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Dear Esteemed Readers, Authors, and Reviewers,

We are pleased to announce the release of the latest issue of Montenegrin Journal of Sports Science and 
Medicine, which showcases a diverse array of groundbreaking research and insights in the field of sport science. 
This issue reflects the dedication and hard work of our contributors, and I invite you to explore the valuable 
findings presented within its pages.

We would like to extend our heartfelt gratitude to all authors who submitted their manuscripts and to our 
diligent reviewers whose expert evaluations ensured the high quality of our published work. Your commitment 
to advancing knowledge in sport science is truly commendable, and your contributions play a vital role in the 
journal’s success.

In addition to the release of this new issue, we are excited to share some significant news regarding our journal’s 
impact factor released by. We are proud to announce that we have achieved a new impact factor released by 
Thomson Reuters (Clarivate Analytics) of 1.3 that positions us as the most influential journal in sport science 
within our region. This milestone is a testament to the quality of research published in our journal and the 
increasing recognition it receives in the academic community.

As we continue to strive for excellence, we encourage our readership to engage with the articles, share your 
insights, and contribute to the ongoing conversation in the field of sport science. Thank you once again for 
your unwavering support, and I look forward to bringing you more exceptional research in the future.

Warm regards,
Prof. dr. Dusko Bjelica
Prof. dr. Damir Sekulic
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Abstract

The World Health Organization (WHO) released guidelines for physical activity (PA), sedentary behavior, and sleep for 
children under 5 years of age in 2019, but there are no reports on the adherence to the guidelines in southeastern Eu-
rope. This study aimed to: (i) determine the proportion of preschool children (aged 3-5 years) who met the WHO guide-
lines and examine the feasibility of the proposed protocol for the SUNRISE study in Bosnia and Herzegovina (B&H), and 
(ii) define sex-, and urban/rural-living-specifics in movement-behaviors, anthropometrics, gross-motor-skills, fine-mo-
tor-skills, and cognitive-skills. The sample comprised 115 preschool children (63 girls and 52 boys), residing in urban (n 
= 66) and rural areas (n = 49) from B&H. Participants were tested on movement behaviors (PA, sleep time, screen time) 
by accelerometry and comprehensive questionnaires. Body height, weight, body mass index, executive function, fine-, 
and gross-motor skill, and cognitive function were also measured. The results showed that PA-, sleep duration-, and 
screen time guidelines were met by 64%, 74% and 53% of children, respectively, while only 23% of the children met 
all three guidelines on movement behaviors. Boys exhibited higher PA than girls, but no differences in gross- and fine 
motor skills and cognitive functioning were recorded between the sexes. Children living in urban and rural environ-
ments did not differ in any of the studied variables. Results evidenced preschool children from B&H being in line with 
other samples globally about study variables. Although PA was higher in boys than in girls it was not translated to 
differences in motor skills. Further studies on larger samples and other environments are warranted. 

Keywords: SUNRISE study; preschool children; screen time; sleep; sedentary behaviour
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study of movement behaviours in the early years: A pilot study from Bosnia and Herzegovina. Montenegrin Journal of 
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Introduction
The worldwide outbreak of childhood obesity continues to 

pose a significant challenge to public health. Over the course of 
four decades, the number of girls and boys affected by obesity 
has surged from 5 million to 50 million and from 6 million to 

74 million, respectively (Abarca-Gómez et al., 2017; Montesa-
no & Mazeo, 2019). In addition to impacting their immediate 
health and quality of life, children who suffer from obesity are 
also at an increased risk of developing various non-communi-
cable diseases, including diabetes, cardiovascular diseases, hy-
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pertension, stroke, and cancer (Kim et al., 2022; Park, Falconer, 
Viner, & Kinra, 2012). Furthermore, obesity during childhood 
often persists into adolescence and adulthood, leading to 
chronic illness and premature death (Ward et al., 2017).

Physical inactivity is recognized as a significant contrib-
utor to the prevalence of overweight and obesity, and studies 
have established clear correlations between healthy levels of 
physical activity, screen time, sleep, and adiposity in middle 
and late childhood (de Fátima Guimarães, Mathieu, Reid, 
Henderson, & Barnett, 2021; Martinovic, Jaksic, Spahic, Lukic, 
and Nedovic-Vukovic, 2021).  Since movement behaviors may 
persist from early- into middle- or later-childhood, researches 
have focused on the relationship between these factors even in 
pre-school and early-school-age (Janz, Burns, & Levy, 2005; 
Malina, 1996; Vukelja, Milanovic, & Salaj, 2022). For exam-
ple, a study on 15651 children aged 6-9 years reported a neg-
ative association between high screen time and lower physical 
activity levels (Whiting et al., 2021). Also, optimal and high 
sleep time and high physical activity levels led to better car-
diometabolic health and lower adiposity in children aged 5-17 
years (Saunders et al., 2016). Also, more sedentary time was 
associated with higher odds of being classified as metabolically 
unhealthy individuals, while increased moderate-to-vigorous 
physical activity was beneficial for weight status and metabolic 
health in 5-18-year-old children (Kuzik et al., 2017). 

Collectively, there is a general consensus that physical 
activity plays a significant role in attaining the health and 
well-being of children (Sheldrick, Tyler, Mackintosh, & Strat-
ton, 2018). In their efforts to increase the level of physical ac-
tivity in children and youth, the World Health Organization 
(WHO) issued global guidelines in 2019 for children under 
the age of five concerning movement behaviors. The guide-
lines were developed based on systematic reviews conducted 
in this age group, and suggest that children aged three and four 
should engage in 180 minutes of physical activity daily, out of 
which 60 minutes should be of moderate to vigorous intensi-
ty (Organization, 2019). Additionally, they should limit their 
sedentary screen time to no more than one hour and strive to 
get 10 to 13 hours of quality sleep per day. However, the global 
guidelines for physical activity, sedentary behavior, and sleep 
have been primarily informed by evidence from studies con-
ducted in high-income countries.

Since their release, several studies have evaluated the prev-
alence of adherence to WHO guidelines and their correlation 
with adiposity and other health indicators (Berglind, Ljung, 
Tynelius, & Brooke, 2018; Chaput et al., 2017; Draper et al., 
2020; Tanaka et al., 2020). Briefly, a study on 830 children aged 
4-5 years from Sweden reported that 18% of the studied chil-
dren met the combined recommendations of MVPA, screen 
time and sleep duration, while those factors were not associ-
ated with obesity at this age (Berglind et al., 2018). Similar, 
results were reported in a study on Canadian children aged 
3-4 years (Chaput et al., 2017). However, there is a dearth of 
research in low- and middle-income countries, which is con-
cerning given that approximately 90% of overweight or obese 
children worldwide reside in these regions (Kim & von dem 
Knesebeck, 2018).

The introduction of the global and national 24-hour move-
ment guidelines for children up to 5 years (i.e., early years) 
emphasized the need for adequate surveillance methods. As a 
result, the International Study of Movement Behaviors in the 
Early Years (SUNRISE) was developed (Draper et al., 2020). 

The primary goal of The SUNRISE study is to assess the pro-
portion of children adhering to the WHO Global guidelines 
from countries of different socioeconomic statuses. In addition 
to this, it aims to determine how 24-h movement behaviors are 
linked with overweight and obesity, gross and fine motor skills 
and executive function in the early years, and the variations 
among the countries (Carson et al., 2017). However, prior to 
conducting the study on a large scale, it was essential to assess 
the feasibility of the protocol in each participating country, in-
cluding Bosnia and Herzegovina (B&H). Therefore, this study 
aimed to determine the proportion of preschoolers from B&H 
who adhere to the WHO global guidelines on movement be-
haviors and to explore the differences between genders (boys 
vs girls), and living environment (children living in urban- vs 
rural- communities) in guideline adherence, anthropomet-
rics, indices of executive function, fine motor skills, and gross 
motor skills. Following the results of the previous SUNRISE 
studies, we hypothesized that: (i) low proportion of children 
would meet all WHO guidelines, (ii) boys will exhibit better 
movement behaviors and motor-skill status than girls, and (iii) 
rural children will exhibit better movement behaviors and mo-
tor-skill status than urban children.

Materials and Methods
Participants

Following the recommendations from the SUNRISE proj-
ect, in this study, we observed preschool children from B&H, 
residing in urban and rural areas. All children were included 
in the regular preschool education in Tuzla Canton in B&H. In 
total, one hundred and fifteen children (boys: n = 52; girls: n = 
63 girls) from five schools in the urban area (n = 66;) and three 
schools in the rural area (n = 49), participated in the study. The 
sample size was based on a previous study that suggested 50 
participants each in urban and rural areas (Draper et al., 2020). 

The sampling was done throughout several phases. In the 
first phase, we randomly selected preschools in both areas, and 
approval to conduct the study was sought from the principal of 
each preschool. Then, parents of eligible children were contact-
ed through the preschool class teachers and were recruited for 
the study. After expression of interest, the researchers present-
ed the idea, aims and protocol of the project, as well as bene-
fits and risks of the participation to parents who expressed the 
interest for their child to be involved in the project.  presenta-
tion of the aims of the study and protocol. A written informed 
consent was collected from the parents, before further partici-
pation. Each preschool supported to arrange in case the partic-
ipating child became unsettled during the study. The protocol 
of this study was approved by the University of Wollongong 
Human Ethics Research Committee (ref. no. 2018/044) and by 
the Ethics Research Committee of the Faculty of Physical Edu-
cation and Sports, University of Tuzla (ref. no. 03/2022).  

Variables, measurement and protocol
Variables included anthropometric indices, physical activ-

ity levels, variables of executive function, fine motor skills, and 
gross motor skills. 

Anthropometrics included body height, body mass, and 
calculated body mass index. Body height was measured using 
a portable anthropometer (Martin Type Anthropometer) and 
mass was measured barefoot using a digital scale (EGER www.
eger.com). Measurements were taken twice and the average of 
a measure was used for analysis. Body mass index (BMI) was 
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computed using the RedCap software (Vanderbilt University 
Australia). The BMI classification of the children were done 
according to the reference standards of the WHO (Di Cesare 
et al., 2019).

The 24-h movement behavior of the children was assessed 
using Actigraph GT3X + accelerometers (ActiGraph, LLC, 
USA) following the evidence-guided recommendation (Cliff, 
Reilly, & Okely, 2009). The devices were attached to an elastic 
belt and positioned on the right side of the child’s body, just 
above the iliac crest. The sampling intervals, or epochs, were 
set at 15 s and the sampling rate at 30 Hz. Children were in-
structed to keep the accelerometers continuously on their waist 
for at least 72 h and only remove them for any water-based 
activities. The children were asked to wear the accelerometers 
for 5 days, as defined by SUNRISE study protocol. Children 
who had at least one full day of ‘valid’ data were included in 
the later analysis. A valid day (i.e., 24 h) of data was confirmed 
by visual inspection of the acceleration graph via the ActiLife 
6 software, ensuring that acceleration peaks are present during 
the monitoring days. SUNRISE parental questionnaire, trans-
lated into local language, was utilized to gather demographic 
information (Okely et al., 2021). Also, the questionnaire was 
used to acquire the subjective screen time, sleep time, and 
physical activity (TPA and MVPA) duration. Sleep time and 
non-wear time were excluded from the analysis. Sleep time 
was predetermined based on the average parent-reported 
wake-up and bedtime of the children. Non-wear time was de-
fined as > 20 min of consecutive zero counts during waking 
hours. This included the time when the monitor was taken off 
for water activities and daytime naps. The final time was used 
to calculate time spent in total physical activity (TPA), seden-
tary behavior (SB), light physical activity (LPA), and moderate 
to vigorous physical activity (MVPA). SB, LPA, MVPA were 
defined using the cutoffs of 0–199, 200–419, 420–841, and 842 
and above counts per 15 s epochs, respectively. 

To evaluate the executive function of the children, the vi-
sual-spatial working memory and inhibition of the children 
were assessed using the Go/No-Go and Mr. Ant tablet games 
(Ipad, Apple, USA) in the Early Years Toolbox (EYT) (Howard 
& Melhuish, 2017), respectively. In Mr. Ant, an ant character 
with sticker/s appears on the screen. After, children are asked 
to point the location of the sticker/s when an ant character 
with no sticker appears. The game starts with one sticker (Lev-
el 1) up to eight stickers (Level 8), and the game stops when 
3 unsuccessful attempts are made. In the Go/No-Go the chil-
dren are requested to tap the screen every time they see a fish 
and avoid touching the screen when a shark is present. The 
scoring for this game range from 0 (incorrect performance on 
all fish, shark) to 1 (perfect performance on both shark and 
fish trials), with 1 as the highest score (Hossain et al., 2021).

The Nine-hole Pegboard Test (NHPT) was used to assess 
dexterity and fine motor skills in children. In the NHPT, the 
children pick up nine pegs from the container one at a time, 
place them in a pegboard, remove the pegs in the holes, and 
place the pegs back in container. Only one hand is allowed for 
NHPT, but the other hand can be used to stabilize the board. 
The recording time for NHPT starts as soon as the children 
touch the first peg and ends when the last peg is placed in the 
container. After the task, NHPT is repeated on the other hand 
(Aneesha Acharya & Choudhary, 2023).  

Gross motor skills were evaluated throughout standing 
long jump, supine timed up and go, single leg balance, and 

hand grip test. The standing long jump (ST-LJ) was used for 
assessment of lower body strength and mobility. In this test, 
the children jump as far as possible from a starting mark. A 
practice trial is administered, followed by two trials, and the 
average of two trials was used for analysis. 

Supine-timed up and Go (S-TUG) was utilized to assess 
posture and mobility. From supine position with feet posi-
tioned at the starting line, the children stand up and sprint for 
3 m and back. One trial was facilitated for familiarization the 
two trials were performed for the S-TUG, and the average of 
two S-TUG trials was included for analysis.

In the Single-Leg Balance test (SLB) the one-leg standing 
time is recorded, wherein recording starts after one leg leaves 
the ground. Arms were allowed to move freely. Timing stops 
when the standing leg is deemed unstable or the free leg is 
hooked to the standing leg to maintain balance. The test is also 
concluded if SLB reached 30 seconds. The recorded time in 
seconds was the result of this test. The test is repeated on the 
other leg. 

Handgrip Test (HGT) with dynamometer (TKK5825, 
Grip-A, Takei, Tokyo) was utilized for assessment of upper 
body strength. In the HGT, children were asked to squeeze the 
dynamometer for 3 seconds as hard as possible without the 
equipment touching the body. Two practice trials were facil-
itated prior to recording three trials per limb. The average of 
the three trials was used for analysis. 

All children were tested throughout two sessions, separat-
ed by 5 days, between December 2022 and March 2023. Test-
ing was done at a designated area in each school. 

Measurement of anthropometric indices, executive func-
tion, and fine and gross motor skills of the children were car-
ried out in the first session. Parents/caregivers were also asked 
to complete a locally-translated questionnaire to obtain demo-
graphic information and subjective movement behaviors of 
their child. Additionally, children were asked to wear acceler-
ometers for five days. After five days, the accelerometers were 
collected for processing and analysis. The testers in this study 
underwent extensive training prior to conducting field-level 
data collection.
 
Data analysis

TheREDcap application and REDcap web platform were 
used for data management All statistical analyses were per-
formed using SPSS Statistics for Window version 26.0 (IBM 
Corp, Armonk, NY). Descriptive statistics (mean and stan-
dard deviation) were computed for all variables. T-test for 
independent samples was conducted to examine differences 
in anthropometrics, movement behaviors and motor skills be-
tween the sexes and residential settings. All hypothesis testing 
should be treated as preliminary and treated with caution due 
to the study being underpowered.

Results
Table 1 presents the age and anthropometric character-

istics of the children, and no significant differences were ob-
served between boys and girls for age or any anthropometric 
outcomes (p>0.05). Moreover, there were no significant dif-
ferences in anthropometric characteristics between the urban 
and rural sub-samples. Using the World Health Organization’s 
cut-offs, 79.1% of the sample were within the normal range for 
BMI, while 9.6% were identified as overweight, 5.2% as obese, 
and 4.3% were classified as underweight.
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The results of the accelerometry are presented in Table 
2. According to the findings, boys exhibited a significantly 
higher level of physical activity than girls, and lower seden-
tary time (SED, p<0.009; MPA, p<0.007; VPA, p<0.007, and 
MVPA, p<0.004). However, there was no significant difference 
in physical activity levels between urban and rural children.

Table 3 displays the gross and fine motor skill scores of 
boys and girls, which were found to be comparable (both 
p>0.05), indicating no significant differences between the 
sexes. Furthermore, no statistically significant differences in 
motor skill scores were observed between urban and rural 
children.

Table 1. Children’s age and anthropometric characteristics, by sex and setting (community)

Variable Total (n = 115) Boys (n = 52) Girls (n = 63) p value ¥ Rural (n = 49) Urban (n = 66) p value ≠

Age (y) 4.6 ± .6 4.6 ± .1 4.6 ± .1 .658 4.7 ± .1 4.6 ± .1 .202

Height (cm) 111.2 ± 6.6 111.0 ± .7 111.4 ± .9 .781 111.1 ± .9 111.2 ± .7 .933

Weight (kg) 19.5 ± 3.4 19.4 ± .3 19.4 ± .4 .722 19.4 ± .3 19.7 ± .5 .591

BMI (kg.m-2) 15.7 ± 1.7 15.7 ± .1 15.7 ± .2 .898 15.8 ± .2 15.6 ± .1 .418

Note: Data are presented as mean ± SD for normally distributed data;; ¥p value for comparison by sex; ≠p value for comparison by setting.

Table 2. Acelerometry by sex and seting (community)

Variable Total (n = 101) Boys (n = 46) Girls (n = 55) p-value ≠ Rural (n = 42) Urban (n = 59) p-value ≠

SED (min/d) 622.0 ± 48.3 608.3 ± 48.5 633.4 ± 45.4 .009 623.6 ± 6.0 620.8 ± 7.04 .770

LPA (min/d) 97.4 ± 16.5 98.7 ± 18.1 96.3 ± 15.0 .476 17.3 ± 2.6 15.9 ± 2.0 .510

MPA (min/d) 70.5 ± 18.9 76.0 ± 20.7 65.9 ± 16.0 .007 15.7 ± 2.4 20.8 ± 2.7 .269

VPA (min/d) 24.1 ± 13.3 28.0 ± 15.3 20.8 ± 10.4 .007 10.4 ± 1.6 25.8 ± 1.9 .136

MVPA (min/d) 94.6 ± 30.5 104.0 ± 34.2 86.8 ± 24.7 .004 23.5 ± 3.6 34.4 ± 4.4 .181

TPA (min/d) 192.0 ± 41.2 202.7 ± 45.5 183.1 ± 35.2 .005 35.2 ± 5.4 44.7 ± 5.8 .210

Note: Data are presented as mean ± SD for normally distributed data; ¥p value for comparison by sex; ≠p value for comparison by setting. SED, 
sedentary behaviour; LPA, light-intensity physical activity; MPA, moderate-intensity physical activity; VPA, vigorous-intensity physical activity; 
MVPA, moderate - to vigorous-intensity physical activity; TPA, total physical activity

Table 3. Motor skills by sex and setting (community)

Variable Total (n = 115) Boys (n = 52) Girls (n = 63) p value ¥ Rural (n = 49) Urban (n = 66) p value ≠

STUG 5.1 ± 1.3 5.2 ± 1.6 5.1 ± .9 .570 5.0 ± 1.6 5.2 ± 1.03 .521

SLB-R 10.6 ± 9.2 9.1 ± 8.0 11.9 ± 10.0 .113 10.4 ± 9.8 10.9 ± 8.9 .770

SLB-L 10.8 ± 8.6 9.1 ± 7.4 12.1 ± 9.3 .066 11.3 ± 9.7 10.4 ± 7.7 .587

 STLJ 72.7 ± 20.5 74.5 ± 22.6 71.2 ± 18.8 .390 71.2 ± 22.8 73.8 ± 18.8 .501

F-R 8.1 ± 3.0 8.5 ± 3.0 7.7 ± 2.9 .175 7.5 ± 3.1 8.5 ± 2.8 .099

F-L 8.2 ± 2.9 8.6 ± 2.7 7.8 ± 3.0 .196 7.9 ± 3.1 8.4 ± 2.7 .420

9H-R 34.6 ± 10.7 35.8 ± 13.2 33.5 ± 8.1 .252 32.9 ± 7.4 35.8 ± 12.5 .159

9H-L 38.2 ± 9.7 38.7 ± 10.2 37.8 ± 9.4 .608 36.3 ± 8.4 39.6 ± 10.4 .081

Note: Data are presented as mean ± SD for normally distributed data; ¥p value for comparison by sex; ≠p value for comparison by setting. STUG, Mobility 
and posture: Supine-Timed up and go; BA-R, Posture: One-leg standing balance test right leg; BA-L, Posture: One-leg standing balance test left leg;; ST-
LJ, Lower body strength and mobility: Standing long jump; F-R, Upper body strength: hand grip dynamometer right hand; F-L, Upper body strength: 
hand grip dynamometer left hand; 9H-R - Manipulation: 9-hole peg-board test right hand; 9H-L - Manipulation: 9-hole peg-board test left hand.

Figure 1. The Venn diagram displaying the proportion of children meeting 
the 24-hour movement guidelines
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behaviors. Total physical activity (TPA) was found to be 3.2 
hours per day, which is slightly above the World Health Or-
ganization’s guidelines. However, sedentary time was much 

higher than the recommended guidelines, at 10.5 hours per 
day. It can be assumed that a significant portion of this seden-
tary time is spent in front of screens.

The number of children meeting the different components 
of the 24-hour movement guidelines is presented in Figure 
2. The proportion of children meeting the physical activity 
(MVPA + TPA) guidelines was 64%, while the screen time and 

sleep guidelines were met by 53% and 74% of the sample, re-
spectively. When considering all three guidelines together, only 
23% of the sample met the integrated guidelines (Figure 1).

Figure 3 displays the time spent in various movement 

Figure 2. Proportion of children meeting the 24-hour movement guidelines 
(MVPA - moderate - to vigorous-intensity physical activity; TPA - total physical 

activity; OPA - overall physical activity; SCREEN – screen time; SLEEP – sleep 
time; SIT – restrained sitting time; INTEGRATED – integrated guidelines).

Figure 3. Time spent in different movement behaviors (SCREEN – screen time; 
SLEEP – sleep time; SED – sedentary behaviour;  LPA - light physical activity; MVPA 

- moderate - to vigorous-intensity physical activity; TPA - total physical activity). 

Discussion
This study investigated the compliance of B&H preschool-

ers with the World Health Organization (WHO) guidelines on 
movement behaviors. There are several most important find-
ings with regard to study aims. First, results showed that only 
23% of the children met all three guidelines (e.g., physical ac-
tivity time, sleep duration, and screen time), with 64%, 74%, 
and 53% complying with the guidelines on physical activity 
time, sleep duration, and screen time, respectively. Second, girls 
demonstrated greater SED, and lower MPA, MVPA, VPA, and 
TPA compared to boys, with no significant differences in gross 
motor skills, fine motor skills, and cognitive skills between sex-
es. Third, urban and rural children did not differ in movement 
behaviors, gross- motor, fine-motor and cognitive skills. 

Movement behaviors and body-weight status 
Our results revealed that 23% of participants met all the 

three WHO guidelines. Since in this investigation we used 

standardized measurement protocols and tools, our results 
are easily comparable to previous SUNRISE reports, which in 
generally have reported similarly low compliance rates with 
the WHO guidelines on movement behaviors. In brief, previ-
ous reports from SUNRISE consortium reported 4.7% of chil-
dren in Bangladesh 17.5% of children from Vietnam, 19.4% of 
children from Sweden and 26% of children from South Afri-
ca meeting all components of the WHO movement behavior 
guidelines (Delisle Nyström et al., 2020; Draper et al., 2020; 
Hossain et al., 2021; T. V. Kim et al., 2022). 

In terms of specific facets of movement behaviors, our re-
sults are also in line with previous reports. Specifically, propor-
tion of B&H preschoolers meeting the physical activity time 
was 64%, while previous reports showed higher prevalence in 
Sweden (90.3%) Australia (89%), South Africa (84%), Japan 
(75.4%), and China (64.5%), but lower prevalence in Canada 
(61.8%), and Vietnam (50.4%) (Delisle Nyström et al., 2020; T. 
V. Kim et al., 2022). Additionally, B&H preschoolers demon-
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strated approximately 1.6 h in LPA, which is lower compared 
to the reported LPA among Chinese (3.7 h), Canadian (3.5 h), 
and South African (2.1 h). On the other hand, it is encour-
aging that 89% of our participants met the recommended 60 
minutes of moderate-to-vigorous physical activity (MVPA), 
which is higher than children from Sweden (71%) and Bangla-
desh (41%)(Delisle Nyström et al., 2020; Hossain et al., 2021). 

Sleep time plays a crucial role for maintaining normal 
physiological processes for growth and development. There-
fore, it is encouraging that 75% of our participants met the 
WHO sleep guideline of 10-13 h/day. Once again, our results 
coincide with the findings posted in China (83.9%) and Aus-
tralia (93%) (Chaput et al., 2017; Matarma et al., 2018). How-
ever, screen time of Bosnian children was better compared 
to other studied countries. While we found that 53% of our 
participants met the WHO guideline of ≤1 hour/day of screen 
time, this was considerably higher than the rates observed in 
Canada (24.4%), Australia (23%), and Japan (15.9%) (Chaput 
et al., 2017; Hinkley et al., 2020; Tanaka et al., 2020). 

In this study, 22.3% of the Bosnian preschool children were 
classified as overweight/obese. Identical overweight/obesity 
prevalence was previously evidenced in children from Viet-
nam (22.3%) while higher prevalence of overweight/obesity 
was found in Sweden (31%) (Delisle Nyström et al., 2020; T. 
V. Kim et al., 2022). Meanwhile, with 11.2% overweight/obese 
children lower rates are evidenced in South Africa (Draper et 
al., 2020). The relatively low overweight/obesity in B&H pre-
schoolers can be at least partially explained by the fact that 
nine of ten children achieve appropriate levels of daily MVPA 
(please see previous discussion for details)

Sex- and living-environment differences 
Pre-school boys exhibited better movement behaviors 

than girls, which is particularly evident in MVPA. Surpris-
ingly, these differences were not translated in motor-skills, 
where boys and girls achieved similar results in gross- and 
fine-motor-skills. Although at first glance may seem surpris-
ing, the lack of sex-differences in motor skills is in line with 
previous SUNRISE studies conducted in South Africa and 
Vietnam (Draper et al., 2020; T. V. Kim et al., 2022). While this 
can imply relative non-influence of increased physical activi-
ty on motor skills within this age, it is important to overview 
some possible reasons for the lack of sex-differences in motor 
skills, despite significant differences in movement behaviors 
between boys and girls. 

First, it is possible that the type of PA our children were 
involved at doesn’t have strong influence on tested capacities. 
Precisely, capacities we have tested here are more under the in-
fluence of power- and strength-based activities (i.e., jumping, 
climbing, throwing heavy objects). Meanwhile, we can witness 
that MVPA among boys in this age is mostly a consequence of 
playing some sports (particularly soccer), which directly in-
fluence cardiorespiratory fitness, the ability we didn’t observe 
in this project. Second, it is possible that the higher PA among 
boys, and their PA templates are relatively „recent“, and there-
fore were not yet translated to better motor-skills. Irrespective 
of the explanation, there is an evident necessity to further ex-
plore the connection of movement behaviors and performance 
variables during early childhood.

The lack of sex-differences in cognitive-skills was not sur-
prising, and previous studies from other world regions consis-
tently reported similar cognitive-function in boys and girls of 

pre-school age (Draper et al., 2020; Hossain et al., 2021). These 
results however, at least partially can explain the similar results 
in fine-motor skills among boys and girls in our study. Specifi-
cally, quality of the cognitive functioning in early childhood is 
known to be the most important determinant and predictor of 
fine motor control, which directly translates even to execution 
of precise motor tasks we applied as a way of evaluating fine 
motor skills (Bala & Katić, 2009).

Living environment (urban vs. rural living environment) 
didn’t differentiate children in studied variables. Previous 
studies done within SUNRISE protocol reported similar re-
sults. Precisely, a SUNRISE study which included data from 
19 countries reported no significant differences in movement 
behaviors between urban and rural residential settings (Ka-
riippanon et al., 2022). The authors of that study explained 
such findings by a lack of a consistent classification criteria of 
a rural and urban setting. Similar explanation could be given 
for our results. Namely, territory where our study was done 
is densely populated, and there is no clear boundary between 
urban and rural areas. Therefore, life habits of children living 
in rural and urban communities are very similar. It is not rare 
that adults living in rural areas work in urban centers, which 
additionally contribute to similar way of life in both commu-
nities, resulting in similar anthropometrics, movement behav-
iors, and motor skills of urban and rural children. 

Limitations and strengths
The main limitation of this study comes from the fact that 

we studied a limited number of children, from only one region 
in B&H. Therefore, results should be observed as preliminary 
and cannot be generalized for the whole country territory. 
Second, this is cross-sectional study, and causality cannot be 
interpreted. Therefore, for a more profound analysis of the 
relationships between studied variables, intervention studies 
should be performed. 

This is one of the first studies in the region, and probably 
the first one in B&H which specifically observed movement 
behaviors in pre-school children. Also, this study is the first to 
provide a comprehensive overview of the movement behav-
iors of preschoolers from B&H using an objective assessment 
of physical activity. Also, we used standardized measurement 
protocols and standards, which allowed objective comparison 
with other reports worldwide, allowing relevant analysis of the 
status in studied variables. 

Conclusions
Although we have found that only 23% of the pre-school 

children from B&H meet WHO guidelines on movement be-
haviors, it seems that when observed separately for each be-
havior screen-time deserves particular attention. Namely, 53% 
of preschoolers meet the WHO recommendation of being less 
than one-hour in front of the screen, it seems that this issue 
should be the main focus on future interventions aimed at 
reaching WHO-defined standards on movement behaviors. 

