. (1990) and translated, adapted, and validated
for Brazilian athletes by Fernandes, Vasconcelos-
Raposo, and Fernandes (2012) before all matches

Table 1. Overview of the scheduled activities (e.g., strength training, technical and tactical training, and competitions) during a

typical training week for the team

Days/hour Monday Tuesday Wednesday Thursday Friday Saturday Sunday
2to 3 p.m. ST FCM ST FCM ST OFF OFF
3to5p.m. Setting and Setting and Setting and Setting and Setting and

receiving receiving receiving receiving receiving

the serve/ the serve/ the serve/ the serve/ the serve/

attacking, attacking, attacking, attacking, attacking,

digging and digging and digging and digging and digging and

blocking/ blocking/ blocking/ blocking/ blocking/

serving; serving; serving serving; serving;

TT Tactical TT Tactical TT

Note: ST: strength training; FCM: functional, core, and mobility training; TT: technical and tactical training.
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Figure 1. Season schedule.

played by the team throughout the season. The
athletes familiarized themselves with the question-
naire before commencing data collection. Athletes
were approached individually about an hour
before the start of each match. It took an average
of 10 minutes to complete the questionnaires. The
researchers remained at the data collection site
throughout the procedure. All athletes were famil-
iarized with the instruments.

The team was monitored in all championships
during the training season. The team participated
in three championships, with 24 matches during
the entire competitive season. The total duration
of the sampled season was 10 months (February
to November). The first games of each champion-
ship were excluded for the trend-repeated meas-
ures analysis of the effect of previous match context
outcome. Thus, 19 matches were considered for this
analytical approach. Our purpose was to explore the
change throughout the season in the psychological
skills variables, their intercorrelation and predictive
power in the competitive context for performance
in the next match by data modelling.

Procedures

Monitoring self-efficacy

The Individual Self-Efficacy Scale for Volley-
ball (Carmo, 2006) is composed of eight items that
question the athlete about the degree of confidence
they have in their ability to perform important skills
in the game. Each answer contains a Likert scale of
11 points, ranging from 0 = “I cannot do it at all”
to 10 = “of course I can do it”. Carmo (2006) did
the process of adaptation and validation for Portu-
guese language and the scale presented an internal
consistency of o= 0.80 for pass hitters, middle
blockers, outside hitters, and setters, demonstrating
applicability for a Brazilian sample.

Monitoring competitive anxiety

We used the CSAI-2R translated and vali-
dated into Portuguese by Fernandes et al. (2012)
to measure the somatic and cognitive CA and self-

confidence levels. This instrument consists of 17
Likert-type questions, in which the subject chooses:
1 = nothing, 2 = something, 3 = moderate, and 4 =
very, according to the question. A score of three
subscales (cognitive CA, questions 2, 5, 8, 11, and
14; somatic CA, questions 1,4, 6,9, 12, 15, and 17,
and self-confidence, questions 3, 7, 10, 13, and 16)
is obtained from the sum of responses, with scores
ranging from 5 to 20 for the cognitive CA and self-
confidence levels, and 7 to 28 for the somatic CA
level.

Competitive context variables

Three competitive situational exploratory vari-
ables relating to the previous match (degree of
intensity and its outcome) and match day period
(morning and afternoon) were considered. The
assignment of degree of intensity of the previous
match followed the classification: “easy”, matches
with three sets (3x0); “moderate”, matches with
four sets (3x1); and “difficult”, matches with five
sets (3x2). The attribution of the match intensity
was considered in previous studies (Arruda, Aoki,
Freitas, Coutts, & Moreira, 2013; Debien, et al.,
2018; Kelly & Coutts, 2007; Lima, Silva, Afonso,
Castro, & Clemente, 2020). This variable was cate-
gorized independently of the match result. Thus, the
previous match outcomes were categorized as lost
or won. The same binary response was assigned
to the next match that was used as the dependent
variable. The final analysis included 296 individual
data items.

