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Dear Readers

It is our pleasure to present the new issue of the Montenegrin Journal of Sports Science and Medicine. This 
issue brings together a diverse collection of original research papers that reflect the broad and multidisciplinary 
nature of contemporary sport science.

The studies included in this issue address a wide range of relevant topics. They explore the relationship between 
muscle and tendon characteristics and sprint performance, the development of scientific research in handball, 
physiological responses to resistance training, and the validity of portable technologies used for performance 
assessment. Other contributions examine training load and sprint performance in football, the role of the 
school environment in the development of physical fitness, and the physical demands placed on referees in 
cerebral palsy football. The issue also highlights important educational and social aspects of sport through 
research on team teaching in physical education and legal anti-doping literacy. Finally, the physical factors 
associated with sprint performance in female football players are examined across different competitive levels.
Together, these papers demonstrate the variety of questions currently being addressed in sport science, from 
laboratory measurements and athletic performance to education, regulation, and practical applications in 
sport.

We would like to express our sincere gratitude to all authors who selected our journal as a platform for presenting 
their research. Their commitment and high-quality work are essential to the continued development of the 
journal. We are equally grateful to our reviewers, whose time, expertise, and thoughtful comments play an 
important role in maintaining the scientific quality of every paper we publish.

We hope that our readers will find this issue informative, useful, and inspiring, and that the published studies 
will encourage further research and discussion within the international sport science community.

We would also like to take this opportunity to invite our readers, authors, reviewers, and colleagues to join us at 
the upcoming Montenegrin Sports Academy Conference which will be held in Budva, Montenegro, 8-11 April 
2027. The conference is an excellent opportunity to present new research, exchange ideas, meet colleagues 
from different countries, and strengthen cooperation within the international sport science community. We 
would be delighted to welcome you to Montenegro and to share another inspiring scientific gathering together. 
More information about the conference is available at: https://csakademija.me/conference/

Editors-in-Chief
Professor Duško Bjelica
Professor Damir Sekulić
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Montenegrin Journal of Sports Science and Medicine 
Expands Publication Capacity from 2027

We are pleased to announce an important development in the continued 
growth of the Montenegrin Journal of Sports Science and Medicine 
(MJSSM).

Beginning in 2027, MJSSM will increase the number of articles 
published in each issue from 10 to 15. As the journal publishes two 
issues annually, this will increase our annual publication capacity from 
20 to 30 articles.
This decision reflects the growing interest of researchers in publishing 
their work in MJSSM, as well as the increasing number of high-quality 
manuscripts submitted to the journal. The expansion will allow us to 
make a greater number of valuable studies available to our readers and 
the wider scientific community.

Our commitment to scientific quality, however, remains unchanged. All 
manuscripts will continue to undergo the journal’s established editorial 
evaluation and peer-review procedures, with the same standards of 
scientific relevance, methodological quality, originality, and research 
integrity.

We see this development as another important step in the evolution of MJSSM and as a reflection of the trust 
placed in the journal by authors, reviewers, readers, and the international scientific community.

We sincerely thank our authors, reviewers, and Editorial Board members for their continued contribution to 
the journal’s development and look forward to this new stage in 2027.

Editorial Team
Montenegrin Journal of Sports Science and Medicine



 DOI 10.26773/mjssm.260901� 5

Received: 11 September 2025 | Accepted after revision: 02 March 2026 | Early access publication date: 01 April 2026 | Final publication date: 15 September 2026

© 2026 by the author(s). License MSA, Podgorica, Montenegro. This article is an open access article distributed under the terms and conditions of 
the Creative Commons Attribution (CC BY).

Conflict of interest: None declared.

Myotonometric Assessment of Achilles Tendon 
and Gastrocnemius Stiffness in Recreationally 
Active Young Adults: Reliability, Impact of Sex, 
and Links to Linear Sprint
Matic Sašek1, Petra Brnelić1, Žiga Kozinc1,2

Affiliations: 1University of Primorska, Faculty of Health Sciences, Izola, Slovenia, 2Ludwig Boltzmann Institute for Rehabilitation Research, A-1140 
Vienna, Austria 

Correspondence:  Žiga Kozinc. University of Primorska, Faculty of Health Sciences, Livade 6, 6310, Izola, Slovenia. E-mail: ziga.kozinc@fvz.upr.si

 
Abstract

This study examined the relationship between passive Achilles tendon (AT) and gastrocnemius (GAS) stiffness, 
measured by myotonometry, and 40-m sprint performance across acceleration and maximal velocity phases, while 
accounting for sex differences. Twenty-one student athletes (10 males, 11 females) underwent bilateral passive stiff-
ness assessments of the AT and GAS using MyotonPRO, followed by 40-m sprint testing with 10, 20, 30, and 40 m 
splits. Reliability was assessed using the intraclass correlation coefficient (ICC) and coefficient of variation (CV). Sex 
differences were examined with independent t-tests. Partial correlations controlling for sex were used to assess 
associations between passive stiffness and sprint performance. Passive stiffness and sprint variables demonstrated 
excellent within-session reliability (ICC = 0.95–0.99; CV < 5%). Males showed significantly greater passive GAS stiff-
ness bilaterally (p = 0.006–0.049) and faster sprint times at 30 m (p = 0.040) and 40 m (p < 0.001), while passive AT 
stiffness did not differ significantly between sexes. Partial correlations indicated that greater passive AT stiffness in 
both legs was associated with faster sprint times at 10 m (r = -0.46 and -0.58, p = 0.008 and 0.043) and 20 m (r = -0.49 
and -0.58, p = 0.008 and 0.029). No associations were observed at 30 m or 40 m, nor between passive GAS stiffness 
and sprint performance. Myotonometry provides reliable measures of AT and GAS stiffness. Greater passive AT stiff-
ness is associated with faster acceleration sprint performance independent of sex. 

Keywords: Achilles tendon; gastrocnemius; stiffness; myotonometry; sprint performance; sex differences

Cite this article: Sašek, M., Brnelić, P., Kozinc, Ž. (2026) Myotonometric Assessment of Achilles Tendon and 
Gastrocnemius Stiffness in Recreationally Active Young Adults: Reliability, Impact of Sex, and Links to Linear Sprint. 
Montenegrin Journal of Sports Science and Medicine, 22 (2), 5–10. https://doi.org/10.26773/mjssm.260901 

ORIGINAL SCIENTIFIC PAPER

@MJSSMontenegro
ACHILLES STIFFNESS AND SPRINT PERFORMANCE
http://mjssm.me/?sekcija=article&artid=316

Introduction
The plantar flexor muscle-tendon unit (MTU), combining 

the triceps surae muscles and Achilles tendon (AT), plays a 

central role in ensuring efficient force transmission and body 
propulsion during all phases of linear sprinting. Its contribu-
tion begins at the start of the sprint, with the highest muscle 
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activity occurring in the final phase of the push-off (Mero 
& Komi, 1990), during which plantar flexor MTU transfers 
power generated in the proximal joints to the ground and 
simultaneously generates force. A high force-producing ca-
pacity of the plantar flexor muscles is therefore particularly 
desirable when the goal is a fast start (Crotty et al., 2024). Af-
ter the initiation of the sprint, the acceleration phase aims to 
increase the forward momentum of the body’s centre of mass. 
Previous research has shown that a significant portion of this 
momentum is provided by the plantar flexor MTU (Macchi 
et al., 2025), with the gastrocnemius muscle (GAS) serving as 
the primary propulsor (Pandy et al., 2021). Due to changing 
biomechanical demands, the role of the plantar flexor MTU 
shifts during the acceleration phase and takes on a very spe-
cific role during the maximum velocity phase  (Willer et al., 
2024). In this phase, shorter ground contact times and high-
er vertical ground reaction forces require the plantar flexor 
MTU to act more as an energy absorber and transmitter 
(Crotty et al., 2024). Its primary role is to efficiently absorb 
energy during the initial stance phase (eccentric or decel-
erating) and then transfer it during the later stance phase 
(concentric or propulsive) to maintain maximum sprinting 
velocity for as long as possible (Willer et al., 2024).

Several plantar flexor MTU characteristics have been 
identified as factors contributing to linear sprint perfor-
mance, including greater specific strength, a higher propor-
tion of fast-twitch fibre types, a smaller pennation angle, 
longer fascicles, and optimal muscle volume (Crotty et al., 
2024). In addition, MTU stiffness, defined as “the ability of a 
muscle or tendon to resist deformation in response to the ap-
plication of force” (Latash & Zatsiorsky, 1993), has attracted 
particular attention in recent decades. Increased stiffness of 
the AT and triceps surae is desirable for explosive contrac-
tions such as the sprint start and allows for more efficient 
use of the stretch-shortening cycle by improving force trans-
mission and minimising energy loss, thus enhancing sprint 
performance (Bojsen-Møller et al., 2005; Mero et al., 1992). 
This is supported by studies showing that sprinters with 
stiffer GAS perform better in the 100 m sprint [9] and have 
higher AT stiffness than endurance runners (Arampatzis et 
al., 2007). Therefore, plantar flexor MTU stiffness appears to 
be an important factor in sports where sprinting speed is of 
particular importance.

Despite its relevance to speed, stiffness is rarely measured 
in practice as standard procedures are based on expensive 
and time-consuming ultrasound assessments (Pinel et al., 
2021; Yamazaki et al., 2022). In recent years, myotonometry 
has become established as a practical alternative. This meth-
od assesses palpable muscle and tendon stiffness by recording 
the magnitude of radial tissue displacement in response to a 
perpendicularly applied mechanical impulse from the device 
(i.e., the myotonometer) (McGowen et al., 2023). Compared 
to conventional methods, myotonometry is faster and more 
accessible. Moreover, several studies have confirmed its reli-
ability and validity for the assessment of AT and GAS stiff-
ness (Pruyn et al., 2016; Schneebeli et al., 2020; Taş & Salkın, 
2019; Volesky et al., 2025). However, there is limited evidence 
on the relationship between plantar flexor stiffness measured 
by myotonometry and linear sprint performance, which lim-
its its application in an athletic performance context.

To address this gap, the present study investigated the re-
lationship between AT and GAS stiffness, measured by myo-

tonometry, and 40 m sprint performance. Given previous 
reports of sex-related differences in triceps surae and tendon 
properties (Taş & Salkın, 2019)[15], and the fact that sprint 
performance also differs between men and women, we addi-
tionally investigated sex differences and whether these rela-
tionships persist when controlling for sex. We hypothesised 
that males would demonstrate greater AT and GAS stiffness 
and faster sprint performance compared with females, and 
that greater AT and GAS stiffness would be associated with 
faster sprint performance across all phases.

Materials and methods
Design and Participants

A cross-sectional study with two visits was conducted. 
At the first visit the stiffness of the AT, and the medial and 
lateral part of the GAS (GASM and GASL, respectively) was 
assessed. The second visit included 40-m sprints and the as-
sessment of 10-, 20-, 30- and 40-metre split times.

Ten male (23.3 ± 1.3 years; 180.9 ± 6.9 cm body height, 
and 82.9 ± 3.5 kg body mass) and 11 female (23.5 ± 1.6 years; 
166.5 ± 5.4 cm body height, and 61.1 ± 6.5 kg body mass) 
student athletes volunteered to participate in the study (21 
participants in total). They were classified as Tier 2 individ-
uals, who train to compete in different sports at local-level 
approximately 3 times per week (McKay et al., 2022). Only 
participants that were free of acute or chronic lower limb in-
juries, musculoskeletal disorders, or other health limitations 
in the previous six months were included in the procedures. 
Participants were instructed to refrain from strenuous phys-
ical activity for at least 24 h prior to each testing session. Par-
ticipants were informed about the procedures and gave in-
formed consent to participate in the study. The methods and 
interventions were reviewed and approved by the University 
of Primorska's Commission for Ethics in Human Subjects 
Research (approval number: 4264-19-6/23).

Muscle and Tendon Stiffness Assessment
Stiffness was assessed by the same investigator using a 

non-invasive handheld myotonometer (MyotonPRO, Myo-
ton AS, Estonia), which quantifies the mechanical proper-
ties of palpable soft tissue. The MyotonPRO delivers a short 
mechanical impulse to the tissue, which causes a natural, 
damped oscillation. The resistance of the tissue to this de-
formation, known as stiffness, is calculated from the result-
ing acceleration curve. Specifically, the tissue stiffness (ex-
pressed in N·m-1) is calculated by multiplying the maximum 
acceleration of the oscillation waveform by the mass of the 
probe and dividing by the maximum displacement of the tis-
sue. Higher values therefore indicate a greater stiffness of the 
tissue (Schneider et al., 2015).

The AS and GAS stiffness of the left and right leg was 
assessed under passive conditions, with the order of leg 
testing randomized between participants. Throughout the 
manuscript, stiffness assessed under these conditions is re-
ferred to as “passive stiffness”. Participants were barefoot and 
lay prone on a table. The knees were extended, the ankles 
relaxed, and hanging slightly over the edge to maintain a 
neutral foot position. They were instructed to remain com-
pletely relaxed to minimise active muscle contraction. Mea-
surements were performed on GASM, GASL and AT (Figure 
1). GAS passive stiffness was measured at the centre of the 
muscle belly (i.e., one third of the distance between the me-
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dial femoral condyle and the lateral malleolus and between 
the lateral femoral condyle and the medial malleolus, respec-
tively). AT passive stiffness was measured 2 cm proximal to 
the superior aspect of the calcaneus (Taş & Salkın, 2019). 
The MyotonPRO probe was placed perpendicular to the tis-
sue surface, and each site was measured with five mechan-
ical impulses. If the variation between five pulses exceeded 
8%, the measurement was repeated. Each site and leg were 
measured three times and the mean value was used for sub-
sequent analysis.