Girls exhibit lower PA than boys, especially in terms of 
MVPA. While reaching appropriate levels of PA is one of the 
most important prerequisites of WHO health standards in early 
childhood, girls should be observed as a targeted population in 
that manner. Although more extensive investigations with larger 
samples are needed to confirm our results, we may suggest that 
interventions aimed at increasing PA should pay special attention 
on girls, and try to find a way to increase the MVPA among them.
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Based on our results, urban and rural children did not 
differ in movement behaviors, gross motor skills, fine motor 
skills, and cognitive skills. While we studied a specific region in 
the country, where urban and rural living environments are not 
strictly separated, our findings may be partially a consequence 
of such a geographical situation. Therefore, future studies in 
other parts of the country are needed to confirm these findings.
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Abstract

Military efforts must include different evaluations to prepare for battles around the world. This study aimed to 
characterize the body composition and physical performance levels of military cadets from Angola. Ninety mil-
itary academy participants (males: n=48, females: n=42) aged 18-24 years old performed a battery of physical 
fitness tests to evaluate upper and lower limbs muscle strength, cardiorespiratory fitness, and body composition. 
Significant differences between sexes were observed in all variables (p<0.05). Males and females, respectively, 
showed normal-range values in the body mass index (BMI) (23.32±3.95; 24.75±4.01 Kg/m2), body fat (9.09±6.17; 
14.59±8.86 kg), push-ups (36.88±9.81; 20.67±6.62 repetitions), sit-ups (71.04±17.14; 61.95±19.05 repetitions) and 
medicine ball throwing (5.06±0.89; 4.00±0.84 m). However, countermovement jump (36.14±6.54; 23.53±7.62 
cm), 80-meter sprint (13.08±1.90; 14.96±2.01 s), cardiorespiratory fitness (maximal oxygen uptake: 38.02±6.3; 
33.18±6.49 ml/kg/min), and fat-free mass values (54.17 ± 8.06; 46.18 ± 6.9 kg) were considered low, specifically in 
females. Military cadets from Angola, especially females, presented low values of fat-free mass, cardiorespiratory 
fitness, and neuromuscular maximal performances (countermovement jump and sprint). This highlights a need 
for body composition and physical condition improvement to perform physical tasks with high military relevance. 
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Introduction
Recent wars have highlighted the need to maintain mili-

tary performance capabilities in demanding operations. These 
soldiers are expected to engage in regular vigorous physical 
activity to maintain the highest possible level of physical fit-
ness (Okhrimenko et al., 2023). This is the only way they can 
maintain their physical standards to perform their duties at all 

times (Friedl, 2012). It has been shown that soldiers who are 
physically active on a daily basis perform better in combat and 
are more resilient in stressful situations (Flanagan et al., 2012). 
In addition, previous findings have shown that performance 
on military-specific tasks is improved by higher levels of phys-
ical fitness and scores on tests throughout the service (Harty et 
al., 2022; Romanchuk et al., 2021). Furthermore, these soldiers 
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are less likely to develop diseases and musculoskeletal injuries 
due to the protective effects of physical activity on the entire 
body structure and better long-term health (Jones et al., 2017; 
Havenetidis et al., 2013). Physical fitness also has an impact 
on mental health, with several studies showing the benefits of 
physical fitness on mental health (Okhrimenko et al., 2023).

Some have argued that the physical fitness level of a mili-
tary member should be higher than that of the general popula-
tion because their missions are performed in a large variety of 
environments and require different physical abilities (Santtila 
et al., 2009; Maupin et al., 2018).  Among the most commonly 
assessed and monitored components of physical fitness in the 
military are body composition, muscular strength, endurance, 
speed, and cardiorespiratory fitness (Maupin et al., 2018). 
Good levels of strength and endurance are essential to sup-
port the physical skills that are required for successful military 
combat activities (Santtila et al., 2009; Santtila et al., 2008). For 
example, a high level of physical fitness can increase the abil-
ity to generate strength and power, delay fatigue, and speed 
up recovery (Bulmer et al., 2022; Booth, 2006). In addition, 
the development of specific physical characteristics affects the 
overall ability to perform simple and complex motor activities. 
As a result, it is widely accepted that this is the foundation of 
military forces readiness (Knapik et al., 2012). 

In addition to physical ability, the importance of body 
composition to overall performance cannot be ignored. Pre-
vious research has shown that body composition is associat-
ed with aerobic capacity and muscular endurance (Moreno 
et al., 2019). In fact, soldiers with more fat mass tend to have 
more difficulty performing lower and upper body strength 
tests, jumping and sprinting tasks, and cardiorespiratory fit-
ness tests (Santtila et al., 2009; Campos et al., 2018, Hollerbach 
et al., 2022). In addition, health is known to be influenced by 
body composition, body weight, and body mass index (BMI), 
which are commonly associated with an increased risk of car-
diovascular disease, type 2 diabetes, musculoskeletal disor-
ders, and certain types of cancers (Santtila et al., 2008; Santtila 
et al., 2019).

Over the years, there seems to have been a trend toward a 
decline in physical fitness among military recruits (Hoerster 
et al., 2012; Meadows et al., 2018). For example, the physical 
fitness levels of 3.875 female recruits changed significantly be-
tween 2005 and 2015, with body mass and BMI increasing by 
4.2% and 3.8%, respectively (Santtila et al., 2019). Moreover, 
the proportion of female recruits with poor endurance perfor-
mance increased by approximately 8% during these 10 years. 
This reinforces the need to monitor and evaluate military per-
formance to help design appropriate training programs for 
this population. A deeper understanding of the physical fitness 
profiles of the military forces is important for analyzing recruit 
selection and supporting the development of specific strength 
and conditioning programs, particularly in some countries 
where this knowledge is scarce. Specific physical fitness pro-
files would make it possible to assess specific performance 
measures that determine success, address areas of weakness 
within the individual’s fitness profile, and thus design a cus-
tomized training program for each unit or individual (Maupin 
et al., 2018; Hall et al., 2022).  In addition, these profiles would 
allow reduce the risk of injury and provide information for the 
design of specific training programs (e.g., return to training 
after a period of inactivity) (Roy et al., 2012). Therefore, the 
present study aimed to analyze the body composition, upper 

and lower limb muscle strength, and cardiorespiratory fitness 
of military cadets from the Instituto Superior Técnico Militar 
of Angola.

 
Methods
Study Design 

In this cross-sectional study, the participants were recruit-
ed from the Instituto Superior Técnico Militar from Angola 
by convenience sampling. Participants ranged in age from 18 
to 24 years old and had no recent history (within 6 months) 
of medical disorders that limited participation in their phys-
ical training activities. Participants were informed about the 
study protocol, and once they agreed, they voluntarily signed 
the informed consent form. The evaluation tests have been se-
lected for their relevance in assessing the physical condition 
and their common use by conditioning specialists and coaches 
in sports training. The procedures were performed according 
to the Declaration of Helsinki and were approved by the re-
view board of the Research Center in Sports Sciences, Health 
Sciences and Human Development of the University of Beira 
Interior, Portugal. 

Participants
Ninety military personnel (48 male and 42 female) from 

the Instituto Superior Técnico Militar in Angola volunteered 
to participate in the study. Subjects were asked to report any 
previous illnesses, injuries, or other physical problems, and 
were excluded if there was any evidence of an orthopedic or 
clinical problem or any other self-reported problem that would 
compromise their health. Inclusion criteria to participate in 
the study were to be cadets at the Instituto Superior Técnico 
Militar of Angola, to be free of injury, and able to complete all 
physical and anthropometric assessments. They were excluded 
if they had any medical condition (temporary or permanent) 
or injury preventing exercise participation, had an implanted 
electrical medical device, or were pregnant. Participants were 
carefully informed about the study design, with specific infor-
mation about potential risks and discomforts that may occur. 

Procedures
After two familiarization sessions, the evaluations were 

performed in different sessions (48 hours between) for two 
weeks. In the first session, height was determined by a stadi-
ometer (Seca, Hamburg, Germany), and body mass, body fat, 
and fat-free mass were determined by bioelectrical impedance 
analysis (OMRON HBF 510, Omron Healthcare, Inc., Illinois, 
USA). The device that was used was shown to be both reli-
able and valid for predicting fat-free mass and appropriate to 
use for body composition assessment in the adult population 
(Vasold et al., 2019). Participants’ age, height, and sex were en-
tered into the device and then the participant stepped barefoot 
onto it with feet width apart. Participants were instructed to 
hold the display unit with both hands and extend their arms 
parallel to the floor. The body composition assessment was 
performed after waking up and the participants were instruct-
ed to avoid alcohol and vigorous exercise 24 hours before 
evaluation. Body mass index (BMI) was calculated afterward. 
For ethical reasons, there was no recording of menstrual cycle 
time in female participants.

The following sessions were used to assess physical fitness, 
randomly: push-ups, medicine ball throwing, sit-ups, coun-
termovement jump (CMJ), 80-meter sprint, and shuttle run 
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test. The push-ups assessment was performed with the subject 
lying prone on the floor with both hands under the shoulders 
and pushed up off the floor until the elbows were straight 
while keeping the entire body straight. The participant then 
lowered the body with the arms until the elbows were bent at 
a 90° angle. Participants were instructed to repeat the exercise 
for 1 minute as many times as possible, stopping if they could 
not perform the push-up correctly (Santilla et al., 2019). 

For the sit-ups evaluation, participants started with their 
feet and shoulders flat on the floor and their knees at a 90º an-
gle with their arms crossed over their chest. A second person 
held the lower legs or ankles. At the beginning of the exercise, 
they were asked to lift their torso, bringing their chest toward 
their knees. When the subjects reached an angle of about 30º 
between their torso and the floor, they could return to the 
starting position. They were instructed to repeat the exercise 
as many times as possible for 2 minutes, stopping if they could 
not perform the sit-up correctly (Lin et al., 2022).

For the strength assessments, upper-body and lower-body 
muscular power were assessed by medicine ball throwing and 
CMJ, respectively. For lower-body assessment, sprint perfor-
mance was also evaluated. In the medicine ball throwing as-
sessment, each participant seated against a wall at a 90°angle 
with his legs straight out and his head against the wall and 
then threw a 3kg medicine ball horizontally with as much 
force as possible without moving his back or head. The dis-
tance was then measured with a tape measure. Each partici-
pant had three attempts (3 minutes rest) and the highest value 
was recorded (Borms et al., 2018). In the CMJ, each partici-
pant performed three maximal jumps (3 minutes of rest be-
tween trials), and the height was measured (Optojump pho-
tocell system, Microgate, Bolzano, Italy). All CMJs were per-
formed with the hands on the hips throughout the test. While 
standing upright, participants were instructed to bend their 
knees to a squatting position (90º) and immediately rebound 
in a maximal vertical jump. The best height score was recorded 
for analysis (Claudino et al., 2017). Regarding sprint, two test 
trials of 80m linear sprint running were performed (10 min-
utes of rest between trials). The time taken to complete the 80 
m distance was measured by two experienced coaches using a 
chronometer (Golfinho Sports MC 815, Aveiro, Portugal). The 
mean value was recorded for further analysis.

The cardiorespiratory fitness was evaluated by a shuttle 
run test. This test required running between two lines set 20 
meters apart at a speed dictated by a stereo system that played 
sounds at predetermined intervals. The initial speed was set at 
8.5km/h for the first minute and increased by 0.5 km/h each 
minute. The test score achieved by the subject was the number 
of 20-meter shuttles completed before the participant either 
gave up voluntarily or failed to be within 3 meters of the end 
lines on two consecutive tones (Paradisis et al., 2014). Maxi-
mal oxygen uptake (VO2max) was then determined using a 
validated equation (Flouris et al., 2005): Vo2max = (MAS x 
6.65-35.8) x 0.95 + 0.182, where MAS is the maximal attained 
speed during shuttle run test (km/h) and Vo2max is the pre-
dicted maximal oxygen uptake (ml/kg/min).

Statistical analysis 
Means and standard deviations (SDs) were calculated for 

all measures, and 95% confidence intervals were determined. 
The normality of all distributions was tested using the Kolm-
ogorov–Smirnov test and non-parametric statistical analysis 
was applied. The Mann-Whitney U Test was used to com-
pare means, and the level of statistical significance was set at 
p≤0.05. A specific effect size calculator was used to determine 
the effect size of the non-normally distributed variables (Hop-
kins et al., 2009). The effect size calculator for non-parametric 
tests was used to determine the eta square and then converted 
to Cohen’s d values for standardization (Lenhard et al., 2016). 
Cohen’s d values were 0.20, 0.60, 1.20, and 2.00, correspond-
ing to small, moderate, large, and very large magnitudes, re-
spectively (Hopkins et al., 2009). A percentile distribution was 
then generated for each of the variables analyzed in the study. 
Statistical analyses were performed in Microsoft Office Excel® 
(Microsoft Inc., Redmond, WA, USA) and SPSS v28 (IBM 
Corp., Armonk, NY, USA). Data were plotted using GraphPad 
Prism v7 (GraphPad Inc., San Diego, CA, USA).

Results
Physical performance and anthropometric characteris-

tics are presented in Table 1 for males and Table 2 for fe-
males. Differences between men and women were found 
for height (p<0.001, d=1.50), BMI (p=0.019, d=0.51), body 
fat (percentage: p<0.001, d=0.96; kg: p<0.001, d=0.75), fat-

Table 1. Anthropometric characteristics and physical test results of the male militaries (n = 48)

Mean ± SD Range
Percentiles

25 50 75

Age (y) 20.92 ± 1.49 19 – 24 20 20 23

Height (m) 1.69 ± 0.07 1.52 – 1.84 1.64 1.70 1.75

Body mass (Kg) 66.34 ± 10.02 51.8 – 102.2 58.63 64.65 72.35

BMI (Kg/m2) 23.32 ± 3.95 18.67 – 38.47 21.09 22.28 24.60

Body fat (Kg) 9.09 ± 6.17 2.68 – 33.69 5.27 7.19 11.53

Body fat (%) 13.12 ± 7.07 5.0 – 38.2 8.38 10.95 16.10

Fat-free mass (Kg) 54.17 ± 8.06 25.0 – 71.7 50.15 53.30 58.75

VO2max (ml/kg/min) 38.02 ± 6.30 23.03 – 54.62 32.51 38.41 41.98

Push-ups (n) 36.88 ± 9.81 15 – 56 30.0 35.5 45.0

CMJ (cm) 36.14 ± 6.54 17.71 – 47.14 33.16 37.09 40.90

Sit-ups (n) 71.04 ± 17.14 26 - 98 60.25 70.00 84.50

80-meter sprint (s) 13.08 ± 1.90 10.45 – 18.21 11.47 12.51 14.45

Medicine ball throw (m) 5.06 ± 0.89 3.2 – 6.9 4.40 5.00 5.78
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free mass (p<0.001, d=1.06), push-ups (p<0.001, d=2.08), 
CMJ (p<0.001, d=1.79), sit-ups (p=0.019, d=0.50), 80-me-
ter sprint (p<0.001, d=1.03), VO2max (p<0.001, d=0.75), 
and medicine ball throwing (p<0.001, d=1.27). Despite 
higher body height, body mass, and fat-free mass, men 

had lower BMI and fat mass. In addition, physical fitness 
variables showed higher mean values in men, specifically 
the number of push-ups, sit-ups, VO2max, medicine ball 
throwing, and CMJ. Men were also faster than women in 
the 80-meter sprint. 

Table 2. Anthropometric characteristics and physical test results of the female militaries (n=42)

Mean ± SD Range
Percentiles

25 50 75

Age (y) 20.31 ± 1.49 18 – 24 19 20 21

Height (m) 1.60 ± 0.06 1.46 – 1.71 1.56 1.60 1.64

Body mass (Kg) 63.10 ± 11.03 45.3 – 89.5 53.83 64.10 69.20

BMI (Kg/m2) 24.75 ± 4.01 16.82 – 35.33 22.55 24.50 27.13

Body fat (Kg) 14.59 ± 8.86 2.42 – 37.77 7.33 12.33 19.29

Body fat (%) 22.13 ± 10.19 6.0 – 42.4 12.13 23.55 28.98

Fat-free mass (Kg) 46.18 ± 6.90 34.9 – 62.7 40.25 46.00 51.13

VO2max (ml/kg/min) 33.18 ± 6.49 23.03 – 48.30 29.35 32.51 38.82

Push-ups (n) 20.67 ± 6.62 10 – 40 16.75 20.00 25.00

CMJ (cm) 23.53 ± 7.62 9.61 – 42.69 17.71 22.69 28.25

Sit-ups (n) 61.95 ± 19.05 30 – 95 48 64 75

80-meter sprint (s) 14.96 ± 2.01 11.41 – 20.55 13.44 14.63 16.41

Medicine ball throw(m) 4.00 ± 0.84 2.9 – 6.1 3.48 3.80 4.50

The individual plots presented in Figure 1 and Figure 
2 allow an understanding of the distribution of results 
by percentiles, in each variable analyzed. In Figure 1, the 
anthropometric variables confirm the higher values for 

height, weight, and fat-free mass, and the lower values for 
body mass index and body fat in men. Figure 2 shows the 
fitness variables and confirms the higher performance of 
the males. 

Figure 1. Individual value plot of anthropometrical variables observed in males 
and females. Median with interquartile range are also presented (gray lines).

Discussion
The current study aimed to characterize the fitness lev-

els and body profiles of military cadets from the Military 
Higher Technical Institute of Angola. The results showed 

gender differences in body anthropometrics and physical 
performance, with males having higher body mass, fat-free 
mass, and lower body fat, as well as greater strength (push-
ups, sit-ups, CMJ, and medicine ball throwing), speed (80m 
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sprint), and cardiorespiratory fitness. In addition, although 
anthropometric variables showed normal ranges, physical 
fitness tests showed low performance values, especially in 
women. It was also possible to determine data percentiles, 
which allowed the researchers to understand the spread 
within a distribution of values to provide a reference inter-
val estimate. This is an important step in understanding the 
anthropometric and physical performance characteristics of 
military forces in Angola.

With respect to anthropometric measures, body fat mass 
and BMI recorded in other military forces were consistent 
with those in this study (Hall et al., 2022). For example, fe-
male and male recruits in Army Basic Training in New Zea-
land had mean BMI values of 26.0±3.1 kg/m2, and 24.3±3.0 
kg/m2, respectively. Overall, these values are within a healthy 
range, although they are close to the upper limit. Thus, the 
potential for a higher BMI to have a protective effect against 
injury may hypothetically be due in part to the greater abso-
lute muscle mass in the military. However, it is known that 
BMI can significantly affect physical performance and all its 
components (Friedl, 2022). Increases in BMI and body fat 
percentage may be associated with some decline in physical 
fitness (e.g., cardiorespiratory fitness) and reduced ability to 
bear external loads (Knapik et al., 2012; Romanchuk et al., 
2021). Additionally, in some athletic movements, such as run-
ning or jumping, high body fat harms performance (Moreno 
et al., 2017; Santtila et al., 2019; Aandstad, 2020). Studies sug-
gested that the elite military units generally have a lower body 
fat percentage (~15%) than the general population (~20%) 
and the general military (~17%) (Maupin et al., 2018). Never-
theless, recent data showed higher obesity rates among USA 
military officers than previous studies, especially for women 
(Hollerbach et al., 2022). 

Despite normal BMI and body fat levels, the previously re-
ported fat-free mass values were higher than those presented 
in the current study (Avila et al., 2013). Given the detrimental 

effects of high body fat and BMI and the need for high levels 
of lean body mass, exercise programs specifically designed for 
military newly recruits are important. For example, a 12-week 
training program with a total of 32 sessions of both aerobic and 
neuromuscular training in a sample of 130 male soldiers aged 
18-19 years showed higher values at baseline (57.50±6.00kg) 
that increased after training (58.80±6.00kg) (Campos et al., 
2017). With this in mind, it would be interesting to perform 
a similar exercise training program in this study to see if fat-
free mass increases in the same proportion. In reference stud-
ies, exercise training programs of between 3 and 12 months, 
depending on the characteristics of the study, intensity, and 
volume of training, contribute to increases in fat-free mass 
(Oliver et al., 2017).

Interestingly, the physical performance assessment showed 
some low results for the Angolan military forces. For instance, 
previous studies have reported mean VO2max values slightly 
higher than ours in different military forces (e.g., Santtila et al., 
2008; Campos et al., 2018; Figueiredo et al., 2022). The current 
results were relatively low and may be representative of the low 
cardiorespiratory fitness of this sample for males and females. 
The participants in the current study were at the beginning of 
their military service, and therefore their physical fitness is ex-
pected to change significantly with the implementation of an 
exercise training program. For example, aerobic exercise train-
ing has been associated with significant increases in VO2max 
(Santtila et al., 2008). In addition, VO2max is an important 
determinant of physical fitness, so higher levels may translate 
into better military performance (Santtila et al., 2008; Knapik 
et al., 2017).

For the push-up performance test, the present results are 
consistent with the literature, which reported trend values of 
around 15 repetitions for females and around 35 repetitions 
for males (Jones et al., 2017, Knapik et al., 2017). In addition 
to push-ups, medicine ball throwing was also analyzed, as 
this was found to be the best of eight muscle fitness tests in 

Figure 2. Individual value plot of physical performance variables observed in 
males and females. Median with interquartile range are also presented (gray lines).
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predicting performance in both heavy lifting and carrying a 
task (Knapik et al., 2012; Harman et al., 2008). In addition, it 
was suggested that this assessment would make a significant 
contribution to defining the Army’s mission performance 
(Aandstad et al., 2020). Some studies of military personnel at 
the beginning of their careers have shown an average of be-
tween 3 and 2m for men and women, respectively. These val-
ues are much lower than those presented in the current study 
for males and females. It should also be noted that the recruits 
who participated in the current study had no prior experience 
with military physical training. Perhaps the explanation for 
the higher upper body explosive strength could be due to the 
age and somatic characteristics of this sample, as previously 
reported (Aandstad et al., 2020). 

Regarding the lower body neuromuscular performance, 
some authors have used similar tests, such as standing vertical 
and horizontal jumps, to simulate military tasks that could be 
added to field tests to expand the range of movement skills 
tested (e.g., Knapik et al., 2017). The values ​​of both female and 
male cadets in this study were lower than some previous find-
ings (e.g., Havenetidis et al., 2013), but similar to other results 
(e.g., Knapik et al., 2017; Pihlainen et al., 2018). These incon-
sistencies may arise due to differences in the study population, 
context, and testing equipment (Merrigan et al., 2020). Sprint 
times were also recorded to assess lower-body neuromuscular 
performance. The current sprint times were similar to those 
reported in recent studies (Romanchuk et al., 2021). However, 
the distance ran in the present study was lower (80 m vs. 100 
m), which reveals the low sprint performance of the partici-
pants of the current study. Although no studies have report-
ed 80-meter sprint running times in this context, the results 
presented suggest that the military personnel included in this 
study should train to improve their performance on this speed 
test. Contrary to most of the physical variables in the current 
study, the sit-up performance was consistent with previous 
findings in military forces (Oliver et al., 2017). This measure 
is used to determine the effect of physical fitness on the risk 
of musculoskeletal injury in Army training, but it should be 
interpreted carefully (Jones et al., 2017; Roy et al., 2021).

In summary, this research showed that body composition 
assessment and physical fitness can provide a characterization 
of military cadets, with a percentile distribution of military 
cadets from Angola. Low values of fat-free mass, cardiore-
spiratory fitness, and neuromuscular maximal performances 
highlight a need for specific training programs for body com-
position and physical condition improvement. Future stud-
ies should analyze innovative training protocols designed to 
stimulate strength and aerobic gains. Some limitations should 
be acknowledged, including the lack of circumference mea-
surements and skinfolds for body composition assessment 
or other physical variables to complement evaluations. Also, 
despite the participants being instructed regarding diet and 
exercise, we should be aware that bioimpedance analysis for 
body composition assessment may be influenced by factors 
such as hydration status, skin temperature, or menstrual cy-
cle. Interpreting and generalizing the findings of the present 
study must be done with caution and these data do not rep-
resent the whole population. Nevertheless, the representative 
sample used in the present study showed a significant contri-
bution that can help design new strategies for the quality of 
future research and practical applications regarding military 
investigations. 
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Abstract

The purpose of this study was twofold: to analyze and compare the influence of the final score of the match (close, 
balanced and unbalanced) on physical demands during official competitions in women’s handball; and to investigate 
if the physical demands of each playing position are affected by the final score. Twenty-two semi-professional female 
players from the Spanish 2nd Division were monitored across 13 official matches. Total distance (TD), high-speed 
running (HSR), high-intensity braking distance (HIBD), accelerations (ACC), decelerations (DEC) and PlayerLoad (PL) 
were collected in absolute and relative values using a local positioning system (WIMU PRO™, Realtrack Systems S.L., 
Almería, Spain). Two-way ANOVA with partial Eta-squared and Cohen’s d were used to determine the differences be-
tween playing positions and match types. Unbalanced (16.4±4.1 n·min−1) and balanced matches (15.2±3.8 n·min−1) 
elicited higher DEC/min than close matches (13.1±2.8 n·min−1) (p<0.001, moderate effects). In relation to playing 
positions, wings covered the largest TD and registered the highest values of PL in balanced and unbalanced matches 
(p<0.001, large effects). Also, wings presented the highest values of HIBD, HSR and HSR/min regardless of the final 
score (p<0.05, moderate effects). Moreover, wings performed largely more number of ACC and DEC compared to piv-
ots in unbalanced matches (p<0.05, large effects). In conclusion, this study showed that the final score of the match 
influences the physical demands experienced by female handball players during official competitions. This informa-
tion should be considered by coaches to adapt and periodize the training load across the microcycle. 
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Introduction
Handball is an intermittent team-sport characterized by 

high physical efforts with strenuous body contact against the 
opponents, interrupted by variable length periods with low-in-
tensity movements (e.g., walking and standing still) (Karcher 

and Buchheit, 2014). The occurrence of these high-intensity 
actions is highly unpredictable, random and variable during 
the match (Wagner et al., 2014). Additionally, the intensity and 
speed of the game have increased considerably in recent years, 
mainly due to relatively recent changes in the rules of the game 
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(e.g., throw- off not on the line but inside the center circle) and 
constant improvements in the tactical use of unlimited sub-
stitutions (e.g., goalkeeper substitution rule) (Hatzimanouil et 
al., 2024). Therefore, coaches and practitioners should analyze 
the physical demands encountered during official competi-
tions to: (1) design short- and long-term training programmes 
to maximize performance, reduce injury risk and minimize 
the risk of overtraining; (2) develop and implement individu-
alized physical training programmes for each playing position; 
and (3) adapt and periodize weekly training loads to manage 
stress and recovery (García-Sánchez et al., 2025). To achieve 
this purpose, technical staff can use new monitoring tools 
with a good level of validity (Bastida-Castillo et al., 2019) and 
reliability (Luteberget et al., 2018), such as local positioning 
system (LPS) including ultra-wideband technology (UWB) 
and inertial measurement units (IMUs) (e.g., accelerometer, 
magnetometer and gyroscope) to measure and analyze phys-
ical demands in real-time during training and competitions. 

Given these technological advances, a recent systematic 
review indicated that elite handball players usually cover be-
tween 2000 and 4500 m per match, with high-intensity run-
ning and sprinting accounting for 5% to 15% of this distance 
(Michalsik et al., 2013; Michalsik et al., 2014; Póvoas et al., 
2012; Póvoas et al., 2014). Nevertheless, the physical demands 
are highly variable due to the influence of gender, competition 
level, playing positions and contextual factors (García-Sánchez 
et al., 2023). More specifically, these researchers reported that 
wings covered a moderately greater total distance than backs 
and pivots (García-Sánchez et al., 2023). Additionally, anoth-
er study showed that backs performed the highest number of 
high-intensity events per minute followed by pivots and then 
by wings (Luteberget and Spencer, 2017). Furthermore, a re-
cent study conducted with elite female players during the Eu-
ropean Championship 2020 showed that wing players covered 
higher distances in the high-intensity locomotive categories 
than the rest of the playing positions (Zapardiel et al., 2024).

In relation to contextual factors, previous studies conducted 
in other team sports (e.g. basketball, soccer or ice hockey) have 
shown that physical demands are highly influenced by several 
factors, such as match location (playing home or away) (Augus-
to et al., 2021; García-Unanue et al., 2018), halves of the match 
(first half or second half) (García-Unanue et al., 2018; Pino-Or-
tega et al., 2019), level of the opponent (high-level teams, inter-
mediate-level teams or low-level teams) (Augusto et al., 2021; 
García-Unanue et al., 2018; Pino-Ortega et al., 2019), match 
outcome (win, draw or loss) (Augusto et al., 2021; Douglas et al., 
2019), final score (balanced or unbalanced matches) (Alonso et 
al., 2023; Fox et al., 2019) and player role (starter or non-starter) 
(Oliveira et al., 2023). However, in handball a reduced num-
ber of studies have investigated the impact of contextual factors 
on the external load experienced by players (García-Sánchez 
et al., 2023). Most of these studies have focused on analyzing 
differences according to the halves of the match (Michalsik et 
al., 2013; Michalsik et al., 2014; Póvoas et al., 2012; Wik et al., 
2017), but none have examined the impact of the goal difference 
at the end of the match on physical demands.

As mentioned above, evidence-based knowledge about 
the influence of final score on physical demands during offi-
cial matches in female handball is currently limited. Therefore, 
the aims of this study were: (1) to analyze and compare the 
influence of the final score of the match (± goal difference) 
on physical demands during official competitions in women’s 

handball, and (2) to investigate if the physical demands of each 
playing position are affected by the final score of the match.

Methods
Design

We conducted a retrospective observational design to ana-
lyze and compare the influence of the final score of the match 
(± goal difference) on physical demands during official com-
petitions in women’s handball. The LPS data collected corre-
spond to the average values of 13 official home matches from 
the Spanish 2nd Division during the 2021–2022 season (18th 
September 2021 – 2nd April 2022). We excluded goalkeepers 
because running-based demands do not reflect their perfor-
mance needs (Bassek et al., 2023; García-Sánchez et al., 2024). 
Also, we excluded LPS registers from field players with less 
than 1 minute of playing time (Wik et al., 2017).

Participants
Twenty-two semi-professional female handball players 

from the same team participated voluntarily in the study. Play-
ing positions were: wings (n = 4; age: 18.8±0.5 years; height: 
162.0±3.8 cm; body mass: 55.5±4.3 kg), backs (n = 14; age: 
20.9±3.6 years; height: 168.7±3.9 cm; body mass: 65.4±6.8 kg) 
and pivots (n = 4; age: 21.0±1.8 years; height: 171.3±4.8 cm; 
body mass: 79.1±11.0 kg). The players belong to the third tier 
of competition (highly trained or national level), according to 
the Participant Classification Framework provided by McKay 
et al. (2022). During the season, players typically performed 
four handball training sessions and two strength training ses-
sions per week. Also, they participated regularly in one match 
per week. All players were informed of the study requirements 
and provided written informed consent prior to the start of 
the study. Additionally, all the ethical procedures used in this 
study were in accordance with the Declaration of Helsinki 
(Harris & Atkinson, 2015) and were approved by the Euro-
pean University of Madrid Ethics Committee (CIPI/18/195).