Statistical analysis

Data are presented as mean + standard devi-
ation, median, interquartile range, counts, and
percentage (%). The smallest worthwhile change
(SWC) was characterized as 0.5 x within-player
SD of magnitude of deviation from trend line
responses during the season. Effect magnitudes
(= 90% CI) were classified according to standard
criteria: trivial = 0.0—0.2; small = 0.2—0.6; moderate
= 0.6-1.2; large = 1.2-2.0; very large = 2.0-4.0;
and extremely large > 4.0 (Hopkins, Marshall,
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Batterham, & Hanin, 2009). Chances of change
over time from deviation from season trend line
were assessed qualitatively as follows: <0.5%, most
unlikely; 0.5-5%, very unlikely; 5-25%, unlikely;
25-75%, possibly; 75-95%, likely; 95-99.5%, very
likely; >99.5%, most likely (Hopkins, et al., 2009).
Changes of less than the SWC were considered
trivial, and where the 90% CI overlapped posi-
tive and the negative thresholds simultaneously,
the effect was deemed unclear. Spearman’s test
(tho) using p-value adjustment by the Holm (1979)
method was used to verify the correlation between
the variables. The rho’s confidence intervals were
calculated by bootstrap (1000 within-individuals
resamples; 95% CI,,,) using the normal approx-
imation criterion. The rho coefficient was evalu-
ated as proposed by Hopkins et al. (2009): <0.10
(trivial), 0.10 to 0.30 (low), 0.31 to 0.50 (moderate),
0.51 to 0.70 (high), 0.71 to 0.90 (very high), 0.91
to 0.99 (almost perfect), and 1 (perfect). A binary
logistic regression was fitted with match outcome
win (“yes”/“no”) as the dependent variable to quan-
tify the effects of exploratory precompetitive and
competitive context variables, with self-efficacy, CA
(cognitive, somatic, and self-confidence), previous
match outcome, match day period and intensity
level as covariates in our regressions. The model
simplification method adopted was the stepwise-

selected lowest Akaike information criterion (AIC)
(Venables & Ripley, 2002). Each individual predic-
tions effect size (ES) was obtained by Cohen’s odds
ratio and interpretation was according to the values
|OR| <1.44, very small; |OR| = 1.44 < 2.48, small;
|OR|=2.48 <4.27, medium; and |OR| > 4.27, large
(Cohen, 1988). Statistical significance was set as
p<.05. All data analyses were conducted using the
R statistical programming language (version 4.1.0;
R Foundation for Statistical Computing, Vienna,
Austria).

Results

Table 1 reports the descriptive characteriza-
tion of the sample and competitive context vari-
ables under the season period analysis.

Figure 2 presents the repeated measures anal-
ysis of psychometric responses and changes from
the trend line during the competitive season. As
expected, magnitude-based inferences about
somatic CA showed a “very likely higher” response
at the beginning of the competitive season with an
estimated difference of 3.5 a.u. to the decreasing
trend line (p<.001). A transient season effect was
noted with a significant decrease for self-efficacy
(-15.1 a.u.) and self-confidence (-3.4 a.u.) responses
between matches 12 and 13 (state-level champ-

Table 2. Descriptive characterization of the psychometric responses and competitive context

Characteristic

mean * SD [Median (IQR)]

Psychometrics
self-efficacy (a.u)
competitive anxiety
cognitive (a.u)
somatic (a.u)
self-confidence (a.u)
Competitive context
score, studied team (unit)
score, opponent (unit)
match length (minutes)
rally (/min)
period of the day
afternoon
morning
team results
loss
win
intensity degree of previous matches*

easy
moderate
difficult

68 + 16 [72 (66, 77)]

9.2 +3.6[9.0 (7.0, 11.0)]
8.8 +3.1[8.0 (7.0, 10.0)]
14.9 + 41 [15.0 (14.0, 17.0)]

66 + 14 [64 (55, 75)]

68 + 17 [65 (62, 83)]

84 + 17 [81 (72, 88)]

0.57 + 0.04 [0.58 (0.54, 0.60)]
n (%)

12 (63%)

7 (37%)

11 (58%)
8 (42%)

11 (58%)
5 (26%)
3 (16%)

Note: SD: standard deviation. IQR, interquartile range. * Includes the first four matches of each championship in the season, which
was only used for the purpose of exploratory predictive variables. All other reports consider the 19 analyzed matches.
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Note. In the panel: a) self-efficacy; b) cognitive competitive anxiety; c) somatic competitive anxiety; d) self-confidence. a.u. = arbitrary
unit. On the x-axis, the numeric value represents the season sequence of the matches considered in analysis (n=19); the top, middle
and bottom categorical value represents the match period (M= morning; A= afternoon), degree of intensity of previous matches
(E= easy; M= moderate; D = difficult) and match outcome (L = lost game; W = won game), respectively. Categorical values within
rectangular frames represent those matches that start a new competition and were used only for predictive analyses. Gray columns
represent the time between competitions. * Represents data points for analyzed matches with qualitative inference (all cases with
very likely higher/very likely lower; p<.001) for increased/decreased response from magnitude of deviation from trend line over the
competitive season. Qualitative inference represents the likelihood that the true value will have the observed magnitude according
to Hopkins (2009).