Linear Sprint Performance Testing
To assess sprint performance, three linear 40-m sprints 

were performed in an athletics stadium under dry windless 
environmental conditions. Prior to the test, a standardised 
warm-up was performed, including 10 minutes of jogging 
and dynamic stretching, 10 repetitions of squats, push-ups, 
crunches, and vertical jumps, followed by two submaximal 

40-m sprint trials. Three maximal sprint attempts were then 
performed with at least three-minute breaks in between. The 
distances of 10 m, 20 m, 30 m, and 40 m were precisely deter-
mined using a GWM 32 measuring tape (Bosch, Gerlingen, 
Germany) and marked with cones. A pair of single-beam la-
ser timing gates (Brower, TCi-System B13283, Utah, USA) 
were positioned at the start and at each marked distance 
to ensure accurate timing. The first set of timing gates was 
placed 0.5 metres in front of the start line to prevent pre-
mature triggering of the start (Haugen & Buchheit, 2016). 
The start line was marked with the tape to standardise the 
start position in the two-point stance. The split times at dis-
tances 0–10 m (T10), 0–20 m (T20), 0–30 m (T30), and 0–40 
m (T40) of the fastest 40 m sprint were recorded. Analysing 
the sprint performance over the 40 m distance made it pos-
sible to evaluate the phases of early acceleration (T10), late 
acceleration (T20), and maximum velocity (T30 and T40) of 
the linear sprint.

Figure 1. Myotonometry assessment (a) and anatomical measurement sites (b) for 
passive stiffness of the gastrocnemius muscle (GASL, GASM) and Achilles tendon (AT). 

Statistical Analysis
The statistical analysis was performed with IBM SPSS 

Statistics (version 26). The descriptive data of the outcome 
variables are presented as mean ± standard deviation (SD). 
To assess the relative and absolute reliability of the outcome 
variables, the intraclass correlation coefficient (ICC; model 
2.1) and the coefficient of variation (CV; as SD divided by 
mean and multiplied by 100) were calculated with 95% con-
fidence intervals. The Shapiro-Wilk test was used to assess 
the normal distribution of the variables, whereas linearity 
and homoscedasticity were assessed via scatterplots. Dif-
ferences between men and women were analysed using an 
independent samples t-test, with Levene’s test used to check 
the assumption of homogeneity of variances between the 
sexes. To control for the influence of sex on the relation-
ships between GASM, GASL, AT passive stiffness, and linear 
sprint split times, partial correlations were calculated. The 
correlations were interpreted as negligible (r < 0.1), weak 
(r = 0.1–0.4), moderate (r = 0.4–0.7), strong (r = 0.7–0.9) 

and very strong (r = 0.9) according to Akoglu (2018). All 
statistical tests were two-tailed, and statistical significance 
was set at p < 0.05.

Results
Table 1 presents the descriptive statistics and within-ses-

sion reliability for passive stiffness and linear sprint perfor-
mance variables. The ICC and CV confirmed excellent rel-
ative (95% CI lower bound ≥ 0.89) and absolute reliability 
(95% CI upper bound ≤ 5.49%) across all outcome variables.

Sex comparisons are presented in Table 2. Men demon-
strated significantly higher passive stiffness of the GASL and 
GASM on both legs (p = 0.006–0.049). No significant differ-
ences were observed in AT passive stiffness, although val-
ues tended to be higher in men (p = 0.106–0.211). In sprint 
performance, men were significantly faster in the maximum 
velocity phase (T30: p = 0.040; T40: p < 0.001), whereas differ-
ences in early and late acceleration did not reach statistical 
significance (T10: p = 0.099; T20: p = 0.085).
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Partial correlations between passive stiffness and linear 
sprint performance are shown in Table 3. Significant mod-
erate negative correlations were found between left AT pas-
sive stiffness and both T10 (r = -0.58; p = 0.008), and T20 (r 
= -0.58; p = 0.008). Similarly, significant moderate negative 
correlations were observed between right AT passive stiff-

ness and T10 (r = -0.46; p = 0.043) and T20 (r = -0.49; p = 
0.029). Correlations between AT passive stiffness and sprint 
performance during the maximum velocity phase were 
weaker and not significant. Moreover, no significant cor-
relations were observed between GAS passive stiffness and 
sprint performance.

Table 2. Results of a t-test comparing outcomes between male and female athletes.

Variable Female 
(n = 11)

Male 
(n = 10)

t-test

t p

Left GASL stiffness (N·m-1) 262.5 ± 44.2 347.9 ± 81.5 -3.02 0.007

Left GASM stiffness (N·m-1) 247.5 ± 42.5 326.2 ± 72.8 -3.07 0.006

Left AT stiffness (N·m-1) 919.6 ± 131.2 1007 ± 176.4 -1.30 0.211

Right GASL stiffness (N·m-1) 268.4 ± 62.4 353.8 ± 94.1 -2.47 0.023

Right GASM stiffness (N·m-1) 259.1 ± 60.1 324.7 ± 82.0 -2.11 0.049

Right AT stiffness (N·m-1) 856.9 ± 99.4 983.4 ± 224.9 -1.70 0.106

T10 (s) 2.24 ± 0.33 2.03 ± 0.21 1.74 0.099

T20 (s) 3.51 ± 0.18 3.34 ± 0.25 1.81 0.085

T30 (s) 4.90 ± 0.31 4.59 ± 0.32 2.21 0.040

T40 (s) 6.35 ± 0.35 5.72 ± 0.26 4.57 <0.001

Note. p-values reported in the table are not adjusted for multiple testing across variables. GASL: lateral gastrocnemius; 
GASM: medial gastrocnemius; AT: Achilles tendon; T10: 0 to 10 m split time; T20: 0 to 20 m split time; T30: 0 to 30 m split time; 

T40: 0 to 40 m split time; N: Newtons; m: meters; s: seconds.

Table 1. Descriptive statistics of each repetition and the results of relative and absolute within-session reliability for 
the outcome variables on total sample.

Variable Rep 1 Rep 2 Rep 3 ICC (95 CI) CV in % (95 CI)

Left GASL stiffness (N·m-1) 300.7 ± 77.2 304.9 ± 78.1 304 ± 75.3 0.99 (0.99, 1.00) 2.19 (1.76, 2.92)

Left GASM stiffness (N·m-1) 285.4 ± 69.9 285.1 ± 70.5 284.4 ± 70.2 0.99 (0.99, 1.00) 2.11 (1.69, 2.81)

Left AT stiffness (N·m-1) 949 ± 145.7 967.4 ± 167.2 967.3 ± 167.6 0.95 (0.89, 0.98) 4.12 (3.31, 5.49)

Right GASL stiffness (N·m-1) 307 ± 90.6 310.1 ± 88.8 310.0 ± 87.0 0.99 (0.98, 1.00) 2.91 (2.34, 3.88)

Right GASM stiffness (N·m-1) 290 ± 74.2 290.3 ± 77.4 290.8 ± 80.5 0.99 (0.99, 1.00) 2.26 (1.82, 3.02)

Right AT stiffness (N·m-1) 915.9 ± 177.5 917.1 ± 178 918.4 ± 183.6 0.98 (0.96, 0.99) 2.82 (2.27, 3.76)

T10 (s) 2.13 ± 0.3 2.14 ± 0.3 2.15 ± 0.3 0.97 (0.94, 0.99) 2.52 (2.03, 3.37)

T20 (s) 3.43 ± 0.23 3.42 ± 0.23 3.45 ± 0.25 0.95 (0.89, 0.98) 1.70 (1.37, 2.27)

T30 (s) 4.74 ± 0.34 4.76 ± 0.35 4.76 ± 0.35 0.98 (0.96, 0.99) 1.00 (0.80, 1.33)

T40 (s) 6.06 ± 0.44 6.04 ± 0.45 6.05 ± 0.45 0.99 (0.97, 0.99) 0.93 (0.74, 1.23)

Note. GASL: lateral gastrocnemius; GASM: medial gastrocnemius; AT: Achilles tendon; T10: 0 to 10 m split time; T20: 0 to 20 m split time; 
T30: 0 to 30 m split time; T40: 0 to 40 m split time; N: Newtons; m: meters; s: seconds; ICC: intraclass correlation coefficient; 95CI = 95 % 

confidence interval; CV = coefficient of variation.

Table 3. Correlation between stiffness and linear sprint performance variables.

Left leg Right leg

GASL GASM AT GASL GASM AT

T10 -0.12 (-0.58, 0.25) -0.11 (-0.51, 0.34) -0.58 (-0.81, -0.19)** 0.06 (-0.39, 0.48) -0.12 (-0.52, 0.33) -0.46 (-0.74, -0.03)*

T20 -0.09 (-0.50, 0.35) 0.03 (-0.41, 0.45) -0.58 (-0.81, -0.19)** 0.08 (-0.36, 0.50) 0.01 (-0.42, 0.44) -0.49 (-0.76, -0.07)*

T30 -0.10 (-0.51, 0.35) -0.02 (-0.45, 0.42) -0.37 (-0.69, 0.08) -0.01 (-0.44, 0.42) -0.05 (-0.47, 0.39) -0.40 (-0.71, 0.04)

T40 0.08 (-0.37, 0.49) 0.17 (-0.29, 0.56) -0.25 (-0.61, 0.21) 0.18 (-0.27, 0.57) 0.14 (-0.31, 0.54) -0.13 (-0.53, 0.32)

Note. Values are partial correlation coefficients with 95 % confidence intervals controlling for sex. GASL: lateral gastrocnemius; GASM: medial 
gastrocnemius; AT: Achilles tendon; T10: 0 to 10 m split time; T20: 0 to 20 m split time; T30: 0 to 30 m split time; T40: 0 to 40 m split time. * p < 0.05, ** p < 0.01

Discussion
The present study investigated the reliability of myoto-

nometry to assess plantar flexor MTU passive stiffness, sex 
differences in GAS and AT passive stiffness, and their rela-
tionship with linear sprint performance. The main findings 

were that (i) myotonometry showed excellent within-session 
reliability for both GAS and AT passive stiffness, (ii) males 
had greater GAS passive stiffness, while no sex differences 
were observed for AT passive stiffness, and (iii) after con-
trolling for sex, greater AT passive stiffness was significant-
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ly correlated with faster performance in the early and late 
acceleration phases (10 and 20 m), but not in the maximal 
speed phase of the sprint.

Our results showed excellent relative and absolute reliabil-
ity (ICC = 0.95–0.99; CV < 5%), confirming previous studies 
that reported excellent within-session reliability of myoto-
nometry to quantify passive stiffness of left and right leg AT 
and GAS (McGowen et al., 2023). This emphasises the appli-
cability of the method in sports practice as a viable alternative 
to ultrasound-based examinations, which are often costly and 
time-consuming.

Passive stiffness in our sample was similar to previously 
reported values, with GAS for females and males of ~240 to 
270 and ~320 to 360 N·m-1 , respectively, and AT of ~850 to 
900 and ~850 to 1000 N·m-1 , respectively (Pruyn et al., 2016; 
Schneebeli et al., 2020; Volesky et al., 2025). We found that 
males exhibited significantly higher GASL and GASM passive 
stiffness, whereas AT passive stiffness did not differ signifi-
cantly between sexes. This is in partial agreement with previ-
ous work by Taş and Salkin (Taş & Salkın, 2019), who reported 
sex-specific differences in GAS and also AT passive stiffness. 
The lack of significant differences in AT stiffness in our sam-
ple may be explained by the relatively small sample size or the 
heterogeneous athletic background of the participants. None-
theless, the significant differences in GAS passive stiffness and 
sprint performance emphasise the importance of considering 
sex as a confounding factor when examining stiffness using 
myotonometry. Furthermore, as males showed higher AT 
passive stiffness and also faster sprint performance, it could 
be hypothesised that the specific mechanical properties of 
the plantar flexor MTU are partly responsible for the already 
known differences in linear sprint performance between sexes 
(Galantine et al., 2023).

Taking sex into account, AT but not GAS passive stiffness, 
was associated with T10 and T20. In particular, the early and 
late sprint acceleration phases were associated with higher AT 
passive stiffness, which is consistent with the biomechanical 
role of the AT as a key structure for efficient force transmission 
and energy storage-return during explosive push-off actions 
(Monte & Zamparoi, 2019). During the steps of the acceler-
ation phase, a change in length of the plantar flexor MTU is 
primarily due to the changes in length of the soleus and GAS 
muscle fascicles (Lai et al., 2016), which may require a stiff-
er AT to enable efficient force transmission within the MTU. 
However, at higher sprint velocities, the change in muscle fas-
cicle lengths of the plantar flexors is minimal (Lai et al., 2016), 
forcing the muscles to contract under lower velocity, which 
is biomechanically more optimal for generating high vertical 
ground reaction forces (Farris & Sawicki, 2011; Weyand et al., 
2000). Thus, most of the change in MTU length of the plantar 
flexors is related to the change in AT, such that it must act as a 
more compliant spring, to utilise elastic strain energy (Kubo et 
al., 2011; Lichtwark & Wilson, 2007). The specificity of the as-
sociations with the acceleration phase in our study emphasises 
the functional importance of AT stiffness for sprint accelera-
tion and not for maximal sprint velocity. However, it should be 
emphasised that this interpretation is speculative and cannot 
be directly inferred from the present cross-sectional results, 
therefore, further studies are needed to clarify whether a stiff-
er or more compliant AT is more desirable for sprint perfor-
mance across distinct sprint phases.

From a practical perspective, this study provides several 

important applications. Firstly, myotonometry provides a re-
liable field-ready tool for monitoring tendon and muscle pas-
sive stiffness in athletes. For this purpose, it could be used to 
assess the mechanical properties of the plantar flexor MTU in 
the field, especially in sports where sprint performance plays a 
crucial role. Secondly, as higher AT passive stiffness has been 
associated with better acceleration performance, practitioners 
might consider utilising training modalities known to improve 
it, such as plyometric training (Ramírez et al., 2022), eccentric 
loading, or heavy resistance (Geremia et al., 2018) training. 
Given the observed sex differences in GAS passive stiffness 
and sprint performance, practitioners and researchers should 
consider sex when assessing athletes.