Procedures and data analysis
All players were monitored using a local positioning system 

(LPS) (WIMU PROTM, RealTrack System SL, Almería, Spain) 
with ultra-wideband technology (UWB) and inertial measure-
ment units (IMUs) with a good level of reliability (Bastida-Cas-
tillo et al., 2019). The LPS was installed on the official handball 
court where the team played their home matches according to 
user manual and previous studies (Font et al., 2021; Font et al., 
2023; García-Sánchez et al., 2024). All players were already fa-
miliarized with the data-collection procedures during previous 
training sessions and friendly matches. Manufacturer’s specific 
software (SPROTM, version 958, RealTrack System SL, Almería, 
Spain) was used to calculate the perimeter of the court to de-
termine the effective playing time. In accordance with previous 
studies (Font et al., 2021; Font et al., 2023; García-Sánchez et al., 
2024), playing time was recorded only when the players were 
inside the court, omitting periods when the match was inter-
rupted (e.g. team time-outs, consultations between the referees, 
interruptions to wipe the court, or 2-minutes suspensions). Af-
ter the match, the LPS files were exported to an USB memory 
and analyzed using the manufacturer’s specific software. Finally, 
raw data were exported post-match in Excel format and import-
ed into the statistical software for statistical analysis. At the end 
of this process, a total of 153 individual LPS registers from 13 
official home matches were collected.
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Match types categorization
Consistent with previous studies (de Paula et al., 2020), we 

grouped (using k-means cluster analysis) the total number of 
matches (n = 182) played by all the teams in the entire com-
petition (Spanish Women’s 2nd Division) into different match 
types according to goal difference at the end of the match. Sub-
sequently, we classified the 13 matches played by the team into 
three types of matches: 4 close matches (0-3 goals), 7 balanced 
matches (4-8 goals), and 2 unbalanced matches (>9 goals).

External load variables
Similar to previous research (Font et al., 2021; Font et al., 

2023; García-Sánchez et al., 2024), the following external load 
variables (distance and accelerometry) were collected in abso-
lute and relative values (normalized by playing time): (1) Total 
distance (TD); (2) High-speed running (HSR) corresponding to 
the distance covered above 18.1 km/h; (3) High-intensity brak-
ing distance (HIBD) corresponding to the distance covered with 
deceleration above 2 m·s−2; (4) Number of accelerations (ACC); 
(5) Number of decelerations (DEC); (6) PlayerLoad (PL).

Statistical analysis
Descriptive statistics are presented as means and standard de-

viations (M ± SD). Statistical significance level was set at p<0.05. 
The Kolmogorov-Smirnov test was performed to confirm data 
distribution normality and Levene’s test for equality of varianc-
es. A two-way analysis of variance (ANOVA) followed by Tukey 

post-hoc was used to examine differences between playing posi-
tions and match types. Playing positions (i.e., backs, pivots and 
wings) and match types (i.e., closed, balanced and unbalanced) 
were set as independent variables. Furthermore, partial Eta-
squared (ηp2) was calculated for group effects with the follow-
ing interpretation: small (0.010–0.059), moderate (0.060−0.139), 
and large effect (>0.14) (Cohen, 1988). For the post-hoc analysis, 
Cohen’s d (ES) was calculated and interpreted using Hopkins’ 
categorization criteria, where 0.2, 0.6, 1.2 and >2 are considered 
small, moderate, large and very large effects, respectively (Hop-
kins et al., 2009). Data analysis was performed using SPSS for 
Windows (Version 26, IBM Corp., Armonk, NY, USA).

Results
Differences between match types

In relation to accelerometry variables, there were differenc-
es between types of matches with moderate effect size in DEC/
min (p<0.001, ηp2 = 0.091), but there were no differences in the 
rest of accelerometry variables (p>0.05) (Figure 1). More spe-
cifically, unbalanced matches (16.4±4.1 n·min−1) and balanced 
matches (15.2±3.8 n·min−1) elicited higher DEC/min than close 
matches (13.1±2.8 n·min−1) (p<0.001, ES = 0.88; p<0.01, ES = 
0.55, respectively). Similarly, DEC values were higher during 
unbalanced matches (476.2±386.1) compared to balanced 
matches (457.8±275.5) and close matches (404.6±259.2), al-
though not statistically significant. Furthermore, no significant 
differences were found in any distance variables (p>0.05).

Figure 1. Influence of final score on external load variables. Significance level is indicated by the 
number of symbols: one symbol for p < 0.05, two for p < 0.01, and three for p < 0.001; a significant 

differences vs. close matches; b vs. balanced matches; c vs. unbalanced matches.

Differences between playing positions
In relation to distance variables, there were signifi-

cant differences between playing positions with large effect 
size in TD (p<0.001, ηp2 = 0.178), HIBD (p<0.001, ηp2 = 

0.350), HSR (p<0.001, ηp2 = 0.502), HSR/min (p<0.001, ηp2 
= 0.390) (Figure 2). Wings covered largely more TD than 
pivots in balanced (3702.7±1656.3 m vs. 1667.3±1459.5 m) 
and unbalanced matches (3390.8±2128.1 m vs. 894.1±425.8 
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m) (p<0.001, ES = 1.54; p<0.05, ES = 1.90, respectively). 
Also, wings covered largely more TD than backs in balanced 
matches (p=0.002, ES = 1.11). Wings covered largely more 
HIBD than backs and pivots in close (+78.8 m, p=0.012, ES 
= 1.23; +133.1 m, p<0.001, ES = 2.08, respectively), balanced 
(+94.9 m, p<0.001, ES = 1.49; +132.4 m, p<0.001, ES = 2.08, 
respectively) and unbalanced matches (+124.3 m, p=0.003, ES 

= 1.95; +168.2 m, p<0.001, ES = 2.64, respectively). Addition-
ally, wings covered largely more HSR than backs and pivots in 
close (+317.5 m, p=0.012, ES = 1.23; +367.1 m, p<0.001, ES 
= 2.08, respectively), balanced (+441.8 m, p<0.001, ES = 1.49; 
+482.8 m, p<0.001, ES = 2.08, respectively) and unbalanced 
matches (+352.8 m, p=0.003, ES = 1.95; +425.0 m, p<0.001, 
ES = 2.64, respectively).

Figure 2. Influence of final score on distance variables of each playing position. Significance 
level is indicated by the number of symbols: one symbol for p < 0.05, two for p < 0.01, and three 

for p < 0.001; b significant differences vs. backs; p vs. pivots; w vs. wings.

Figure 2. Influence of final score on accelerometry variables of each playing position. 
Significance level is indicated by the number of symbols: one symbol for p < 0.05, two for p < 

0.01, and three for p < 0.001; b significant differences vs. backs; p vs. pivots; w vs. wings.

In relation to accelerometry variables, there were signifi-
cant differences between playing positions with moderate to 
large effect size in ACC (p<0.001, ηp2 = 0.130), DEC (p<0.001, 
ηp2 = 0.108), PL (p<0.001, ηp2 = 0.163) (Figure 3). Wings per-
formed largely more number of ACC (775.5±467.3) and DEC 
(667.5±496.9) compared to pivots (190.0±95.1, p<0.05, ES = 

1.76) (178.8±95.3, p<0.05, ES = 1.74) in unbalanced match-
es. Also, wings registered moderately more PL than backs 
and pivots in balanced and unbalanced matches (p<0.05, ES 
= 0.88-1.74). Furthermore, no significant interaction effect 
(playing positions vs. final score) was found in any external 
load variables (p>0.05).

Discussion
To our knowledge, this is the first study to analyze and 

compare the influence of the final score on physical demands 
during official matches in women’s handball. The main find-
ings associated with match types indicated that: (1) unbal-
anced and balanced matches elicited higher values of DEC/
min compared to close matches. Furthermore, the results con-
nected to playing positions were the following: (1) wings cov-

ered largely more TD than pivots in balanced and unbalanced 
matches and more TD compared to backs in balanced match-
es; (2) wings covered largely more HIBD, HSR and HSR/min 
than backs and pivots regardless of the final score of the match; 
(3) wings performed largely more number of ACC and DEC 
compared to pivots in unbalanced matches; (4) wings regis-
tered moderately more PL than backs and pivots in balanced 
and unbalanced matches.
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In relation to match types, unbalanced and balanced 
matches elicited higher values of DEC/min compared to 
close matches. A possible explanation for these differences 
could reside in the combination of various characteristics of 
unbalanced matches: (1) a higher number of stolen balls and 
blocked throws (de Paula et al., 2020), (2) a higher game pace 
and a great number of ball possessions (Gómez et al., 2014), 
and (3) a higher number of quick transitions (counter-attacks) 
and quick goals (de Paula et al., 2020). Additionally, these re-
sults could also be related to some features of close matches: 
(1) a slower game pace, (2) a reduced number of ball posses-
sions, and (3) a longer duration of attacks (Gómez et al., 2014). 
Consequently, if the number of counter-attacks increases in 
unbalanced matches, the players must tolerate a greater num-
ber of intense eccentric contractions during these matches, be-
cause each counter-attack action is followed by strong decel-
erations from a high velocity. This information suggests that 
players may experience high neuromuscular fatigue and tissue 
damage during unbalanced matches, especially if these high 
braking forces cannot be dissipated and distributed efficiently 
(Harper et al., 2019). Therefore, handball coaches and strength 
and conditioning specialists should incorporate different in-
terventions (e.g., increase player substitutions) to mitigate the 
appearance of fatigue and tissue damage during matches with 
a large goal difference. Furthermore, handball coaches should 
employ small-sided games with different rules constraints 
(e.g., goal difference, number of players, duration and court 
dimensions) to best prepare players to cope the external load 
experienced during each match type (Corvino et al., 2014). 
This type of tasks could be an effective training tool to enhance 
aerobic and anaerobic capacities, as well as technical and tacti-
cal skills of the handball players (Buchheit et al., 2009).

Regarding playing positions, wings covered the largest TD 
and registered the highest values of PL in balanced and un-
balanced matches. We hypothesized that these results could 
be related to their position on the court, because the hand-
ball playing area is longer in the outer aisles than the central 
domain of the court because of the design of the goal areas, 
enabling wings to cover larger distances (Póvoas et al., 2014). 
Additionally, wings covered largely more HIBD, HSR and 
HSR/min than backs and pivots regardless of the final score 
of the match. Recent research carried out with multi-direc-
tional team-sport athletes suggests that repeated high-inten-
sity actions (associated with intense eccentric contractions) 
may produce fatigue, tissue damage, inflammatory responses, 
and impair neuromuscular performance (Markus et al., 2021; 
Harper et al., 2019; Harper et al., 2022). Likewise, wings per-
formed largely more number of ACC and DEC compared to 
pivots in unbalanced matches. These results could also be re-
lated to the specific technical activity of each playing position. 
Previous studies indicate that wings usually perform more 
counter-attack actions than the other playing positions (Mi-
chalsik et al., 2015), so it seems reasonable to assume that if 
the number of counterattacks increases in unbalanced match-
es (de Paula et al., 2020) wings must tolerate more number of 
ACC and DEC. However, when these values were normalized 
according to the time the players spend on the court (n·min-1), 
backs performed moderately more ACC and DEC per minute 
than the other positions, although not statistically significant. 
Therefore, our results indicate that wings and backs players 
should incorporate different training interventions to me-
chanically protect players from these damaging consequences 

of high-intensity actions: (1) increase maximal and rapid force 
production with different strength training methods (e.g., 
eccentric and accentuated eccentric exercises, plyometric ex-
ercises, and weightlifting movements and their derivatives) 
to develop robust musculoskeletal structures (Harper et al., 
2022); (2) increase the capacity of muscles and tendons with 
various training strategies (e.g., single- and double-leg landing 
stabilization exercises, pre-planned and unanticipated COD 
and rapid decelerations from a high velocity) to attenuate ef-
ficiently high braking eccentric forces (Harper et al., 2019); 
(3) improve aerobic-anaerobic capacity and repeated-sprint 
ability (Manchado et al., 2013; Póvoas et al., 2012). Nonethe-
less, despite the pivots performed lower total number of ACC 
and DEC compared to backs and wings, they should also be 
prepared to support the intensity of these actions during the 
competition. Consequently, coaches and practitioners should 
incorporate specific training interventions to properly prepare 
these players to cope the match demands.

Nevertheless, when interpreting the findings of this study, 
some notable limitations should be considered. First, external 
load was monitored only during thirteen official home match-
es. Accordingly, it should be noted that match location (away 
matches were not monitored) could have influenced our results. 
Second, the use of a very particular sample (i.e., a Spanish 2nd 
Division team) and not particularly large (n = 22), which does 
not represent the whole population. Third, LPS and IMUs may 
not reflect (tend to underestimate) the real physical demands of 
pivots, because these players usually perform some high-inten-
sity actions (e.g., blocks and screenings) that not produce a dis-
placement or acceleration. Fourth, our results did not differen-
tiate specialist players (offensive or defensive). Fifth, the playing 
position of each player was established exclusively according to 
her position in attack, without taking into account her defen-
sive position. Lastly, as it being an observational study, player 
rotations could not be controlled or influenced by researchers. 
Thus, coaches and practitioners should generalize and extrap-
olate these results with caution. In this regard, future research 
should include professional players (e.g., national teams or 
first-division clubs) and away matches.

In conclusion, the present study indicates that the final 
score of the match influences the physical demands experienced 
by semi-professional female handball players during official 
competitions. More specifically, our results revealed that un-
balanced matches and balanced matches elicited higher DEC/
min than close matches. In relation to playing positions, wings 
covered the largest TD and registered the highest values of PL 
in balanced and unbalanced matches. Also, wings presented 
the highest values of HIBD, HSR and HSR/min regardless of 
the final score of the match. Moreover, wings performed largely 
more number of ACC and DEC compared to pivots in unbal-
anced matches. Consequently, handball coaches and strength 
and conditioning specialists should consider the findings of the 
present study to adapt and periodize the training load across the 
microcycle. Also, they should take these results into account to 
make better strategical or tactical decisions during each match 
type (e.g. player substitutions) to mitigate fatigue and maintain 
physical performance throughout the match.
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Abstract

Coaches have a significant impact on the lives and development of athletes, so understanding the factors that in-
fluence their doping attitudes (DA) are particularly important. The aim of this study was to investigate sport-spe-
cific and sociodemographic correlates of DA among high-level sport coaches involved in Olympic team sports 
(soccer, basketball, handball, and volleyball). The participants were high-level coaches from Kosovo (n = 113, age: 
42.99±10.9 years). Previously validated questionnaires were used for testing all participants, asking them about 
sociodemographic-, sport- factors, doping-related-factors (all predictors), and DA (criterion). Logistic regression 
for binarized criterion (negative DA vs. neutral/positive DA) was applied to define the associations between the 
studied predictors and the DA as an outcome. The results revealed a greater likelihood of neutral/positive DA 
among male coaches (OR = 2.01, 95% CI: 1.11–2.33) and among those coaches who believe that doping is preva-
lent in their sport (OR = 1.55, 95% CI: 1.25–1.87). No further associations between the studied predictors and DA 
were found. Additional studies analyzing other samples, sports and variables are warranted. 
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Introduction
The use of performance-enhancing drugs and techniques 

(doping) is recognized as one of the most important problems 
in sports (Kondric, Sekulic, Uljevic, Gabrilo, & Zvan, 2013; 
Rodek, Idrizovic, Zenic, Perasovic, & Kondric, 2013), and the 

global fight against doping in sports is a concerted effort by var-
ious organizations, governments, and athletes (Kondric et al., 
2011). This fight is essential to maintain the integrity of sport, 
protect the health of athletes, and ensure a level playing field for 
all competitors (Özkan et al., 2020). Despite the overall efforts, 
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the problem of antidoping rule violation is still ongoing due to 
several of the most important challenges.

First, and probably most important, is the constant develop-
ment of new performance-enhancing drugs and methods, which 
poses a challenge for anti-doping authorities. Second, athletes 
and organizations involved in doping constantly employ sophis-
ticated methods to avoid detection, such as microdosing or the 
use of masking agents. Furthermore, it is clear that anti-doping 
programs require significant financial resources for testing, re-
search, and education. Finally, some countries and organizations 
do not fully cooperate with antidoping efforts, hindering the 
global fight against doping. While testing and sanctions remain 
crucial deterrents, education is increasingly recognized as a fun-
damental pillar in the global fight against doping in sports. It 
aims to foster a culture of clean sport by proactively addressing 
the root causes of doping, empowering athletes and supporting 
personnel in making informed, ethical choices (Liposek et al., 
2018; Sajber, Maric, Rodek, Sekulic, & Liposek, 2019).

In developing educational anti-doping programs, the cor-
relates of doping attitudes (DA) are specifically targeted (Var-
folomeeva, Kozyreva, & Beresneva, 2023). The idea is to target 
athletes with positive DA, which will allow the development of 
targeted and precise anti-doping education. For this purpose, 
numerous studies have examined the different factors associ-
ated with DA in sports, including sociodemographic, cultural, 
sport, and psychological correlates of doping (Versic, Uljevic, 
& Pelivan, 2022). For this purpose, sociodemographic factors 
are frequently studied. Specifically, in a study examining the 
correlates of DA in different types of sports, religiousness was 
found to be a protective factor against doping in weightlifting, 
whereas racket sport athletes who observed doping behavior 
in their sport were more likely to engage in doping themselves 
(Rodek et al., 2013). Social factors, including the influence of 
coaches and contact with doping users, also contribute to dop-
ing attitudes and behaviors (Zucchetti, Candela, & Villosio, 
2015). A review reported that younger age, male gender, and 
higher levels of competitiveness, and perception of a lenient 
anti-doping climate are linked to increased likelihood of dop-
ing (Ntoumanis, Ng, Barkoukis, & Backhouse, 2014).

It is well known that coaches hold a unique position of influ-
ence and trust in the lives of athletes (Liposek et al., 2018). Their 
role extends far beyond developing athletic skills; they shape 
attitudes, behaviors, and ultimately, the culture of the sport, 
making them pivotal figures even in the fight against doping 
in sports (Liposek et al., 2018; Matosic, Ntoumanis, Boardley, 
Stenling, & Sedikides, 2016; Nicholls et al., 2020; Sajber, Rodek, 
Escalante, Olujic, & Sekulic, 2013). There are numerous reasons 
why coaches should be observed as highly important persons 
in antidoping efforts. First, coaches are often seen as role mod-
els by athletes, especially at younger ages (Sullivan, Paquette, 
Holt, & Bloom, 2012). Their actions can significantly impact an 
athlete’s perception of fair play and ethical conduct in sports. 
They create a training environment, which can either foster a 
culture of clean sport or inadvertently encourage the pursuit of 
performance at any cost. Also, coaches are responsible for ed-
ucating athletes about the dangers of doping, the rules, and the 
available support systems; however, they can help dispel myths 
and misconceptions and encourage open communication about 
doping issues. Therefore, identifying the factors associated with 
attitudes toward doping among coaches, not only athletes, is 
crucial. However, although a certain number of studies have ex-
amined DA in coaches, their knowledge of a problem and their 
willingness to report doping suspicions, studies have rarely re-
ported correlates of DA in coaches (Backhouse & McKenna, 
2012; Whitaker, Backhouse, & Long, 2014) .

Therefore, this study aimed to investigate sport-specif-
ic and sociodemographic correlates of DA among high-level 
sport coaches involved in four Olympic team sports (soccer, 
basketball, handball, and volleyball). We hypothesized that so-
ciodemographic factors would be significantly associated with 
DA in the studied coaches.

Methods
Participants

The participants in this study were high-level coaches in-
volved in Olympic team sports (handball, volleyball, soccer, 
basketball) from Kosovo (n = 113, age: 42.99±10.9 years). The 
sample characteristics are presented in Table 1.

Table 1. Characteristics of the study sample (count and percentage in each group)

Basketball Handball Soccer Volleyball Total 

Females 3 (8%) 5 (21%) 4 (11%) 4 (25%) 16 (14% of all)

Males 33 (92%) 18 (79%) 34 (89%) 12 (75%) 97 (86% of all)

Total 36  (32% of all) 23 (20% of all) 38 (34% of all) 16 (14% of all) 113 (100%)

The participants were invited to participate in the study by 
their sport federation. At study entry, they were informed that 
participation was voluntary, that they would remain anony-
mous, and that no personal details that would allow them to 
be connected individually with the provided answers would be 
asked. The study was approved by the ethical committee of the 
University of Zagreb, Faculty of Kinesiology.

Variables
Previously validated questionnaires were used for testing 

all participants, asking them about sport factors, sociodemo-
graphic factors, and doping-related factors (including DA) 
(Devcic et al., 2018; Sekulic, Bjelanovic, Pehar, Pelivan, & Zen-
ic, 2014; Zenic, Stipic, & Sekulic, 2013).

Sociodemographic questions included questions on age 

(in years), gender (male, female), marital status (married/part-
nership, single), education level (high school, college/univer-
sity students, college level, university level), and religiousness. 
The Santa Clara Strength of Religious Faith Questionnaire 
(SCSRF), a 10-item tool, was used to measure religious inten-
sity and involvement. This questionnaire has been previously 
validated for use in sports research (Zenic et al 2013.).

The sport factors included questions about the coaches’ expe-
rience in sports: (i) as athletes and (ii) as coaches (both in years) 
and their highest competitive achievements as coaches (local 
competitions, national competitions, international competitions).

Doping-related factors included questions on personal 
opinion on the main problem of doping in sports (doping is 
mainly a health hazard, doping is mainly a problem of fair-
play, doping is equally a health hazard and a fair-play issue, not 
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sure), coaches’ personal opinions about the presence of doping 
in their sport (I do not think doping is used, not sure, doping 
is rare, doping is common), and personal DA (I never suggest 
the usage of doping, I do not know/not sure, I will suggest the 
usage of doping if it will help my athletes with no health haz-
ard, I will suggest the use of doping). For the purpose of the 
later logistic regression calculations (please see Statistics for 
details), DA was categorized into “Negative DA” (first answer) 
and “Neutral and positive DA” (remaining answers).

Statistics
Given that most variables were not normally distributed 

according to the Kolmogorov‒Smirnov test, we reported fre-
quencies and percentages for descriptive statistics (with means 
and standard deviations for normally distributed variables).

To compare genders, we used the Mann‒Whitney test for or-
dinal variables, the chi‒square test (χ2) for nominal variables, and 
the independent samples t test for normally distributed variables.

To evaluate the associations between sociodemographic 

factors, sport factors (predictors), and DA, we employed lo-
gistic regression. The DA was binarized into two categories: 
“Negative DA” (scored as 1) and “Neutral and positive DA” 
(scored as 2). In the first phase, each predictor was inde-
pendently correlated with the criterion. In the second phase, 
we performed multivariate logistic regression, with significant 
predictors simultaneously included in the regression calcula-
tion to control for potential covariates. The results are present-
ed as odds ratios (ORs) and 95% confidence intervals (CIs).

Statistica 13.5 (Tibco, Inc., CA, USA) was used for all cal-
culations, and a p value of 0.05 was applied.

Results
Table 2 presents the gender differences in the study vari-

ables. Evidently, male coaches were more involved in sports as 
athletes/players and as coaches than their female peers were (t 
test = 2.83 and 2.34, p < 0.05, respectively). No significant dif-
ferences were detected in terms of age (t test = 1.58, p > 0.05) 
or religiousness evaluated by SCSRF (t test = 0.91, p > 0.05).

Table 2. Descriptive statistics for normally distributed variables with differences between sexes

Males (n = 97) Females (n = 16) T test

Mean Std.Dev. Mean Std.Dev. t value df p

Age (years) 43.65 11.04 39.00 9.81 1.58 111 0.12

Experience as a player (years) 16.91 5.55 12.19 9.28 2.83 111 0.01

Experience as a coach (years) 10.64 5.92 7.00 4.60 2.34 111 0.02

Santa Clara Strength of Religious Faith (score) 36.46 5.55 37.75 2.11 -0.91 111 0.37

Male coaches were more likely to be single (not married) 
than females were (Chi square = 5.13, p = 0.05). No signifi-
cant gender-differences were detected, and/or null frequencies 

did not allow calculation of the χ2 for the remaining variables 
(Table 3).

The logistic regression results for the binarized criterion DA 

Table 3. Descriptive statistics (F – frequencies; % - percentages) and gender differences for nonparametric variables

Males Females Mann‒Whitney/
χ2 (p)F % F %

Marital status (χ2) 5.13 (0.02)

Single 86 88.66 11 68.75

Married/partnership 10 10.31 5 31.25

Education level (χ2) -

High school 17 17.53 0 0

College/University Student 14 14.43 2 12.50

College degree 49 50.52 11 68.75

University degree 17 17.53 3 18.75

Coaching achievement (Mann‒Whitney) 0.67 (0.49)

Local level 51 52.58 10 62.50

National level 29 29.90 3 18.75

International level 11 11.34 2 12.50

Prevalence of doping in (their) sport (χ2) -

I do not think doping is used 73 75.26 15 93.75

Not sure 17 17.53 1 6.25

Used. but rarely 6 6.19 0 0

Used, often 1 1.03 0 0

(continued on next page)
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(negative DA vs. neutral/positive DA) are presented in Figure 1. 
Among all the studied variables, two correlations reached sta-
tistical significance. Specifically, a greater likelihood of positive 
DA was found for males (OR = 2.01, 95% CI: 1.11–2.33) and for 

those coaches who were of the opinion that their sport is doping 
contaminated (Figure 1A). When both significant predictors were 
included in the analysis, male sex was retained as a single signifi-
cant predictor of DA (OR = 1.68, 95% CI: 1.05–2.01) (Figure 1B).

Doping attitudes (χ2) -

I will suggest usage of doping if it will help 8 8.25 0 0

I will suggest usage if there will be no health 
hazard 5 5.15 2 12.50

Not sure 23 23.71 2 12.50

No, never 61 62.89 12 74.50

Main problem of doping (χ2) 1.43 (0.69)

Doping is health hazard 59 60.82 8 50.00

Fair play issue 20 20.62 3 18.75

Both health hazard and fair play issue 15 15.46 4 25.00

Not sure 3 3.09 1 6.25

(continued from previous page)
Table 3. Descriptive statistics (F – frequencies; % - percentages) and gender differences for nonparametric variables

Males Females Mann‒Whitney/
χ2 (p)F % F %

Figure 1. Results of the univariate (Figure 1A) and multivariate (Figure 1B) logistic regressions for 
the binarized criterion “doping attitudes” with neutral/positive doping attitudes as the reference 

value (cont indicates variables observed as continuous for the purpose of logistic regression 
calculation; SCSRF – Santa Clara Strength of Religious Faith)

Discussion
There are several important findings of this study. First, 

there is an influence of gender on DA in coaches, with males 
being more positively oriented toward doping than their fe-
male peers. Second, in addition to gender, sociodemographic 

factors were poorly related to DA among coaches. Therefore, 
our initial study hypothesis could be only partially accepted. 
Finally, no significant associations between sport factors and 
DA were established.

Our results revealed a greater likelihood of a neutral/posi-
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tive DA among male coaches. We could not find studies where 
gender differences in DA were established for caches, but this 
issue is frequently emphasized in athletes. In most cases, male 
athletes are more prone to doping than their female peers are 
(Devcic et al., 2018; Kondric et al., 2011). However, the back-
ground of these findings in athletes cannot be simply trans-
ferred to coaches, since in some cases, the positive DA in ath-
letes is related to physiological factors that could contribute to 
the “personal usage” of doping among them. For example, “so-
cietal pressures” for men to achieve a muscular physique may 
contribute to the use of performance-enhancing substances, 
but naturally, this is the case for athletes and not for coaches. 
Therefore, in explaining the possible background of the great-
er tendency for positive DA in male coaches, several unique 
mechanisms and factors should be discussed.

There is no doubt that people who are professionally in-
volved in sports as coaches should be competitive (Popovych, 
Blynova, Nosov, Zinchenko, & Kononenko, 2021). While both 
men and women can be highly competitive, societal expecta-
tions and norms may place greater pressure on men to win at 
all costs. Indeed, throughout history and across many cultures, 
men have often been associated with traits such as strength, 
competitiveness, and the pursuit of victory (Skillen, 1993). This 
association has been reinforced through various channels, such 
as traditional gender roles (men were historically expected to 
be providers and protectors), sports as a masculine domain 
(sports have often been viewed as a predominantly male do-
main), and media representation (i.e., the portrayal of male 
athletes in the media often focuses on their competitive drive, 
ambition, and willingness to push boundaries to achieve suc-
cess). Coaches are not immune to these societal pressures (Kro-
shus, Garnett, Hawrilenko, Baugh, & Calzo, 2015). Therefore, 
they may naturally feel pressure to produce winning athletes 
and therefore feel that their own success and reputation are tied 
to their athletes’ performance. It could result in pushing ath-
letes to their limits and potentially condone or even encourage 
doping. Furthermore, by prioritizing winning over everything 
else, coaches can inadvertently create an environment where 
athletes feel pressured to use performance-enhancing drugs. 
Therefore, desire to win can lead some coaches to rationalize or 
justify unethical practices such as doping, believing it is neces-
sary to level the playing field or achieve success.

However, it is important to emphasize that the gender dif-
ferences in this context and the greater likelihood of neutral/
positive DA in males are probably influenced by a complex 
interplay of factors rather than a simple gender binary. As 
stated previously, traditional gender roles and societal expec-
tations often place greater pressure on men to achieve success 
and demonstrate dominance, sometimes at any cost. Howev-
er, certain sports may foster a culture that is more accepting 
of doping practices, particularly those that emphasize power, 
strength, and aggression (Rodek et al., 2013). If male coaches 
are disproportionately represented in such sports, this could 
contribute to the observed difference. Further, it is known that 
men might be more inclined toward risk-taking behavior than 
women are (Byrnes, Miller, & Schafer, 1999). This could trans-
late into a greater willingness to engage in or condone doping 
practices, despite known health and ethical concerns. Finally, 
and from our perspective, most important is the fact that, in 
most sporting contexts, power imbalances favor male coaches. 
This naturally creates a scenario where they feel more entitled 
to bend or break the rules to achieve desired outcomes.