Figure 2. Trend line and magnitude-based inferences for psychometric responses over the competitive volleyball season.

Table 3. Regression coefficients with the result of the match as reference

Wins (=yes)
Predictors Od(ds ratios Cl p Effect size
(Intercept) 0.12 0.02-0.50 <0.001
previous match: difficult 2.44 0.92-6.52 0.071 small
previous match: easy 3.30 1.54 -7.43 0.003 medium
match period: morning 2.52 1.27 - 5.06 0.009 medium
self-efficacy 1.03 1.07-2.19 0.024 very small
competitive anxiety: somatic 0.88 0.47 - 0.97 0.038 very small
AIC 273.603
log-Likelihood -130.802

Note: The reference level of the previous match’s difficulty degree and match period. Related factors are “moderate” and “afternoon”,
respectively. Effect size (ES) was obtained by Cohen’s odds ratio rules and interpretation was according to the values |OR| <1.44,
very small; |OR| = 1.44 < 2.48, small; |OR| = 2.48 < 4.27, medium; and |OR| > 4.27, large (Cohen, 1988).

ionship matches) with a “very likely lower” magni- When performing the Spearman test, it was
tude (p<.001). At the same time there were cogni- found that self-efficacy presented a high and positive
tive CA responses outside the trend line with “very correlation with self-confidence (rtho= 0.56; p<.001,
likely higher” magnitudes (-1.7 a.u.; p<.001). Prior 95% Cl,,,,[0.45, 0.66]) and non-significant correla-
to this transient behavior of the aforementioned tion with cognitive CA (rho=0.01; p>.05, 95% CI,,
divergent psychological responses, confrontations [-0.14, 0.15]) and somatic CA (rho= 0.05; p>.05, 95%
with magnitudes rated as “difficult” and an irregu- Cl,,.[-0.08, 0.19]). Cognitive CA was moderately
larity in performance (i.e., wins and losses) can be correlated to somatic CA, rho= 0.36; p<.001, 95%
observed. Cl,,..[0.24, 0.48] and low and negatively correlated
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with self-confidence (rho= -0.24; p<.01, 95% CI,.,
[-0.39, -0.09]). Somatic CA and self-confidence
were non-significant (rtho= 0.06; p>.05, 95% CI,,
[-0.09, 0.21]). Age presented a low and negative
correlation with cognitive CA (rho=-0.29; p<.001,
95% Cl,,,[-0.41, -0.18]) and non-significant correla-
tion with the two other CA constructs (somatic CA,
rho=-0.13; p>.05, 95% CI,,,[-0.26, 0.01]; self-confi-
dence (rho= 0.01; p>.05, 95% CI,,,,[-0.14, 0.13]).
Age presented a non-significant correlation with
self-efficacy (rho= -0.08; p>.05, 95% CI,,[-0.21,
0.04)).

In the binary logistic regression, the covaria-
bles “previous match outcome”, cognitive CA and
self-confidence were removed in the final model
fitted for the next match outcome prediction. The
final model correctly classified 70% of the cases.
After adjusting for all predictors, the odds ratio
for match period indicated that the likelihood of
wins in the morning was 152% more likely as
compared to the afternoon. The “easy” degree of
intensity in previous matches showed that the odds
of winning in the upcoming game was 230% more
likely as compared to moderate intensity. The odds
of winning increase by about 3% for every l-unit
increase of self-efficacy. Moreover, the odds of
winning decreased 12% for every 1-unit increase of
precompetitive somatic CA. Regression coefficients
are presented in Table 2. The qualitative interpreta-
tion of these odds ratios indicated an effect size of
“very small” to “medium” magnitude.

Discussion and conclusion

The present study aimed to evaluate the
seasonal change and the interrelationship between
competitive anxiety, self-efficacy, and the competi-
tive context to predict the next game performance
throughout an entire competitive season in a young
volleyball team.

The first hypothesis was confirmed, as self-effi-
cacy presented a high and positive correlation with
self-confidence. The repeated measures data anal-
ysis, with evidence-based magnitude, shows that the
athletes presented higher somatic and cognitive CA
values at the beginning of the season and lower self-
confidence values in the same period. According
to the season trend lines, there was a decrease in
somatic and cognitive CA levels and an increase in
self-confidence and self-efficacy levels with tran-
sient response related to the match outcome. The
second hypothesis was partially confirmed. An
increase in self-efficacy and decrease in somatic
CA were very small predictors of winning matches.
Furthermore, the morning period of the matches
increased the team’s probability of winning (152%)
and the other variables were constant.