The results of this study should be interpreted with several 
limitations in mind. Firstly, the relatively small and heteroge-
neous sample of Tier 2 student athletes (McKay et al., 2022) 
limits the generalisability of the results to elite athletes and 
those active in sports disciplines with a high sprint density. 
Secondly, the cross-sectional design prevents causal conclu-
sions from the results of our study. Third, only passive stiffness 
was measured, whereas stiffness during active muscle contrac-
tions could provide more biologically valid insights. To ad-
dress these gaps, we suggest that future studies examine larger, 
more homogeneous samples, include elite-level athletes, and 
use a longitudinal design to determine whether exercise-in-
duced changes in AT stiffness measured by myotonometry 
directly improve sprint performance.

Conclusion
Myotonometry is a reliable method for assessing AT and 

GAS passive stiffness in Tier 2 athletes (McKay et al., 2022). 
Regardless of sex, higher AT passive stiffness is associated 
with faster 10 and 20 m sprint performance, emphasising its 
functional importance for sprint acceleration. These findings 
support the use of AT passive stiffness in monitoring athletes 
and emphasise the potential value of stiffness-focused training 
interventions for sprint acceleration development.
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Abstract

The objectives of this study were: (i) to analyze the evolution in the number of articles published on handball 
and the citations received; (ii) to determine whether there is a relationship between scientific production 
and the number of medals won in the Olympic Games and World Championships; (iii) to identify the re-
search topics with the highest publication rates in handball; and finally, (iv) to identify the most cited arti-
cles, as well as the journals and countries that published the most on handball. Articles published between 
January 1, 1980, and December 31, 2024, were retrieved from the Web of Science Core Collection database. 
For each article, the following information was analyzed: authors; journal (year, volume, issue, pages, DOI); 
institution and country; funding agency; number of citations; and research topic. Absolute values and per-
centages were presented for articles and citations per year. Regression analyses calculated the coefficients 
of determination for the relationships between the number of articles and year, citations and year, and med-
als and publications by country. A total of 1,412 articles were analyzed. Significant relationships were found 
between year and number of articles (R²=0.6625, p<0.001), year and citations (R²=0.6697, p<0.001), and 
publications and medals by country (R²=0.1575, p<0.01). The four countries that published the most articles 
were Spain, Germany, Norway, and Brazil. The main research topics were physical capacities – measure-
ments, injuries and sports medicine, and physiological responses and adaptation (training programs). Five 
journals accounted for 19% of all publications. 
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Introduction
Team handball is a dynamic, high-intensity team sport 

that combines technical skill, tactical awareness, and physi-
cal fitness. Originating in Northern Europe in the early 20th 
century, it evolved from an outdoor 11-a-side game to the 
modern 7-a-side indoor version (Saavedra, 2018), it is the 
youngest of the major team sports (Constanti et al., 2008). It 
has been part of the Olympic Games since 1972 for men and 
1976 for women, Considering the multifaceted nature of the 
sport, handball performance is influenced by a wide range of 
factors, including anthropometric characteristics, coordina-
tion, strength, endurance, nutrition, cognitive abilities, tacti-
cal understanding, social dynamics, and external conditions 
(Wagner et al., 2014). In recent decades, rule changes, such 
as faster restarts and goalkeeper substitutions—have made 
the game faster and more spectator-friendly (Þorgeirsson et 
al., 2022b). The popularity of this sport and its participation 
have been increasing, going from around 19 million players 
(International Handball Federation, 2014) to approximate-
ly 30 million, with 211 national federations and more than 
28,000 clubs (IHF, 2025).

Bibliometric studies are systematic analyses of scientific 
literature aimed at identifying patterns, trends, and impacts 
within a specific field (Passas, 2024). In addition, bibliomet-
rics serves descriptive, evaluative, and monitoring purposes 
in the analysis of research activity. Furthermore, bibliomet-
ric studies have practical applications in policy-making, re-
source allocation, and strategic planning. They support evi-
dence-based decisions in research management, help guide 
the development of science and technology policies, and are 
essential for evaluating the progress and impact of research 
initiatives (Salinas-Ríos, & García-López, 2022). In the field 
of sports science, bibliometric studies have proliferated in 
recent years, either focusing on specific aspects such as the 
relative age effect (Bilgiç & Işın, 2002) or small-sided games 
(Endriani et al., 2024), or on specific sports such as adapted 
sport (Liu et al., 2022), judo (Rahmawati et al., 2024), squash 
(Liu et al., 2025), swimming (Morais et al., 2024), tennis 
(Kumar & Das, 2024) or volleyball (da Silva et al., 2023). 
Moreover, some research has conducted bibliometric anal-
yses comparing Olympic sports (Millet et al., 2021). In that 
study, football was the sport with the highest number of cita-
tions, while the summer Olympic sports with the fewest cita-
tions included mountain biking, archery, diving, trampoline, 
and skateboarding. Among the six research topics analyzed 
(Physiology, Performance, Injuries – Medicine, Biomechan-
ics – Equipment, Psychology, and Training and Testing), the 
first three were the most extensively studied. However, their 
distribution varied depending on the sport in question (Mil-
let et al., 2021).

In relation to handball, the first bibliometric analy-
sis (Prieto et al., 2015) examined publications up to 2012, 
identifying 373 articles indexed in the Web of Science and 
PubMed databases, with an increase in the number of pub-
lications between 2010 and 2012. The most frequently pub-
lished disciplines were: (i) injuries (26.54%), (ii) physical 
capacities and conditions (17.96%), and (iii) physiological 
variables measurement (12.87%). Subsequently, another 
study that analyzed articles published between 2013 and 
2018 in PubMed found that physical capacities and condi-
tions was the most studied topic (19.14%) (Saavedra, 2018). 
A more recent study that analyzed articles published up to 

2018 using the Web of Science database found 1,727 records, 
showing a significant increase in research related to hand-
ball (Pardo-Ibáñez et al., 2020) Although the research topics 
were not analyzed, the keywords used were examined, with 
the most frequent being handball (3.35%), Anterior Cruciate 
Ligament (ACL) (1.655) and sport (1.43%). Nevertheless, a 
later study conducted on all Olympic sports concluded that, 
in the case of handball, 50% of the articles could be ascribed 
to the field of physiology (Millet et al., 2021). If the publica-
tions are analyzed by country, it was found that up to 2012, 
the most scientifically productive countries were Norway 
(12.06% of the total articles), Germany (11.26%), and Spain 
(9.65%) (Prieto et al., 2015). Furthermore, interest in hand-
ball and bibliometric studies is also present in countries with 
less tradition, such as Chile (Hernández-Mosqueira et al., 
2024), which demonstrates the growing interest in this sport 
beyond European countries. However, the main gap is that, 
beyond bibliometric studies (topics, countries, or authors), 
there are no studies that take into account bibliometric in-
dicators alongside other performance indices.Therefore, the 
novelty of the present study lies in combining bibliometric 
indicators with performance outcomes (medals), providing 
a more comprehensive perspective on the development of 
handball research and its possible links with elite sport per-
formance. In this way,  in this context of multidisciplinary 
research and increased scientific production, and consid-
ering the need to better understand both the evolution of 
research and its potential implications for performance, 
the objectives of this study were: (i) to analyze the evolu-
tion in the number of articles published on handball and 
the citations received; (ii) to determine whether there is a 
relationship between scientific production and the number 
of medals won in the Olympic Games and World Champi-
onships; (iii) to identify the research topics with the highest 
publication rates in handball; and finally, (iv) to identify the 
most cited articles, as well as the journals and countries that 
published the most on handball.. 

Materials and methods
Literature search strategy

Articles published between January 1, 1980, and Decem-
ber 31, 2024, were retrieved using searches in the Web of Sci-
ence Core Collection database. The terms used were handball 
in both the title and the abstract. No additional filters were 
applied. Only articles published in journals were considered.
This database was chosen because it is used as the basis for 
calculating the impact factor in the Journal Citation Reports. 
All articles were included except those focused on beach 
handball. Beach handball was not considered because it has 
a different internal logic (number of players, match duration, 
final scoring system, etc.), which distinguishes it from “tra-
ditional” handball. Secondly, its international trajectory is 
more recent (the first World Championship was held in 2004, 
and it has never been an Olympic sport).The search was con-
ducted between October 1 and October 10, 2025.

Data collection 
After removing duplicate records, two of the authors 

(JMS, YE) independently screened the titles and abstracts. 
From each article, the following information was analyzed: 
authors; journal (year, volume, issue, pages, DOI); institu-
tion and country of each author; funding agency; and the 
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number of citations of each paper. Finally, each article was 
assigned a research topic according to the following classifi-
cation shown below. In cases where an article addressed two 
or more topics, it was assigned to the topic considered to be 
its main focus. In case of disagreement between the authors, 
it was resolved by consensus. The classification used for the 
topics was (alphabetically) (adapted from Devís-Devís et al., 
2010; Prieto et al., 2015; Saavedra, 2018): (i) Biomechan-
ics: studies that focus on body movements and the forces 
involved in technical actions. (ii) Body composition and 
somatotype: studies that focus on players’ anthropometric 
and body composition characteristics and somatotypes. (iii) 
Injuries and sports medicine: studies that focus on the pre-
vention, types, frequency, and treatment of injuries. (iv) Nu-
trition: studies that focus on diet, hydration, or supplemen-
tation. (v) Performance analysis: studies that focus on tech-
nical, tactical, or overall performance during matches. (vi) 
Physical capacities – measurements: studies that focus on 
strength, speed, endurance, or agility through tests designed 
to quantify players’ abilities. (vii) Physiological responses 
and adaptation (training programs): studies that focus on 
how the body reacts and adapts to physiological stimuli or 
to specific training programs. (viii) Physiological variables 
– measurements: studies that focus on parameters such as 
heart rate, lactate concentration, or oxygen uptake during 
training, competition, or laboratory testing. (ix) Psychol-
ogy and cognitive processes: studies that focus on motiva-
tion, concentration, decision-making, perception, and other 
psychological factors influencing performance. (x) Tactics: 
studies that focus on game strategies, offensive and defensive 
organization, and collective behavior patterns on the court. 
(xi) Others: studies not classified in any of the above groups.

Statistics
Absolute values and percentages were presented for the 

total number of articles per year and citations per year. A re-
gression analysis was performed to calculate the coefficient of 
determination and the regression line for the number of ar-
ticles and year, the number of citations and year, and finally, 
the number of medals and the number of articles by country. 
This approach allowed us to examine temporal trends in sci-
entific production and citations, identifying patterns and the 
strength of these relationships over time. In addition, regres-
sion analysis was used to explore the association between the 
number of publications and performance outcomes (medals), 
providing a quantitative perspective on the potential link be-
tween research activity and sporting successAbsolute values 
and percentages were also presented for the journals in which 
the articles were published, as well as for the topics studied.

Results
From an initial search yielding 1,484 records in the Web 

of Science Core Collection, 48 articles were excluded for be-
ing conducted in beach handball; two for being conducted 
in Australian football; one for being conducted in Valencian 
pilota; four for being duplicate records; and 17 for being 
indexed as 2025 publications, resulting in a final dataset of 
1,412 articles included for analysis. Figure 1 presents  the  
regression analyses, showing  coefficients of determination 
for the relationship between the number of articles and 
year (R²=0.6625, p<0.001) and  between citations and year 
(R²=0.6697, p<0.001). The number of articles increases from 
2020 onward, reaching its peak in 2022 with 176 articles, 
while citations also rise from 2020, reaching their highest 
value in 2024 with 3,536 citations.

In terms of publications by country, the five countries 
with the highest number of articles were: (i) Spain, 297 arti-
cles (21.03%); (ii) Germany, 184 articles (13.03%); (iii) Nor-
way, 138 articles (9.77%); (iv) Brazil, 112 articles (7.98%); 
and (v) Tunisia, 89 articles (6.30%), accounting for 58.06% 
of the total publications. Figure 2 presents the regression 

analysis showing a coefficient of determination for the re-
lationship between (for the number of medals in Olympic 
Games and World Championships (men plus women) and 
the number of articles (R²=0.1575, p<0.01). Countries that 
did not win any medals, as well as the USSR, were not in-
cluded in the analysis.

Figure 1. Evolution of the number of articles and citations from 1985 to 2024, and 
regression line and equation for articles/year and citations/year. 
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Table 1. Distribution (total number and percentages) of articles according to the established topics.

Topic
Articles

n %

Physical capacities - measurements 217 15.37

Injuries and sport medicine 202 14.31

Physiological responses and adaptation (training programs) 178 12.61

Physiological variables – measurements 143 10.13

Performance analysis 103 7.29

Psychology and cognitive process 98 6.94

Biomechanics 81 5.74

Body composition and somatotype 77 5.45

Nutrition 36 2.55

Tactics 30 2.12

Others 247 17.49

Total 1412 100.00

Table 2. The five most cited articles

Authors (year) Title Journal Citations

Olsen, O.-E., Myklebust, G., 
Engebretsen, L., & Bahr, R. (2004).

Injury mechanisms for anterior cruciate ligament 
injuries in team handball: A systematic video analysis.

American Journal of Sports 
Medicine, 32(4), 1002–1012. 927

Koga, H., Nakamae, A., Shima, Y., 
Iwasa, J., Myklebust, G., Engebretsen, 

L., Bahr, R., & Krosshaug, T. (2010).

Mechanisms for noncontact anterior cruciate 
ligament injuries: Knee joint kinematics in 10 injury 

situations from female team handball and basketball

American Journal of Sports 
Medicine, 38(11), 2218–2225. 651

Myklebust, G., Engebretsen, L., 
Brækken, I. H., Skjolberg, A., Olsen, 

O.-E., & Bahr, R. (2003).