The sociodemographic factors observed herein have al-
ready been studied in relation to DT in athletes. For example, 
one study indicated that doping experiences outside competitive 
sports are more prevalent among individuals with lower educa-
tion levels (Pedersen & Benjaminsen, 2006). Additionally, reli-
giousness was found to be a significant protective factor against 
doping behavior, such as weightlifting, in highly energetically 
demanding sports (Rodek et al., 2013). Further, studies have 
shown an association between paternity and marital status with 
doping, with a lower tendency toward doping in athletes who are 
married and have children (Sekulic, Kostic, Rodek, Damjanovic, 
& Ostojic, 2009). Meanwhile, this is one of the first studies in 
which sociodemographic factors were specifically studied as 
correlates of DA in coaches who are engaged in specific groups 
of sports—team sports. In general, other than gender (please see 
the previous discussion), no specific associations between the 
studied sociodemographic indices and DA were observed. The 
possible reasons are discussed in the following text.

First, the lack of association between sociodemographic 
factors and DA among the studied coaches could be attributed 
to differences in the sports coaches involved. Specifically, our 
participants were coaches involved in four team sports, which 
are very distinct in regard to doping. Studies conducted thus 
far have shown clear differences in the DA of athletes involved 
in Olympic team sports, with athletes involved in handball 
being the most vulnerable to doping, followed by basketball 
players and soccer players, whereas the lowest prevalence of 
positive DA was found among volleyball players (Sekulic et al., 
2016). These differences are probably translated even to coach-
es involved in these sports. Consequently, such differences and 
“sport influence” could diminish the influence of the studied 
sociodemographic factors on DA in observed coaches.

Second, the number of males and females involved in some 
of the studied sports could also contribute to the lack of associ-
ation between other sociodemographic factors (predictors) and 
DA in coaches. Specifically, males are more prone to positive 
DA than their female peers. At the same time, there is a certain 
discrepancy in the involvement of male and female coaches in 
the studied sports. The most balanced situation (although males 
dominate) is in volleyball (please see Table 1), and this sport is 
known to have a low prevalence of positive DA (Sekulic et al., 
2016). This could also result in certain bias in evaluating the 
correlations between predictors and criteria, simply because of 
the previously presented differences in DA in athletes.

In regard to religiousness and possible associations with 
DA among coaches, specifics of the sample of participants and 
testing should be briefly presented. Because of anonymity, we 
did not ask coaches about their specific religious affiliation, and 
the measurement tool we used allowed us to obtain data on 
the level of their religiousness irrespective of their affiliation 
(Plante & Boccaccini, 1997). Although some previous studies 
confirmed certain protective effects of religiosity against DA 
in athletes, to the best of our knowledge, all studies performed 
thus far have examined one specific religion (Rodek, Sekulic, & 
Kondric, 2012; Zenic et al., 2013; Zvan, Zenic, Sekulic, Cubela, 
& Lesnik, 2017). Finally, there is a certain possibility that differ-
ent religions are differentially oriented toward doping, which 
could bias our results, leading to a nonsignificant association 
between religiousness and DA among the studied coaches.

Sports factors, such as sport experience and sport compet-
itive success, are frequently studied in relation to DA in ath-
letes, and the results of previous studies confirmed dynamic 
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and relatively sport-specific associations in different sports and 
cultures. For example, while in some sports, greater competi-
tive success was associated with a (more) positive likelihood of 
doping, in other sports, athletes who achieved better sport suc-
cess were negatively oriented toward doping (Kondric, Sekulic, 
& Mandic, 2010; Kondric et al., 2011; Rodek et al., 2012). Addi-
tionally, studies highlighted a greater risk for doping in athletes 
who achieved better success at the youth level, particularly if 
they did not achieve sport success at later stages of their career 
(Sekulic et al., 2014). On the other hand, sport factors were not 
related to DA in the coaches studied here. Possible explana-
tions are briefly discussed in the following text.

Sports achievement was frequently found to be associat-
ed with DA in athletes (please see previously). However, sport 
achievement in athletes is determined by physical factors (i.e., 
natural talent and physical attributes), training and condition-
ing (allows athletes to develop their skills and physical capac-
ities), psychological factors (i.e., motivation and goal settings, 
mental toughness and resilience), and various environmental 
factors (i.e., socioeconomics, social support, and cultural de-
terminants) (Tucker & Collins, 2012). Doping is clearly asso-
ciated with some of these factors, mostly physical ones (Ni-
kolopoulos, Spiliopoulou, & Theocharis, 2011). Therefore, it is 
logical that doping (as a way of enhancing physical capacity) is 
associated with sport achievement in athletes, either positively 
(with a higher likelihood of doping in those who do not pos-
sess necessary physical attributes) or negatively (with a lower 
likelihood of doping in those athletes who are physically “well 
equipped” for success).

On the other hand, factors that determine sport success 
in coaches are quite different than those in athletes. Compet-
itive achievement in sport coaches is determined by a multi-
faceted interplay of factors encompassing personal qualities, 
professional expertise, and external circumstances (Batista et 
al., 2019; Côté, 2006; Shanmugam & Jowett, 2016). Coaching 
expertise and knowledge likely play the most important role, 
with paramount importance to the deep understanding of 
the sport’s rules, techniques, tactics, and training methodolo-
gies. Furthermore, pedagogical and communication skills are 
also important, with crucial roles of effective teaching, clear 
communication, and proper ability to motivate and inspire 
athletes. Coaches need to lead their teams, create a positive 
environment, resolve conflicts, and make sound decisions un-
der pressure while being able to adapt their primary coach-
ing styles to different athletes and situations. Collectively, it is 
clear that doping is not related to any of these attributes that 
contribute to sport achievement. Together, it possibly explains 
the lack of correlation between sport factors (sport success as 
the most important factor) and DA among sport coaches, al-
though these factors were consistently found to be important 
predictors of DA in athletes.

The most important limitation of this study is its cross-sec-
tional nature. Therefore, causality cannot be interpreted, al-
though in some cases, the cause‒effect relationship is intuitive-
ly clear (i.e., gender is “the cause” and not the “consequence” 
of DA). Meanwhile, for most variables, a prospective study 
design in which changes in the studied variables are observed 
is necessary to clearly elucidate the possible relationships. Ad-
ditionally, we included more males than females in the sample 
of participants. However, this is the global situation in sports, 
where females are generally underrepresented in coaching 
professions, especially in the team sports we have studied here. 

Therefore, our results should be further evaluated in samples 
involving more females.

This is one of the first investigations on the factors associ-
ated with DA, specifically in team sport coaches, Additionally, 
the highly competitive level of our participants is an important 
strength of the study. Therefore, although no being the final 
word on a topic we hope that our results will initiate further 
research in the field. 

Conclusion
Analyzing the factors associated with DA in sports could 

contribute to the development of more accurate and targeted 
antidoping education. While coaches play a significant role in 
the life and development of athletes, the factors associated with 
their DA are also important. We found that male sex was a risk 
factor for positive DA among team sport coaches. Therefore, 
anti-doping education should specifically target male coaches. 
Future (qualitative) studies should explore the background of 
this association and the factors that “protect” female coaches 
from having positive DA.

This study confirmed the association between one’s opin-
ion that doping is present in the sport and positive DA. Al-
though this is one of the first studies where such correlation 
is emphasized for caches, the mechanisms of the relationships 
are relatively well known and include a lack of confidence in 
anti-doping measures, and level playing field (i.e. concept of 
the fairness based on the idea that all should play by the same 
set of rules). 

The sport factors observed in this study (i.e., experience, 
success) were not associated with DA among team–sport 
coaches, indicating the need to identify other factors that could 
be correlated with DA among team–sport coaches. In doing so, 
it would be particularly important to highlight eventual differ-
ences in the possibility of achieving sport success in different 
sports. For example, the popularity of some sports directly de-
fines the possibility of achieving success, which could logically 
blur the associations between sport factors and DA when par-
ticipants from different sports are observed as one sample.
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Abstract

This study assessed the intra- and inter-session reliability of the inertial measurement unit (IMU) in measur-
ing countermovement jump (CMJ) and 10m-walking gait-related outcomes. Thirty collegiate-level athletes 
(15 males [age: 21.0 ± 2.5 years] and 15 females [age: 21.5 ± 2.1 years]) were recruited to perform CMJs and 
10m-walking test that were simultaneously recorded using the commercially available body-worn IMU – BTS 
G-walk. The coefficient of variation (CV), the analysis of variance with repeated measures (ANOVA), and the 
interclass correlation coefficient (ICC) were used for intra-session reliability. While the Pearson’s correlation 
coefficient (r) and the ICC were used to analyze inter-session reliability. Measurement of CMJ and 10m-walking 
test gait variables using the IMU resulted in moderate to excellent intra-session reliability for CMJ (ICC = 0.881 
to 0.988) and gait analysis (ICC = 0.807 to 0.978) with acceptable CV (≤10%). Inter-session reliability for CMJ 
variables ranged from poor to excellent (ICC = 0.134 to 0.963), and 10-m walking test gait analysis variables 
were moderate to excellent (ICC = 0.683 to 0.931). The IMU (BTS G-walk) provides reliable data for most CMJ 
and gait variables. Future studies may determine the accuracy of the equipment to monitor changes over time 
(e.g., after a training intervention). 
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Introduction
Tests, measurements, and evaluations play an important 

role in sports science settings in monitoring athletes’ health 
and performance (Lacy & Williams, 2018). In this context, an 
assessment that can fulfill multiple objectives is desirable (e.g., 
performance benchmarking, fatigue monitoring). The coun-
termovement jump (CMJ) can be used to assess neuromus-
cular fatigue during different types of training sessions (e.g., 
endurance running) (García-Pinillos et al., 2021; Gathercole 
et al., 2015). Indeed, the reliability of CMJ in assessing neu-
romuscular fatigue has also been reported in a meta-analysis 
(Claudino et al., 2017). In addition, the CMJ can be used for 
performance profiling (e.g., force-velocity curve) and to as-
sess post-injury progress and preparedness to return to sports 
(Bishop et al., 2023). The CMJ can also be used to assess an 
individual’s capability to produce lower body force through a 
stretch-shortening cycle movement (Van Hooren & Zolotar-
jova, 2017), an important reflection of an individual’s ability to 
store and use elastic energy (Van Hooren & Zolotarjova, 2017). 

Furthermore, besides CMJ performance, gait-related mea-
sures may also help in the assessment of human performance 
preparedness by identifying the likelihood of future running-re-
lated lower limb injury among university-level athletes (Gogoi et 
al., 2021). Moreover, incorporating gait analysis within a training 
programme may also help identify gait-related injuries (Tao et al., 
2012). In addition, gait analysis may be an important assessment 
tool for athletes undergoing rehabilitation following lower limb 
injuries (e.g., anterior cruciate ligament reconstruction) (DeVi-
ta et al., 1998; Timoney et al., 1993). The CMJ and gait analyses 
can be performed using different reliable technologies and equip-
ment, such as force platforms (Moir et al., 2009), wireless micro-
electromechanical-based systems (Requena et al., 2012), linear 
position transducers (Wadhi et al., 2018), among others. The gold 
standard for CMJ (force platforms) and gait analyses (3D motion 
analysis) are usually performed in a laboratory setting with com-
plex and expensive equipment, requiring qualified personnel to 
operate, laborious measurement protocols, and logistically re-
stricted equipment, likely unavailable to most practitioners (Si-
mon, 2004). However, fast technological advancement in the field 
allows new and more accessible instruments to be available at an 
increased rate, such as contact mat (Pueo et al., 2017), photoelec-
tric cells (Glatthorn et al., 2011), and mobile applications (i.e., 
My Jump App) (Gallardo-Fuentes et al., 2016). Among accessible 
instruments, an inertial measurement unit (IMU) can be a par-
ticularly useful tool to provide an alternative solution to highly 
sophisticated and costly equipment (Clemente et al., 2022). 

The IMU integrates three types of sensors, i.e., accelerom-
eters (inertial acceleration measurement), gyroscopes (angular 
rotation measurement), and magnetometers (orientation mea-
surement) (O’Reilly et al., 2018) used to measure velocity, ori-
entation, and gravitational force (Camomilla et al., 2018). The 
IMU is easily portable and can measure different variables such 
as jump height during vertical jumps (e.g., countermovement 
jump [CMJ]) (Clemente et al., 2022), barbell velocity during 
strength training exercises (Clemente et al., 2021), monitor sleep 
quality (Nam et al., 2016), detect changes of direction (Alanen et 
al., 2021), and gait analysis (Andrenacci et al., 2021). Some IMUs 
(e.g., BTS G-walk, Italy) can be used for multiple assessments, 
including CMJ and gait analyses (Andrenacci et al., 2021). 

Although the BTS G-Walk has been found valid and reliable 
for gait analysis in healthy subjects (mean age: 37.8 years) (De 
Ridder et al., 2019; Vítečková et al., 2020) and Parkinson’s dis-

ease patients (Vítečková et al., 2020), its reliability for CMJ and 
gait analyses in collegiate athlete is under-researched. Indeed, 
good test reliability is obligatory for athletes, as any error may 
decrease the precision of the test and increase the smallest de-
tectable change (Hopkins, 2000). Further, in the aforementioned 
studies, only intra-day reliability was calculated from five trials 
(De Ridder et al., 2019) or two trials (Vítečková et al., 2020) using 
an intraclass correlation coefficient (ICC). Therefore, this study 
aimed to identify the intra- and inter-session reliability of the 
BTS G-walk sensor for CMJ and gait analysis among male and fe-
male collegiate athletes. Based on the available literature on IMU, 
we hypothesized that the BTS G-walk sensor would demonstrate 
acceptable reliability for both CMJ and gait analyses.

Methods
Participants

A total of 30 collegiate athletes (i.e., basketball and hand-
ball) (15 male athletes [age: 21.0 ± 2.5 years; height: 169.6 ± 4.5 
cm; body mass: 68.0 ± 3.9 kg] and 15 female athletes [age: 21.5 
± 2.1 years; height: 163.7 ± 6.6 cm; body mass: 56.7 ± 6.0 kg]) 
were recruited for the study, all training ≥5 hours per week. 
The number of participants were chosen based on a similar 
study conducted to assess the concurrent validity and reliabili-
ty of BTS G-walk sensor (De Ridder et al., 2019). To be includ-
ed in the study, the subjects had to be i) free from lower ex-
tremity injury in past six months, ii) free from any other injury 
in the past one month, iii) free from any other musculoskeletal 
or neuromuscular disorder that could potentially affect their 
jump and gait. The participants were informed about the study 
procedures, and informed consent forms were signed. The in-
ternal review board of the School of Physical Education and 
Sports, Rashtriya Raksha University approved this study.

Procedure
A familiarization session was conducted before the start 

of the data collection, and demographics data (i.e., age, height, 
body mass) were collected the same day. Thereafter, the experi-
ment took place over a period of three weeks, with two sessions 
conducted for inter-session analysis and three trials conducted 
each session for intra-session analysis. The CMJ and gait analyses 
were conducted on separate days. The data collection took place 
inside a laboratory with a regulated temperature of 24 ℃ and 
was conducted during the same period (i.e., 1400 to 1700 hours).

Countermovement jump
A warm-up of 10 minutes was conducted prior to the CMJ 

test on each testing day, which included running on the tread-
mill at a self-selected pace (participants were asked to avoid 
fatigue) and dynamic stretching of lower limbs (same dynamic 
stretching protocol was used in all testing days). In addition, 
the participants were also allowed to practice CMJ prior to the 
data collection using IMU. Thereafter, to collect data, the IMU 
(BTS G-walk) was placed on the lower back of each participant 
using a belt with the center of the device at the fifth lumbar 
vertebrae (i.e., L5). The subjects were asked to perform a CMJ 
on a wooden platform with the aim of achieving maximum 
vertical height following a self-selected knee flexion during 
countermovement based on a protocol used in previous stud-
ies (Kumar et al., 2023; Thapa & Kumar, 2023). However, the 
flexing of knees was not allowed during the flight. Three trials 
were conducted for each subject with a recovery period of ~1 
minute. All successful trials were used for analysis.
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Gait analysis
The gait analysis was conducted on a concrete floor inside 

a laboratory. The sensor was placed at the same place (i.e., L5) 
as mentioned above for CMJ. To record gait data, the 10 m 
walk test was conducted as mentioned in a previous study (An-
drenacci et al., 2021). The participant walked 10 m in a straight 
line (participants were instructed to walk in their normal pace), 
thereafter changed direction around a placed cone and returned 
back to the start point. The participants were asked to stand in 
an immobile upright position (i.e., orthostatic) before starting. 
Three trials were conducted for each participant with a recovery 
period of ~30 seconds. All trials were kept for analysis.

Statistical analysis
The normality of the data was verified using the Shapiro-Wilk 

test. Intra-session reliability for both the CMJ and gait assess-
ments in the two test sessions (TS1 and TS2) was determined 
utilizing the calculation of the coefficient of variation (CV), the 
analysis of variance with repeated measures (ANOVA) and the 
ICC (using two-way random effects model). The inter-session re-

liability between both sessions (variation between TS1 and TS2) 
was calculated using Pearson’s correlation coefficient (r) and the 
ICC (using a two-way random effects model). Differences be-
tween TS1 and TS2 mean values were calculated using Student’s 
t-test for related samples. The significance level chosen for the 
statistical analysis was p ≤ 0.05. The ICC were interpreted as poor 
(<0.50), moderate (≥0.50 – <0.75), good (≥0.75 – <0.90), and ex-
cellent (>0.90) reliability based on the lower bound of the 95% 
confidence interval (CI) (Koo & Li, 2016). The Pearson’s correla-
tion coefficient was interpreted as low (r = 0.1 – 0.3), moderate 
(r= ≥0.3 – 0.5) and high (r = ≥0.50) (Cohen, 1992). The CV rep-
resented the typical error of measurements expressed as a per-
centage of the mean, and a value ≤10% was considered accept-
able (Cormack et al., 2008). All data were analysed using SPSS for 
Windows (version 28; SPSS Inc, Armonk, NY).

Results
The mean and standard deviation obtained during the 

CMJ and gait assessments are reported in Table 1 and Table 
2, respectively.

Table 1. Mean and standard deviation (SD) of countermovement jump variables during the testing sessions.

 
 

Testing Session 1 Testing Session 2

Combined Male Female Combined Male Female

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Jump height (cm)

27.14 5.90 31.10 5.84 23.17 2.10 26.54 5.61 30.84 4.87 22.23 1.37

27.22 5.91 31.26 5.71 23.17 2.16 26.61 5.97 31.13 5.11 22.08 1.93

27.36 6.12 31.85 5.57 22.87 1.86 26.71 6.23 31.51 5.44 21.91 1.27

Take-off force (kN)

0.76 0.28 0.85 0.25 0.66 0.28 0.72 0.28 0.92 0.23 0.53 0.17

0.77 0.29 0.86 0.26 0.67 0.30 0.71 0.25 0.88 0.21 0.54 0.16

0.78 0.27 0.89 0.25 0.68 0.26 0.71 0.27 0.91 0.20 0.51 0.16

Impact force (kN)

0.71 0.26 0.84 0.23 0.58 0.21 0.77 0.28 0.92 0.21 0.62 0.25

0.72 0.28 0.86 0.26 0.58 0.23 0.76 0.27 0.91 0.20 0.62 0.26

0.72 0.25 0.84 0.22 0.60 0.23 0.73 0.28 0.92 0.21 0.54 0.19

Maximal concentric 
power (kW)

2.87 0.79 3.31 0.74 2.44 0.60 2.81 0.94 3.44 0.81 2.18 0.56

2.87 0.79 3.29 0.71 2.45 0.64 2.79 0.88 3.37 0.72 2.21 0.63

2.92 0.85 3.43 0.73 2.42 0.64 2.80 0.91 3.45 0.74 2.14 0.50

Average concentric 
phase speed (m/s)

1.28 0.21 1.28 0.24 1.28 0.19 1.30 0.17 1.28 0.21 1.32 0.12

1.32 0.22 1.36 0.25 1.29 0.19 1.33 0.15 1.32 0.19 1.33 0.10

1.32 0.24 1.34 0.28 1.31 0.19 1.34 0.19 1.33 0.25 1.36 0.12

Peak concentric speed 
(m/s)

2.55 0.26 2.68 0.28 2.41 0.15 2.52 0.28 2.71 0.25 2.34 0.15

2.56 0.27 2.68 0.28 2.44 0.20 2.52 0.27 2.70 0.25 2.35 0.17

2.56 0.27 2.71 0.27 2.41 0.19 2.53 0.29 2.71 0.27 2.34 0.17

Take-off speed (m/s)

2.40 0.27 2.45 0.33 2.34 0.20 2.36 0.28 2.48 0.33 2.24 0.14

2.40 0.29 2.46 0.34 2.33 0.21 2.36 0.28 2.48 0.32 2.24 0.18

2.36 0.30 2.42 0.37 2.29 0.20 2.37 0.29 2.50 0.33 2.25 0.17

Table 2. Mean and standard deviation (SD) of gait variables during the testing sessions.

 
 

Testing Session 1 Testing Session 2

Combined Male Female Combined Male Female 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Speed (m/s)

1.17 0.17 1.14 0.20 1.20 0.14 1.22 0.20 1.18 0.21 1.27 0.18

1.19 0.16 1.14 0.17 1.24 0.14 1.23 0.19 1.17 0.18 1.29 0.19

1.23 0.18 1.18 0.19 1.27 0.16 1.25 0.21 1.19 0.22 1.31 0.20

(continued on next page)
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Intra- and inter-session reliability for CMJ
The detailed results of intra-session analyses for CMJ are 

presented in Table 3. The intra-session ICC values were good 
to excellent for the CMJ variables in both test sessions (TS1 
ICC = 0.881 to 0.988; TS2 ICC = 0.885 to 0.993). In addition, 
similar reliability results were obtained for males and females. 
The CV was acceptable (≤10%) for all variables. The repeated 

measures ANOVA revealed no difference between the three 
trials during TS1 or TS2 except for CMJ average speed con-
centric phase (p = 0.046) during TS2. 

The detailed results for inter-session reliability analyses 
are presented in Table 4. The inter-session ICC values ranged 
between poor to excellent for the CMJ variables between TS1 
and TS2 (ICC = 0.134 to 0.963). There were moderate to high 

Cadence (steps/min)

110.35 6.81 106.25 6.37 114.44 4.40 112.94 7.97 108.07 5.27 117.80 7.30

111.67 6.89 107.27 5.49 116.07 5.16 112.79 7.71 108.05 5.11 117.52 7.00

113.33 7.40 108.82 5.59 117.83 6.23 113.51 8.14 108.57 5.34 118.45 7.50

Stance phase left leg 
(%cycle)

60.48 2.04 60.73 1.67 60.24 2.39 60.44 2.12 60.05 1.79 60.83 2.42

60.33 2.07 60.65 1.57 60.01 2.49 60.21 2.02 59.60 1.56 60.81 2.28

60.21 2.29 60.41 2.15 60.02 2.48 60.30 1.88 59.79 1.58 60.82 2.06

Stance phase right leg 
(%cycle)

60.01 2.42 60.95 2.80 59.08 1.55 60.21 2.42 60.59 2.46 59.82 2.39

59.79 1.96 60.41 1.84 59.17 1.94 60.07 2.34 60.72 2.30 59.43 2.27

59.55 1.84 59.78 2.11 59.33 1.57 59.56 2.27 60.07 2.07 59.05 2.41

Swing phase left leg 
(%cycle)

39.70 2.11 39.66 1.84 39.74 2.42 39.72 2.15 40.27 1.76 39.17 2.42

39.88 2.14 39.78 1.80 39.99 2.49 39.90 2.08 40.60 1.63 39.19 2.28

39.84 2.32 39.77 2.17 39.91 2.53 39.81 1.86 40.44 1.44 39.18 2.06

Swing phase right leg 
(%cycle)

40.44 1.80 39.98 1.98 40.90 1.53 39.79 2.42 39.41 2.46 40.18 2.39

40.32 2.08 39.81 2.16 40.83 1.94 40.01 2.44 39.43 2.55 40.58 2.26

40.36 2.10 40.05 2.54 40.67 1.57 40.31 2.55 39.62 2.62 41.00 2.37

First double support 
phase left leg (%cycle)

9.66 1.63 10.13 1.33 9.19 1.80 10.17 2.19 10.20 1.76 10.13 2.61

9.75 1.71 10.23 1.40 9.27 1.90 10.09 2.10 10.26 1.70 9.91 2.48

9.52 1.87 9.97 1.93 9.06 1.76 9.87 1.88 10.07 1.66 9.66 2.12

First double support 
phase right leg (%cycle)

10.53 1.81 10.85 1.54 10.21 2.05 10.38 1.81 10.40 1.84 10.36 1.85

10.49 1.75 10.75 1.42 10.23 2.04 10.43 1.84 10.44 1.94 10.41 1.82

10.49 2.08 10.58 1.99 10.40 2.23 10.34 1.83 10.38 1.80 10.29 1.93

Single support phase 
left leg (%cycle)

40.33 1.63 39.71 1.54 40.95 1.53 39.94 2.30 39.44 2.22 40.43 2.35

39.85 2.83 38.98 3.32 40.73 1.99 39.99 2.45 39.28 2.43 40.70 2.34

40.27 1.90 39.78 2.21 40.75 1.45 40.24 2.25 39.49 1.93 40.99 2.36

Single support phase 
right leg (%cycle)

39.50 2.07 39.28 1.82 39.71 2.35 39.69 2.08 40.03 1.65 39.35 2.44

39.73 1.94 39.65 1.54 39.81 2.32 39.74 2.01 40.38 1.55 39.11 2.27

39.82 2.21 39.74 2.13 39.89 2.37 39.63 1.80 40.16 1.47 39.11 1.99

Stride length left leg (m)

1.26 0.16 1.27 0.18 1.25 0.13 1.29 0.16 1.29 0.17 1.29 0.15

1.28 0.15 1.28 0.18 1.28 0.13 1.30 0.16 1.29 0.17 1.31 0.15

1.29 0.16 1.29 0.18 1.29 0.13 1.32 0.17 1.31 0.18 1.33 0.15

Stride length right leg 
(m)

1.25 0.13 1.24 0.14 1.25 0.14 1.28 0.14 1.25 0.12 1.30 0.15

1.26 0.13 1.25 0.14 1.28 0.13 1.30 0.15 1.28 0.14 1.31 0.15

1.28 0.14 1.26 0.14 1.29 0.14 1.30 0.15 1.27 0.14 1.33 0.16

Step length left leg 
(%stride length)

50.04 1.62 50.44 1.86 49.63 1.28 49.97 1.59 50.11 1.90 49.82 1.25

49.75 1.42 50.19 1.34 49.32 1.42 49.94 1.63 50.18 2.03 49.70 1.12

49.85 1.79 50.52 1.78 49.18 1.60 50.02 1.47 50.32 1.76 49.73 1.10

Step length right leg 
(%stride length)

50.21 1.55 50.05 1.81 50.37 1.28 50.02 1.59 49.85 1.91 50.18 1.25

49.98 2.96 49.28 3.89 50.68 1.42 50.14 1.52 49.95 1.86 50.34 1.13

50.23 1.88 49.66 2.01 50.81 1.59 49.89 1.60 49.51 1.95 50.28 1.09

(continued from previous page)

Table 2. Mean and standard deviation (SD) of gait variables during the testing sessions.

 
 

Testing Session 1 Testing Session 2

Combined Male Female Combined Male Female 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
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significant correlations between TS1 and TS2 for jump height, 
take-off force, impact force, max concentric power, average 
speed concentric phase, peak concentric speed, and take-off 

speed (r = 0.411 to 0.931). The Student’s t-test revealed sig-
nificant differences between TS1 and TS2 for impact force, 
average speed concentric phase, peak concentric speed and 

Table 3. Intra-session reliability** for countermovement during testing session 1 and 2.

TS1 TS2

ANOVA p-value ICC CV (%) ANOVA p-value ICC CV (%)

Jump height (cm)

All 0.805 0.988 3.90 0.807 0.989 4.03

Females 0.405 0.958 2.20 0.553 0.786 1.51

Males 0.321 0.978 4.59 0.327 0.984 4.20

Take-off force (kN)

All 0.470 0.988 6.50 0.549 0.952 9.52

Females 0.848 0.979 10.43 0.468 0.954 7.63

Males 0.292 0.975 7.39 0.221 0.973 6.00

Impact force (kN)

All 0.863 0.962 6.40 0.347 0.949 6.35

Females 0.515 0.977 9.55 0.106 0.937 9.76

Males 0.626 0.922 6.63 0.805 0.894 5.20

Maximum concentric power (kW)

All 0.368 0.986 5.05 0.839 0.993 5.90

Females 0.817 0.989 6.57 0.334 0.990 6.62

Males 0.036 0.973 5.48 0.207 0.984 5.61

Average speed concentric phase (m/s)

All 0.256 0.913 2.90 0.046* 0.885 2.19

Females 0.557 0.966 3.71 0.209 0.863 1.94

Males 0.296 0.882 4.53 0.126 0.894 3.99

Peak concentric speed (m/s)

All 0.780 0.966 1.80 0.956 0.983 1.98

Females 0.515 0.905 1.78 0.803 0.971 1.71

Males 0.457 0.974 2.60 0.727 0.975 2.40

Take-off speed (m/s)

All 0.693 0.881 1.97 0.532 0.984 2.16

Females 0.588 0.894 2.07 0.837 0.961 1.82

Males 0.827 0.871 3.27 0.609 0.984 3.33

*: denotes statistical significance; **: from 3 countermovement jumps trials; CV: coefficient of variation; ICC: intraclass correlation coefficient.

Table 4. Reliability for countermovement jump between testing session 1 and 2.

Student’s t p-value Intraclass correlation coefficient Pearson’s r

Jump height (cm)

All 0.165 0.963 0.931**

Females 0.129 0.415 0.298

Males 0.580 0.938 0.882**

Take-off force (kN)

All 0.061 0.859 0.770**

Females 0.006a 0.666 0.767**

Males 0.380 0.920 0.868**

Impact force (kN)

All <0.001a 0.287 0.545**

Females 0.001a 0.204 0.706**

Males <0.001a 0.101 0.199

(continued on next page)
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take off speed (p = <0.001 to 0.002). Furthermore, significant 
differences were observed among females for take-off force 
and impact force, and among males for impact force, average 
speed concentric phase, peak concentric speed, and take-off 
speed (p = <0.001 to 0.006).