It was possible to observe that the lowest
mean of self-efficacy was in the first half matches
of the season, until match number 13. However,

throughout the season, “easy matches” (with three
sets) increased the team’s chances of winning by
230%, and there was a 3% increase in winning
chances for every 1 point scored on the self-efficacy
scale. Aligned with this, self-efficacy levels started
to rise after the 13" game of the season (as shown
in Figure 1), and even after losing some matches,
these levels did not decrease. Moritz et al. (2000)
summarized the reciprocal relationship between
self-efficacy and performance. Changes in percep-
tions of self-efficacy result from cognitive informa-
tion processing about past successes, which leads
to increased self-efficacy through the acquisition of
skills and the comparison of results (Azzi, Bandura,
& Polydoro, 2008). In other words, success breeds
success (Zhao & Zhang, 2023). Sivrikaya (2019)
found that maintenance of these self-efficacy levels
suggests that previous experiences can benefit
athletes’ performance, and this benefit can remain
for a long time. The results indicate that athletes can
potentially raise and sustain their self-efficacy levels
throughout the season. Data analysis shows that the
results of the matches and how the victory occurred
(e.g., easy, moderate, or difficult) were determinants
for the increase in these self-efficacy levels.

Athletes with high self-confidence tend to report
low cognitive and somatic CA levels ( Fernandes,
Vasconcelos-Raposo, & Fernandes, 2014; Marin-
Gonzalez, Portela-Pino, Fuentes-Garcia, &
Martinez-Patifio, 2022). A low and negative corre-
lation between cognitive CA and self-confidence
was confirmed in the current study. In addition,
we found a high and positive correlation between
self-confidence and self-efficacy. The high self-
confidence and self-efficacy and the low CA levels
presented reinforce an athlete’s perceived ability to
deal with stress and CA before the game, helping
the athlete to perform their sporting tasks with
more success and perform better during the game
(Besharat & Pourbohlool, 2011). Craft et al. (2003)
showed that self-confidence before the match was
associated with low CA and correlated with better
performance during the match. Competition results
in increased CA levels in athletes; however, they
provide positive effects on performance when asso-
ciated with high self-confidence and self-efficacy
levels (Souza, Rech, Sarabia, Afez, & Reis, 2013).

The main result of the present study was the
high and positive correlation between self-efficacy
and self-confidence. Additionally, the increase
in self-efficacy level and decrease in somatic CA
levels are predictors of winning matches for these
athletes. This makes sense, since CA can reflect the
athlete’s perception of the importance of competi-
tion for themselves or for the team and the degree
of concern about the game (Souza, et al., 2013).
Somatic CA dissipates during the match due to posi-
tive performance responses, favoring self-confi-
dence and influencing self-efficacy.
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In a similar approach, Besharat and Pour-
bohlool (2011) performed a regression analysis for
the moderating effect of sport self-efficacy between
CA and sport performance. The authors found that
only cognitive CA in the equation (step 1) deter-
mined a significant negative prediction for sport
performance (f=-0.328; R*= 10%). However,
when self-efficacy was entered into the equation
(step 2), the authors found a significant moderating
effect (R?>= 0.56) on sport performance, as self-effi-
cacy completely changed the significant relations
between cognitive CA and sport performance.
These results indicate that increasing sport self-
efficacy levels decreases the negative association of
cognitive CA with sport performance. The authors
argue that one reason for these results is that sport
self-efficacy can help athletes to be less affected by
CA during the match, and therefore perform better
(Besharat & Pourbohlool, 2011).

Previous studies have suggested that soci-
odemographic variables (gender, age, and nation-
ality), athletes’ profile (experience, competition
level, previous performance, ability to deal with
feelings of apprehension), and sport context (type
of sport, modality, opponent’s level) can influence
CA (Guillén & Sanchez, 2009; Parry, Chinnasamy,
Papadopoulou, Noakes, & Micklewright, 2011;
Ramis, Torregrosa, & Cruz, 2013). Higher levels
of CA were observed in athletes who presented
worse previous performance, competition in away
matches and versus higher opponent’s level, influ-
encing performance. However, evidence has not
been found to date about diurnal variations in CA
and their influence on outcomes achieved (win or
lose). Thus, the variables were compared in relation
to the turns in which the match took place to verify
whether the match period could also influence the
match result of young athletes.