Prevention of anterior cruciate ligament injuries 
in female team handball players: A prospective 

intervention study over three seasons

Clinical Journal of Sport Medicine, 
13(2), 71–78. 570

Myklebust, G., Maehlum, S., Holm, 
I., & Bahr, R. (1998).

A prospective cohort study of anterior cruciate 
ligament injuries in elite Norwegian team handball.

Scandinavian Journal of Medicine & 
Science in Sports, 8(3), 149–153. 317

Gorostiaga, E. M., Granados, C., 
Ibáñez, J., & Izquierdo, M. (2005).

Differences in physical fitness and throwing velocity 
among elite and amateur male handball players.

International Journal of Sports 
Medicine, 26(3), 225–232 289

Figure 2. Relationship between the number of articles and the number of medals in 
the Olympic Games and World Championships by country. 

Focusing on the topics studied, Table 1 indicates that the 
five most frequently researched were: (i) Physical capacities – 
measurements, 217 articles (15.37%); (ii) Injuries and sports 
medicine, 202 articles (14.31%); (iii) Physiological responses 
and adaptation (training programs), 178 articles (12.61%); (iv) 

Physiological variables – measurements, 143 articles (10.13%); 
and (v) Performance analysis, 103 articles (7.29%), accounting 
for 59.71% of the total publications. However, there was a con-
siderable number of articles, 247 (17.49%), that could not be 
classified under any of the established topics.
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In terms of funding, 39.09% (552 out of 1,412 articles) were 
funded. The five funding agencies with the highest number 
of supported publications were: (i) the Spanish Government 
(Spain), 23 articles (1.63%); (ii) the Fundação para a Ciência 
e a Tecnologia (Portugal), 16 articles (1.13%); (iii) the Royal 
Norwegian Ministry of Culture (Norway), 16 articles (1.13%); 
(iv) the South-Eastern Norway Regional Health Authority 
(Norway), 15 articles (1.06%); and (v) the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (Brazil), 14 ar-
ticles (0.99%).

Finally, the five that have published the most articles was: 
(i) Journal of Strength and Conditioning Research , 78 articles 
(5.52%); (ii) Journal of Human Kinetics, 65 articles (4.60%); 
(i) International Journal of Environmental Research and Pub-
lic Health, 50 articles (3.54%); (iv) Journal of Sports Medicine 
and Physical Fitness, 39 articles (2.76%); and (v) Scandinavian 
Journal of Medicine and Science in Sports, 35 articles (2.48%), 
accounting for 18.91% of the total publications. The five most 
cited articles (Table 2) account for 2,754 citations, representing 
10.51% of the total citations.

Discussion
The objectives of this study were: (i) to analyze the evolu-

tion in the number of articles published on handball and the 
citations received; (ii) to determine whether there is a relation-
ship between scientific production and the number of medals 
won in the Olympic Games and World Championships; (iii) 
to identify the research topics with the highest publication 
rates in handball; and finally, (iv) to identify the most cited 
articles, as well as the journals and countries that published 
the most on handball. In general terms, there has been an in-
crease in the number of articles and citations, especially since 
2020. Similarly, the countries that publish the most are Spain, 
Germany, and Norway, with only a weak relationship between 
the number of publications and the number of medals won by 
countries. The most studied research topics focus on physical 
capacities – measurements, injuries and sports medicine. This 
reflects a current update in research on handball, helping to 
highlight both its strengths and weaknesses.

There was a relationship between the number of pub-
lished articles and year (R²=0.6625, p<0.001), as well as be-
tween the number of citations and year (R²=0.6697, p<0.001). 
The increase in articles becomes more significant from 2020 
onwards. These data appear to follow the trend observed in 
previous studies (Prieto et al., 2015; Saavedra, 2018), which re-
ported a growth in publications related to handball. This may 
be due not only to researchers' increasing interest in the sport, 
but also to the rising number of journals indexed in the Jour-
nal Citation Reports. For example, in the Sport Sciences cate-
gory, the number of indexed journals rose from 83 in 2018 to 
116 in 2020, and to 134 in 2024. When analyzing the countries 
with the highest publication output, Spain, Germany, Norway, 
and Brazil lead, representing a shift compared to previous 
studies where the order was Norway, Germany, Spain, and 
France (Prieto et al., 2015). It could be assumed that this shift 
is driven by differences in available research funding (Beneke, 
2013). However, this does not seem to be the case. Although 
among the top five institutions funding the most studies are 
one Spanish institution (Spanish Government), two Norwe-
gian institutions (Royal Norwegian Ministry of Culture and 
South-Eastern Norway Regional Health Authority), and one 
Brazilian (Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior), it is noteworthy that no German institution 
appears in the top five funding agencies. On the contrary, a 
Portuguese institution (Fundação para a Ciência e a Tecno-
logia) is listed among the top funders, even though Portugal 
is not among the countries with the highest publication out-
put. However, the funding of handball-related studies does not 
even reach 40%. In this sense, research funding could perhaps 
be enhanced through greater involvement of the Internation-
al Handball Federation and the European Federation, as oc-
curs in other sports such as football (UEFA, 2025). In turn, 
the relationship between published articles and medals is low 
(R²=0.1575, p<0.01). This seems to indicate that the publica-
tion of articles may be more closely related to other factors, 
such as the number of practitioners or the tradition in the 
practice of this sport, as shown by the fact that the countries 
winning the most medals are European, where handball orig-
inated.

The most frequently studied research topics were Physi-
cal capacities – measurements (15.37%), Injuries and sports 
medicine (14.31%), and Physiological responses and adapta-
tion (training programs) (12.61%) (Table 2). These data reveal 
a shift in trend, as Injuries and sports medicine no longer oc-
cupy the leading position as they did up to 2012 (Prieto et al., 
2015), while articles focusing on physiology continue to hold 
relevance as objects of study (Millet et al., 2021). This shift may 
reflect an increasing emphasis on performance-oriented and 
applied research, aimed at directly enhancing athletes’ physi-
cal capacities and training adaptations. Such a trend suggests a 
closer alignment between scientific research and the practical 
demands of high-level handball performance. Although inju-
ries and sports medicine no longer occupy the top position 
among the studied topics, it is worth noting that four of the 
most cited articles (Table 2) account for 9.30% of the total ci-
tations from 1,412 articles. However, it should be considered 
that the most recent of these four articles is more than 14 years 
old, making it reasonable to assume that, over time, newer ar-
ticles will increase in citation count. It is worth highlighting 
the increase in Physiological responses and adaptation (train-
ing programs) (12.61%), which seems to indicate a growing 
interest in conducting applied research (Bishop 2008) through 
programs that enhance athletes’ actual performance. It is also 
necessary to draw attention to the fact that articles within the 
research topic Psychology and cognitive processes are limited 
(6.94%), especially considering that cognitive processes are an 
integral part of performance in handball (Wagner et al., 2014; 
Kristjánsdóttir et al., 2019). Similarly, it is surprising that, de-
spite handball being a team sport, only 2.12% of the articles 
examine tactical aspects, perhaps due to the complexity inher-
ent in studying team sports (Espoz-Lazo, & Hinojosa-Torres, 
2025). In any case, it is necessary to highlight that there is still 
a relatively high percentage (17.49%) of studies classified un-
der the “Others” category, which reflects the heterogeneous 
and diverse interests within research.

Although there are no journals dedicated exclusively to 
handball, publications in five of them account for 18.9% of 
the total output: Journal of Strength and Conditioning Re-
search, Journal of Human Kinetics, International Journal of 
Environmental Research and Public Health, Journal of Sports 
Medicine and Physical Fitness, and Scandinavian Journal of 
Medicine and Science in Sports. Two of these journals (Jour-
nal of Strength and Conditioning Research and Scandinavian 
Journal of Medicine and Science in Sports) were already in the 
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top five when handball publications up to 2012 were analyzed 
(Prieto et al., 2015). This seems to indicate a diversification 
among journals which, although generally multidisciplinary, 
including some published in countries not traditionally linked 
to handball (for example, the Journal of Strength and Con-
ditioning Research, published in the USA), are now paying 
greater attention to the sport.

This article has some limitations. First, the use of only one 
database may have resulted in the exclusion of certain articles; 
however, the Web of Science database was chosen, which can 
be considered the gold standard. Second, the classification of 
the selected research topics is not unanimous across biblio-
metric studies, which has made comparisons somewhat dif-
ficult in certain cases. Third, the use of citation-based metrics 
may be influenced by time-dependent bias. Older publications 
have had more time to accumulate citations, potentially over-
representing their impact compared to more recent studies; 
for example, the five most cited articles were published be-
tween 1998 and 2010. Therefore, citation counts should be in-
terpreted with caution, as they may not fully reflect the current 
relevance or scientific quality of newer research.

Conclusions
The conclusions of this study were as follows: (i) there was 

a clear increase in research related to handball, especially from 
2020 onwards; (ii) the relationship between the countries that 
published the most (Spain, Germany, Norway, and Brazil) and 
the number of medals obtained in the Olympic Games and 
World Championships is weak; (iii) the research topics that 
developed the most were physical capacities – measurements, 
injuries and sports medicine (14.31%), and physiological re-
sponses and adaptation (training programs); (iv) five journals 
accounted for 19% of the total publications.Several practical 
implications can be drawn from this study. First, it seems 
necessary to sport governing bodies (e.g. International, Eu-
ropean and national federations) and  research institutions in 
handball to ensure that the scientific knowledge of a sport that 
has been part of the Olympic Games for more than 50 years 
continues to grow and be applied to practice. Second, stud-
ies in important areas such as psychology,cognitive process, 
and tactical analysis, it is recommended that researchers and 
coaches prioritize  these fields. Third, there appears to be suf-
ficient interest to potentially create special issues within scien-
tific journals to make handball research more visible. Finally, 
future research should aim to develop more applied and inter-
disciplinary studies, particularly those that integrate physical, 
psychological, and tactical dimensions of performance, while 
also enhancing the translation of laboratory-based findings 
into real-world practice.
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Abstract

The purpose of the study was to evaluate the blood lactate reactive response to low-intensity resistance train-
ing with and without blood flow optimization in the limbs. The sample consisted of 9 female and 16 male 
participants, all second-year students enrolled in the “Special Physical Training in Security Forces” study pro-
gram at the Faculty of Sports, University of Presov, who had one year of strength training experience but no 
prior Blood Flow Optimization (BFO) resistance training experience. The study design consisted of two training 
weeks, during which blood lactate samples were collected from the fingertips before and after each training 
session and analyzed using the Biosen C-Line device. Resistance training involved bodyweight resistance exer-
cises, structured into a 40-minute session consisting of 20 minutes of upper-body exercises and 20 minutes of 
lower-body exercises. During the first week, students exercised with KAATSU AirBands to optimize blood flow 
in their limbs, using the KAATSU C3 controller with a constant pressure of 250 SKU. During the second week, 
students performed the same training protocol without the KAATSU AirBands. The results show that resistance 
training caused significant changes in blood lactate concentration (p < .05). Among female students, lactate 
levels increased by 3.43 mmol/L after training without AirBands and by 5.43 mmol/L with AirBands. Among 
male students, the increase was 5.04 mmol/L without AirBands and 5.06 mmol/L with AirBands. The use of 
KAATSU AirBands during resistance training had no statistically significant effect on blood lactate concentra-
tions (p > .05) in both male and female students. 

Keywords: metabolism, blood flow restriction, physical training, KAATSU, combat sports
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Introduction
Resistance training with restricted blood flow in the limbs 

(BFR) has been a current scientific topic in recent years, focus-
ing, in particular, on the functional and physiological respons-

es of the human organism. Although extensive research exists 
on both BFR training and lactate measurements, there is still 
limited information on the combined use of these methods. 
The present study aims to examine how low-intensity Blood 
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Flow Optimization (BFO) resistance training and convention-
al resistance training affect blood lactate levels.

Lactate is a crucial intermediary in numerous metabolic pro-
cesses, serving as a particularly mobile fuel for aerobic metabo-
lism and playing a vital role in wound repair and regeneration 
(Gladden, 2004). According to Jenkins (2005), lactate is the final 
product of anaerobic glucose metabolism and is formed by the 
reduction of pyruvate through the action of lactate dehydroge-
nase, and skeletal muscle contains five isoforms of this enzyme. 
The blood lactate level is determined by the ratio between its for-
mation and its metabolism. At rest, muscles slowly produce and 
release lactate in the range from 0.7 to 2 mmol/L, which is main-
tained in the blood in a basic amount. In addition to muscles, 
cells of the skin, brain, intestinal mucosa, as well as blood ele-
ments, especially erythrocytes, participate in the lactate produc-
tion. The blood transports the resulting lactate to the liver, where 
it is utilized for gluconeogenesis in the Cori cycle, and a smaller 
portion of the lactate is also utilized by the kidneys (McMorris & 
Hale 2006). The heart and brain actively take up lactate. Accord-
ing to Ide and Secher (2000), during intense exercise, the brain 
seems to take up lactate, and its oxygen uptake also increases. 

Fukuta et al. (2024) found that the elevated blood lactate 
level was maintained after muscle blood flow restriction train-
ing, whereas the lactate level significantly decreased after con-
ventional training. Zhu et al. (2025) have concluded that blood 
flow restriction training can induce significant muscle activation 
and metabolic stress, and increase blood lactate concentration 
at low loads and arterial occlusion pressures between 70% and 
80%. This may be achieved by employing specialized compres-
sion devices applied to proximal limbs to partially occlude blood 
flow. This training causes venous occlusion and arterial inflow 
restriction, which induces a partially hypoxic environment that 
stimulates the secretion of anabolic hormones and enhances 
muscle activation at lower exercise intensities as well. The results 
suggest that concentric blood flow restriction training leads to 
pronounced acute changes in muscle size, a response that may 
be an essential factor in promoting muscle hypertrophy (Yasuda 
et al., 2012). Therefore, one-repetition maximum (1RM) has to 
be taken into account in the process of strength development. 
According to Wang et al. (2025), upper limb blood flow restric-
tion training can significantly enhance bench press strength. 
Blood flow restriction training with 40%–70% 1RM and ≥60% 

AOP is more likely to promote immediate upper limb strength. 
Blood flow restriction training combined with maximal effort 
and ≥60% arterial occlusion pressure can increase the blood lac-
tate value and subjective fatigue degree of the subjects.