Intra- and inter-session reliability for gait analysis
The detailed results of intra-session gait analyses are pre-

sented in Table 5. The intra-session ICC values were moderate 
to excellent in both test sessions (TS1 ICC = 0.807 to 0.978; TS2 
ICC = 0.881 to 0.969) for the gait analysis variables. However, the 

Maximum concentric power (kW)

All 0.082 0.605 0.623**

Females 0.350 0.703 0.550**

Males 0.032 0.342 0.400

Average speed concentric phase (m/s)

All <0.001a 0.194 0.411*

Females 0.176 0.332 0.249

Males <0.001a 0.171 0.531

Peak concentric speed (m/s)

All 0.002a 0.134 0.471**

Females 0.088 0.815 0.719**

Males <0.001a 0.017 0.103

Take-off speed (m/s)

All 0.002a 0.184 0.595**

Females 0.083 0.684 0.570**

Males <0.001a 0.160 0.735**
a – significant difference between testing session 1 and 2; *Correlation is significant at the 0.05 level (2-tailed); 

**Correlation is significant at the 0.01 level (2-tailed).

(continued from previous page)

Table 4. Reliability for countermovement jump between testing session 1 and 2.

Student’s t p-value Intraclass correlation coefficient Pearson’s r

Table 5. Intra-session reliability for gait analysis during testing sessions 1 and 2.

TS1 TS2

ANOVA p-value ICC CV (%) ANOVA p-value ICC CV (%)

Speed (m/s)

All 0.008* 0.939 2.52 0.090 0.969 1.48

Females 0.069 0.907 2.91 0.249 0.924 3.64

Males 0.090 0.956 4.00 0.421 0.981 0.95

Cadence (steps/min)

All 0.001* 0.941 1.10 0.234 0.955 1.23

Females 0.025* 0.832 1.05 0.411 0.957 1.48

Males 0.024* 0.950 1.35 0.624 0.976 0.94

Stance phase left leg (%cycle)

All 0.474 0.945 0.60 0.476 0.956 0.58

Females 0.449 0.962 1.02 0.999 0.955 0.91

Males 0.706 0.916 0.72 0.285 0.954 0.68

Stance phase right leg (%cycle)

All 0.510 0.807 0.54 0.004* 0.960 0.69

Females 0.748 0.930 0.61 0.024 0.968 0.99

Males 0.201 0.685 0.77 0.122 0.949 0.69

Swing phase left leg (%cycle)

All 0.420 0.953 0.95 0.595 0.962 0.90

Females 0.380 0.965 1.55 0.999 0.955 1.42

Males 0.876 0.937 1.18 0.140 0.965 0.99

(continued on next page)
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(continued from previous page)

Swing phase right leg (%cycle)

All 0.826 0.933 0.85 0.097 0.959 1.80

Females 0.764 0.930 1.00 0.008* 0.969 1.46

Males 0.762 0.933 1.36 0.862 0.948 0.99

First double support phase left leg (%cycle)

All 0.523 0.931 3.10 0.380 0.950 3.57

Females 0.379 0.954 4.89 0.451 0.970 6.12

Males 0.734 0.855 3.61 0.872 0.907 1.57

First double support phase right leg (%cycle)

All 0.974 0.922 3.00 0.872 0.947 3.05

Females 0.797 0.957 5.08 0.896 0.971 4.81

Males 0.838 0.859 3.53 0.975 0.968 3.97

Single support phase left leg (%cycle)

All 0.472 0.843 0.87 0.222 0.967 1.03

Females 0.646 0.931 0.99 0.131 0.944 1.54

Males 0.558 0.766 1.33 0.776 0.959 4.47

Single support phase right leg (%cycle)

All 0.292 0.942 1.00 0.845 0.941 0.85

Females 0.840 0.968 1.47 0.779 0.923 1.40

Males 0.338 0.699 1.02 0.193 0.926 1.35

Stride length left leg (m)

All 0.040* 0.978 2.20 0.252 0.963 1.90

Females 0.109 0.848 2.59 0.122 0.969 2.90

Males 0.383 0.985 3.67 0.098 0.995 3.47

Stride length right leg (m)

All 0.026* 0.968 1.90 0.018* 0.961 0.55

Females 0.086 0.906 2.58 0.077 0.970 2.97

Males 0.328 0.977 2.80 0.040* 0.962 2.60

Step length left leg (%stride length)

All 0.085 0.954 0.57 0.822 0.915 0.55

Females 0.024* 0.958 0.70 0.818 0.914 0.55

Males 0.267 0.963 0.83 0.487 0.980 0.96

Step length right leg (%stride length)

All 0.790 0.880 0.72 0.223 0.881 3.15

Females 0.025* 0.932 0.69 0.667 0.921 0.55

Males 0.196 0.960 1.25 0.107 0.974 0.97

*: denotes statistical significance; ICC: intraclass correlation coefficient; CV: coefficient of variation.

Table 5. Intra-session reliability for gait analysis during testing sessions 1 and 2.

TS1 TS2

ANOVA p-value ICC CV (%) ANOVA p-value ICC CV (%)

ICC values were good for cadence and stride length in females 
during TS1. In addition, ICC values were moderate for the stance 
phase (left leg) and single support phase (right leg) and good for 
the first double support phase (both left and right legs), single 
support phase (left leg), and stride length (left leg) among males 
during TS1. Other variables achieved excellent ICC values (>0.90) 
during TS1 and TS2 in males and females. The CV was acceptable 
(≤10%) for all variables in both TS. The repeated measure ANO-
VA revealed a significant difference for all participants in speed, 
cadence, and stride length (both legs) during TS1, and in the 
stance phase (right leg) and stride length (right leg) during TS2. 

The detailed results for inter-session reliability gait analysis 
variables are presented in Table 6. The between TS1 and TS2 in-
ter-session ICC values ranged between moderate to excellent (ICC 
= 0.683 to 0.931). However, ICC values among females were poor 
for step length (left leg) (ICC = 0.485). Further, a high significant 
Pearson correlation coefficient was obtained for each variable be-
tween TS1 and TS2 (r = 0.528 to 0.880). In addition, the Student’s 
t-test reported a significant difference in gait speed between TS1 
and TS2 (p = 0.045). Furthermore, significant differences were re-
ported in females’ speed (p = 0.030) and stride length (left leg) (p = 
0.017), and in stance phase (left leg) for males (p = 0.037).
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Table 6. Inter-session reliability for measure of gait between testing session 1 and 2.

Student’s t p-value Intraclass correlation coefficient Pearson’s r

Speed (m/s)

All 0.045a 0.878 0.813**

Females 0.030a 0.866 0.870**

Males 0.803 0.859 0.753**

Cadence (steps/min)

All 0.127 0.887 0.811**

Females 0.168 0.781 0.700**

Males 0.382 0.814 0.682**

Stance phase left leg (%cycle)

All 0.924 0.821 0.690**

Females 0.072 0.867 0/798**

Males 0.037a 0.764 0.677**

Stance phase right leg (%cycle)

All 0.644 0.683 0.528**

Females 0.667 0.609 0.455

Males 0.875 0.698 0.529*

Swing phase left leg (%cycle)

All 0.996 0.836 0.712**

Females 0.082 0.872 0.803**

Males 0.061 0.788 0.700**

Swing phase right leg (%cycle)

All 0.303 0.796 0.681**

Females 0.697 0.611 0.456

Males 0.224 0.891 .818**

First double support phase left leg (%cycle)

All 0.199 0.725 0.584**

Females 0.154 0.727 0.618*

Males 0.849 0.719 0.548*

First double support phase right leg (%cycle)

All 0.666 0.774 0.626**

Females 0.862 0.768 0.614*

Males 0.382 0.796 .671**

Single support phase left leg (%cycle)

All 0.763 0.796 0.664**

Females 0.851 0.610 0.453

Males 0.803 0.677 .788**

Single support phase right leg (%cycle)

All 0.972 0.821 0.690**

Females 0.120 0.869 0.789**

Males 0.940 0.745 0.633*

Stride length left leg (m)

All 0.061 0.931 0.880**

Females 0.017a 0.943 0.931**

Males 0.156 0.927 0.860**

Stride length right leg (m)

All 0.645 0.910 0.850**

Females 0.329 0.950 0.944*

Males 0.271 0.861 0.754**

(continued on next page)
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Discussion
The aim of the study was twofold: firstly, to investigate 

the reliability of an IMU (BTS G-walk) to measure counter-
movement jump, and secondly, to investigate the reliability of 
the same instruments to measure the gait parameters among 
male and female collegiate athletes. For the study’s first aim, 
the findings demonstrated the IMU to have good to excellent 
intra-session ICC values in both sessions for CMJ variables, 
indicating high reliability. Moreover, when the participants 
were categorized based on sex, similar results were obtained 
for both males and females, which indicates that the instru-
ment is equally reliable for both sexes. In addition, acceptable 
CV values (i.e., typical error of measurement) were reported 
for all CMJ variables. Indeed, a previous systematic review 
has reported different IMUs (e.g., Myotest Pro, Vert Classic) 
to be valid and reliable for measuring jump height (Clemente 
et al., 2022). However, the inter-session ICC values ranged 
from poor (i.e., impact force, average speed concentric phase, 
peak concentric speed, take-off speed) to excellent (i.e., jump 
height), indicating that the reliability of the CMJ variables var-
ied between TS1 and TS2. In addition, differences were also 
noted in the results for inter-session analyses (i.e., TS1 ver-
sus TS2) between sexes (Table 2). For example, jump height 
was significantly correlated between TS1 and TS2 for males 
but not for females. In contrast, impact force was significantly 
correlated between TS1 and TS2 for females but not for males. 
These differences in the results for both sexes may be plausi-
ble due to the differences in training sessions the participants 
were involved in during the course of data collection. Both 
male and female athletes were involved in separate training 
programs in their respective sports preparing for the inter-
university competitions, due to which the training load could 
not be controlled, which may have resulted in such findings. 
Nevertheless, moderate to high significant correlations were 
observed for most of the CMJ variables between the two TS, 
indicating that the instrument may be generally reliable over 
time. Moreover, the differences obtained between the scores in 
the CMJ variables between TS1 and TS2, with good intra-ses-
sion ICC within each TS, shows the ability of the IMU to de-
tect the changes that may be possible due to unpredictable rea-
sons (e.g., fatigue among the participants due to factors that 
couldn’t be controlled in this study). Indeed, the CMJ test is 
valid to assess the neuromuscular fatigue of an athlete (Bishop 
et al., 2023; Claudino et al., 2017). However, if fatigue is related 
to the poor reliability values noted between TS1 and TS2 (Ta-
ble 4), it is not clear, and only speculation would be possible.

For the study’s second aim, the findings demonstrated 
moderate to excellent reliability for most gait analysis vari-
ables in both intra-session and inter-session testing. This 
suggests that the IMU can be a reliable tool for measuring 
gait patterns and monitoring changes over time among col-
legiate athletes. These findings are consistent with previous 
studies using IMUs from different manufacturers (e.g., Xs-
ens, Opal) (Kobsar et al., 2020). The high intra-session re-
liability of the IMU data in this study can be related to the 
selected IMU placement (lower back), allowing predictable 
and consistent sensor position during walking, thus min-
imizing collected data variability due to sensor displace-
ment (Niswander et al., 2020). However, some sex-specific 
differences in ICC values were observed, particularly for 
cadence and stride length in females, and for stance phase, 
single support phase, first double support phase, and stride 
length in males. These findings indicate that sex should be 
considered when analysing gait patterns using the IMU. The 
typical error expressed as CV was acceptable for all vari-
ables in both TS, indicating that the measurements taken 
by the IMU were accurate and precise. However, the signif-
icant differences observed between TS1 and TS2 in speed 
and stride length (left) for females, and in stance phase (left) 
for males, suggest some limitations and potential sources of 
error associated with the use of the IMU instrument. In-
deed, caution should be taken when interpreting changes in 
gait patterns over time, as factors such as changes in speed 
can affect gait analysis results (Fukuchi et al., 2019). Addi-
tionally, while IMUs may be a reliable tool for gait analysis, 
they should not be used as the sole method for gait anal-
ysis. Rather, IMU data may be complemented with other 
measures of gait, such as video analysis or force plate data if 
available, to ensure more holistic assessments.

There are some potential limitations of this study that 
should be acknowledged. Firstly, the training load of the ath-
letes could not be controlled during the two TS. Secondly, 
the study included only collegiate level basketball and hand-
ball athletes. Therefore, the results arising from this study 
should be used with caution for other sports athletes as well 
as high-level athletes. Thirdly, although a pilot study (n = 16) 
reported the IMU sensor to be valid and reliable (concurrent 
to MyJump 2 [ICC = 0.96, r = 0.973, mean difference = 0.2 ± 
1.3, paired t test p = 0.550]) to measure the CMJ height. The 
concurrent measurement of CMJs with force platform (or oth-
er validated IMUs) would also help in validating other kinetic 
variables along with the jump height.

Step length left leg (%stride length)

All 0.658 0.793 0.651**

Females 0.280 0.485 0.331

Males 0.508 0.878 0.783**

Step length right leg (%stride length)

All 0.645 0.805 0.693**

Females 0.329 0.563 0.403

Males 0.792 0.862 0.722**
a – significant difference between testing session 1 and 2; *Correlation is significant at the 0.05 level (2-tailed); 

**Correlation is significant at the 0.01 level (2-tailed).

(continued from previous page)

Table 6. Inter-session reliability for measure of gait between testing session 1 and 2.

Student’s t p-value Intraclass correlation coefficient Pearson’s r
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Conclusion
The IMU BTS G-walk is generally reliable for measur-

ing CMJ variables, with some variation in reliability between 
males and females and between TS. The significant differenc-
es observed between TS and between sex suggest that caution 
should be exercised when interpreting these results and that 
further research is necessary to understand the factors that 
may influence the reliability of the instrument for different 
variables and populations. In addition, the IMU BTS G-walk 
can also be a reliable tool for measuring gait patterns and 
monitoring changes over time, with good to excellent reli-
ability for most gait analysis variables among collegiate ath-
letes. However, sex-specific differences and potential sources 
of error should be carefully considered when interpreting gait 
analysis results. Further investigation is also needed to better 
understand the factors contributing to these differences and to 
refine gait analysis protocols accordingly. 
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Abstract

Background: Brain injuries may be caused by the linear and rotational acceleration of the head and neck; in fact, 
head and neck orientation are one of the factors determining the type and severity of brain injury when the im-
pact delivered to head is a less important consideration. This investigation has analyzed the effect of head and 
neck orientation on linear and rotational acceleration in Taekwondo. Methods: The ADAMS software model has 
been used to determine the linear and rotational acceleration in the taekwondo roundhouse kick in various ori-
entations. Results: The results revealed that the maximum linear and rotational acceleration was related to neck 0° 
were 99g, and 4576 , respectively. The head and neck orientation did not affect the magnitude of the linear and 
rotational acceleration in the sagittal plane. However, as the angle of the head and neck orientation increased in 
the frontal plane, the magnitude of the linear and rotational acceleration decreased. Conclusion: In general, the 
results indicate that only rotational acceleration was the cause of brain injury in taekwondo. Increasing the angle 
of orientation of the head and neck in frontal plane would lead to a reduction in intensity.
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Introduction
In combat sports like taekwondo and boxing, intense head 

injuries have been the primary concern of sports administra-
tors. Athletes are exposed to severe and repeated impacts to 
the head (Pieter, Fife, & O’Sullivan, 2012; Walilko, Viano, & 
Bir, 2005). Rider stated that the occurrence of head and neck 
injuries is 21.4 per 1000 athlete exposures among male tae-
kwondo athletes and even among females it is 16.9 per 1000 

(Pieter et al., 2012).Moreover, Kooh and Cassidy have report-
ed that the concussion incidence in taekwondo competition is 
approximately four times greater than American football (Koh 
& Cassidy, 2004). The roundhouse kick is most commonly as-
sociated with mild traumatic brain injury in taekwondo com-
petition (Pieter et al., 2012). 

A concussion is known as a pathophysiological process 
leading to disorders of neurological function. It occurs due to 
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severe biomechanical effects on the head, neck or face (Pieter 
et al., 2012). A few modern studies associated with the biome-
chanics of head injury and sport-relevant concussion in combat 
sports and martial arts have provided insights into the mecha-
nisms of head injuries (Fife, 2010). It has been found that brain 
injuries are caused by the linear and rotational acceleration of 
the head and neck (Schmitt, Niederer, Muser, & Walz, 2019). 
Moreover, it has been determined that the impact force pa-
rameter is the cause of skull damage7. Rotational acceleration 
is considered to produce both focal and diffuse brain injuries, 
while linear acceleration produces focal brain injuries (Schmitt 
et al., 2019).The nature of most head injuries, as displayed in 
HIC and the Wayne State Tolerance Curve, are explained by 
these accelerations (Schmitt et al., 2019). Boroushak et.al has 
stated that rotational acceleration and linear acceleration in 
4656 , and   104.4 g respectively resulting from a roundhouse 
kick to the head causes injury in taekwondo (Boroushak, Esla-
mi, Kazemi, Daneshmandy, & Johnson, 2018). O’Sullivan  et.al   
in his investigation entitled; ”Biomechanical head impact char-
acteristics in taekwondo”, has indicated that of 461 (66.9%) im-
pacts delivered to the head, rotational acceleration is less than 
4600 ,, and that of 121 (17.1%) are between 4600 and 7900
, and of 107 impacts (15.5%) are greater than 7900 . further-
more, they have noted that linear acceleration (87.1%) ranging 
between 10g and 39g, 66 (9.6%) impacts ranging between 40g 
and 69g, and 23 (3.3%) above 70g (O’Sullivan & Fife, 2016). 
Due to the unpleasant nature of brain injury and its irreversible 
symptoms and effects, examination of the mechanism of brain 
injury in humans remains a critical issue.

Furthermore, an accurate understanding of the parameters 
associated with brain injury, necessitates a rigorous investiga-
tion of the factors affecting these parameters. With regards to 
the head impact, the effective mass of the impact, the material 
of the impactor and its velocity, the locations, and direction of 
the impact, as well as the orientation of the head and neck to 
the body, are all important factors affecting the biomechanical 
parameters of the head injury (Green & Angelaki, 2004; Leon-
ardi et al., 2012; Williams & Kirsch, 2008). Despite numerous 
investigations on the biomechanics of head injury, there are 
still many uncertainties about the effect of some factors upon 
brain injury, especially in martial arts.

Among a variety of parameters, the head and neck ori-
entation are the most important factors in determining the 
type and severity of brain injury when an impact delivered 
to head. Unfortunately, it has been almost totally ignored. In 
previous research, diverse angles of the head and neck about 
an axis perpendicular to the impact plane when impact ap-
plied to head were discussed as well as their effects on accel-
eration (Green & Angelaki, 2004; Leonardi et al., 2012; Walsh, 
Rousseau, & Hoshizaki, 2011; Williams & Kirsch, 2008). This 
orientation has been covered in research on the effects of ex-
plosions on head and brain injury factors as well (Leonardi et 
al., 2012).  Some studies also have examined the direction and 
severity of a head collision with the ground in falls (Wright & 
Laing, 2012). The conclusions of all the researchers confirm 
the massive influence of the head and neck orientation on the 
probability and severity of brain injury.

Consideration of the importance of brain injuries in the 
popular sport of taekwondo, the effects of head and neck ori-
entation during impact should be study.  The changes in the 
athlete’s head and neck orientations during foot impacts in 
competitions, and the relationship of significant head injury 
to acceleration magnitude will be addressed in this paper. The 
impact of the roundhouse kick’s foot to the head in various 
orientations of the athlete’s head and neck will be studied, and 
then effect of this orientation on the linear and rotational ac-
celeration magnitude will be discussed. In this way, it is possi-
ble to obtain better information about the amount of head and 
neck injuries of athletes in the field of competition in order to 
prevent these injuries by making the right decisions and mak-
ing the right equipment.

Materials and Methods
In the present research, a computer simulation method has 

been used. Except for conditions and mechanical parameters 
of the athlete’s foot strike, the other requirements for the head 
and neck impact were simulated in Mechanical Dynamics In-
corporation (MSC) Automated Dynamic Analysis of Mechan-
ical Systems (ADAMS) software (MSC Software Corporation, 
2013 version).  For the simulation target, an appropriate model 
of the head and neck was required. Head attributes like hard-
ness, material, the properties of the impact (i.e., modulus of 

Table 1. Physical and mechanical parameters of organs simulated with the MSC ADAMS software model 

Body part Physical parameters Parameter dimensions

Neck and body

Equivalent length 30 cm

Equivalent material Steel

Equivalent diameter 1 cm

Head

Diameter 25 cm

Stiffness 200 N/m

Damping coefficient 12

Penetration depth in impact 4 cm

Mass 5 kg

Leg 

Length 95 cm

Mass 12.4 kg

Moment of inertia around the hip 3 kg.m2

Rotation angle for impact 270◦

Spring coefficient at hip joint 900 Nm/degree (for 13 m/s)
1350 Nm/degree (for 16 m/s)

Pre-loading angle 20◦
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elasticity of skin and skull), damping factor in the impact, 
and other elements were examined. Neck attributes contained 
equivalent flexibility, damping coefficient, mass, and length, 
to simulate a roundhouse kick’s impact, Foot specifications 
subjected length, mass, rotational inertia, and foot end veloc-
ity at the time of impact. These attributes were derived from 
former studies and the outcome confirmed by this research 
(Boroushak et al., 2018). In this model, the dynamical and me-

chanical properties of head, neck and foot of human in a sport 
impact are presented (Table 1). This dynamic model of multi-
body system is used for simulating Roundhouse kick impact 
in taekwondo. 

For verifying this model, the peak of impact force in visual 
Nastran simulation and MSC ADAMS software are compared 
(Table 2) and results indicate the accuracy of the proposed 
model. 

Table 2. Comparison of simulation results in the MSC ADAMS study with previous study (Boroushak et al., 2018)

velocity of foot (m/s) time of impact (ms)
Peak of Impact Force (N)

simulation in MSC ADAMS simulation in visual Nastran (Tsui & Pain, 2012) 

12 25 5282 5620

14 20 6048 6380

16 18 7129 6810

For more insurance to validity of this model, the incline‐
sled apparatus test (Sato et al., 2014a) is simulated in ADAMS 
software and the proposed model is compare by the results of 
experimental test. This test is analyzed the dynamic of cervical 
vertebral motion during low-speed rear impact. 

The anthropometry properties of head and neck are ob-
tained from anthropometric table (Schmitt, Niederer, Cro-
nin, Muser, & Walz, 2014) for average of height and weight 

of volunteers in (Sato et al., 2014a) and model of software 
are adopted by these properties. Some markers are posited 
in the locations as experiment are (Ono & Kaneoka, 1999) 
and used for Extract the results. Then, the conditions of in-
cline‐sled apparatus test are get ready in software and the 
sled from the top of the rails is released. It moved in effect of 
gravity force and a hydraulic damper decelerated the sled in 
the end of rails. Displacements and the linear and rotational 

Table 3. Comparison of simulation by experimental results

Impact velocity= 4 km/h Impact velocity= 6.2 km/h

Computer 
simulation

Experimental test (Ono 
& Kaneoka, 1999)

Computer 
simulation

Experimental test 
(Sato et al., 2014b)

Time of sled acceleration peak (s) 50 50 45 46

Time of head (C.G.) acceleration peak (s) 102.5 110 84.3 80

sled acceleration peak (m/s2) 20 22 30 27

head (C.G.) acceleration peak (m/s2) 34.7 32 53 50

Maximum of head rotational angle (degree) 22 20 42 35

Description: seatback angle from the vertical= 20 degree, sled angle from the horizontal= 10 degree and incline rail length= 4 m

velocity and acceleration of model are obtained from mark-
ers. The results are shown good accuracy by comparison the 
experimental test (Table 3).

So, the proposed model is ready to use in other orientation 

of head and neck relative to human body.
To explore the orientation of the head and neck, three 

main axes that determine its angles relative to the reference 
position were considered (fig. 1).

Figure 1. Three main axes of the head to determine the angles of 
orientation in impact moment
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Euler ZXZ angles were used to rotate the head and neck 
set. The set rotates around the Z-axis, then by β about the 
X ‘axis and eventually by У about the Z” axis respectively to 
achieve the desired orientation in space (equation 1).

If the rotation matrix is expressed by equation 2;

Applying inverse kinematics, and comparing 1 and 2 equa-
tions, arbitrary angles in the workspace could be converted to 
joint angles. Euler angles were obtained according to equation 3.

Found Euler angles suitable for different orientations as 
follows:

State 1: Bending the head to the sides or rotating around 
the X-axis by the angle θ (positive angle for right and negative 
for left):

State 2: Bending the head to the anterior and posterior or 
rotating around the y-axis by the angle φ (positive angle for 
anterior and negative for Posterior): 

State 3: rotation around the X-axis by the angle θ and then 
rotation of around the Y-axis by the φ angle:

Then, the inverse kinematics in the built mechanism was 
calculated (table 4). Finally, using the established model, the 
roundhouse kick impact was applied on the head at 0°, 5°, 
10° and 15° degrees of rotation towards left and right, ante-
rior and posterior at 13 m/s velocity, and then translational 
and rotational accelerations were obtained. Outcomes were 
compared with the threshold tolerances of head injury and 
then analyzed.

Table 4.  Inverse kinematic Angles for different orientations

θ (degree)

0 5 10 15

φ (degree)

0 (0,0,0) (0,5,0) (0,10,0) (0,15,0)

5 (-90,5,90) (45,7, -45) (-153,11/2,154) (-161,16,162)

10 (-90,10,90) (-116, 11, 117) (45,14, -45) (-146,18,147)

15 (-90,15,90) (-108,16,109) (-123,18,124) (46,21, -44)

20 (-90,20,90) (77,21, -76) (-116,22,117) (-125,25,128)

25 (-90,25,90) (79,26, -78) (70,27, -67) (-120,29,122)

Figure 3. Rotational acceleration of the head vs. φ angle

Figure 2. Linear acceleration of the head vs. φ angle
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Results
Table 3 indicates Euler angles for different orientations 

of head and neck. Fig.s 2 and 3 illustrate the orientation of 
the head and neck in the sagittal plane. Moreover, Fig.s 4 
and 5 depict the orientation of the head and neck in the 
frontal plane. 

amax, and rmax display linear and angular acceleration mea-

sures respectively. furthermore, ax, rx, ay, ry, az and rz indicate a 
linear acceleration component along the x- axis, the rotational 
acceleration component around the anterior-posterior axis, a 
linear acceleration component along the y- axis, the rotational 
acceleration component around the lateral axis, a linear accel-
eration component along the z-axis, and the rotational accel-
eration component around the neck axis respectively.

the present study has captured the peak of the linear acceler-
ation of 99 g and a peak of rotational accelerations of 4576 , in 
angle 0° of head and neck in reference condition. By comparing 
the linear acceleration with the threshold tolerance of the head in 
the Wayne State Tolerance Curve (Gurdjian, Roberts, & Thomas, 
1966), it can be stated that the linear acceleration at 99 g is be-

low the threshold of head injury. However the comparison of the 
rotational acceleration with the rotational acceleration threshold 
values of the head (1800 , concussion) expresses that the ob-
tained values were within the head injury threshold (Ommaya, 
Goldsmith, & Thibault, 2002). 

Fig. 2 presents that linear acceleration measured alteration and 

Figure 4. Linear acceleration of the head vs.  θ angle

Figure 5. Rotational acceleration of the head vs. θ  angle

Table 5. Percentage of rotational acceleration changes relative to the reference state with orientation changes in the 
sagittal and coronal plane.

Degree of rotation 5 10 15 -5 -10 -15

φ=0

rmax -1.39 -4.40 -4.88 0.062 -1.47 -3.94

rx 1.62 -1.37 -1.94 2.075 -0.16 -3.68

ry -47.41 -72.95 -61.71 50.28 87.55 118.34

rz -52.74 -5.96 -69.65 -75.55 30.05 83.23

θ=0

rmax -1.44 -1.66 -3.16 -0.56 -1.00 -1.32

rx -1.76 -2.64 -6.04 -1.54 -2.87 -4.18

ry -10.77 -8.56 -7.61 -7.54 1.77 -19.22

rz 413.69 413.69 628.85 121.02 -19.22 617.31

its components, which are similar for diverse orientations of the 
head and neck on the sagittal plane. Fig. 3 indicates the same rota-
tional acceleration measured alteration in all orientations. It is clear 
that the rotational acceleration component reduced with increas-

ing of φ angle slightly, while the rotational acceleration component 
went up with increasing φ angle at the angle of 15°, 628.85% (Table 
5). However, the rotational acceleration component remained al-
most constant in the head and neck orientation shift.
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Fig. 4 illustrates amax, and major acceleration component 
(ay) which decrease with increasing θ angle in the frontal plane. 
The linear acceleration component has shown an increase in 
the trend at an angle of 15°, 441.84% (Table 6). Furthermore, 
there is an asymmetry of the component in that the left and 
right sides of diagrams have an increasing and decreasing 

trend respectively. 
Fig.5 demonstrates a decreasing trend for rmax and rx. 

Besides, it has shown a slight increasing trend on the right 
side of the diagram, and slightly decreasing trend on the 
left side of the diagram, whereas, the opposite is true for 
the component.

Table 6. Percentage of linear acceleration changes relative to the reference state with orientation changes in sagittal 
and coronal plane

Degree of rotation 5 10 15 -5 -10 -15

φ=0

amax -0.91 -2.45 -3.64 -0.98 -1.58 -2.97

ax -44.32 -59.39 -55.81 46.42 93.48 139.41

ay -1.22 -4.06 -7.48 -1.97 -4.60 -8.85

az 105.39 274.68 441.84 63.80 63.80 398.00

θ=0

amax 0.18 -0.11 -0.51 0.27 -0.13 0.02

ax -0.81 -1.52 -2.73 -2.56 -7.13 -9.12

ay 0.51 0.931 -0.41 0.31 0.20 0.10

az -2.34 1.562 -0.39 0.07 3.76 1.93

Discussion and Conclusions
The present investigation simulated the taekwondo round-

house kick using MSC ADAMS software and assessing the 
linear and rotational acceleration responses of the head in the 
various orientations of the head and neck. 