For these athletes, the morning period increased
the team’s probability of winning (152%). The
effects of time of day on aerobic performances
are conflicting, while it seems that peak values of
anaerobic performance are presented in the after-
noon-evening (Chtourou & Souissi, 2012). However,
regular training at a particular time of day influ-
ences diurnal variations.

Practical application

First, in terms of practical application, it is
recommended to align the training time with the
competition time, aiming to adapt performance to
that specific period of the day. Moreover, imple-
menting a pre-performance routine before the
match can help regulate the activation level. Second,
Reverdito et al. (2023) discovered a positive rela-
tionship between increased self-efficacy and higher
levels of perceived sport satisfaction. This sense

of satisfaction can in turn directly affect decisions
regarding continued engagement in sport activities,
which is a primary objective among young athletes.

This study has some limitations. The main limi-
tation involves analyzing the team as a unit. Indi-
vidualized specialization is possible at this level
of performance, and the analysis could relate to
specific player positions. However, the small sample
size made this analysis difficult. Despite this, using
bootstrap methods enhanced the reliability of the
findings. Second, self-efficacy was assessed using a
validated volleyball-specific scale, and performance
was evaluated based on match outcomes (win or
loss). Future studies should investigate the agree-
ment between the self-efficacy scale and specific
tasks performed in volleyball games. Finally,
competitive anxiety (CA) in this age group may
arise from life context, including school and family,
rather than solely from one’s own skills or task-
related perceptions. Investigating the origins and
respective contributions to CA is recommended.

Based on the data analysis, we can conclude that
self-efficacy highly correlates with self-confidence
(r=0.56) during the entire season, and the context of
previous matches has a great influence on the result
(win or lose) of the following match. The “easy”
intensity level in the previous match shows that
the chances of winning greatly increased (230%)
in the next matches compared to the previous match
with moderate intensity. Likewise, the chance of
winning a match in the morning was 152% higher
than in the afternoon. Furthermore, the increase
in self-efficacy level and decrease in somatic CA
levels are predictors of winning matches. These
results are very important, as they allow technical
staff to know how to enhance the psychological
well-being of young volleyball athletes when they
work in this context. When carrying out a repeated
measures analysis, understanding which situations
increase the chances of winning, such as games in
the morning, and the level of influence of a previous
game on the team’s emotional states, is extremely
important to continue optimizing the team’s perfor-
mance.

In an applied approach, the results of the present
study reinforce the importance of regular partici-
pation of young volleyball athletes in champion-
ships to develop self-efficacy and self-confidence.
An important result is the ecological validity of this
research. Data were assessed with repeated meas-
ures analysis in a real context of competitions of an
Under-19 category of a professional elite volleyball
team 1n all matches of the season. In this sense,
coaches, sport psychologists, and athletes should
view an adequate level of self-efficacy and somatic
CA as a possible facilitating factor, and this could
consequently increase athletes’ performance.
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Editorial Board will consult the third reviewer or in case of strong disagreement even the fourth or the fifth
party. The Editorial Board is not obliged to publish papers in the chronological sequence of their receipt or
in the sequence in which they have been accepted for publication. This is not due to favoring certain authors
but because of the review process itself: some papers need more corrections and improvements and there-
fore it takes more time to be published.

OPEN ACCESS POLICY

This journal provides immediate open access to its content on the principle that making research freely avail-
able to the public supports a greater global exchange of knowledge.

EDITORIAL POLICY

Editors make publication decisions based on the following: the appropriateness of the manuscript for the
scope of the journal, general merit of the manuscript, relevant data, editing issues and format, and adher-
ence to reference guidelines. If necessary, Editorial Board is involved in investigations regarding any legal
and ethical issues and communicates with the author(s) in case of: plagiarism complaints, multiple, dupli-
cate, concurrent publication/simultaneous publication, misappropriation of research results, research stand-
ards violations, undisclosed conflict of interest, allegations of research errors. If these issues are not to be
resolved, the Editorial Board will refuse to publish such manuscripts. When investigating research miscon-
duct, Editorial Board will provide maximum safeguards for informants, who must act in good faith, and for
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subjects of allegations, who will be given an opportunity to respond to allegations and reasonable access to
the data and other evidence supporting the allegations.