The purpose of the study was to evaluate the organism’s 
reactive response, especially capillary blood lactate levels mea-
sured before and after low-intensity resistance training com-
bined with blood flow regulation in the limbs. We hypothe-
sized that lactate levels following training with regulated limb 
blood flow would be significantly higher than those following 
low-intensity resistance training.

Materials and methods
Participants and design

The sample consisted of 9 female and 16 male second-year 
students enrolled in the “Special Physical Training in Security 
Forces” study program at the Faculty of Sports, University of 
Presov. Within the study program, students must demonstrate 
high levels of general and specific physical fitness as active par-
ticipants in national combat sports contests. Table 1 shows the 
basic sample characteristics.

Procedures 
The research design was divided into two weeks, during 

which lactate samples were taken before and 5 minutes after the 
training unit. The lactate samples were taken under medical su-
pervision from capillary blood from the fingers, while observ-
ing hygiene requirements in a standard manner in a sitting po-
sition, with an individual adjustment of the depth of the lancet 
injection. The sample was taken without exerting effort to avoid 
mixing capillary blood with intercellular fluid. Lactate samples 
were taken into 20 μl Na-heparinised capillaries, which were 
subsequently placed in 1 ml containers with hemolysis solution 
and immediately subjected to analysis on the Biosen C-Line 
device, which works on the principle of the enzymatic-amper-
ometric method using chip sensor technology. The device was 
calibrated before each evaluation of blood samples.

Training program
Before the study, students actively participated in a 

sample training unit and became familiar with the KAAT-
SU training methodology. The resistance training program 

Table 1. Sample characteristics

n Age BH (cm) IQR BW (kg) IQR Muscle (kg) IQR Fat (kg) IQR Fat %

Females 9 20 161.6 7.0 55.2 5.6 22.4 1.3 14.9 7.4 26.9

Males 16 21 181.7 12.1 74.6 14.1 37.5 5.9 8.1 2.6 12.7

Note. n: number of subjects; BH: body height; BW: body weight; IQR: interquartile range.

Table 2. Resistance training program

Upper limbs Lower limbs Sets and Reps Rest

KAATSU Air Bands
250 SKU

Pushup Squat 4 x 15 20 s.

TRX Pullup Fitball hamstring curls 4 x 15 20 s.

Side Plank left
and right

Calf raises 4 x 15 20 s.

Plank 4 x 30 second

No Bands

Pushups Squats 4 x 15 20 s.

TRX Pullups Fitball hamstring curls 4 x 15 20 s.

Side Plank left
and right

Calf raises 4 x 15 20 s.

Plank 4 x 30 second
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consisted of upper- and lower-body exercises. Students per-
formed body-weight exercises that combined dynamic and 
isometric modes of muscle work. The principles of propor-
tionality and sequence were followed to minimize health 
risks. Students were instructed to perform all exercises using 
the correct technique and without restrictions. Table 2 shows 
the individual exercises, including the exact number of sets 
and repetitions.

A single resistance training session lasted 40 minutes 
and consisted of 20 minutes of upper-body exercises and 
20 minutes of lower-body exercises. During the first week, 
students exercised with bands to regulate blood flow to the 
extremities, and a week later, under identical conditions, 
without bands. 

Students enrolled in the study had one year of strength 
training experience but no prior KAATSU resistance train-

ing experience. The main difference between the training 
programs was the use of KAATSU AirBands and blood flow 
restriction, during which students experienced a sensation of 
muscle failure during the final repetitions of a set. When exer-
cising without KAATSU AirBands, exercise intensity was de-
termined by the subjective parameter of repetitions in reserve. 
Students were able to perform four more repetitions than the 
prescribed number in the intervention.

KAATSU training equipment with AirBands
The KAATSU C3 device was used, which is the third 

generation of the KAATSU Cycle product. The device con-
sists of a controller and four pneumatic elastic bands (two 4 
cm-wide arm bands and two 5 cm-wide leg bands). Figure 1 
shows the placement of the bands, including the KAATSU 
C3 controller.

Figure 1. KAATSU C3 set 

Each pressure level is expressed in Standard KAAT-
SU Units (SKU), which can be adjusted in increments of 
10 SKUs, ranging from 50 to 400. The Standard KAATSU 
Units, compared with blood pressure measured in millime-
tres of mercury (mmHg), measure compression against an 
air bladder inside the AirBand. During exercise, a constant 
AirBand pressure of 250 mmHg was applied, corresponding 
to approximately 45% of the blood flow in the brachial artery 
and 40% of the blood flow in the femoral artery, as verified 
by the Doppler ultrasonography using a Philips EPIQ sys-
tem with a Philips L12-3 linear probe (Kokinda et al., 2024). 
The KAATSU AirBand tightness was adjusted individually 
for each student to achieve approximately 40–45% of arterial 
occlusion pressure (AOP).

Statistics
The Shapiro-Wilk test confirmed that the data were not 

normally distributed, so non-parametric methods were 
used. The Wilcoxon signed-rank test. was used to deter-
mine the differences in lactate concentrations between the 
pretest and posttest for both males and females. For each 
student, a difference score (Δ = pretest – posttest) was 
calculated and subsequently evaluated using the Wilcox-
on signed-rank test. The effect size was determined using 
the coefficient r, which was calculated as the ratio of the 
Z-score to the square root of the sample size. Interpretation 
of the effect size was based on the criteria by Cohen (1988), 
with r ≥ 0.1 indicating a small effect, 0.3 ≤ r < 0.5 a medium 
effect, and r ≥ 0.5 a large effect.

Bioethical Committee
The presented procedures complied with the ethical 

standards of the AGEL Hospital Košice – Šaca a.s. and the 
University of Prešov (ECUP052024PO) for human experi-
mentation in accordance with the Declaration of Helsinki. 
Each participant provided written informed consent vol-
untarily before participating in the study (Harriss, Jones, & 
MacSween, 2022).

Results
The absolute lactate concentrations before and after ex-

ercise for males and females, respectively, are graphically 
presented in Figures 2 and 3. The intraindividual assessment 
of lactate concentration among females shows that the most 
significant difference in lactate concentration between train-
ing with and without bands was recorded in subjects 3 and 4. 
Subject 3 did not experience any differences in lactate con-
centration after resistance training without bands. However, 
the application of bands caused a 5.72 mmol/L increase in 
lactate concentration after training. These subjects may have 
experienced increased local hypoxia and used anaerobic me-
tabolism after the application of bands.

Figure 3 shows that seven male subjects experienced 
higher lactate concentrations after resistance training with 
bands. The remaining nine subjects had higher lactate con-
centrations after resistance training without bands. The in-
traindividual assessment showed that subject 13 experienced 
a 3.73 mmol/L increase in lactate concentration after resis-
tance training with bands.
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Comprehensive data evaluation has revealed that females 
experienced higher lactate concentrations after resistance 
training with bands. The median difference in lactate concen-
tration was 1.31 mmol/L. The results of the Wilcoxon signed-
rank test demonstrated a statistically significant (p < .01) in-
crease in lactate concentration after exercise in both training 
programs, with a large effect size (r = .89). In the male group, a 
median difference in lactate concentration of 0.54 mmol/L was 
observed, with higher values recorded after training without 

bands. Similarly, in males, statistically significant (p < .001) 
increases in lactate levels after exercise were observed, with 
a large effect size (r = .88). The training program induced a 
reactive metabolic response in the organism. However, the 
difference in lactate concentration between resistance training 
with and without bands was not statistically significant (Table 
3). However, no statistically significant difference was found 
between the program using bands and the program without 
bands (p > .05). 

Figure 2. Blood lactate response: females

Figure 3. Blood lactate response: males
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Discussion
The results of the study indicate that low-intensity blood 

flow optimized (BFO) resistance training does not induce a 
significantly higher metabolic response than bodyweight re-
sistance training in both women and men. In young and phys-
ically fit athletes, the application of BFO alone without addi-
tional mechanical loading need not be a sufficient stimulus for 
increasing metabolic stress. 

To maximize the metabolic response and potential for 
muscle adaptation, the optimization of training parameters 
with emphasis on the level of occlusive pressure, type, volume, 
and intensity of exercise appears to be decisive. Studies by Du-
rand et al. (2003) and Kraemer et al. (2006) show that lactate 
production rates during concentric exercise are higher than 
during eccentric exercise. Resistance exercise with BFR stimu-
lates muscle protein synthesis. However, the mechanisms un-
derlying these effects are largely unknown (Gundermann et 
al., 2012). On the other hand, Loenneke et al. (2012) suggest 
that no measurable changes occur in whole blood lactate, indi-
cating that significant changes in hydrogen ion concentration 
are unlikely to happen with BFR in the absence of exercise. 
The only two variables investigated that did change with BFR 
only were acute increases in real-time ultrasound-measured 
muscle thickness and a decrease in hematocrit determined 
plasma volume. These changes were maintained following the 
removal of the cuff, suggesting that the acute changes in mus-
cle thickness were actual acute increases in muscle size and 
were not attributed to venous pooling. This acute change in 
size has also been observed following low-intensity BFR resis-
tance training. 

A study by Nancekievill et al. (2025) demonstrated that 
both males and females significantly increased their lean 
body mass and muscle strength. At 30% of 1-repetition max-
imum (1-RM) and blood flow restriction cuffs set to 60% of 
each individual’s limb occlusion pressure, males improved 
strength to a greater extent than the females. According to 
Franz et al. (2020), blood flow restriction training is gain-
ing popularity because it enables gains in muscle mass and 

strength despite using low mechanical loads combined with 
external venous occlusion. Using invasive measurements 
based on the principles of the arterial and venous catheters, 
the authors found that intravascular pressures increased 
more during low-intensity exercise. The analysis of arteri-
al and venous blood gases revealed metabolic acidosis, ac-
companied by increased lactate production and elevated K+, 
Ca2+, and Na+. In their study, Fry et al. (2010) found that 
leg circumference was increased to a much larger extent in 
the BFR group. Obviously, leg circumference is not a direct 
measure of cell swelling. However, it should be noted that cell 
swelling is an anabolic proliferative signal in which proteins 
associated with osmosensing are activated. 

A  study by Pignanelli et al. (2021) summarized knowl-
edge about skeletal muscle and cardiovascular adaptations. In 
athletes, higher performance levels and oxidative capacity are 
underlying factors of BFR training adaptations. Monitoring 
the applied pressure in the bands during every BFR training 
session is crucial in terms of minimizing the health risks and 
optimizing training effects. A study by Nitzsche et al. (2018) 
demonstrated that resistance training on the leg press with 
blood flow restriction without pressure control yielded signif-
icant differences in lactate concentration at low to moderate 
loads compared to training without BFR. However, the arte-
rial occlusion pressure rate used in the study remains unclear. 
Bodybuilders often use cuffs to apply pressure to their limbs 
without targeted pressure regulation. In some cases, subjec-
tive feelings can aid in determining the optimal cuff compres-
sion and ultimately in achieving the desired effects. Freitas 
et al. (2000) compared the cuffs with and without pressure 
regulation. Their study revealed that both males and females 
exhibited similar metabolic responses, with males showing 
a higher blood lactate concentration than females. Xu et al. 
(2025) studied a sample of young male collegiate boxers and 
found that BFR training performed at 40% of arterial occlu-
sion pressure enhanced upper-limb anaerobic power and fa-
tigue resistance. The pressure rate in the cuffs is a frequently 
discussed topic, creating a platform for further research.

Table 3. Lactate response to resistance training (mmol/L)

Females

Wilcoxon signed-rank test n Median IQR Z p r

No Bands 9
Pre: 3.52 1.08 -2.67 .008 .89

Post: 6.95 2.80

KAATSU AB 9
Pre: 2.83 1.18 -2.67 .008 .89

Post: 8.26 2.93

Δ KAATSU 
vs.

No Bands
9 -1.13 .260 .38

Males

No Bands 16
Pre: 2.68 1.03 -3.52 .00044 .88

Post: 7.72 2.70

KAATSU AB 16
Pre: 2.12 1.54 -3.52 .00044 .88

Post: 7.18 1.79

Δ KAATSU
vs.

No Bands
16 -0.10 .918 .03

Note. n: number of subjects; IQR: interquartile range; AB: AirBands; Pre: pretest; Post: posttest; Z: Wilcoxon signed-rank test 
statistic; p: p-value; r: effect size; Δ: difference between post- and pre-exercise values
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Strengths and Limitations of the study
The strengths of the study include the representation of 

both males and females, as well as the implementation of re-
search in the educational environment for future experts in 
sports, which increases its practical relevance. At the same 
time, the training program presented provides a safe founda-
tion for applying the BFO method, which appears to be a suit-
able complement to the sports training of students in security 
forces and combat sports.

Due to the specifics of bodyweight resistance training, it 
is not possible to accurately quantify exercise intensity using 
a percentage of 1RM. This may be considered a limitation of 
the present study, as it restricts the precise standardization and 
comparability of training load across participants. As con-
firmed by Zourdos et al. (2016), in resistance training, exam-
ining the number of “repetitions in reserve” is a more appro-
priate surrogate for assessing perceptual intensity than the tra-
ditional rating of perceived exertion. The students were able to 
perform approximately four more repetitions, corresponding 
to a low-to-moderate exercise intensity. On the other hand, 
when using KAATSU AirBands, students experienced a sen-
sation of muscle failure during the final repetitions of the sets 
and were unable to perform any more repetitions. 