The results demonstrated that the peak of linear and ro-
tational accelerations occurred at 99g and 4576 , on the ref-
erence condition respectively. The research outcome exhib-
its φ angle variations do not affect the magnitude of linear and 
rotational accelerations on the sagittal plane.  While the mag-
nitude of linear and rotational accelerations decreased with 
increases of θ angle on the frontal plane. In other words, the 
magnitudes of accelerations remain constant when the round-
house kick is delivered to head at different angles of neck flex-
ion-extension. However, linear acceleration reduced by 3.64% 
(Table 5) and rotational acceleration decreased by 4.88% (Ta-
ble 6). With increasing the angle in lateral bending, although 
these values are insignificant, or fairly low, they might decrease 
rotational acceleration under the injury threshold of the bridg-

ing veins in the brain (4500 ) (Löwenhielm, 1975).Therefore, 
it may be concluded that neck angle variation on the frontal 
plane of taekwondo fighters when an impact is delivered to the 
head may affect the type and severity of brain injury. Likewise, 
related studies suggest that there is a relationship between 
frontal plane movements and the severity of damage.

When an impact is delivered to the head in bending of 
the lateral neck, the angle of the F vector varies along the 
y-axis parse force into two vertical (ƒn) and tangent (ƒt) com-
ponents with θ angle. ƒn Creates acceleration, however, ƒt  
is compensated for by the neck muscles (fig. 6). Therefore, 
the vertical component of the force is reduced and as a re-
sult, the linear acceleration decreases on the frontal plane. 
Such torque, which is a function of the force components, 
is reduced by the same proportion; consequently, it seems 
that torque component variations with θ angle change are 
the main reason for reducing rotational acceleration on the 
frontal plane. The Asymmetry of Inertial Moment Matrix is ​​
another reason.

Figure 6. Impact force and its components

Among the acceleration components, the rz component 
had the most increase on the sagittal plane from 155  to 1155

. However, this is below the threshold for a head injury ex-
cept that the rate of increase of this component could occur 

above the threshold of damage with a slight increase in φ an-
gle, more than 15 degrees. Walsh et al have stated that changes 
in vector angles that are applied to head, alternates with accel-
eration component. They also found that acceleration magni-
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tudes alone have not been sufficient for rigorous investigation 
of the dynamic response of head (Walsh et al., 2011). There-
fore, in addition to the magnitude of acceleration, its compo-
nents are likely to influence the severity of the head injury too. 
Further research is necessary to obtain more precise results. 

Due to the obtained results in the present and comparing 
it with a threshold of head injury tolerance, rotational acceler-
ation is risk factor for head injury in taekwondo athletes, while 
linear acceleration does not play a significant role. Because 
linear acceleration can be countered by neck muscles, great-
er muscle strength may increase its resistance against impact 
force and linear acceleration. Linear acceleration is produced 
when resistance force or the neck force is lower than impact 
force. Although, the reaction that the neck has against the im-
pact force would cause the impulse transmission through the 
neck to the brain. Translational acceleration commonly results 
in focal brain injury, while rotational acceleration also causes 
diffuse brain injury (Schmitt et al., 2019). Although neck resis-
tance can protect the head against focal injury, it can, through 
rotating the head, can transmit the momentum to the brain.  
The structure and physical features of brain tissue are such, 
that demonstrate  great  resistance through tensile and pres-
sure forces are applied to head Hence, the threshold of head 
injury tolerance for linear acceleration is more; however, the 
threshold of head injury tolerance for rotational acceleration is 
much lower due to the resistance of brain tissue layers against 
the shearing force. This leads to rotation and the creation of 
shearing in brain tissue.

Techniques to prevent and diminish the risk of head in-
jury have been described in Rousseau’s researches(Rousseau, 
2008). Athletes familiar with an impending collision are able 
to protect themselves through a compound of the muscle ten-
sioning and impact deflection techniques.  Increasing neck 
compliance decreases stiffness, lessens linear acceleration 
and raises rotational acceleration; whereas a decrease in neck 
compliance (increased stiffness) increases linear acceleration 
and decreases rotational acceleration (Rousseau, 2008). The 
mechanical features of compliance provided by neck muscles 
in six degrees of freedom through location-specific impacts 
affects the dynamic response across all anatomical planes 
(Zhang, Yang, & King, 2004). The neck remains an ambiguous 
variable with regards to its contribution towards the dynamic 
impact response at various locations and orientations. Hence, 
to clarify, in addition to the head and neck model, we need to 
use a convenient neck muscle model. In addition to the orien-
tation variable, a three-dimensional protocol for head injury 
and the threshold is required to determine more factors affect-
ing the dynamic parameters associated with head injury and 
the development in helmet technology to reduce the risk of 
injuries as well. Therefore, this suggestion should be consid-
ered in future researches. 

The results of this investigation indicate that the head and 
neck orientation during an impact influences its dynamic re-
sponse. Generally, increasing the head and neck orientation 
angle is associated with a decrease in the magnitude of ac-
celeration on the frontal plane. However, the head and neck 
orientation angle do not appear to have a visible effect in the 
magnitude of acceleration on the sagittal plane. The results 
reveal that only rotational acceleration causes brain injury in 
taekwondo, the severity of which is decreased with increasing 
the head and neck orientation in taekwondo fighters.

In order to assess helmet performance in this sport prop-

erly, it will be necessary to identify the most dangerous param-
eters of head injury, as well as the factors affecting them. These 
will need to be considered in helmet manufacturing industry.

At this moment, it is impossible to determine whether the 
additional knowledge of head and neck orientation during im-
pact could ameliorate the assessment of helmet performance; 
however, according to the results of this study, it seems that 
such a protocol would require a more thorough helmet eval-
uation. 
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Abstract

The objective of the present study was to verify the agreement and correlation between effort intensity de-
termined from the rate of perceived exertion (RPE) and loss velocity in sets performed to exhaustion in the 
bench press exercise at a self-selected velocity. Thirty-five men and women practitioners of resistance train-
ing (33.61±8.16 years; 172.75±11.04 cm of stature; 76.79±15.57 kg of body mass) were evaluated. Participants 
were familiarized and then performed two sets of bench press performed until exhaustion at a self-selected 
velocity at 70% and 85% of one-repetition maximum (1RM). Loss velocity was measured by a linear position 
transducer (Ergonauta® encoder) applied to velocity-based training. A 3-point RPE scale was used to evaluate 
the perceived exertion of the individuals. The analysis of agreement (Kappa test) and correlation (Spearman 
test) were applied (p<0.05). The results of the study indicated the existence of a moderate degree of agreement 
(κ = 0.499; κ = 0.509 for 70% and 85% of 1RM, respectively), but a strong correlation (ρ = 0.720; ρ = 0.753 for 
70% and 85% of 1RM, respectively) between the effort intensity determined by the Ergonauta and the RPE, at 
both intensities analyzed (70% and 85% of 1RM). Despite the lack of perfect agreement between methods, loss 
velocity and RPE seem to demonstrate strong consistency, allowing both to be used for controlling intensity in 
resistance training. The results of this study should be interpreted in light of individual characteristics, type of 
exercise, and training objectives. 

Keywords:  resistance training, velocity-based training, rate of perceived exertion, movement velocity, bench press, 
biomechanics
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Introduction
Movement velocity has been utilized in recent years as a 

reliable and objective variable for monitoring resistance train-
ing (RT) intensity (González-Badillo; Sánchez-Medina, 2010; 
González-Badillo et al., 2011). The concept of velocity-based 
training (VBT) in RT is a method in which prescription may 
be based on two perspectives: intensity control (i.e., lifted 
weight) through the load-velocity relationship and train-
ing volume control through the percentage drop in velocity 
over a set (González-Badillo et al., 2011). Several studies have 
demonstrated an inverse and linear relationship between rel-
ative loads (% of one maximum repetition - 1RM) and move-
ment velocity, a relationship that remains stable regardless of 
the improvement or worsening of the assessed individual’s 
physical condition (González-Badillo and Sánchez-Medina, 
2010; Conceição et al., 2016; Sánchez-Medina et al., 2017). 
According to this relationship, it is possible to estimate the 
expected execution velocity for any relative load, allowing for 
load control based on a single repetition, eliminating the need 
for maximum tests (Galiano, 2020; Külkamp, 2021b).

Important to mention that these applications of VBT are 
conditioned on the exercise being performed at the maximum 
intended velocity, defined as the intention to move the exter-
nal resistance (bar, equipment) at the highest possible velocity 
(Badillo; Medina, 2010; Medina et al., 2014; Conceicao et al., 
2016; Loturco et al., 2016; 2017; Moreno et al., 2017). Howev-
er, the use of ballistic/explosive resistance exercises may not 
be as suitable for certain populations in RT programs, such 
as beginners or individuals with some type of musculoskeletal 
compromise (Lachance; Hortobagyi, 1994), or even for prac-
titioners with specific goals, such as hypertrophy (Scott et al., 
2016).

In practice, the majority of RT practitioners often perform 
repetitions at self-selected velocity (SSV), which refers to vol-
untarily executed repetitions without external control (Nóbre-
ga et al., 2018; Külkamp et al., 2021a). In Nóbrega et al. (2018) 
study, the effects of repetition duration with self-selected and 
fixed velocity (cadence 2:2) were compared in a resistance ex-
ercise regarding volume, muscle activation, and time under 
tension per repetition and session. The authors concluded that 
the duration of repetition at self-selected velocity resulted in 
greater volume and muscle activation compared to fixed du-
ration in an RT session. Thus, SSV may be considered as a po-
tential alternative to maximum intended velocity for real-time 
monitoring of resistance exercises, but still needs more inves-
tigation, especially in the context of VBT.

A linear position transducer recently introduced to the 
market (Ergonauta®) allows the determination of three dis-
tinct effort zones controlled by the loss of SSV (zone 1 - light 
or comfortable effort; zone 2 - moderate effort; and zone 3 - 
heavy effort, where concentric or voluntary failure is immi-
nent) representing the effort throughout a set (Külkamp et al., 
2021a, 2021b). This progressive loss of velocity during a set can 
be interpreted as a sign that neuromuscular function has been 
impaired; thus, its evaluation can also provide a simple and 
objective means of quantifying fatigue levels (Izquierdo et al., 
2006; Sánchez-Medina; González-Badillo, 2011). Therefore, 
the use of these effort zones in a set of exercise may limit the 
amount of induced fatigue and provide better overall control 
of training volume, according to desired objectives (Külkamp, 
2021b; Jovanovic; Flanagan, 2014).

Among the tools for controlling training intensity, the rate 

of perceived exertion (RPE) has also been widely used in dif-
ferent contexts of physical training (Bjarnason-Wehrens et al., 
2004; Williams et al., 2007). As described by Tiggemann et al. 
(2010), some studies have sought to find relationships between 
RPE and different RT variables, such as relative intensity (% of 
1RM), volume, and movement velocity. According to the au-
thors, RPE seems to be a method related to different RT vari-
ables, especially the load. However, more investigations on the 
relationship between RPE and movement velocity are still nec-
essary. In recent studies (Külkamp, 2017, 2021a), it has been 
suggested that progressive loss of SSV seems to correspond to 
changes in RPE, suggesting that SSV loss may be indicative of 
progressive neuromuscular fatigue.

Considering the growing interest and feasibility of using 
movement velocity for monitoring RT intensity and the scar-
city of studies using SSV as a control variable in VBT, the ob-
jective of the present study is to verify the agreement and cor-
relation between effort intensity determined by RPE and loss 
of SSV, measured by a device in sets performed to exhaustion 
in the bench press exercise. The main hypothesis of the study is 
that effort intensity assessed from both methods would show 
moderate agreement and correlation, given the distinction be-
tween the psychometric (RPE) and mathematical (encoder) 
evaluation methods.

Methods
Participants

Eighteen men and seventeen women practitioners of 
RT participated in this study (age 33.61±8.16 years, height 
172.75±11.04 cm, body mass  76.79±15.57 kg). The selection 
of participants was non-probabilistic (non-random) and in-
tentional (specific group focus). The inclusion criteria were:  
experience in RT for at least 6 months; to be familiarized with 
the bench press exercise; no history of musculoskeletal inju-
ries in the upper limbs. Exclusion criteria were: failure to com-
plete the experimental protocols and engaging in upper limb 
training sessions (chest, deltoid, and triceps) 48 hours before 
the tests.

All participants signed the Informed Consent Form be-
fore data collection, where they were informed about all pro-
cedures used during the research, potential benefits and risks 
associated with the study, assurance of anonymity, as well as 
the use of their data in the research and for scientific purpos-
es. The project approved by the Ethics Committee on research 
involving human subjects at the Federal University of Santa 
Catarina - Brazil. 

Design and procedures 
This is an analytical descriptive study with a cross-section-

al design. The study was conducted on two non-consecutive 
days. On the 1st day was performed the anthropometric mea-
surements (height and body mass), estimation of 1RM load 
based on the velocity of a single repetition (using predictive 
equations), and the familiarization with movement and the 
3-point RPE scale. Subsequently, two sets of bench press ex-
ercise to concentric failure were conducted at 70% or 85% 
of 1RM (randomly determined). On the 2nd day two sets of 
bench press exercise were performed at one of the intensities 
(70% or 85% of 1RM). A 10-minute interval was given be-
tween sets, and there was a minimum of 48 hours between 
assessment sessions.   

All tests were preceded by a warm-up protocol, consist-
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ing of 5 minutes of vertical ergometer cycling (elevation series 
lifecycle®) at a light intensity and self-selected cadence, along 
with a set of 15 repetitions of the bench press exercise (40% 
of 1RM). The sets performed at 70% and 85% of 1RM were 
performed out to exhaustion, considering concentric failure. 
During the sets, individuals were instructed to perform the 
concentric and eccentric phases of the exercise at a self-select-
ed velocity (freely, but not the slowest or fastest possible). The 
concentric phase was considered when the subject completed 
full elbow extension and the eccentric phase was when the bar 
touched the chest or reached at least a 90º angle at the elbow. 
The positioning of individuals was standardized as follows: 
a flat bench positioned so that the bar’s trajectory coincided 
with the subject’s chest line, both feet on the ground, and grip 
width adjusted so that the wrist was aligned with the elbow 
(90º angle).

Estimation of 1RM based on predictive equations 
Two equations based on movement velocity were used 

to estimate 1RM for for males (1) and females (2) (Torrejón, 
2019). These equations were selected based on the results of a 
pilot study, which revealed lower estimation errors compared 
to other equations available in the literature. A test consist-
ing of two repetitions at the maximum intended velocity of 
the bench press exercise in the Smith machine was performed 
to determine movement velocity. A third attempt was made 
if there was a difference greater than 10% between the previ-
ous repetitions, ensuring greater reliability for the measure. A 
15-second interval was given between repetitions. It was used 
a load typically used for warm-up in the participant’s training 
routine, allowing velocity values between 0.6 m/s and 1.0 m/s, 
measured by using a linear encoder (Ergonauta®). The repeti-
tion with the highest velocity was used for analysis. Ultimately, 
the acquired values were used to estimate individuals’ maxi-

mum dynamic load (1RM) and subsequently for calculating 
loads corresponding to 70% and 85% of 1RM. 

Movement Velocity= -0,0165*%1RM+1,81 (Equation 1)
Movement Velocity= -0,0148*%1RM+1,72 (Equation 2)

Movement velocity acquisition and determination of intensity zones  
Linear velocity during the bench press exercise was assessed 

using a position transducer (Ergonauta®, Florianópolis, Brazil), 
consisting of an incremental encoder (400 pulses per revolu-
tion), retractable cable, and an acquisition system. The Ergonau-
ta has a resolution of 1mm/pulse and variable sampling frequen-
cy, where pulses are marked at high resolution (approximately 
every 10μs) (Külkamp, 2021b). Real-time data obtained by the 
Ergonauta were transmitted via Bluetooth to the Samsung Gal-
axy S6 Lite Android® 10 Tablet (Samsung®, Suwon, South Korea). 
The validity, reliability, and sensitivity of the Ergonauta encoder 
were recently confirmed (Külkamp et al., 2023).

The device determines three distinct effort zones (Figure 
1), based on the identification of two transition thresholds. The 
first threshold marks the end of the zone considered light or 
comfortable effort (green color) and the beginning of the sec-
ond zone, considered moderate effort (yellow color). Accord-
ing to the manufacturer, the first threshold occurs when there 
is a significant drop in SSV in the repetition corresponding 
to approximately 65% of the total possible repetitions. Final-
ly, the device allows the identification of a third zone (failure 
zone - red color), considered heavy effort, where concentric or 
voluntary failure is imminent (Külkamp et al., 2021a).

In a recent study, Külkamp (2021a) concluded that, re-
gardless of the type of resistance exercise and the number of 
repetitions performed, these thresholds behave very similarly, 
reaching approximately the same point within the sets. The 
study also concluded that these effort zones appear to corre-
spond to changes in the intensity of perceived effort.

Figure 1. Illustration of a representative set showing the three effort zones 
determined by the Ergonauta (the colors used in the figure are in gray 

scale and are representative, with light gray representing the color green, 
medium gray representing yellow and dark gray representing red.)

RPE scale 
A 3-point RPE scale (Figure 2) was used during the tests 

to assess the effort perceived by individuals. Visual descrip-
tors of the scale were displayed and explained to the par-
ticipants: Zone 1 (green), was associated with a sensation 
of “light/comfortable” effort; Zone 2 (yellow) was associated 
with a sensation of “moderate” effort; and Zone 3 (red) was 
associated with a sensation of “heavy/intense” effort. Then, 
the participants were instructed to report, repetition by 

repetition, one of the colors of the scale (green, yellow or 
red) at the end of the concentric phase of the movement, 
based on their perceived of effort, until concentric failure 
was reached. 

The scores on the 3-point RPE scale are interval in nature 
and were developed based on scores from zero to 10 of the 
OMNI-Resistance Exercise scale (OMNI-RES) (Robertson et 
al., 2003). According to the study of Külkamp (2021a), which 
compared the three effort zones of the Ergonauta with the 
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OMNI-RES scale (Robertson et al., 2003), Zone 1 was asso-
ciated with RPE values ≤6, Zone 2 with RPE values of 7 and 
8, and Zone 3 with RPE values ≥9. Thus, three scores were de-

termined on the scale to be used in the present study (3-point 
RPE scale), aiming to resemble the three effort zones present 
in the Ergonauta device.

Figure 2. 3-point adapted Rating of Perceived Exertion (RPE) scale. Scale adapted 
from the OMNI-RES scale by Robertson et al. (2003) (the colors used in the figure are 

in gray scale and are representative, with light gray representing the color green, 
medium gray representing yellow and dark gray representing red.)

Statistical analysis 
The data were presented using descriptive statistics (mean 

and standard deviation). The Kappa concordance coefficient 
and Spearman correlation were employed to assess the agree-
ment and correlation of effort zones determined by the Ergo-
nauta and based on RPE. The Landis and Koch’s classification 
(1977) was considered for Kappa test: κ <0: no concordance, 
κ = 0-0.2: minimal concordance, κ = 0.21-0.4: reasonable con-
cordance, κ = 0.41-0.6: moderate concordance, κ = 0.61-0.8: 
substantial concordance, κ = 0.81-1: perfect concordance. For 
Spearman correlation test it was used the Mukaka’s classifica-
tion (2012): ρ = ±0 to ±0.19: very weak correlation, ρ = ±0.2 to 

±0.39: weak correlation, ρ = ±0.4 to ±0.69: moderate correla-
tion, ρ = ±0.7 to ±0.89: strong correlation, ρ = ±0.9 to ±1: very 
strong correlation. Only the sets that met all the previously es-
tablished criteria in the study, particularly regarding exercise 
execution, were included in the analysis. A significance level 
of p ≤0.05 was adopted for all inferential analyses. The SPSS 
software was used for statistical analyses.

Results
Table 1 presents the mean and standard deviation of 

age, height, body mass, and the load used during the tests 
(70%1RM and 85%1RM) for all subjects, separated by gender.

Table 1. Age, Height, Body Mass, and Load of the Subjects 

n Age (years) Height (m) Body Mass (kg) Load (kg) 70%1RM Load (kg) 85%1RM

Male 18 33.11±7.53 1.80±6.93 86.89±12.44 66±19.16 73.7±19.13

Female 17 34.18±9.02 1.64±8.17 65.5±9.97 22.97±8.20 26.21±9.55

Total 35 33.61±8.16 1.73±11.04 76.79±15.57 44.47±26.14 50.64±28.30

In Tables 2 and 3 are presented the level of agreement 
between the effort intensity zones determined by the Ergo-
nauta (Zone 1 = light; Zone 2 = moderate; Zone 3 = heavy) 
and the effort zones based on RPE (green = light/comfortable; 
yellow = moderate; red = heavy/intense) for relative loads of 

70% and 85% of 1RM, respectively. The Kappa test indicated a 
moderate agreement between the intensity zones determined 
by the Ergonauta and the effort zones based on RPE at both 
intensities (κ = 0.499; κ = 0.509 for 70% and 85% of 1RM, 
respectively).

Table 2. Level of Agreement Between the Intensity Zones Determined by Ergonauta and the Effort Zones 
Based on RPE at 70% of 1RM

Ergonauta

Zone 1 Zone 2 Zone 3

RPE Zone 1 68.59% 6.91% 0.72%

Zone 2 21.65% 34.39% 16.57%

Zone 3 2.03% 17.54% 58.38%

Table 3. Level of Agreement Between the Intensity Zones Determined by Ergonauta and the Effort Zones 
Based on RPE at 85% of 1RM

Ergonauta

Zone 1 Zone 2 Zone 3

RPE Zone 1 69.25% 2.10% 0.00%

Zone 2 24.05% 36.08% 7.33%

Zone 3 4.06% 25.18% 59.23%
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The correlation analysis (Spearman test) indicated that at 
both intensities (70%1RM and 85%1RM), there was a strong 
correlation between the intensity zones determined by the Er-
gonauta and the effort zones based on RPE (ρ = 0.720; ρ = 

0.753 for 70% and 85% of 1RM, respectively; p<0.0001). 
Lastly, in Table 4 is presented the frequency (absolute and 

relative) of the agreement between the effort zones of RPE and 
determined by the Ergonauta for each repetition over the sets. 

Table 4. Magnitude and Relative Frequency of the Agreement Differences Between the Zones Reported by the 
Subjects and Those Determined by Ergonauta in the Total Number of Repetitions Analyzed in the Study

70%1RM (n= 669 reps) 85%1RM (n= 739 reps)

Difference F F (%) ∑% Difference F F (%) ∑%

0 459 68.60 0 508 68.74

1 196 29.30 97.9 1 210 28.42 97.16

2 14 2.1 100 2 21 2.84 100

Note. f: frequency; f(%): relative frequency; ∑%: sum of relative frequencies

Discussion
There has been a growing interest in the use of the move-

ment velocity for monitoring RT intensity. However, there is 
still a lack of studies showing the possibilities of application 
and the relationship with the variables of RT. In this context, 
in the present study we aimed to verify if the loss velocity and 
the rate of perceived exertion show the same effort intensity 
during sets of bench press exercise performed until exhaus-
tion. 

The main results showed a moderate degree of agree-
ment, but a strong correlation between the intensity of ef-
fort determined by the Ergonauta and the RPE at both an-
alyzed intensities (70%1RM and 85%1RM). Despite not 
being broadly concordant, the strong relationship between 
the methods allows us to say that both can discriminate the 
intensity of individuals in a similar way during bench press 
sets. Notwithstanding both parameters may reflect the inten-
sity training, it is important to highlight that RPE is a psycho-
metric and subjective measure (Hackett et al., 2018) while the 
Ergonauta device provides a mathematical determination of 
effort intensity based on the progressive loss of self-selected 
movement velocity. Thus, a non-perfect agreement between 
them could be expected.

Some studies have suggested that monitoring movement 
velocity during RT allows for a precise estimation of how 
many repetitions are left in reserve in a given exercise set, 
corresponding to the concept of ‘effort level’ (González-Ba-
dillo; Marques, and Sánchez-Medina, 2011; González-Badi-
llo et al., 2016; Pareja-Blanco et al., 2017; González-Badillo; 
Sánchez-Medina, 2011). Halperin et al. (2022) and Hackett et 
al. (2018) investigated the accuracy in predicting/estimating 
repetitions to failure in RT. The authors concluded that predic-
tion accuracy might be better if predictions are made closer to 
failure, in sets with lower repetition volume, and when using 
heavier loads. Some of these results coincide with those found 
in the present study, where better agreement values were 
found in Zone 3 (failure zone) compared to Zone 2 (transi-
tion zone), as well as slightly higher agreement values at the 
higher intensity (85%1RM). In Halperin et al.’s (2022) study, 
the authors suggest that this occurs because performing more 
repetitions allows a wide range of errors compared to sets with 
a lower repetition volume.

Due to its feasibility, RPE is certainly one of the most used 
metrics for controlling the intensity in physical training. How-
ever, the method presents some limitations and particulari-
ties. According to Hackett et al. (2018), RPE seems unable to 
discriminate momentary failure and is a subjective measure 

for which accuracy cannot be quantified. Some researchers re-
ported in their studies lower RPE values than the maximum 
during sets performed to volitional fatigue, indicating an in-
compatibility between RPE and maximal effort (Shimano et 
al., 2006; Pritchett et al., 2009). In addition, according to Borg 
(2000), regardless of the RPE method used, not all individuals 
will provide reliable and valid ratings. The author also reported 
that about 5 to 15% of these individuals may have difficulties 
understanding instructions and requests, as well as difficulties 
in verbal and mathematical understanding.

Another point to consider is that the previously mentioned 
study (Hackett et al., 2018), like the majority of studies related 
to RPE and RT, uses 10-point scales, such as the OMNI-RES 
scale (Robertson et al., 2003), and Borg’s CR10 (Borg, 1982). 
In the present study we used of an adapted scale (from the 
OMNI-RES scale) with only 3 points, which, in addition to 
resembling the three effort zones present in the Ergonauta de-
vice, possibly facilitated subjects’ understanding of perceived 
effort during the bench press. This suggests that the use of 
scales with fewer levels (points) may facilitate interpretation 
and classification of the effort by the individuals. Furthermore, 
Hackett et al. (2018) believe that with repeated applications 
and user experience with the scales, it is likely that individuals’ 
reliability and accuracy will improve over time. According to 
Balsalobre-Fernández et al. (2021), subjective scales should be 
considered together with velocity measurements to obtain a 
more accurate estimate of relative load (%1RM).

Conclusion 
Based on our results, it can be concluded that there is a 

moderate degree of agreement but a strong correlation be-
tween the intensity of effort determined by the Ergonauta and 
the RPE at both analyzed intensities (70%1RM and 85%1RM). 
Despite not being broadly concordant, the strong relationship 
between the methods allows us to say that both can discrimi-
nate the intensity of individuals in a similar way during bench 
press sets. It is important to emphasize that the results of this 
study should be interpreted according to the individual char-
acteristics, context, exercise, periodization, and objectives at 
hand. It is recommended to undergo multiple sessions of fa-
miliarization with the technique, device operation, and the 
RPE scale, regardless of the individual’s training level.
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Abstract

Precise range of motion (ROM) measurements are critical for diagnosing musculoskeletal impairments, planning treat-
ment strategies and monitoring rehabilitation progress. This study compares the reliability and accuracy of ROM mea-
surements using the EasyAngle electronic goniometer device and the Kemtai pose estimation video-based motion 
tracking software. Participants performed hip extension and knee flexion movements, with measurements taken by 
two examiners using both tools. The results show that both EasyAngle and Kemtai provide high inter-repetition reli-
ability for knee flexion (ICC 0.93 and. 0.91) and hip extension (ICC 0.96 and 0.93). Kemtai generally overestimated ROM 
compared to EasyAngle, with relative agreement ranging from poor to good (ICC = 0.71 for knee flexion, ICC = 0.66 for 
hip extension). Future development and research should focus on refining digital tools like Kemtai to enhance their 
accuracy and reliability. Given its low cost and ease of use, Kemtai could be a useful tool for clinical practice. 
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Introduction
The assessment of range of motion (ROM) is essential 

in both clinical and sports settings, as it provides critical in-
sights into joint function, flexibility, and overall musculo-
skeletal health. Accurate ROM measurements are crucial for 
diagnosing impairments, planning interventions, and moni-
toring rehabilitation progress (Akizuki et al., 2016). Various 
methods have been developed to measure ROM, including 

traditional goniometry, digital inclinometers and advanced 
pose estimation software (Al-Amri et al., 2017; Jovanovic et 
al., 2024; Hancock et al., 2018; Saiki et al., 2023). Tradition-
al goniometry, which uses a goniometer with arms, is one of 
the most common methods for measuring ROM. Studies have 
demonstrated that traditional goniometry can be highly reli-
able when performed by trained practitioners (Watkins et al., 
1991; Brosseau et al., 2001). However, that goniometry can be 
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time-consuming and susceptible to variability between differ-
ent evaluators (Nussbaumer et al., 2010).

In recent years, digital devices such as the EasyAngle have 
been introduced to enhance the accuracy and reliability of 
ROM measurements. The EasyAngle is an affordable digital 
goniometer designed to provide quick and precise measure-
ments of joint angles. Previous studies, including Duffy et al. 
(2024), have confirmed EasyAngle’s reliability across different 
joints, with Svensson et al. (2019) specifically demonstrating 
its validity and reliability. With advancements in technology, 
pose estimation software like Kemtai can be used as a novel 
method for assessing ROM (Jovanovic et al., 2024). This soft-
ware utilizes computer vision and artificial intelligence to es-
timate joint angles and track movements, offering a non-inva-
sive and user-friendly alternative to traditional methods.

The aim of this study is to compare the reliability and ac-
curacy of ROM measurements obtained using the EasyAngle 
device with those obtained through the pose estimation soft-
ware Kemtai. By evaluating these two methods, we aim to de-
termine the feasibility and practicality of integrating advanced 
digital tools in routine clinical assessments.

Methods
Participants

The sample included 23 subjects (12 women, 11 men; age = 
22.1 ± 2.9 years). The participants, who were physiotherapy stu-
dents, were recruited through social media, email, and personal 
networks as a convenience sample. Exclusion criteria included 
reporting any knee or hip pain, lack of full range of motion, or 
previous lower limb injury. Informed consent was obtained from 
all participants prior to the experiment, which was approved by 
the ethics board of the Academy of Applied Studies Belgrade, 
College of Health Sciences (approval number 01-264/4).