Editorial Board also deals with suspected salami publications. The final decision on acceptable similarity is
with the Editorial Board and will depend on the amount and relevance of the duplicated data. Before making
the decision, Editorial Board will contact the author(s). When there is a minor redundancy, and the author(s)
gives a satisfactory and honest explanation then the editor can consider publishing a correction article. Cor-
rections must have proper references and all overlaps with the already published data must be clearly men-
tioned. If the amount of overlap is considered significant and the author(s) does not give a satisfactory expla-
nation, Editorial Board may publish a statement of redundant publication or even retract the article.

Editorial board communicates with peer reviews and in accordance with them decides on the category of
the manuscript.

Editorial board secures fair play and confidentiality.

Editorial Board informs peer reviewers of their decision regarding manuscripts. It also informs reviewers
of the comments made by other reviewers of the same manuscript.

Editorial Board makes a list of reviewers based on their promptness, objectivity and working in a timely
manner. They contribute to the high quality of the journal and can expect to be thanked for the time they
take to review manuscripts.

Conflict of Interest, Research Misconduct, Human rights, Informed Consent

Our editorial policy strongly encourages research integrity, respect of human rights, respect of personal data
and generally, we support ethics in both research conduct and scientific communication.

Undeclared financial conflicts may seriously undermine the credibility of the journal, the authors and the
science itself. The most obvious conflicts of interest are financial relationships such as: employment, stock
ownership, grants, patents. Conflicts can also exist as a result of personal relationships, academic competi-
tion, and intellectual passion. All authors are requested to disclose any actual or potential conflict of interest
including any financial, personal or other relationships with other people or organizations that could inap-
propriately influence or be perceived to influence, their work.

Research misconduct according to NIH policies and procedures for promoting scientific integrity and to
American Psychological Association, among others, is defined as:

*  Fabrication (making up data or results)

» Falsification (manipulating research materials, equipment, or processes or changing or omitting data or
results such that the research is not accurately represented in the research record).

» Plagiarism (appropriating another person’s ideas, processes, results, or words without giving appropri-
ate credit).

Ethics is given the highest priority so all activities in conducting research must comply with ethical princi-
ples and relevant national, EU and international legislation, for example. the Charter of Fundamental Rights
of the European Union and the European Convention on Human Rights. The most common ethical issue
usually include: the protection of children, patients and other vulnerable populations, privacy and data pro-
tection. We encourage the publishing of research results of a study in which all research participants have
signed informed consent and have been given full information on the possible effects of research intervention.

When reporting research involving human data, authors should indicate whether the procedures followed
have been assessed by the responsible review committee (institutional and national), or if no formal ethics
committee is available, were in accordance with the Helsinki Declaration as revised in 2013.

Editorial policy relies on guidelines of the Committee on publication Ethics regarding redundant publica-
tion, which is also considered scientific misconduct.

AUTHOR GUIDELINES

In preparing manuscripts for publication in Kinesiology, the authors should strictly adhere to the guide-
lines based on the Publication Manual of the American Psychological Association, 6th ed. The manuscripts
that have been submitted in accordance with these instructions, and providing they are of interest to the jour-
nal, will enter the reviewing procedure. Any manuscript should not ordinarily exceed 25 pages including the
abstract, references, and all tables and illustrations. Discursive treatment of the subject matter is discouraged.
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Accompanying document

Authors are obliged to fill in accompanying document that covers authorship, research integrity issues and
copyright issues. The document can be found journal website and must be uploaded with the manuscript.

Usage of third-party material

Authors are expected to obtain the necessary written permission to include material owned and held in copy-
right by a third party, including — but not limited to — any proprietary text, illustration, table, or other mate-
rial, including data, audio, video, film stills, screenshots, musical notation, and any supplemental material.
Reproduction of short extracts of text and some other types of material may be permitted on a /imited basis
given that full attribution is given, and the quotation is reproduced accurately. When content is held in the
public domain i.e. is not copyrighted, proper attribution is still required.

Manuscript

The journal Kinesiology generally accepts original scientific papers, review articles, but takes into consid-
eration meta-analyses, case studies, brief reports, narrative reviews, commentaries and letters to editors.

The original scientific paper must be an original contribution to the subject treated and divided into the fol-
lowing sections: Introduction, Methods, Results, Discussion and conclusions. The review article should dis-
cuss a topic of current interest and have the latest data in the literature. It should outline knowledge of the
subject and analyse various opinions regarding the problem. As a rule, these articles are commissioned, but
any initiative from any competent author is welcome.

Please, use font Times New Roman, 12-point font size, double space.