An additional limitation of the study may be the timing at 
which lactate samples were collected. According to Machado 
et al. (2013), blood lactate reached its peak concentration at 
the fifth minute after the test across all protocols. However, it 
would be advisable to perform multiple samplings at different 
time intervals to capture the dynamics of lactate concentration 
increase and elimination.

Available literature suggests that pressures lower than ap-
proximately 50% of AOP may be insufficient to induce a sub-
stantial metabolic or neuromuscular response in trained indi-
viduals (Das & Paton, 2022; Zhu et al., 2025). Experimental data 
further indicate that lactate responses and muscle activation 
increase markedly only at 70–80% AOP, not at lower pressures 
(Zhu et al., 2025). This supports our observation that a pressure 
of approximately 40–45% AOP may not be sufficient to elicit a 
robust metabolic response in strength trained participants. 

Conclusions
Blood flow manipulation, in conjunction with compres-

sion bands placed on the upper or lower limbs, may signifi-
cantly affect the physiological processes associated with mus-
cle fatigue and the organism’s metabolic response. It appears 
that even during low-intensity resistance training, band pres-
sure is the determining factor, as it can regulate arterial blood 
flow. We may conclude that students with high physical per-
formance levels did not show significant differences in blood 
lactate concentrations between conventional resistance train-
ing and KAATSU training. 

The training sessions presented have minimal mechanical 
and metabolic effects on the organism, creating the prereq-
uisites for more optimal manipulations with the volume and 
intensity of specific training stimuli. The training controlled 
in this manner is a suitable complement to combat sports and 
practical tests during studies. Further strength development 
with a significantly higher metabolic response requires addi-
tional verification of the training methodology, focusing on 
increasing exercise intensity and the corresponding arterial 
occlusion pressure exerted by the bands on the human vas-
cular system. 

It may be concluded that a band with arterial pressure at a 
level of up to 50% occlusion is a safe option for low-intensity 
resistance training in healthy and trained athletes. It is essen-
tial to analyze additional indicators, especially heart rate, level 
of muscle tissue oxygenation, and performance indicators, ac-
cording to the sports specialization. 

Hypothesis testing showed that lactate concentrations fol-
lowing training with regulated limb blood flow were not sig-
nificantly higher than those following low-intensity training 
without KAATSU AirBands.
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Abstract

Vertical jump assessments are widely used to evaluate athletic performance. As demand grows for field-ready sys-
tems with laboratory-grade accuracy, portable devices like the CC Athletics PlateMate force plates offer affordable 
and accessible solutions. This study examined the concurrent validity of PlateMate compared to a gold-standard 
AMTI force plate during squat jump (SJ), countermovement jump (CMJ), and countermovement jump with arm 
swing (CMJH). Seventeen recreationally active participants performed five trials per jump while force data were re-
corded simultaneously from both systems. Agreement was evaluated using Bland–Altman plots, RMSE, Pearson’s r, 
ICC, CV%, and SEM. Across conditions, raw force-time signals and most derived metrics showed excellent agreement 
(r ≥ 0.95; ICC > 0.93), with RMSE under 50 N and SEM for jump height between 0.2–0.9 cm. PlateMate demonstrated 
strong feasibility as a practical, low-cost alternative to laboratory force plates for field-based vertical jump testing. 
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Introduction
Vertical jump is a well-established method in sports and 

rehabilitation to evaluate athletic performance (Claudino et 
al., 2017). However, relying solely on outcome metrics, such 
as jump height, can overlook important details on how that 
height is achieved, including force production and movement 
mechanics (Anicic et al., 2023; Hubley & Wells, 1983). Addi-
tionally, force-time analysis can provide valuable insights into 
lower limb injury mechanisms (Lichtwark et al., 2024), further 
amplifying the need for comprehensive vertical jump analy-
sis (Mandic et al., 2016). Given this pivotal role that vertical 

jumps play in assessing athletic capacity, the need for reliable 
and accurate measurements cannot be overstated (Hori et al., 
2009). Studies have demonstrated that even minor measure-
ment variations can affect the reliability of jump metrics. For 
example, small errors in take-off phase estimation (ex. 3 ms) 
can lead to inaccuracies in calculated vertical velocity, dis-
placement or jump height, later affecting informed decisions 
in sport (Hori et al., 2009; McMahon et al., 2018; Kibele, 1998). 

Force plates are widely recognized as the “gold standard” 
for accurate vertical jump measurements (Cormie et al., 2009; 
Chavda et al., 2017). These plates capture vertical ground re-
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action forces, which reflect an athlete’s power output, and can 
be further analyzed to extract a wide range of variables (Anicic 
et al., 2023; Hori et al., 2009). However, despite their accuracy, 
force plates are typically confined to laboratory settings due to 
their lack of portability and high cost (Aleksic et al., 2024). Por-
table force plates, like those from VALD (Collings et al., 2024), 
have demonstrated validity for field settings; however, their high 
cost, including software subscription, limits their accessibility 
for many sports practitioners. Alternatively, less sophisticated 
equipment is often used in field settings, such as contact mats 
(e.g., the Just Jump mat), Vertec systems (Leard et al., 2007), or 
smartphone applications like MyJump (Balsalobre-Férnandez et 
al., 2015). While these tools are more accessible, their utility is 
limited by the range of metrics they capture often focusing solely 
on jump height without offering the deeper insights which are 
available from laboratory equipment (Aleksic et al., 2024). 

Advances in technology continue to drive the development 
of new measurement tools aimed at bridging the gap between 
laboratory accuracy and field practicality. In this context, the 
PlateMate (CC Athletics, Odense, Denmark) force plates rep-
resent a promising innovation, particularly due to their porta-
bility and no subscription costs related to the software. They 
enable real-time analysis of jump performance, capturing a 
comprehensive array of over 45 variables. Additionally, users 
have the option to export raw data, providing flexibility for in-
depth analysis and integration with other systems. 

The aim of this study was to assess the level of agreement 
between PlateMate and the established AMTI force plates 
(AMTI, Watertown, MA, USA) across key variables of squat 
jump (SJ), countermovement jump (CMJ) and countermove-
ment jump with arm swing (CMJH). This comparison will con-
tribute to validating PlateMate’s suitability as a field-ready tool 
for accurate vertical jump assessments, potentially expanding 
the options available to sports scientists, coaches, and practi-
tioners in diverse training and competition environments. 

Materials and Methods
Experimental Session

The study involved seventeen healthy male (n=12) and fe-
male (n=5) participants, categorized as recreational athletes (x̄ ± 
SD: Age = 25.6 ± 4.8 years; Height = 180.2 ± 11 cm; Body Mass = 
75.7 ± 14.8 kg). All participants were familiar with the proper SJ, 
CMJ and CMJH jumping techniques prior to this research and 
their participation was voluntary. Ethical approval was granted 
by the University's Institutional Ethical Review Board (#02-
848/23-2; 5th May 2023), and written informed consent was ob-
tained from all participants in accordance with the Declaration 
of Helsinki. The required sample size was computed in G*Power 
(ver. 3.1.9.7; Heinrich-Heine-Universität Düsseldorf, Düssel-
dorf, Germany) and yielded 9 subjects for statistical power (1-β) 
of 0.8, significance level (α) of 0.05, and correlation of 0.8. 

Experimental Protocol
Prior to experiment, participants completed a standard-

ized warm-up protocol which included 3 min of cycling and 
dynamic stretching, followed by 2–3 familiarization jump tri-
als. After the warm-up, participants were instructed to step 
onto a calibrated force plate system. The experimental set-up 
is illustrated in Figure 1. For data synchronization purposes, 
PlateMate was positioned on top of AMTI force plates, with 
both systems zeroed prior to use, following the methodology 
described in Collings et al. (2024). Both systems were simul-
taneously started via a manual trigger. After stepping on the 
platforms, the participants were asked to stand still for 2 s, 
jump as high as possible after the “go” signal, and then remain 
stationary for another 2 s. Each participant completed a total 
of 15 jump trials: five SJs, five CMJs and five CMJHs, with a 
60 s rest interval between trials and 120 between jump types 
(Gathercole et al., 2015a). The order of jumps was randomized 
to avoid bias (Anicic et al., 2023). For all jumps, participants 
chose their preferred squat depth (Petronijevic et al., 2018).

Figure 1. Experimental set-up.

Data Processing
Vertical ground reaction force (vGRF) data was recorded 

using dual fixed (AMTI BP600400, Watertown, MA, USA) 
and portable (PlateMate, CC Athletics, Odense, Denmark) 

three-dimensional force platforms, sampling at 1000Hz and 
960Hz, respectively. The vGRF data obtained from both 
platforms was processed in MATLAB (Statistics Toolbox 
Release 2025a, The MathWorks, Inc., Natick, MA, USA). Sig-
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nals from both platforms were processed using an identical 
pipeline with a 2nd-order zero-phase (forward-backward) 
Butterworth low-pass filter and a cutoff frequency of 50 Hz. 
The zero-phase implementation eliminated phase distortion 
at key temporal events such as movement onset and take-off 
(Winter, 2009). The 50 Hz cutoff was selected following visual 
inspection of unfiltered and filtered force-time traces for each 
platform individually, confirming adequate noise attenuation 
without loss of movement-relevant signal characteristics. Ap-
plying a uniform filter across both systems supported meth-
odological comparability between platforms. 

Participant’s body weight was established during the 2 s 
motionless period prior to the beginning of each jump.  For 
both the CMJ and CMJH, the onset of the downward move-
ment was marked by a threshold set at five times the stan-
dard deviation (SD) of the recorded body weight. When the 
vGRF dropped below this threshold, it signified the start of 
the unweighting phase (McMahon et al., 2018). The braking 
phase was then determined as the interval between the point 
of minimum vGRF and the return of vGRF to a level that cor-
responded to the deepest part of the countermovement (i.e., 
lowest squat position). For all jump conditions, the take-off 
phase was marked as the point when vGRF exceeded the par-

ticipant's body weight and continued until it dropped below a 
threshold of 5*SD of the force recorded during the flight phase, 
averaged over a 300 ms period. The flight phase was identified 
as the interval between take-off and landing, during which the 
vGRF remained near zero. Finally, the landing phase com-
menced when the vGRF exceeded a 5N threshold value and 
continued until stabilizing at body weight again.

Variables
The study focused on a refined set of 15 variables for SJ 

and 24 variables for CMJ and CMJH, selected as the most 
relevant for vertical jump performance assessment in ap-
plied settings (Anicic et al., 2023; Bishop et al., 2022). A rel-
atively broader set was retained because one of the practical 
strengths of the PlateMate system is its ability to generate 
and export numerous force-time metrics, allowing coaches 
and practitioners to look deeper into jump performance. 
To preserve clarity and readability of the manuscript, only 
a core subset of key outcome variables is presented in the 
primary results tables, whereas the descriptive and validity 
results for the remaining variables are reported in Supple-
mentary Tables S1 and S2. The complete list of analyzed vari-
ables is presented in Table 1.

Table 1. Definition of vertical jump variables examined in this study.

Phase Variable Description Unit

Weighing
Phase

BW Body Weight N

BM Body Mass kg

Unweighting 
Phase

dt_Fmin Time from movement onset to the minimum force during the unweighting phase. s

dt_UP Duration of the unweighting phase. s

Fmin_UP Minimum force during the unweighting phase. N

Favg_UP Average force during the unweighting phase. N

Braking Phase

dt_BP Duration of the braking phase (time from the end of unweighting to the lowest center of 
mass position) s

hmin_BP Minimum center of mass displacement during the braking phase. m

Fmax_BP Maximum force recorded during the braking phase. N

Favg_BP Average force during the braking phase. N

 Propulsion 
(push-off) 

Phase

dt_PP Duration of the propulsion phase (time from the lowest center of mass position to push-off). s

vto Velocity at take-off. m·s−1

Fmax_PP Maximum force during the propulsion phase. N

Favg_PP Average force during the propulsion phase. N

J_PP Impulse (force x time) during the propulsion phase. N·s

Flight Phase
dt_FP Duration of the flight phase (time from push-off to landing). s

hmax_FP Maximum height achieved during the flight phase. m

Landing Phase

F1_LP First peak vertical ground reaction force during the landing phase (initial impact peak). N

F2_LP Second peak force during landing (eccentric braking). N

dt_F1_LP Duration of the eccentric part of the landing phase. s

dt_F2_LP Duration of the concentric part of the landing phase. s

Performance 
Metrics

RSImod Reactive strength index modified (Jump height / Time to take-off) m/s

hmax_vto Maximum height calculated from take-off velocity method. m

hmax_IMP Maximum height calculated from impulse-momentum method. m

Note: kg = kilogram; N = Newtons; s = seconds; m = meters; m·s-1 = meters per second; N·s = Newton-seconds.

Statistical analysis 
Descriptive statistics were calculated for all SJ, CMJ and 

CMJH variables. To evaluate the level of agreement between 
the two systems (i.e., AMTI and PlateMate), the force-time 

traces were first compared using Bland–Altman analysis 
(Bland & Altman, 1986), root mean square error (RMSE) and 
Pearson’s correlation coefficient (r). Correlation thresholds 
were interpreted based on Hinkle et al. (2003) as follows: r < 
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0.3 (negligible), r = 0.3–0.5 (low), r = 0.5–0.7 (moderate), r 
= 0.7–0.9 (high), and r = 0.9–1.0 (very high). The force-time 
traces were examined separately for each plate (i.e., left and 
right) and for both plates combined. 

Subsequently, consistency of key SJ, CMJ and CMJH vari-
ables was compared between the two systems by calculating 
the intraclass correlation coefficient (ICC 3,1), coefficient of 
variation (CV%) and standard error of measurement (SEM). 