Study design 
In this cross-sectional study predefined measurement 

protocol required participants to actively perform hip ex-
tension and knee flexion movements. Measurements were 
alternately taken using the EasyAngle goniometer and the 
Kemtai software installed on an Apple iPhone 12 mini mo-
bile phone (Apple Inc., Cupertino, California, USA). Kem-
tai is an AI-powered fitness platform that uses computer 
vision technology to provide real-time feedback and guid-
ance on exercise form. The Kemtai software analyzes move-
ments by tracking changes in the location of anatomical 
landmarks based on motion pattern data contained within 
the system. For the purpose of the research, we used an ad-
justed version of software (version 4) that measures range 
of motion. 

Measurement procedures
Measurements were performed on a therapy table, with 

participants in prone position. Each participant underwent 
two sets of measurements, alternating between each device. 
The Kemtai measurements were captured using the mobile 
phone camera mounted on a tripod (1.5 m in height) posi-
tioned 0.7 m 70 cm from the participant. Each set included 
measurements taken with the EasyAngle goniometer (Figure 
1) and the Kemtai application (Figure 2), performed by two 
experienced physiotherapists who were blinded to the re-
sults during measurement. The participants were in prone 
position for all measurements and same leg was measured 
each time during procedure. Participant was instructed to 
perform movement in slow manner and to hold little bit at 
the end of motion so physiotherapist could perform mea-
surements. First, active knee joint flexion was measured us-
ing the EasyAngle goniometer by one examiner, followed by 

Figure 1. Measurements with EasyAngle digital inclinometer

Figure 2. Snapshots of video-based motion tracking analysis done with Kemtai software.
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the same motion being measured using the Kemtai software. 
This identical procedure was then repeated by a second ex-
aminer on the same motion. Then, active hip joint extension 
was measured in the same manner and order. A third exam-
iner was responsible for recording the values and managing 
the computer. 

Statistical analysis
The data are presented as means ± standard deviations. 

The reliability between the repetitions for the same device was 
evaluated with intra-class correlation coefficient (ICC; single 
measures, absolute agreement). We considered ICC values 
<0.5 to be indicative of poor reliability, values between 0.5 
and 0.75 to indicate moderate reliability, values between 0.75 
and 0.9 to indicate good reliability, and values greater than 
0.9 to indicate excellent reliability. Additionally, absolute reli-
ability was assessed by calculating the typical error (TE). The 

agreement between the devices were assessed with ICC, TE 
and paired-sample t-test with mean difference and 95 % con-
fidence intervals (CI) included. All analyses were carried out 
using SPSS statistical software (version 25.0, IBM: Armonk, 
NY, USA).

Results
Reliability

Table 1 contains descriptive statistics and inter-repetition 
reliability analyses. For knee flexion assessed with EasyAngle, 
the ICC was 0.93 (95% CI: 0.83–0.97), with a TE of 2.15° (95% 
CI: 1.66–3.04). For Kemtai, the ICC was 0.91 (95% CI: 0.79–
0.96), with a TE of 2.45° (95% CI: 1.89–3.46). Hip extension 
measured wtih EasyAngle showed and ICC of 0.96 (95% CI: 
0.90–0.98), with a TE of 1.83° (95% CI: 1.42–2.60). For Kem-
tai, the ICC was 0.93 (95% CI: 0.85–0.97), with a TE of 2.41° 
(95% CI: 1.87–3.42).

Table 1. Descriptive statistics and inter-repetition reliability. 

Outcome measure
Repetition 1 Repetition 2 Reliability

Mean SD Mean SD ICC 95% CI TE 95% CI

 Knee Flexion – EasyAngle (°) 119.74 7.88 119.43 7.10 0.93 0.83 0.97 2.15 1.66 3.04

 Knee Flexion – Kemtai (°) 129.83 7.36 130.22 7.98 0.91 0.79 0.96 2.45 1.89 3.46

Hip Extension – EasyAngle (°) 22.57 8.00 23.78 8.98 0.96 0.90 0.98 1.83 1.42 2.60

Hip Extension - Kemtai(°) 31.26 8.44 31.00 9.52 0.93 0.85 0.97 2.41 1.87 3.42

Note. SD: Standard Deviation; ICC: Intraclass Correlation Coefficient; CI: Confidence Interval; TE: Typical Error;

Agreement
The agreement analysis is shown in Table 2. The mean 

values of knee flexion ROM for EasyAngle and Kemtai were 
119.59° (SD = 7.35) and 130.02° (SD = 7.48), respectively. 
There was a statistically significant difference between the two 
methods (p < 0.001), with mean difference of 10.43° (95% CI: 
7.91–12.96; relative difference = 8.6 %). The relative agreement 
was poor to good, with an ICC of 0.71 (95% CI: 0.42–0.86). 
For hip extension, the mean values for EasyAngle and Kemtai 

were 23.17° (SD = 8.41) and 31.13° (SD = 8.83), respectively. 
There was a statistically significant difference between the two 
methods (p < 0.001) with a mean difference of 7.96° (95% CI: 
4.80–11.11; relative difference = 36.6%. The relative agreement 
was poor to good, with an ICC of 0.66 (95% CI: 0.35–0.84). 
In summary, both knee flexion and hip extension measure-
ments showed a significant difference between EasyAngle and 
Kemtai, with the estimation for the relative agreement ranging 
from poor to good.

Table 2. Agreement between EasyAngle and Kemtai. 

Outcome variable
Easy Angle Kemtai Difference Relative agreement

Mean SD Mean SD Mean 95% CI ICC 95% CI

Knee flexion (°) 119.59 7.35 130.02 7.48 10.43 7.91 12.96 0.71 0.42 0.86

Hip extension (°) 23.17 8.41 31.13 8.83 7.96 4.80 11.11 0.66 0.35 0.84

Note: SD: Standard Deviation; ICC: Intraclass Correlation Coefficient; CI: Confidence Interval;

Discussion
This study compared ROM measurement reliability be-

tween the EasyAngle device and Kemtai software. EasyAngle 
showed high ICC values (knee flexion: 0.93, hip extension: 
0.96) with low typical errors (knee flexion: 2.15°, hip exten-
sion: 1.83°), while Kemtai also demonstrated good reliability 
(knee flexion: ICC 0.91, hip extension: ICC 0.93) with slightly 
higher typical errors (knee flexion: 2.45°, hip extension: 2.41°), 
indicating both tools provide consistent and reliable measure-
ments. 

These findings are consistent with previous research show-
ing the reliability of digital tools and inertial measurement 
units for clinical movement analysis (Al-Amri et al., 2017; Ke-
ogh et al., 2019). The slightly higher ICC values for EasyAngle 
suggest it may offer marginally better reliability compared to 
Kemtai, particularly for hip extension. The typical errors (TE) 

for both devices are within acceptable ranges, with EasyAn-
gle showing slightly lower TE values than Kemtai, indicating 
higher precision. These results align with studies by Watkins 
et al. (2001) and Brosseau et al. (2001), which found high re-
liability for goniometry assessment and emphasize the impor-
tance of precision in ROM measurements. Also, results from 
some previous studies (Hancock et al., 2018; Kiatkulanusorn 
et al., 2023; Pantouveris et al., 2024) indicate the effectiveness 
of digital goniometers in providing reliable data, and to en-
hance that, it is often advised to use the average of ratings from 
two or more raters (Perkins, Wyatt, & Bartko, 2000). Over-
all, the study demonstrates that both EasyAngle and Kemtai 
are reliable tools for assessing knee flexion and hip extension, 
however, the agreement between the devices is not sufficient 
for them to be used interchangeably.  

The study also compared knee flexion and hip extension 
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measurements using EasyAngle and Kemtai software. Kem-
tai consistently measured higher angles than EasyAngle for 
both knee flexion (mean difference 10.43°) and hip extension 
(mean difference 7.96°). While there was moderate consisten-
cy between the methods (ICC = 0.71 for knee flexion, ICC = 
0.66 for hip extension), significant differences were noted, sug-
gesting potential overestimation by Kemtai.

These differences could be attributed to several factors. 
First, the methodology of Kemtai, which relies on computer 
vision and pose estimation algorithms, may interpret joint 
angles differently than the direct measurement approach of 
EasyAngle, which is a goniometer. The overestimation by 
Kemtai could be due to the pose estimation software’s interpre-
tation of anatomical landmarks and movement patterns like in 
a similar study (Horsak et al., 2024; Wren et al., 2023), which 
might not always align perfectly with manual goniometric 
measurements. The timing and conditions of measurements 
are crucial in biomechanical studies, as they can significantly 
impact the accuracy and consistency of the data. Since our go-
niometric measurements and video analysis are conducted at 
different times, even slight differences in posture or movement 
can result in variations in the recorded angles (Nussbaumer et 
al., 2010). Furthermore, the poor to good relative agreement 
(ICC values) suggests that while there is some consistency 
between the two methods, the discrepancies are significant 
enough to warrant caution. Clinicians and researchers should 
be aware of these differences and consider them when choos-
ing a measurement tool for specific applications. The signif-
icant differences and moderate consistency between the two 
methods underscore the need for further research to refine 
and calibrate digital measurement tools like Kemtai. To make 
the process easier and more accurate during measurements, 
we could suggest that individuals wear form-fitting clothing 
like yoga pants or underwear. Such efforts could enhance their 
accuracy and reliability, making them more comparable to 
traditional goniometric methods. Additionally, understand-
ing the contexts in which each tool performs best can guide 
their application in clinical and research settings. It is import-
ant to said that both assessors conducted their measurements 
independently and were kept unaware of each other’s results, 
thereby reducing the potential for bias and ensuring that their 
assessments did not influence one another. 

Some limitations of the study need to be acknowledged. 
During the measurement of extension ROM, we did not fix-
ate the pelvis because the camera used by the software tends 
to recognize the person performing the fixation as another 
object. This can interfere with the accurate identification of 
joints, leading to measurement errors. As a result, we ob-
served somewhat larger extension ROM values with both 
devices. This issue highlights a limitation in the accuracy 
of our measurements due to the lack of pelvic stabilization, 
which is crucial for obtaining precise and reliable joint an-
gle assessments (Nussbaumer et al., 2010). Also, the lack of 
simultaneity during measurements may have impacted the 
reproducibility of the measurements which could also lead 
to variability in the arithmetic means. Additionally, the study 
did not extensively address inter-rater variability, focused 
primarily on static rather than dynamic measurements, and 
involved a relatively small and homogeneous sample size, 
limiting generalizability. Further research should address 
these issues, refine digital tools, and validate their use in di-
verse clinical settings.

Conclusion
This study demonstrates that both EasyAngle and Kemtai 

provide high reliability for measuring knee flexion and hip ex-
tension. However, significant differences were found between 
the mean values, with Kemtai generally overestimating com-
pared to EasyAngle. The relative agreement ranged from poor 
to good, indicating moderate consistency but some discrepan-
cies. Despite these differences, Kemtai could still be used solely 
for assessment purposes, especially given its non-invasive na-
ture and ease of use. These findings emphasize the importance 
of selecting the appropriate measurement tool based on specif-
ic requirements and suggest the need for further refinement of 
digital tools like Kemtai to enhance their accuracy and reliabil-
ity. Future research should focus on standardizing digital mea-
surement methodologies to improve their clinical application.
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Abstract

Handball demands intense movements like rapid direction changes and physical contact. Consecutive competitions 
expose player fatigue and weaknesses due to the sport’s exhaustive nature. Therefore, the aims of this study are two-
fold: (i) to investigate the impact of competitive fatigue on the body composition of youth elite handball players, and 
(ii) to analyze the impact of concentrated competition on their functional capacity performance. Seventeen young 
male handball players (age: 16.2 years, height; 177.8 cm, body mass: 73.0 kg) were assessed twenty-four hours before 
(TM1) and after the competitive period (TM2) in body composition, static strength, lower- and upper-body explosive 
strength, speed, agility, balance, and flexibility indicators. A Wilcoxon Signed Rank Test was conducted to assess dif-
ferences in body composition and functional capacities assessment between TM1 and TM2. Regarding results, body 
mass significantly increased in TM2 (p < 0.01), while increases in waist circumference and body fat percentage were 
not statistically significant. Functional capacity assessments revealed a significant decline in jumping performance 
(CMJ and SJ; p ≤ 0.01). Speed and agility assessments showed worse performance in TM2, significantly increasing 
30 m sprint time (p ≤ 0.01). Balance indicators showed no significant differences, with mixed results in performance 
across different conditions. In sum, evaluating vertical jumps and long-distance maximum speed (i.e., 30 meters) 
could be valid tests for measuring and controlling fatigue in young elite handball players. Future research should 
regularly monitor young handballers after the competition to analyze the entire fatigue recovery process. 

Keywords: team sports, adolescents, physical fitness, vertical jumps, sprinting
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Introduction
In handball, players must continuously perform movements 

with maximum or submaximal effort without having time to 
fully recover in between (Petruzela et al., 2023). Since teams are 
not allowed to purposefully slow down the game by delaying or 
holding onto the ball without moving forward or trying to get 
a goal opportunity, handball players must frequently perform 
rapid direction changes, repeated accelerations, physical con-
tact with other players, leaps, and shoots during competition 
(Kale & Akdoğan, 2020). During the competition, players must 
repeatedly perform high-intensity activity, followed by brief 
periods of low-intensity activity to quickly recover (Wagner et 
al., 2019). According to previous research, optimizing high-in-
tensity actions and recovery depends on the strength and pow-
er capacities of both upper and lower limb muscles (Hermassi 
et al., 2017). Consequently, players’ physical attributes seem to 
impact their match performance (Leuciuc et al., 2022). More-
over, the literature has reported that proper training control for 
evaluating physical fitness is crucial to minimize fatigue and 
the risk of injury during competition while optimizing play-
ers’ performance (Tyshchenko et al., 2019). Besides functional 
capacities, age, body composition, technical skills, and tactical 
awareness are relevant variables for handball players’ perfor-
mance (Molina-López et al., 2020).

In the meantime, fatigue is noticeable when a player can no 
longer sustain the required level of effort, whether in training 
or competition (Marcora et al., 2009). As a result, physical and 
physiological components have been studied in the past years, 
suspecting that fatigue may significantly and negatively impact 
players’ performance (Silva et al., 2018). The speed of actions 
(Coutinho et al., 2018) decreases the effectiveness of technical 
skills performance, such as passing and shooting (Mohr et al., 
2003). Indeed, long-term and short-term fatigue influence play-
ers’ performances (Wu et al., 2019), which may be enhanced 
during competition with a busy fixture calendar. The short re-
covery periods between matches seem to impact functional ca-
pacity performance, particularly sprinting and jumping abilities 
(Alba-Jiménez et al., 2022). Simultaneously, insufficient recovery 
periods are related to increased injury risk (Jones et al., 2017). 
Although the competitive and training intensity of professional 
players is naturally more demanding than that of young players, 
3 days with 3 games exposes the aforementioned concerns.

However, to our knowledge, research regarding the effects 
of consecutive competition days on elite youth handball players’ 
body composition and functional capacities is still lacking. This 
information is of interest to players and coaching staff to deploy 
managing strategies during competition to avoid the detrimen-
tal impact of fatigue and to provide adequate training programs 
according to competition demands. Therefore, the aims of this 
study were twofold: (i) to investigate the impact of competitive 
fatigue on the body composition of youth elite handball players, 
and (ii) to analyze the impact of a 3-day concentrated competi-
tion on players’ functional capacity performance. 

Materials and Methods
Participants

Seventeen male adolescent handball players aged 16.2 ± 
1.1 years (height: 177.8 ± 7.5 cm, body mass: 73.0 ± 12.1 kg) 
participated in this study. All these players compete in region-
al competitions weekly and only compete at the national level 
once a year based on a concentration system (i.e., three games 
in 3 days).

Study design
The study was conducted during the season 2021/2022. 

Players were evaluated the day before the beginning of the na-
tional concentrated competition (TM1) and the day after the 
return from that same competition (TM2). All players were 
assessed in one morning, from 8:00 a.m. to 11:00 a.m., with a 
break between assessments. The timeline of the study design 
is displayed in table 1. All the protocols were conducted in a 
physical performance laboratory by trained staff from the re-
search team. The field tests were conducted in a covered area 
appropriate for them and monitored by trained research team 
staff. The study protocol was approved by the Faculty of Hu-
man Kinetics Ethics Committee (CEIFMH N°22/2022) and 
followed the Declaration of Helsinki. Participation was volun-
tary, and informed consent was signed before data collection.

Body composition
Height was measured to the nearest 0.01 cm using a stadi-

ometer (SECA 213, Hamburg, Germany). Body composition 
was evaluated using a hand-to-foot bioelectrical impedance 
analysis (InBody 770, Cerritos, CA, USA) during the early 
morning while participants were fasting. Participants were 
barefoot and only wearing their underwear. On the platform, 
their feet were placed on the defined spots, and their arms 
were placed nearly 45º from their trunk until the assessment 
was concluded. The waist circumference assessment was per-
formed just above the iliac crest using a non-elastic measure-
ment tape. The participants were standing position with arms 
hanging freely. 

Static strength
The dominant and non-dominant handgrip was used to 

evaluate static strength. The protocol included three alternated 
trials for each arm using a hand dynamometer (Jamar Plus+, 
Chicago, IL, USA). Participants were standing and asked to 
hold a dynamometer in one hand, laterally to their trunk, with 
the elbow at 90º. Participants squeezed the dynamometer as 
hard as possible from this position for about two seconds. If the 
dynamometer touched the participant’s body, the assessment 
was repeated. The rest interval between trials was 60 seconds, 
and the best score of the three trials was retained for analysis. 

Upper-body explosive strength
The 3-kg medicine ball throw was used to assess up-

per-body explosive strength. All subjects began with a famil-
iarization session. A brief description of the optimal technique 
was given, suggesting a release angle to achieve a maximum 
throw distance . The test consisted of standing with the feet 
parallel to each other and throwing the heavy ball as far as 
possible with both hands behind the head (throw-in), using an 
explosive forward movement . Each player made three repeti-
tions, and the best performance was considered for evaluation. 

Lower-body explosive strength 
The countermovement jump (CMJ) and the squat jump 

(SJ) were used to evaluate the vertical jumping capacity . Par-
ticipants performed four data collection trials 30 seconds apart. 
Although indications endorse a 1-minute passive rest between 
jumps to ensure muscular recovery , the issue is not consensual 
in the literature. In our study, due to time restrictions, we con-
sidered a rest period of 30 seconds between each jump. Some 
studies have presented shorter recovery times, such as 20 s  and 
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30 s between each repetition . The data were collected using the 
Optojump Next (Microgate, Bolzano, Italy) system of analy-
sis. Participants were encouraged to jump to maximum height 
during testing. After the protocol explanation, participants were 
allowed three experimental trials to ensure correct execution.

For the CMJ, participants began standing, with feet placed 
hip-width to shoulder-width apart. Participants dropped into 
nearly 90° of knee flexion from this position, followed by a max-
imal-effort vertical jump. To avoid the influence of arm swing, 
the hands remained on the hips for the entire movement For the 
SJ, the participants started in a squat position of approximately 
90° knee flexion, followed by a maximal-effort vertical jump. 
The participants reset to the starting position after each jump.

The Three-Jump Test (3JT) began from an upright stand-
ing position, with both feet flat. Participants tried to cover as 
much distance as possible with three forward jumps, alternat-
ing left, right, left or right, left, right, according to the sequence 
of supports they normally use to execute a handball suspen-
sion throw. The distance covered was measured to the nearest 
1 cm using a tape measure. 

Linear speed
Participants performed maximal sprints at 5-, 10- and 35-

m. Sprint time was recorded in seconds using Witty-Gate pho-
tocells (Microgate, Bolzano, Italy), and the best of two trials was 
retained for analysis. Participants recovered between sprints by 
walking back to the start line for 2 min between trials. 

Non-reactive agility
Non-reactive agility was evaluated through the t-test. The 

t-test is a 4-directional agility and body control test that assess-
es the ability to change direction rapidly while maintaining 
balance and without losing speed. Participants sprinted 9.14 m 
straight, then shuffled 4.75 m to the left side. Next, participants 
shuffled to the right side 9.14 m and immediately shuffled 4.75 
m back. Finally, participants run backwards until they pass the 
starting point. Test time was recorded in seconds using Wit-
ty-Gate photocells (Microgate, Bolzano, Italy). 

Flexibility
Sit and reach tests were used to assess flexibility . The pro-

tocol used a sit-and-reach trunk flexibility box (32.4 cm high 
and 53.3 cm long) with a 23 cm heel line mark. Participants sat 

barefoot before the box, with the knee fully extended and the 
heel placed against the box. Then, participants were asked to 
put their hands on each other, palms down, and push forward 
the measuring cycle. The forward position was repeated twice, 
and the third forward stretch was held for 3 s, correspond-
ing to the test score. First, the test was conducted unilaterally 
(right and left leg) and then bilaterally. Two trials were per-
formed, and the best score was used for analysis. 

Balance
Balance was assessed using the Biodex Balance System SD 

(Biodex, Shirley, NY, USA). Before each testing, the equipment 
was adjusted to the participant’s height. Participants were al-
lowed to practice with the protocols through a single training 
session to guarantee the protocols’ understanding and mini-
mize learning effects during the testing phase. The rest interval 
between testing sessions was set at 60 seconds.

The protocol was performed in an unilateral stance with 
participants barefoot for bilateral comparison. During the 
assessment, the overall stability index (OSI), anteroposterior 
stability index (APSI), and mediolateral stability index (MLSI) 
were measured under four levels of platform stability for 20 s. 
Level 4 was the most stable, and level 1 was the most unstable. 
The indexes’ scores show the deviation from the horizontal 
position; therefore, lower scores indicate better balance . 

     
Statistics

Descriptive statistics are presented as means ± standard 
deviation. All data were checked for normality using the Shap-
iro-Wilk test. A Wilcoxon Signed Rank Test was conducted to 
assess differences in body composition and functional capaci-
ties before (TM1) and after competition (TM2). The effect size 
(r) was calculated by dividing the z value by the square root of 
N  and interpreted using Cohen criteria  as follows: 0.1 > r < 0.3 
(small), 0.3 > r < 0.5 (medium), and ≥ 0.5 (large). All analyses 
were performed using IBM SPSS Statistics software 28.0 (SPSS 
Inc., Chicago, IL, USA). The significance level was set at 0.05. 

Results
Figure 1 illustrates an overview of the percentage chang-

es in the studied variables between pre-competitive (TM1) 
and post-competitive (TM2) assessments. Overall, the re-
sults show that in all the body composition variables, on 

Figure 1. Overview of percentage changes in variables between pre-competitive assessments (TM1) and 
post-competitive assessments (TM2)
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average, there was an increase of between 0.4% and 3.8%. 
Regarding to the functional capacities assessments, the re-
sults of the handgrip with both limbs showed improvements 
of between 2.2% and 6.9%. On the other hand, in the physi-
cal tests of flexibility and vertical and horizontal jumps, the 
results were worse after the competitive period, with low-
er percentages of between 0.6% and 5.9%. In addition, the 
players showed higher average results in the linear sprints 
(5m, 10m, and 30m) and t-test, between 2% and 8.3%. It 

should be noted that these values represent worse results 
since these are speed and agility tests in which a shorter 
time corresponds to a better performance. Finally, in the 
balance variables, it was possible to observe that 10 of the 
16 indices increased their oscillation, which shows a worse 
average index after the competitive period, with negative 
values between 0.9% and 17.6%.

Table 2 presents descriptive statistics for body compo-
sition and the results of the comparison between TM1 and 

Table 1. Timeline of the study design

Pre-Competitive Assessments
(Day before competition)

National Competition 
(Duration of three days)

Post-Competition Assessments 
(Day after competition)

Body composition Day 1: Match at 8 P.M. Body composition

Functional capacities Day 2: Match at 4 P.M. Functional capacities

Balance Day 3: match at 1 P.M. Balance

Table 2. Descriptive statistics for body composition variables and results of the comparison between pre-competitive 
assessments (TM1) and post-competitive assessments (TM2)

Variable
TM1 TM2 Wilcoxon Signed Rank Test

Mean ± SD Mean ± SD z p

CA (years) 16.2 ± 1.1

Height (cm) 177.8 ± 7.5

Body mass (kg) 73.0 ± 12.1 73.6 ± 12.2 2.665 ≤ 0.01

Waist circumference (cm) 78.1 ± 6.9 79.4 ± 6.6 1.870 0.06

TBW (l) 47.6 ± 6.6 47.8 ± 6.7 0.700 0.48

ICW (l) 30.0 ± 4.1 30.2 ± 4.2 1.481 0.14

ECW (l) 17.6 ± 2.5 17.7 ± 2.6 0.000 1.0

Phase angle (º) 6.7 ± 0.6 6.8 ± 0.6 1.262 0.21

Body fat percentage (%) 7.9 ± 4.4 8.2 ± 4.4 1.198 0.23

Fat-free mass (kg) 65.1 ± 9.1 65.5 ± 9.3 1.068 0.29

Skeletal muscle mass (kg) 37.1 ± 5.4 37.3 ± 5.4 1.340 0.18

CA: chronological age; TBW: total body water; ICW: intracellular water; ECW: extracellular water.

Table 3. Descriptive statistics for functional capacities and results comparison between pre-competitive assessments 
(TM1) and post-competitive assessments (TM2)

Variable
TM1 TM2 Wilcoxon Signed Rank Test

Mean ± SD Mean ± SD z p

Handgrip dominant side (kg) 41.9 ± 7.9 44.8 ± 7.1 1.917 0.06

Handgrip non-dominant side (kg) 40.4 ± 7.1 41.3 ± 6.0 0.308 0.76

Medicine ball throw (m) 7.5 ± 1.7 7.5 ± 1.5 0.315 0.75

Sit and reach left (cm) 31.0 ± 7.3 30.0 ± 6.9 1.136 0.26

Sit and reach right (cm) 30.0 ± 7.4 29.8 ± 6.9 0.402 0.69

Sit and reach bilateral (cm) 31.7 ± 7.2 31.3 ± 7.3 0.750 0.45

3JT (cm) 6.4 ± 0.5 6.2 ± 0.8 1.578 0.12

CMJ height (cm) 34.6 ± 6.4 32.7 ± 4.8 2.486 ≤ 0.01

SJ height (cm) 33.6 ± 6.3 31.6 ± 5.0 2.415 0.02*

5 m linear sprint (s) 1.13 ± 0.09 1.16 ± 0.11 0.909 0.36

10 m linear sprint (s) 1.88 ± 0.09 1.95 ± 0.16 1.506 0.13

30 m linear sprint (s) 4.47 ± 0.21 4.84 ± 0.73 3.386 ≤ 0.01

T-test (s) 10.46 ± 0.62 10.67 ± 0.85 0.355 0.72

3JT: three-jump throw; CMJ: countermovement jump; SJ: squat jump.
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TM2. Regarding significant differences found when compar-
ing both moments, body mass was significantly higher in TM2 
compared to TM1 (z = 2.665, p < 0.01, large effect size). Also, 
waist circumference (z = 1.870, p = 0.06) and body fat per-
centage (z = 1.198, p = 0.23) were higher in TM2 than in TM1, 
however, the differences were not significant. In the remain-
ing variables, no significant differences were found between 
assessment moments.

Table 3 shows descriptive statistics for functional capaci-
ties and the comparison results between TM1 and TM2. Over-
all, players presented higher scores for the handgrip strength 
in TM2 (dominant limb: z = 1.917, p = 0.06; non-dominant 
limb: z = 0.308, p = 0.76). In contrast, significantly lower per-
formance levels were observed in the jumping assessments 
in TM2 compared to TM1 (CMJ: z = 2.486, p = ≤ 0.01, large 
effect size; SJ: z = 2.145, p = 0.02, large effect size). Addition-

ally, higher scores for speed and agility tests were registered 
in TM2, indicating worse performance. However, statistical-
ly significant differences were only found in the 30 m linear 
sprint time (z = 3.386, p = ≤ 0.01, large effect size).

Table 4 resumes descriptive statistics for balance indica-
tors and compares the results between TM1 and TM2. Overall, 
no statistically significant differences were detected between 
moments. The results vary between better and worse balance 
scores at TM2. The players showed higher scores in the sta-
bility lateromedial left and right (z = 1.207, p = 0.23 and z = 
0.970, p = 0.33, respectively), corresponding to decreased per-
formance at TM2. Besides, values attained with eyes open and 
closed in the hard surface condition were higher at TM2, in-
dicating worse performance. In contrast, scores observed with 
eyes open and closed in the soft surface condition were lower 
at TM2, indicating better balance ability.

Table 4. Descriptive statistics for balance variables and comparison of the results between pre-competitive 
assessments (TM1) and post-competitive assessments (TM2)

Variable
TM1 TM2 Wilcoxon Signed Rank Test

Mean ± SD Mean ± SD z p

BL Stability Overall Left 4.94 ± 3.07 5.12 ± 2.70 0.213 0.83

BL Stability Ant Post Left 4.55 ± 3.22 4.59 ± 3.01 0.213 0.83

BL Stability Lat Med Left 1.25 ± 0.63 1.47 ± 0.68 1.207 0.23

BL Sway Overall Left 2.09 ± 0.56 2.01 ± 0.50 0.402 0.69

BL Sway Ant Post Left 1.74 ± 0.61 1.64 ± 0.46 0.118 0.91

BL Sway Lat Med Left 1.10 ± 0.30 1.14 ± 0.32 0.497 0.62

BL Stability Overall Right 6.16 ± 2.79 6.71 ± 2.67 1.018 0.31

BL Stability Ant Post Right 3.87 ± 2.55 4.18 ± 2.70 0.118 0.91

BL Stability Lat Med Right 4.27 ± 2.06 4.62 ± 2.02 0.970 0.33

BL Sway Overall Right 2.28 ± 0.72 2.27 ± 0.67 0.497 0.62

BL Sway Ant Post Right 1.88 ± 0.63 1.90 ± 0.69 0.213 0.83

BL Sway Lat Med Right 1.27 ± 0.44 1.20 ± 0.25 0.355 0.72

SI EOHS 0.92 ± 0.33 1.03 ± 0.37 0.710 0.48

SI ECHS 1.48 ± 0.52 1.67 ± 0.63 1.302 0.19

SI EOSS 1.58 ± 0.53 1.57 ± 0.38 0.118 0.91

SI ECSS 4.70 ± 1.00 4.41 ± 1.22 1.231 0.22

BL: balance; Ant Post: anteroposterior; Lat Med: lateromedial: SI EOHS: sway index eyes open hard surface; SI ECHS: sway index 
eyes closed hard surface; SI EOSS: sway index eyes open soft surface; SI ECSS: sway index eyes closed soft surface.