Title page

The title page of the manuscript should contain the following information: a concise, but informative title; the
full first and family names of the author(s) (do not include degrees); the last author is introduced by “and”;
the affiliation of the authors (affiliated institutions and their locations); the name and address of the corre-
sponding author (must include title, degree and position of the corresponding author, phone and fax num-
bers — zip code for the country and city, and email address). The title of the article must be short and clear,
abbreviations are discouraged. The abstract should be informative and self-explanatory without reference to
the text of the manuscript. It should include essential results that support the conclusions of the work. Three
to six key words, not used in the title, should also be provided. Authors are advised not to use abbreviations
in the abstract. The abstract should contain between 100-250 words.

Text of the paper
The text must comprise of:

Introduction
This describes the present state of knowledge of the subject and the aim of the research.

Methods

This section identifies methodologies, equipment and procedures with sufficient details to allow other re-
searchers to reproduce the results; specifies well-known methods including statistical procedures; mentions
and provides a brief description of the published methods which are not yet well known; describes new or
modified methods at length; justifies their use and evaluates their limits. Units of measurement, symbols and
abbreviations must conform to international standards. Measurements of length, height, weight and volume
should be given in metric units (metre, kilogram, litre) or their decimal multiples.

Results

The results should be reported as tables and graphs, possibly processed statistically and concisely presented
in the text.
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Discussion and conclusions (do NOT separate discussion and conclusions)

The authors are expected here to comment on the results and compare them with literature data. The discus-
sion must be rigorous and correspond to experimental data. Practical implications are welcome.

References

The journal uses the APA reference system (Publication Manual of the American Psychological Asso-
ciation, 6™ ed.). The list of references may contain only the authors cited in the text. Authors are obliged to
include DOIs in their reference lists, if possible.

Reference citations in text

The study should be documented throughout the text by citing the author(s) and date (within parentheses)
of the works used in the research, i.e. ““... The recent comparison (Hughes, 2001) showed...”, or *... Hughes
(2001) compared...”.

When there are two authors, always cite both names every time the reference occurs in the text. In the text,
the surnames should be joined by “and” (Vuleta, Milanovi¢ and Juki¢ (2004) reported...), whereas within pa-
rentheses the sign “&” should be used. The same is valid for three and more authors (up to six). Three, four,
or five authors should be cited the first time the reference appears in the text; in subsequent referencing, cite
only the family name of the first author followed by “et al.” — 1st time (Vuleta, Milanovi¢, & Juki¢, 2004); 2nd
time: (Vuleta, et al., 2004). Six and more authors should always be cited like: the surname of the first author
followed by “, et al.”. Be sure when shortening two or more references of the same primary author, to keep
enough information to distinguish these citations (by citing as many of the subsequent authors as necessary).

Reference list

Alphabetical order of references in the list should be followed. References should be complete and contain
all the authors (up to and six) that have been listed in the title of the original publication. Titles of references
written in languages other than English should be additionally translated into the English language and en-
closed within square brackets. Full titles of journals are required (not their abbreviations). The author of the
article is responsible for the accuracy of data and references

The style of referencing should follow the examples below:

Books

Arnold, P.J. (1979). Meaning in movement and sport and physical education. London: Heinemann. Bartoluci,
M. (2003). Ekonomika i menedzment sporta (2™ ed.). [Economics and management of sport. In Croatian.]
Zagreb: Informator, Kinezioloski fakultet Sveucilista u Zagrebu.

Journals

Sallis, J.F., & McKenzie, T.L. (1991). Physical education’s role in public health. Research Quarterly for Ex-
ercise and Sport, 62(2), 124—137. Trstenjak, D., & Zugi¢, Z. (1999). Sport as a form of social involvement —
the case of tennis. Kinesiology, 31(2), 50—6l.

Chapters in books
Sparkes, A.C. (1997). Reflections on the socially constructed self. In K. Fox (Ed.), The physical self: From
motivation to well-being (pp. 83—110). Champaign, IL: Human Kinetics.

Rossi, T., & Cassidy, T. (in press). Teachers’ knowledge and knowledgeable teachers in physical education.
In C. Hardy & M. Mawer (Eds.), Learning and teaching in physical education. London: Falmer Press

Chapters in published books of conference proceedings

Siedentop, D. (1998). New times in (and for) physical education. In R. Feingold, R. Rees, G. Barrette, S.
Fiorentino, S. Virgilio & E. Kowalski (Eds.), AIESEP Proceedings, “Education for Life” World Congress
(pp- 210-212). New York: Adelphi University.
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Kasovi¢, M., Medved, V., & Vuceti¢, V. (2002). Testing of take-off capacities in the lower extremities of top
football players. In D. Milanovi¢ & F. Prot (Eds.), Proceedings Book of 3" International Scientific Confer-
ence “Kinesiology — New Perspectives” (pp. 677-680). Zagreb: Faculty of Kinesiology, University of Zagreb.