Additionally, mean difference (MD) and Pearson’s correlation 
coefficient (r) were computed to further assess the agreement 
between the systems. Statistical significance was determined 
a priori at p < 0.05. The Bland-Altman analyses, RMSE, and 
r calculations were conducted using the MATLAB toolbox 
(Klein, 2023), while all other statistical analyses were per-
formed using the SPSS software (IBM SPSS Version 20.0, 
Chicago, IL, USA).

Table 2. Descriptive statistics for key SJ, CMJ and CMJH variables obtained from AMTI and PlateMate

SJ

AMTI PlateMate AMTI vs PlateMate

Phase Variable (Unit) Mean ± SD Mean ± SD MD

Weighing Phase
BW (N) 761.00 ± 141.19 760.84 ± 142.55 0.15

BM (kg) 77.57 ± 14.39 77.56 ± 14.53 0.02

Propulsion Phase
dt_PP (s) 0.35 ± 0.04 0.35 ± 0.04 0.00

Fmax_PP (N) 1771.90 ± 390.81 1742.17 ± 388.47 29.73

Flight Phase hmax_FP (m) 0.28 ± 0.06 0.28 ± 0.06 0.00

Performance Metrics RSImod (m/s) 0.78 ± 0.17 0.65 ± 0.19 0.13

CMJ

Weighing Phase
BW (N) 756.44 ± 139.19 747.92 ± 139.12 8.52

BM (kg) 77.11 ± 14.19 76.24 ± 14.18 0.87

Unweighting Phase dt_UP (s) 0.32 ± 0.05 0.33 ± 0.05 0.00

Braking Phase
dt_BP (s) 0.17 ± 0.03 0.17 ± 0.03 0.00

Fmax_BP (N) 1802.70 ± 396.86 1783.49 ± 395.48 19.21

Propulsion Phase
dt_PP (s) 0.28 ± 0.02 0.28 ± 0.02 0.00

Fmax_PP (N) 1830.21 ± 398.52 1809.39 ± 397.49 20.83

Flight Phase hmax_FP (m) 0.33 ± 0.07 0.33 ± 0.07 0.00

Performance Metrics RSImod (m/s) 0.42 ± 0.10 0.41 ± 0.11 0.00

CMJH

Weighing Phase
BW (N) 757.42 ± 141.76 749.52 ± 141.26 7.90

BM (kg) 77.21 ± 14.45 76.40 ± 14.40 0.81

Unweighting Phase dt_UP (s) 0.34 ± 0.06 0.34 ± 0.06 0.00

Braking Phase
dt_BP (s) 0.18 ± 0.05 0.18 ± 0.05 0.00

Fmax_BP (N) 1622.29 ± 377.85 1607.70 ± 377.12 14.58

Propulsion Phase
dt_PP (s) 0.29 ± 0.04 0.29 ± 0.04 0.00

Fmax_PP (N) 1871.32 ± 444.19 1845.14 ± 442.69 26.18

Flight Phase hmax_FP (m) 0.38 ± 0.08 0.38 ± 0.08 0.00

Performance Metrics RSImod (m/s) 0.46 ± 0.11 0.46 ± 0.12 0.00

Note: SD- Standard Deviation; MD- Mean Difference.

Table 3. Bland-Altman comparison between AMTI and PlateMate raw force-time signals.

  Bias (min÷max) LoA lower (min÷max) LoA upper (min÷max) RMSE (min÷max)  Pearson’s r (95% CI)

BO
TH

SJ Force-time (N) 11 (-15 ÷ 58) -82 (-307 ÷ -3) 105 (22 ÷ 401) 50 (10 ÷ 184) 0.988 (0.980 ÷ 0.996)

CMJ Force-time (N) 10 (-3 ÷ 25) -54 (-200 ÷ -4) 73 (17 ÷ 203) 35 (9 ÷ 103) 0.997 (0.995 ÷ 0.999)

CMJH Force-time (N) 9 (-49 ÷ 25) -67 (-629 ÷ -7) 85 (5 ÷ 673) 41 (8 ÷ 333) 0.993 (0.988 ÷ 0.998)

LE
FT

SJ Force-time (N) 6 (-79 ÷ 95) -108 (-247 ÷ 5) 121 (-21 ÷ 351) 70 (11 ÷ 161) 0.951 (0.938 ÷ 0.964)

CMJ Force-time (N) 7 (-70 ÷ 122) -119 (-306 ÷ -10) 134 (36 ÷ 550) 72 (21 ÷ 250) 0.973 (0.965 ÷ 0.980)

CMJH Force-time (N) 7 (-107 ÷ 128) -153 (-421 ÷ -11) 166 (46 ÷ 632) 89 (26 ÷ 287) 0.954 (0.942 ÷ 0.967)

RI
G

H
T SJ Force-time (N) 22 (-13 ÷ 49) -37 (-155 ÷ 6) 81 (15 ÷ 199) 39 (8 ÷ 93) 0.987 (0.980 ÷ 0.995)

CMJ Force-time (N) 18 (-3 ÷ 43) -28 (-90 ÷ 1) 63 (8 ÷ 159) 31 (5 ÷ 73) 0.996 (0.994 ÷ 0.998)

CMJH Force-time (N) 16 (-36 ÷ 39) -34 (-295 ÷ -4) 67 (6 ÷ 349) 33 (4 ÷ 166) 0.992 (0.986 ÷ 0.998)

Note: LoA lower/ upper– Lower/ Upper Limits of Agreement; min- Minimum; max- Maximum; RMSE- Root Mean Square Error; Pearson’s r- 
Pearson’s Correlation Coefficient; 95% CI- 95% Confidence Interval.
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Results
Descriptive statistics for the key variables pertaining to SJ, 

CMJ and CMJH are presented in Table 2. The complete de-
scriptive statistics for all analyzed variables are provided in 
Supplementary Table S1.

Table 3 and Figure 2 present the comparison between vGRF 

force-time traces from the AMTI and PlateMate, for each plate 
separately (i.e., left and right), and for both plates combined. 

Validity measures for key variables are summarized in 
Table 4 for SJ, CMJ and CMJH. The full validity statistics 
for all analyzed variables are provided in Supplementary 
Table S2.

Figure 2. Comparison between AMTI and PlateMate force plate vertical ground reaction force-time traces. Left 
panel represents the signals for left and right plates individually. Right panel represents the signal for both plates 
collectively. The solid blue lines represent data from the AMTI system, and the red lines represent data from the 

PlateMate force plate system. The shaded areas represent variability (95% confidence intervals).

Table 4. Validity statistics for key SJ, CMJ and CMJH variables obtained from AMTI and PlateMate

SJ

Phase Variable (Unit) ICC (95% CI) CV% SEM r

Weighing Phase
BW (N) 0.998 (0.998 ÷ 0.999) 1.02 7.79 0.997*

BM (kg) 0.998 (0.998 ÷ 0.999) 1.02 0.80 0.699*

Propulsion Phase
dt_PP (s) 0.996 (0.995 ÷ 0.998) 1.00 0.00 0.993*

Fmax_PP (N) 0.999 (0.999 ÷ 0.999) 0.46 8.03 0.999*

Flight Phase hmax_FP (m) 0.999 (0.999 ÷ 0.999) 0.27 0.00 0.999*

Performance Metrics RSImod (m/s) 0.821 (0.739 ÷ 0.877) 13.80 0.10 0.997*

CMJ

Weighing Phase
BW (N) 0.999 (0.999 ÷ 0.999) 0.36 2.74 0.999*

BM (kg) 0.999 (0.999 ÷ 0.999) 0.36 0.28 0.999*

Unweighting Phase dt_UP (s) 0.999 (0.998 ÷ 0.999) 0.80 0.00 0.998*

Braking Phase
dt_BP (s) 0.999 (0.999 ÷ 0.999) 0.67 0.00 0.998*

Fmax_BP (N) 0.999 (0.999 ÷ 0.999) 0.37 6.62 0.999*
(continued on next page)
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Discussion 
This study set out to validate the feasibility of PlateMate 

portable force plates compared to a laboratory-grade AMTI 
system across SJ, CMJ and CMJH. Overall, the results demon-
strated an excellent agreement between the systems, both in 
terms of the raw force-time signal comparisons and the sub-
sequently derived variables. These findings suggest that Plate-
Mate represents a viable, field-ready alternative to traditional 
laboratory-based force plates. Below, we discuss the findings 
in detail. 

For all the observed variables, the descriptive results 
produced mean values that fall within expected ranges re-
ported in the literature for similar populations (Claudino 
et al., 2017; Collings et al., 2024; Ferná Ortega et al., 2022; 
Mandic et al., 2016), with minimal differences between the 
systems. For instance, in CMJ, mean jump height was ap-
proximately 0.30–0.33 m in both the PlateMate and AMTI. 
The CMJH condition naturally improved performance 
(~0.35–0.40 m), reflecting the well-known contribution of 
arm momentum to jump height gain (Hara et al., 2006). The 
squat jump, which involves no preparatory countermove-
ment, yielded slightly lower mean heights (~0.25–0.28 m) 
in both systems.

Other basic outcome measures showed a similar pattern, 
such as the Fmax which was around 1.5–2.0 times body weight 
in both systems, a typical value reported for maximal effort 
jumps in non-elite athletes (Collings et al., 2024; Donahue et 
al., 2021). These descriptive comparisons indicate that Plate-
Mate not only measures similar magnitudes of performance 
as the laboratory-grade force plates, but also that the sample’s 
performance was expected for their level.  

Validity: raw force-time signal comparisons
Beyond descriptive statistics, the PlateMate demonstrat-

ed a near-perfect agreement to the “gold standard” when 
comparing raw force-time signals across all jump types, both 
for each plate individually (i.e., left and right) and combined. 

Specifically, the Bland–Altman analysis yielded trivial sys-
tematic bias between the systems across all jump conditions, 
with the mean difference in the recorded force at any given 
time point on the order of 9-11 N for the combined signal 
of both plates, and 6-22 N for individual plates (<2% bias 
when compared to the typical peak vGRF values). The 95% 
LoA were also narrow, spanning between -54 and 105 N for 
all jumps (less than 10% deviation relative to peak vGRF val-
ues). When analyzing the plates individually, the limits of 
agreement were slightly wider (-28 – 166 N), likely due to 
natural asymmetries in bilateral force production and great-
er sensitivity to small variations in signal timing or magni-
tude (Bell et al., 2014; Impellizzeri et al., 2007). Regardless, 
this level of agreement meets acceptable criteria for variabil-
ity in biomechanical measurements (Lake et al., 2018) and 
indicates that PlateMate accurately captures not only the 
peak force, but the entire profile of the force-time curve. The 
reported RMSE values further confirm an exceptional accu-
racy of PlateMate, with average errors < 50 N for combined 
plates, and < 89 N for individual plates. Moreover, when 
each force-time record was treated as a series and correlated 
with its counterpart, correlations were extremely high and 
consistently exceeded 0.95 for all jump types.

These results confirm that the PlateMate system is feasi-
ble for both single-plate and dual-plate applications. Further-
more, it is worth noting that portable force-plates typically do 
not offer the option to export raw force-time data, which is 
a distinguished strength of the PlateMate system. The ability 
to access and export raw data allows for more detailed, cus-
tomized analysis and facilitates transparency in data handling, 
enabling researchers and practitioners to independently verify 
results or apply their own specific analysis methods. 

Validity: SJ-derived metrics
Building on these results, 13 out of 15 variables analyzed 

in SJ demonstrated excellent agreement between the sys-
tems (ICC > 0.974, CV% < 10%) and minimal measurement 

Propulsion Phase
dt_PP (s) 0.997 (0.996 ÷ 0.998) 0.60 0.00 0.995*

Fmax_PP (N) 0.999 (0.999 ÷ 0.999) 0.36 6.62 0.999*

Flight Phase hmax_FP (m) 0.999 (0.999 ÷ 0.999) 0.68 0.00 0.999*

Performance Metrics RSImod (m/s) 0.993 (0.989 ÷ 0.995) 3.01 0.01 0.986*

CMJH

Weighing Phase
BW (N) 0.999 (0.999 ÷ 0.999) 0.82 6.15 0.998*

BM (kg) 0.999 (0.999 ÷ 0.999) 0.82 0.63 0.998*

Unweighting Phase dt_UP (s) 0.996 (0.995 ÷ 0.997) 1.54 0.01 0.993*

Braking Phase
dt_BP (s) 0.999 (0.999 ÷ 0.999) 0.57 0.00 0.999*

Fmax_BP (N) 0.999 (0.999 ÷ 0.999) 0.56 9.00 0.999*

Propulsion Phase
dt_PP (s) 0.999 (0.999 ÷ 0.999) 0.56 0.00 0.998*

Fmax_PP (N) 0.999 (0.999 ÷ 0.999) 0.62 11.46 0.999*

Flight Phase hmax_FP (m) 0.999 (0.999 ÷ 0.999) 0.42 0.00 0.999*

Performance Metrics RSImod (m/s) 0.988 (0.982 ÷ 0.991) 3.91 0.02 0.976*

Note: ICC- Intraclass Correlation Coefficient; 95% CI- 95% Confidence Interval; CV%- Coefficient of Variation (%); SEM- 
Standard Error of Measurement; r- Pearson’s r; * p<.001.

Table 4. Validity statistics for key SJ, CMJ and CMJH variables obtained from AMTI and PlateMate

CMJ

Phase Variable (Unit) ICC (95% CI) CV% SEM r

(continued from previous page)
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errors (e.g., 0.00 - 0.06 m for jump height and 0.00 - 0.05 
s for time-derived variables). Correlations were also very 
high (r > 0.950) for the vast majority of variables, further 
confirming the strength of agreement between devices. The 
only exceptions were BM and hmax_vto, which showed 
moderate correlation (r = 0.699 and 0.585, respectively), 
though the mean difference between devices was negligible 
in practical terms (0.02 kg and 0.04 m, respectively). The 
hmax_vto also exhibited higher variability (CV% = 14.57), 
which is expected in the SJ condition where take-off velocity 
is lower than in CMJ. In such cases, even a small absolute 
difference between devices translates into a proportionally 
larger percentage error, thereby inflating the CV%. Addi-
tionally, any minor residual countermovement at take-off 
can further influence the velocity calculation and contribute 
to this variability.