Discussion
The present study aimed to investigate the impact of 

competitive fatigue from a concentrated competition on 
body composition and functional capacities of youth elite 
handball players. The results indicated that the evaluation 
of vertical jumps and the long-distance maximum speed 
test (i.e., 30 meters) are valid tests for measuring and con-
trolling fatigue in young elite handball players after three 
consecutive days of competition. In addition, the results 
also showed that the regeneration process of the variables 
analyzed in terms of body composition is quickly completed 
in this specific context.

Impact of Competitive Fatigue on Body Composition
Regarding body composition, no significant differenc-

es were observed in overall variables, except for body mass. 
However, the other variables considered for analysis (i.e., 
waist circumference, total body water, intracellular water, 

extracellular water, body fat percentage, fat-free mass, and 
skeletal muscle mass) increased their values, although with-
out statistical significance. Indeed, the literature reinforc-
es that there may be an association between an increase in 
the above-mentioned variables and a significant increase in 
body mass (Martins et al., 2022). First of all, it’s important 
to note that the average daily weight change is around two 
kilograms. Therefore, a statistically significant variation of an 
average of 600 grams may not be clinically significant regard-
ing the biological structures of the players in the sample. Yet, 
body composition is vital since being physically prepared for 
competition has been reported as probably the main element 
reducing players’ susceptibility to fatigue following handball 
matches (Ronglan et al., 2006). Players might thus benefit 
from more targeted high-intensity exercises like sprinting, 
leaping, and more intense eccentric exercises, reducing mi-
nor muscle ruptures following high-intensity activity (Harp-
er et al., 2019).
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Evaluation of Functional Capacities: Jumping and Sprinting
Regarding functional capacities, on average, the players 

significantly increased their lower-body explosive strength 
(countermovement jump and squat jump) from TM1 to TM2. 
Worldwide, researchers and coaching staffs have relied on the 
countermovement jump and squat jump to assess players’ 
lower-body explosive strength levels (Asimakidis et al., 2024; 
França et al., 2022; Molina-López et al., 2020). As expected 
due to the fatigue effect, players decreased their performance 
in both vertical jumping tasks. According to the literature, 
high-intensity actions (i.e., sprints, jumps, and changes of 
directions) are related to lower-body strength capacity (Her-
massi et al., 2017), which might be affected by fatigue levels 
accumulated due to game demands and congested calendars 
(Alba-Jiménez et al., 2022). When objectively interpreting the 
outcomes of our study, a key breakthrough in our research 
was the precise demonstration that evaluating vertical jumps 
can serve as a reliable metric for monitoring fatigue control in 
handball, particularly among young elite players.

Meanwhile, the results of the present study indicate de-
creases in linear sprints and changes in direction perfor-
mance between TM1 and TM2. However, results were only 
statistically significant in the 30 m linear sprint. In that spe-
cific speed test, there was an increase of nearly 0.37 seconds 
in the total running time, corresponding to a decreased per-
formance. Interestingly, the time spent in the 5 m and 10 m 
linear sprints, and t-test have also increased after the com-
petitive period, which should also be related to accumulat-
ed fatigue. Recent investigations have shown that restoring 
the sprint and vertical jump measurements requires 24 to 
72 hours of recovery time to their pre-competitive levels of 
neuromuscular function (Thomas et al., 2018). After a tough 
competition, this function decline may extend for up to four 
days (McLean et al., 2010). In general, these studies high-
light the value of personalized monitoring processes in team 
sports to deploy adequate intervention programs to avoid the 
detrimental effects of fatigue (Alba-Jiménez et al., 2022).

Fatigue Effects on Balance Performance
Finally, although an overall performance decrease from 

TM1 to TM2 was observed in balance variables, the differenc-
es were not statistically significant. To the best of our knowl-
edge, the research on the influence of competitive fatigue 
on young handballers’ balance indices is limited. However, 
the literature has underlined the need to integrate dynamic 
balance processes throughout training sessions. In football, 
it has been suggested that fatigue affects players’ functional 
stability during match play (Greig & Walker-Johnson, 2007). 
Elite football players experience fatigue in the final 15 min 
of each half, which is related to deficits in postural balance 
during that particular match timeframe (Mohr et al., 2005). 
As a result, diminished postural stability may help explain 
why injuries happen around the conclusion of each half of 
the game (Brito et al., 2012). Indeed, introducing balance 
content throughout training sessions may increase move-
ment effectiveness and reduce the risk of injury (Daneshjoo 
et al., 2022).

Study Limitations
Despite its scientific validity, the present study has some 

limitations that should be mentioned. First, the lack of lon-
gitudinal assessment limits comparing the results to pre- and 

post-competition testing sessions. Collecting longitudinal 
data would allow a more extensive analysis of the players’ base-
line characteristics and the short-term effects of congestive 
competitions on body composition and functional capacities. 
Furthermore, the fact that each player’s playing time was not 
one of the variables controlled and taken into account does not 
allow us to differentiate in body and physical terms between 
players with a higher competitive load and those with a low-
er competitive load. Even though the influence of competitive 
fatigue in young handballers is still a scarce topic in the litera-
ture. Still, this study reports novelty findings in exploring ver-
tical jump evaluations as a reliable fatigue monitor and control 
measurement that can be applied in youth elite handballers.

Conclusions
This study demonstrate the validity of using vertical jumps 

as a measure of fatigue after a concentrated competition in 
young handball players. In addition, it was also shown that 
body composition variables were regenerated quickly after the 
competitive period. These results are essential for technical 
staff to understand the type of preparation for these demand-
ing periods of competition and the type of assessments they 
could use to measure their young players’ fatigue. It is also es-
sential to retain these findings and consider them for the pre-
vention and recovery processes of sports injuries and the peri-
od of return to competition. Future studies should follow and 
evaluate the groups evaluated more regularly, especially after 
the competition, so that it is possible to monitor the recovery 
process after competitive fatigue. 
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Abstract

Game analysis based on tactical-technical sports performance provides important information for coaches to pe-
riodize and evaluate team processes more accurately. The aim of this study was to analyze the probabilities of 
success in offensive situations by a Brazilian professional women’s handball team. The method used was a quan-
titative, descriptive and case study approach, which was a professional women’s handball team with national and 
international achievements. Data collection was based on the Handball Observation System, which allowed a total 
of 726 game actions to be evaluated from the two target competitions (world and national), 143 for the Women’s 
Super Globe and 583 for the national handball league. The data was analyzed using the Lince program, which 
helps with video analysis (games from different sports), optimizing data verification, and the SPSS 23.0 software, 
using multinomial regression. The results showed that the team had 10.538 more probabilities of scoring when 
using basic tactical means, compared to 1-on-1 actions (CR = 1.061) and complex tactical means (CR = 1). The 
offensive organization showed greater probabilities (OR = 1.668) of scoring with the full team, in attacks from the 
central area of the court of less than 9 meters (OR = 1.917) and with shots between 21 and 40 minutes (OR = 1.393). 
There were also 7.968 more chances for the opposing goalkeeper to make a save when the team attacked with 
basic tactical means and 2.562 more chances for him to save the shot between 21 and 40 minutes. 
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Introduction
The analysis of tactical-technical sports performance pro-

vides important information for coaches to periodize and 
evaluate team processes accurately. Performance analysis is as-
sociated with evaluating the players’ individual and collective 

performance and its use is a determining factor in improving 
the skills and capabilities offered by sports, as well as the entire 
context of the players’ training process (Collet et al., 2011; Po-
rath et al., 2016; Lamas & Morales, 2022).

The analysis of actions in team and individual sports has 



80�  DOI 10.26773/mjssm.240910

ANALYSIS OF TACTICAL-TECHNICAL ATTACK PERFORMANCE | E. J. DALLEGRAVE ET AL.

grown exponentially in recent years, with several authors (Gre-
haigne et al., 1997; Lamas & Morales, 2022) have addressed the 
contextualization of match observation, performance analysis 
and game analysis. The analysis of possible information about 
the team and players can generate potential data to support 
the coaches’ and managers’ decisions, both in the tactical and 
technical training and in the physical one. This fact is linked 
to the players’ performance level, which in a way allows coach-
es to modify the development of training sessions and tasks 
around the specificity of each player or the team in general 
(Pollard & Reep 1997; Oslin et al., 1998; Menezes & Reis 2010; 
Saad et al., 2013).

Performance analysis seeks to provide information that 
shows the coach the aspects/problems that deserve more at-
tention (technical, tactical, physical or psychological) so that 
they can be solved during the sports training process (Greco & 
Benda, 1998; Prudente et al., 2004; Saad et al., 2013). It is also 
worth noting that, although complex, the task of analyzing a 
match can help identify potentialities or weaknesses, either 
in one’s own team or in the opponent (Matias & Greco, 2009; 
Salles et al., 2017).

Specifically in handball, there are studies that provide data 
on tactical organization patterns (Santos, 2012), analysis of 
the handball game based on the coaches’ opinion (Menezes 
et al., 2015) and the verification of play patterns, according to 
some type of specific position of a given player (Rodríguez & 
Anguera, 2018). Other studies look at the analysis of actions 
that differentiate winning teams from losing ones (Paula et 
al., 2020), as well as analyses that show some type of specif-
ic match actions, such as 2-2 disputes, numerical superiority 
and offensive actions (Sousa et al., 2014; Lozano et al., 2015; 
Lozano et al., 2016; Prudente et al., 2017; Amatria et al., 2020).

Generally speaking, the studies listed have focused on the 
coaches’ perspective of certain situations that take place in a 
match (superiority, 2-2 situations, offensive actions, etc.), with 
the main conclusions being that the play patterns that develop 
offensive actions through the center, with basic tactical means, 
from between 6 and 9 meters, and that present a solid defen-
sive balance during the matches with use of counter-attacks, 
were more successful in terms of team performance.

However, there is a need to broaden the analysis from the 
perspective of a team’s attack since, in this way, certain play 
movements and patterns can be more reliably understood, 
bearing in mind that, although the game has the attack-de-
fense duality, in order to achieve the objective proposed in 
handball, it is necessary to develop attack actions that over-
come the opponent’s defense.

In this context, it is necessary to have a more specific view 
of the performance process, taking into account the offensive 
aspects as the guiding principles of the game, as it is from the 
decision-making developed by the players that the match se-
quence takes place. In view of this, the research aims at ad-
vancing discussions around the process of analyzing tacti-
cal-technical performance factors that assess attack actions in 
handball. Therefore, the objective of this study was to analyze 
the probabilities for success in attack situations for a Brazilian 
professional women’s handball team.

Method
This research is classified as an applied study with a quan-

titative approach, with a descriptive objective and based on a 
case study (Ato et al., 2013).

Data analysis
To analyze the tactical-technical performance factors, 

the Lince program was first used to analyze the videos of 
the target competitions (World Cup and National Handball 
League), which were then exported to an Excel spreadsheet. 
Subsequently, the IBM SPSS® 23.0 for Windows software was 
employed to perform the multinomial regression, adopting a 
5% significance level to interpret the results. Thus, the study 
dependent variable corresponded to the match actions char-
acterized as method: tactical means, offensive organization, 
campogram and attack time. The independent variables were 
the finishing parameters, specifically goal and save by the goal-
keeper.

Inter- and intra-rater statistical analyses were performed, 
which were developed using the Kappa test, which aims to 
determine agreement between two or more groups, seeking 
consistency in the results. The inter-rater analysis of the tac-
tical-technical performance factor analysis form obtained an 
agreement index between the values ​​of 0.81 and 1, thus pre-
senting an ‘almost perfect’ agreement, according to Landis and 
Koch (1977). The intra-rater analysis process was also carried 
out, which was developed by the doctoral student, who ana-
lyzed three games in a period of one week, leaving a gap of 15 
days for analysis, to subsequently analyze the same sessions 
again. As in the inter-rater validation, the process of verifying 
the agreement index was between 0.81 and 1, also obtaining an 
‘almost perfect’ result (LANDIS; KOCH, 1977).

Data collection
Initially, the identification forms for the coaches and play-

ers involved in the research process were filled in. The Na-
tional Women’s Handball League matches were filmed. The 
first phase was played using a group format (home and away 
matches), with the top teams in their respective groups com-
peting in the final phase, concentrated over a five-day period. 
The process to collect information from the team’s matches 
took place using a camera and a tripod. The equipment was 
positioned in the stands in the center of the court, with the 
possibility of turning the camera to the right or left in order 
to follow the ball movements (attack, defense and counter-at-
tack).

The data from the IHF Women’s Super Globe (Club World 
Cup) were taken from digital platforms where the matches are 
available (YouTube and Facebook of the team under study). 
The competition format was elimination and concentrated 
over a 4-day period, starting with the quarter-finals on day 
one, semi-finals on day two, and 3rd and 4th place play-offs 
and the final match on day four.

The information from the footage of the games was tran-
scribed according to the Handball Observation System classi-
fication, where it was possible to analyze the tactical-technical 
performance factors of 726 match actions: 143 for the Wom-
en’s Super Globe and 583 for the National League.

Research context and participants
The study participants were the coaches and players 

of an elite women’s handball team from Brazil. The team 
was chosen on a non-probability-intentional basis (Gui-
marães, 2012), taking into account its prominence on the 
national handball scene, which is relevant when it comes 
to important achievements, as the team has already been 
three-time Brazilian handball champion, South American 
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champion, champion of the Brazilian university games, 
champion of the Brazilian handball cup and ten-time 
champion of the Santa Catarina open, as well as reaching 
the third place in the 2019 World Championship. In addi-
tion to these collective results, the team is notable for the 
number of players called up to the Brazilian national teams 
in the youth and adult categories, with the athlete who won 
the adult women’s handball world championship in 2013 
standing out.

Instruments
At a first instance, identification forms were used for the 

coaches and players, in order to obtain the specific character-
istics of the research participants. In addition, the Handball 
Observation System (Prudente et al., 2004) was used to ana-
lyze tactical-technical performance factors, with the premise 
of evaluating both the offensive and defensive aspects of the 
team.

For this research, it was decided to only use the attack con-
texts, as it is during this process that the main performance 
variables take place and we can obtain patterns for analyzing 
how and in what way the team organizes itself during matches. 
It was therefore necessary to group some of the instrument’s 
variables in an attempt to provide a better understanding of 

the results based on the verification of matches in the Club 
World Cup and National League competitions. Specifically, 
the instrument was organized as follows:

•	Finishing: goal, save by the goalkeeper;
•	Method: counter-attack and organized attack;
•	Tactical means: one-on-one, basic (breaking passes, 

pass and go, successive penetrations), complex (crosses, in-
terchanges, blocking, entry of winger or playmaker as second 
pivot, rehearsed plays, etc.);

•	Offensive organization: complete (six or seven players on 
the court for the attack) and incomplete (less than six players 
for the attack);

•	Attack field: side field, center field -9 meters and center 
field +9 meters;

•	Time: playing time up to 20 minutes, from 21 to 40 min-
utes, and from 41 to 60 minutes.

Results
Table 1 shows the Odds Ratios (ORs) of successful shots, 

according to the tactical-technical performance factors of the 
team under study. It was found that the team had 10.538 more 
probabilities of scoring when using basic tactical means, when 
compared to one-on-one actions (OR = 1.061) and complex 
tactical means (OR = 1). 

Table 1. Odds Ratios of scoring or save by the goalkeeper, according to tactical-technical performance factors

Variables OR 95% Confidence Interval

Finishing - Goal Sig. OR Lower limit Upper limit

Method
Counter-attack 0.128 0.085 0.004 2.026

Organized attack . 1 . .

Tactical means

One on one 0.867 1.061 0.503 2.239

Basic 0.000* 10.538 2.941 37.758

Complex . 1 . .

Offensive 
organization

Complete 0.353 1.668 0.567 4.907

Incomplete . 1 . .

Offensive 
campogram

Side field 0.993 0.996 0.416 2.382

Center field -9m 0.065 1.917 0.960 3.827

Center field +9m . 1 . .

Time

Up to 20 minutes 0.947 1.023 0.532 1.966

From 20 to 40 minutes 0.349 1.393 0.697 2.786

From 40 to 60 minutes . 1 . .

Finishing – Save by the goalkeeper Sig. OR Lower limit Upper limit

Method
Counter-attack 0.605 0.480 0.030 7.739

Organized attack . 1 . .

Tactical means

One on one 0.496 1.349 0.570 3.196

Basic 0.003* 7.968 2.058 30.845

Complex . 1 . .

Offensive 
organization

Complete 0.102 3.994 0.759 21.014

Incomplete . 1 . .

Offensive 
campogram

Side field 0.449 0.705 0.255 1.946

Center field -9m 0.686 1.178 0.532 2.608

Center field +9m . 1 . .

Time

Up to 20 minutes 0.162 1.750 0.798 3.839

From 21 to 40 minutes 0.023* 2.562 1.139 5.761

From 41 to 60 minutes . 1 . .
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With regard to the opposing goalkeeper defense OR, 7.968 
more probabilities were found for the opposing goalkeep-
er when the team attacked with basic tactical means, when 
compared to one-on-one actions and complex tactical means. 
There were 2.562 more probabilities of the opposing goalkeep-
er saving the shots between the times of 21 to 40 minutes, when 
compared to 0 to 20 minutes (1.750) and 41 to 60 minutes (1).

Discussion
The objective of this study was to analyze the probabilities 

success the attack actions of a professional Brazilian wom-
en’s handball team. The data obtained revealed that the team 
under study made both successes and errors when using the 
same tactical means (basic) and attack time in the same pe-
riod (from 21 to 40 minutes). In this scenario, as the priority 
adopted by the team was to attack using basic tactical means 
to break through the opponent’s defensive system, the success 
ORs using this performance factor also corresponded to the 
OR of the errors, as in both attack processes (goal or save by 
the goalkeeper), the variables stood out for shots. A similar sit-
uation was found in attack time, where the team predominant-
ly hit and missed at playing times between 21 and 40 minutes. 
This can be explained by the fact that the team had a higher 
volume of actions during this time of the matches when com-
pared to the initial (up to 20 minutes) and final (41 minutes to 
60 minutes) phases.

These findings reinforce the evidence found with youth 
handball teams (Spanish championship - Martín & Guerrero, 
2009) and adult handball teams (World Championship, Eu-
ropean Championship, Olympic Games – Lozano et al., 2016 
and EHF Champions League - Vaz et al., 2023). These research 
studies found that the most used tactical means were those 
considered basic, whereas more complex actions were only 
used in the first attack sequence.

The studies by Lozano et al., (2016) and Vaz et al. (2023) 
also found that the teams tried to finish their actions between 
6 and 9 meters from the goal, as they found greater success 
probabilities in finishing from that space when compared to 
shots from the side field and from distances greater than 9 me-
ters from the goal. On the other hand, a study by Almeida et al. 
(2020), with men’s teams from the 2007-2019 world champi-
onships, discovered that the Top 8 teams developed more suc-
cessful actions from 9 m and from the extremes, with the latter 
increasing over the years. In a way, the greater success odds at 
the end of an offensive action from situations considered to be 
simpler can be related to the complexity degree of the com-
bined plays, as this more elaborate process can usually lead to 
errors at the time of its deployment, making it more difficult to 
finish the play with a goal (Souza et al., 2014).

When tactical behavior is analyzed during a formal match, 
many elements should be taken into account, and the main 
analysis index must have a direct link to who is on the court. 
In this sense, a study by Rodríguez and Anguera (2018), which 
analyzed the behavior of a Spanish adult team through the 
two central players, found that when one of them was on the 
court, the team was more dynamic, whereas when the other 
central player was playing, the team became more paced and 
organized. In this study, the main factor contributing to this 
difference in the team’s attack behavior was organization of the 
attacks by different tactical means. This is similar to the find-
ings of the current study, as the team had more probabilities of 
scoring when using basic tactical means.

As for the offensive construction process of the team un-
der study, no differences were observed between the OR of the 
play method (counter-attack: OR = 0.085; organized attack: 
OR = 1) in development of the actions during the matches. 
In this sense, it stands out that the team attacked primarily in 
organized offensive actions, refraining from playing at speed 
even when they were numerically equal, inferior or superior. 
This finding differs from the information found in the study 
by Amatria  et  al.  (2020) with teams taking part in the 2016 
World Cup, which showed that the teams’ main attack action, 
especially when they were outnumbered, was unstructured/
standardized counter-attack.

Vaz et al. (2023) also considered that winning teams main-
tain a stable pattern of counter-attack actions during develop-
ment of a match, as well as that they follow a trend of organized 
attacks. This situation shows how important counter-attack is 
for planning a match in handball and reinforces the need for 
a team to develop, improve and execute more offensive tran-
sition actions against its opponents in order to surprise them 
while they are returning to defense.

Studies such as the one by Hernández et al. (2010) have 
emphasized how important counter-attack is in handball, as 
they observed that counter-attack actions are more effective 
at scoring goals than positional play actions. From this per-
spective, Lozano and Camerino (2012) also emphasized that 
counter-attack is the most effective offensive situation when 
faced with any type of opposing defense. Finally, a study by 
Paula et al. (2020), which observed World Championship 
matches between 2007 and 2017 to detect discriminating vari-
ables between winners and losers, found that teams prioritized 
successful defensive behaviors and resorting to counter-attack 
situations.

In general, the results of the team studied based on the ORs 
and the tactical-technical performance factors are similar to 
the findings of other studies in the literature consulted. How-
ever, the data also revealed the need for the team to improve 
and develop counter-attack offensive transition actions when 
they recover the ball, given that some studies have shown the 
benefits of this option for achieving success in offensive ac-
tions.

This reinforces the important role of performance analysis 
in helping coaches and the technical committee of a team to 
develop training tasks based on the guiding parameters indi-
cated. In addition, this type of analysis can help authenticate 
the practical experiences players have during training and for-
mal matches (Teoldo et al., 2015).

Conclusion
The objective of this study was to analyze the probabili-

ties the success in attack situations for a professional Brazilian 
women’s handball team. According to the evidence found, it 
was noticed that the tactical-technical performance factors 
that contributed to the team’s success in attack were, in partic-
ular: 1- Actions of basic tactical means; 2- Shots taken within 
9 m from the goal; 3- Playing time between 21 and 40 minutes.

The study has the potential to analyze tactical-technical 
performance factors in high-level competitions such as the 
Club World Cup and the National League. In this sense, it 
can collaborate with the academic and scientific community 
by presenting results on the process of analyzing performance 
in two significant competitions contested by a team with rec-
ognized success in Brazilian women’s handball. An important 
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contribution to the professional handball coaching communi-
ty is that the findings shed light on the offensive construction 
process of an elite team’s game. This opens new perspectives 
for designing the sports training process and analyzing per-
formance during the season, given that this type of research is 
still scarce at the national level. 

The main limitation of this study concerns the absence 
of complementary qualitative data, as semi-structured inter-
views with the coaching staff, for example, might better con-
textualize the data obtained and justify the tactical-technical 
options adopted by the team under study. 

It is recommended that future research studies use the 
qualitative approach be used to complement the analysis, 
allowing the coaching staff ’s playing philosophy to be iden-
tified in greater detail, as well as other relevant data on deci-
sion-making regarding structuring of the team’s training and 
playing model. The qualitative analysis of the match actions 
can thus provide more comprehensive information on the 
tactical-technical performance of the team and its opponents, 
which can render the sports teaching-learning-training pro-
cess more robust and contextualized to individual and collec-
tive needs and potentialities.
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Whenever possible expand your authors’ affiliations with departments, or some other, specific and lower levels of organization.

2.1.6. Corresponding author

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

2.1.7. Manuscript information

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

2.2. Abstract

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

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

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

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

Abstract

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

2.3. Main Chapters

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

2.3.1. Headings

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

	Table position of the research football team

2.3.2 Ethics

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

2.3.3 Statistics reporting

MJSSM encourages authors to report precise p-values. When possible, quantify findings and present them with appropriate indicators of 
measurement error or uncertainty (such as confidence intervals). Use normal text (i.e., non-capitalized, non-italic) for statistical term “p”.

2.3.4. ‘Acknowledgements’ and ‘Conflict of Interest’ (optional)

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

2.4. References

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

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

2.4.1. References style

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

2.4.2. Examples for Reference citations

One work by one author
	In one study (Reilly, 1997), soccer players…
	In the study by Reilly (1997), soccer players…
	In 1997, Reilly’s study of soccer players…

Works by two authors
	Duffield and Marino (2007) studied…
	In one study (Duffield & Marino, 2007), soccer players…
	In 2007, Duffield and Marino’s study of soccer players…

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

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

Two or more works in the same parenthetical citation: citation of two or more works in the same parentheses should be listed in the 
order they appear in the reference list (i.e., alphabetically); separated by a semi-colon

	Several studies (Bangsbo et al., 2008; Duffield & Marino, 2007; Reilly, 1997) suggest that…
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2.4.3. Examples for Reference list

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

Works by two authors
Duffield, R., & Marino, F. E. (2007). Effects of pre-cooling procedures on intermittent-sprint exercise performance in warm conditions. 

European Journal of Applied Physiology, 100(6), 727–735. https://doi.org/10.1007/s00421-007-0468-x

Works by three to twenty authors
Nepocatych, S., Balilionis, G., & O’Neal, E. K. (2017). Analysis of dietary intake and body composition of female athletes over a 

competitive season. Montenegrin Journal of Sports Science and Medicine, 6(2), 57–65. https://doi.org/10.26773/mjssm.2017.09.008

Works by more than twenty authors
Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A.,… Bangsbo, J. (2003). The yo-yo intermittent recovery 

test: physiological response, reliability, and validity. Medicine & Science in Sports & Exercise, 35(4), 697–705. https://doi.
org/10.1249/01.mss.0000058441.94520.32

Works by group of authors 
NCD-RisC. (2017). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled 

analysis of 2416 population-based measurement studies in 128.9 million children, adolescents, and adults. Lancet, 390(10113), 
2627-2642. https://doi.org/10.1016/s0140-6736(17)32129-3

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

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

Journal article (electronic)
Aarnivala, H., Pokka, T., Soininen, R., Mottonen, M., Harila-Saari, A., & Niinimaki, R. (2020). Trends in age- and sex-adjusted body 

mass index and the prevalence of malnutrition in children with cancer over 42 months after diagnosis: a single-center cohort 
study. European Journal of Pediatrics, 179(1), 91-98. https://doi.org/10.1007/s00431-019-03482-w

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

State University.

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

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

S. Brewer.

Reference to a Facebook profile
Little River Canyon National Preserve (n.d.). Home [Facebook page]. Facebook. Retrieved January 12, 2020 from https://www.

facebook.com/lirinps/

2.5. Tables

All tables should be included in the main manuscript file, each on a separate page right after the Reference section.

Tables should be presented as standard MS Word tables.

Number (Arabic) tables consecutively in the order of their first citation in the text.

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

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

2.5.1. Table heading

Table heading should be written above the table, in Title Case, and without a full stop at the end of the heading. Do not use suffix 
letters (e.g., Table 1a, 1b, 1c); instead, combine the related tables. See example:

	Table 1. Repeated Sprint Time Following Ingestion of Carbohydrate-Electrolyte Beverage

2.5.2. Table sub-heading

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

2.5.3. Table footnotes

Table footnotes should be written below the table.

General notes explain, qualify or provide information about the table as a whole. Put explanations of abbreviations, symbols, etc. 
here. General notes are designated by the word Note (italicized) followed by a period.

	Note. CI: confidence interval; Con: control group; CE: carbohydrate-electrolyte group.

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

	 aOne participant was diagnosed with heat illness and n = 19.bn =20.

Probability notes provide the reader with the results of the texts for statistical significance. Probability notes must be indicated with 
consecutive use of the following symbols: * † ‡ § ¶ || etc.

	*P<0.05,†p<0.01.

2.5.4. Table citation

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

2.6. Figures

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

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

If a figure has been published previously, acknowledge the original source and submit a written permission from the copyright 
holder to reproduce the material. Permission is required irrespective of authorship or publisher except for documents in the public 
domain. If photographs of people are used, either the subjects must not be identifiable or their pictures must be accompanied by 
written permission to use the photograph whenever possible permission for publication should be obtained.
Figures and figure legends should be completely intelligible without reference to the text.

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

Figures should not contain footnotes. All information, including explanations of abbreviations must be present in figure legends. 
Figure legends should be written bellow the figure, in sentence case. See example:

	Figure 1. Changes in accuracy of instep football kick measured before and after fatigued. SR – resting state, SF – state of 
fatigue, *p>0.01, †p>0.05.

2.6.2. Figure citation

All graphic materials should be referred to as Figures in the text. Figures are cited in the text as full words. See example:
	Figure 1
×	 figure 1
×	 Figure 1.
	….exhibit greater variance than the year before (Figure 2). Therefore…
	….as shown in Figures 1 and 3. (citing more figures at once)
	….result has shown (Figures 1-3) that... (citing more figures at once)
	….in our results (Figures 1, 2 and 5)... (citing more figures at once)

2.6.3. Sub-figures

If there is a figure divided in several sub-figures, each sub-figure should be marked with a small letter, starting with a, b, c etc. The 
letter should be marked for each subfigure in a logical and consistent way. See example:

	Figure 1a
	…in Figures 1a and b we can…
	…data represent (Figures 1a-d)…

2.7. Scientific Terminology

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

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

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

Percentage Degrees
All other units of 

measure
Ratios Decimal numbers

	10% 	10º 	10 kg 	12:2 	0.056

×	10 % ×	10 º ×	10kg ×	12 : 2 ×	.056

Signs should be placed immediately preceding the relevant number.

	45±3.4 	p<0.01 	males >30 years of age

×	45 ± 3.4 ×	p < 0.01 ×	males > 30 years of age

2.8. Latin Names

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

	First time appearing: musculus biceps brachii
	Abbreviated: m. biceps brachii
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Founded in 2003 in Podgorica (Montenegro), the Mon-
tenegrin Sports Academy (MSA) is a sports scientific society 
dedicated to the collection, generation and dissemination of 
scientific knowledge at the Montenegrin level and beyond.

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

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

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

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

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

 It is our great pleasure to announce the upcoming 22th Annu-
al Scientific Conference of Montenegrin Sports Academy “Sport, 
Physical Activity and Health: Contemporary Perspectives” to be 
held in Dubrovnik, Croatia, from 3 to 6 April, 2025. It is planned 
to be once again organized by the Montenegrin Sports Academy, 
in cooperation with the Faculty of Sport and Physical Education, 
University of Montenegro and other international partner institu-
tions (specified in the partner section).

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

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

MONTENEGRIN SPORTS ACADEMY 
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