Electronic resources (computer software, computer and information services, on-line sites)

U.S. Department of Education. (1997). Title IX: 25 years of progress /on-line/. Retrieved April 15, 1999 from:
www.ed.gov/pubs/TitleI X/title.html

Yi Xiao, D. (2000). Experiencing the library in a panorama virtual reality environment. Library Hi Tech, 18, 2,
177-184. Retrieved July 30, 2001 from: http://isacco.anbar.com/vI=666630/cl=8/nw=1/rpsv/cw/ mcb/07378831/
v18n2/s9/p177.html

Nonprinted media (Abstract on CD-ROM)

Meyer, A.S., & Bock, K. (1992). The tip-of-the-tongue phenomenon: Blocking or partial activation? /CDROM/.
Memory & Cognition, 20, 715-726. Abstract from: SilverPlatter File: PsycLIT Item: 80-16351.

Theses

Mareli¢, N. (1998). Kinezioloska analiza karakteristika ekipne igre odbojkasa juniora. [ Kinesiological anal-
ysis of the junior volleyball team play characteristics. In Croatian.] (Unpublished doctoral dissertation, Uni-
versity of Zagreb) Zagreb: Fakultet za fizicku kulturu Sveucilista u Zagrebu.

Horvatin-Fuckar, M. (2002). Povezanost ritma i uspjeha u sportskoj i ritmickoj gimnastici. [Relationship
between rhythm and success in artistic gymnastics and rhythmic gymnastics. In Croatian.] (Unpublished
Master*s thesis, University of Zagreb) Zagreb: Kinezioloski fakultet Sveucilista u Zagrebu.

Manuscripts that do not meet the requirements set in the Guidelines will be immediately returned to the
authors for corrections. During the revision of the manuscript, the Editor will contact the first author or the
one that is in charge of correspondence.

Tables and figures

Tables and figures should be placed at the end of the manuscript, in one document. The position of tables
and figures in the text should be indicated with the words “’Insert Table 1 here”’.

Tables should be numbered in the order in which they occur in the text and referred to as “Table 17, for ex-
ample. Each table should be accompanied by a short title. Figures (e.g. Figure 1), include photographs (either
as camera-ready glossy prints or digital photographs of at least 300 dpi — format .tiff or .jpeg; orientation —
top and bottom — should be denoted on the reverse side), drawings, graphs, diagrams, X-ray examinations
(should be submitted as photocopies). Figures should be prepared in any vector software and open for edit-
ing (do not send illustrations in picture format, please). Each figure must have a caption. The pictures and
drawings that are not originals should contain the name of the book or journal reference.

Reviews of books

Reviews of books are usually written at the invitation of the Editorial Board of Kinesiology. The Editorial
Board generally defines the length of the review. The author of a review should answer the following ques-
tions: should the book have been published, is this book better or worse than other similar ones, if these do
exist, and who this book can be useful for. Elements of the review should follow this logical order — asking
questions, analysis of the arguments “for” and “against” and answers to the questions.

Style and language

The Editorial Board accepts manuscripts written in English only. The language of Kinesiology is either
American English or British English. Manuscripts may be rejected if written in poor English. The author
is fully responsible for the style (formal, unbiased in any sense), language, and content of the paper. Yet,
the Editorial Board has the right to comment on the form and language of the paper before it is accepted
for publication. A good, standard command of grammar is expected in written English. Please, avoid non-
standard abbreviations.
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Copyright notice

At Faculty of Kinesiology, we recognize that access to quality research is vital to the scientific communi-
ty and beyond. Kinesiology is a non-profit journal, and all costs of publishing and peer review process are
covered by the publisher itself or other funding sources like the Ministry of Science and Education of the
Republic of Croatia. Full text papers are also available free of charge at http://hrcak.srce.hr/kineziologija.
There are no restrictions on self-archiving of any form of paper (preprint, postprint and publisher’s version).

Articles are distributed under the terms of the CC BY - NC 4.0
Kinesiology does not charge any fees to authors to submit or publish articles in our journal.
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