Some exceptions were also observed in the RSImod which 
demonstrated slightly lower agreement (ICC = 0.821) and 
greater variability (CV% = 13.80). This, again, likely stems 
from the nature of the SJ test, where athletes start from a static 
squat position and initiate the concentric phase directly. Addi-
tionally, the SJ typically features shorter propulsion times and 
lower jump heights due to the absence of stored elastic energy 
from a countermovement. These factors may amplify the rel-
ative impact of small timing inconsistencies or measurement 
noise, especially when calculating ratios like RSImod, which 
are sensitive to small absolute changes in both jump height and 
time to take-off. Moreover, Bishop et al. (2018) and Gathercole 
et al. (2015b) both emphasized that RSImod is task-dependent 
and is most valid in movements with a clear eccentric-concen-
tric transition (e.g., CMJ or drop jump) (Bishop et al., 2018; 
Gathercole et al., 2015b). Consequently, computing RSImod 
in the context of a squat jump is more prone to variability and 
less reliable.

Validity: CMJ and CMJH-derived metrics
Out of the 24 variables analyzed for the CMJ task, 22 vari-

ables demonstrated a near-perfect agreement (ICC ≥ 0.990), 
while the rest of the variables still showed an excellent agree-
ment (ICC > 0.973). For the CMJH, 20 variables showed a 
near-perfect agreement (ICC ≥ 0.991) and 4 demonstrated an 
excellent agreement (ICC > 0.950).

Furthermore, the coefficients of variation between the 
systems were generally very low, falling below 5% for robust 
measures like jump height, peak force, and time-derived met-
rics, and below 10% for the rest of the variables examined. 
Such low CV% values suggest that the typical error or noise 
between the devices was small relative to the mean values. 
For example, the standard error of measurement (SEM) was 
as low as 0.00-0.01 m for jump height and 0.00-0.06 s for 
time-derived variables, which is practically negligible when 
evaluating athlete performance. It is particularly important 
to note that the SEM for push-off phase duration was 2 ms 
(0.002 s), which aligns with recommendations from previous 
studies who suggest that a deviation of less than 3 ms is criti-
cal to avoid inaccuracies in subsequent calculations of vertical 
velocity, displacement, or jump height (Hori et al., 2009; Mc-
Mahon et al., 2018; Kibele, 1998). 

The only exception was F2_LP where CV% was slightly 
over the 10% mark. This aligns with findings from Impellizzeri 
et al. (2007), who noted that eccentric braking measures tend 
to show higher variability and are more affected by asymme-

tries and coordination differences (Impellizzeri et al., 2007). 
Similarly, correlations were very high (r ≥ 0.905) for all vari-
ables, indicating very high to near-perfect agreement between 
PlateMate and the AMTI system. 

Study limitations
Overall, this study confirms that PlateMate delivers 

measurements that are virtually interchangeable with 
those of a laboratory-grade force plate for vertical jump 
assessment. From an applied perspective, PlateMate offers 
measurement accuracy while also providing key advantag-
es in portability and cost-effectiveness. Despite strong val-
idation results, several limitations must be acknowledged. 
First, the study included a modest sample size (n=17) 
which consisted solely of recreational athletes. While the 
statistical power analysis indicated that this number was 
sufficient for detecting large correlations, a larger sample 
might have allowed for more nuanced analyses (e.g., sub-
group analyses by sex) and further increased the general-
izability of findings. 

Second, our testing protocol focused on the SJ, CMJ, and 
CMJH jump variations. The validity of PlateMate for measur-
ing other tasks, or generally for capturing asymmetrical force 
outputs, remains to be verified. In our setup, participants 
jumped with both feet on separate force plates, and we ana-
lyzed the individual and combined force-time signal outputs. 
However, we did not explore asymmetries or unilateral met-
rics. For practitioners interested in using force plates to detect 
imbalances, further research should confirm that PlateMate 
can reliably quantify asymmetry to the same degree as labo-
ratory-grade systems. 

Finally, this study did not include a formal test-retest reli-
ability analysis of the PlateMate system, as the primary objec-
tive was to evaluate its concurrent validity against the AMTI 
force plate. However, the exceptionally high ICCs and low 
between-device variability (CV% < 10%) suggest minimal in-
herent measurement noise. It is therefore reasonable to expect 
that PlateMate would demonstrate similarly strong reliability 
across repeated sessions. Nevertheless, future research should 
directly assess its test-retest reliability to support its use in lon-
gitudinal monitoring.

Conclusion
In conclusion, this study provides strong evidence that 

PlateMate is a viable solution for vertical jump assessment, de-
livering accuracy that is comparable to laboratory-grade force 
plates. Specifically, PlateMate demonstrated a near-perfect 
agreement with the “gold standard” (i.e., AMTI) when com-
paring both the raw force-time signals, and the subsequently 
derived variables of SJ, CMJ, and CMJH. These findings are 
significant for sports and rehabilitation experts as they verify 
that a portable and cost-effective force plate system can deliver 
high-quality data without the typical constraints of a laborato-
ry-bound equipment. 

Furthermore, the option to export raw force-time signals 
gives practitioners greater analytical flexibility compared to 
many subscription-based portable platforms. This makes 
PlateMate especially valuable for conducting detailed neuro-
muscular assessments in a wide range of training and reha-
bilitation environments. By doing so, PlateMate holds great 
promise for enhancing athlete monitoring, training optimiza-
tion, and rehabilitation tracking.
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Validating PlateMate against an industry benchmark ex-
pands the toolkit available for applied sport science, helping 
bring lab-level measurement quality closer to everyday prac-
tice. With its combination of accuracy, portability, and us-
er-friendly access to raw data, PlateMate is poised to make 
advanced jump monitoring more accessible than ever, thereby 
contributing to better-informed training decisions and im-
proved athlete development in both sports and rehabilitation 
settings.
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Abstract

This study aimed to describe the performance on a repeated sprint test and assess internal load in youth soc-
cer players at an altitude of 2650 meters. Sixty regional-level soccer players (age 14.1±1.7 years) participated in 
an RSA 7x30m-20” test. The study assessed height, body mass, fat mass, and Peak Height Velocity (PHV). Heart 
rate (HR) and blood lactate (LA) levels were monitored, and theoretical fatigue was estimated using the Fatigue 
Index (FI) and percentage decrement score (Sdec%). Descriptive and correlational statistics were employed 
for data analysis of anthropometry, performance, and internal load. ANOVA was used to compare different 
indicators across age groups. Across the sample, HR increased from 109±1 to 181±9 bpm during the protocol. 
LA mmol/L levels rose significantly at various points: pre-test vs. fourth repetition (t=18.706, p<0.001), fourth 
repetition vs. post-test (t=9.115, p<0.001), and pre-test vs. post-test (t=33.919, p<0.001). Performance results 
indicated that the 12-year-old group performed lower than other groups (F=12.261, p<0.001). The study con-
cludes that RSA performance in the 7x30m-20” at 2650 improves with increasing age. LA and estimated fa-
tigue were slightly higher in older participants; however, substantial inter-individual variability was observed 
in internal load. 

Keywords: youth soccer; heart rate, lactate, repeated sprints, sports performance
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Introduction
The external load has been extensively studied in soccer 

(Maughan et al., 2021), showing that the volume of high-in-
tensity running (19.8–25.1 km/h) varies between 335–596 

meters (Gualtieri et al., 2023) and maximum speed (> 25.1 
km/h) between 96–295 meters in professional competitions 
(Pons et al., 2021). This fact increases the importance of eval-
uating and developing the ability to perform repeated sprints 
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RSA in players (Gualtieri et al., 2023). RSA tests are performed 
in the field, executing various sprints interspersed with brief 
recovery periods (Girard et al., 2011). Currently, various RSA 
protocols are implemented with differing numbers of repeti-
tions (e.g., 6, 7, or 8), distances (e.g., 10m, 20m, or 30m), and 
recovery times (e.g., 15s, 20s, or 25s). However, there is no es-
tablished “Gold Standard” RSA protocol that includes linear or 
change-of-direction movements, nor one that specifies wheth-
er to use a ball (Thurlow et al., 2024; Kyles et al., 2023).

The RSA test is consistently regarded as a specific assess-
ment for soccer players (Castagna et al., 2018). It is dependent 
on the glycolytic power of the muscles and the phosphagen 
reserves, which ensure physiological responses (internal load) 
similar to those experienced during intense game periods. For 
instance, maximum heart rates (HR) can reach around 187 ± 
9 bpm, and mean blood lactate (LA) levels 7.9 ± 0.7 mmol/L 
(Krustrup et al., 2006), therefore, RSA is also often recognized 
as a test with ecological validity (Fernández-Da-Silva et al., 
2019; Castagna et al., 2018). Also, RSA best sprint and RSA 
mean are the most used indicators to express the RSA perfor-
mance (Kyles et al., 2023; Castagna, 2018; Gibson et al., 2017; 
Padulo et al., 2015), and they are also necessary to estimate 
theoretical fatigue indicators in RSA protocols such as the 
fatigue index FI and the percentage decrement score Sdec% 
(Girard et al., 2011; Bishop et al., 2001).

On the other hand, the altitude at which soccer players 
compete affects the performance of teams and players (Levine 
et al., 2008), being a factor that benefits the locals; for this 
reason, FIFA categorized the altitudes as follows: near to sea 
level 0-500m, low altitude >500m-2000m, moderate altitude 
>2000m-3000m, high altitude >3000m-5,500m and extreme 
altitude +5,500m (Bärtsch et al., 2008). Several studies have 
analyzed training methods under altitude conditions con-
trolled by hypobaric chambers (Girard et al., 2017; Brocherie 
et al., 2017). As altitude increases, air pressure changes, lead-
ing to what is known as hypoxic work. Under these conditions, 
the internal load rises during maximum efforts at moderate 
and high altitudes compared to sea level (Girard et al., 2017; 
Gore et al., 2008). While indicators such as HR and LA tend to 
show higher values, sprint performance may improve at high 
altitudes. However, repeated sprint ability (RSA) generally de-
creases performance (Girard et al., 2017; Brocherie et al., 2017; 
Salazar-Martínez et al., 2025).

Studies examining RSA in pre-pubertal and pubertal soc-
cer players typically include participants from the same squad 
and present the RSA results by a large range of age (Rey et 
al., 2019; Buchheit and Mendez-Villanueva, 2014). The most 
frequently explored topic is the effectiveness of training pro-
grams in improving performance (Thurlow et al., 2024; Kyles 
et al., 2023). Examining results by age groups could better ex-
plain the performance and internal load of players observed 
within growth stages. Research on RSA during adolescence 
at moderate altitude is limited. Therefore, the present study 
aims to describe the performance in the RSA 7x30m-20” test, 
as well as the physiological responses of HR and LA in youth 
soccer players from Bogotá, DC.

Methods
Participants 

Sixty soccer players from three clubs in Bogotá, Colombia, 
participated in this study. All players were acclimatized to alti-
tude, as they reside in the city at an elevation of approximately 

2,650 meters above sea level. The assessments were conducted 
on separate days at each club during regular training sessions. 
Eligibility criteria included being between 12 and 16 years old, 
training four days per week, and having authorization from 
the coach and the club’s medical team, with only injury-free 
players included. All participants regularly competed in official 
tournaments, trained for 10 to 12 hours per week, and were 
affiliated with the Bogotá Soccer League. Parents and guardians 
provided written authorization through an informed consent 
form, which detailed the study’s general aspects, the tests to be 
conducted, and the data processing in accordance with the eth-
ical principles established in the Declaration of Helsinki. This 
research was authorized by the clubs involved and approved by 
the Santo Tomas University Ethics Committee No. 006 of 2024.

Procedures and materials
Chronological age was calculated according to the differ-

ence between the assessment date and the date of birth. Ba-
sic anthropometry measurements were performed, including 
height, body mass, and skinfold thickness (triceps-subscapu-
laris). Fat mass was estimated according to the protocol for 
youth ages proposed by (Slaughter et al., 1988), corresponding 
to % fat = 1.21*(triceps skinfold + subscapularis skinfold) - 
0.008*(triceps skinfold + subscapularis skinfold) ² - 3.4. The 
peak Height Velocity PHV was calculated (Mirwald et al., 
2002), where PHV = -9.236 + 0.0002708 (Lower limb length * 
Trunk length) - 0.001663 (Age * Lower limb length) + 0.007216 
(Age * Trunk length) + 0.02292 (Body mass/height * 100).

A standardized warm-up protocol was implemented, con-
sisting of slow jogging, dynamic stretching, and 20-meter runs 
at varying speeds to adequately prepare participants for subse-
quent testing. Following the warm-up, participants complet-
ed the RSA protocol, which involved seven 30-meter sprints 
with 20 seconds of active recovery between each repetition. 
HR bpm was continuously monitored using Polar M400 de-
vices equipped with H-9 Bluetooth Smart sensors before the 
test began and after each sprint repetition. Additionally, LA, 
(mmol/L) was measured via finger stick at three specific time 
moments: prior to the test, after the fourth sprint, and imme-
diately following completion of the RSA.  The assessment uti-
lized a range of specialized equipment, including Polifemo-ra-
dio version 2.0 infrared photocells for sprint timing, a SECA 
213 portable stadiometer for height measurement, a SECA 
874 floor scale for body mass assessment, Harpenden Calipers 
model SFC-1000 for skinfold thickness evaluation, a CASIO 
HS70 stopwatch for timekeeping, and a Lactate Scout 4Start 
analyzer for lactate measurements. 

Variables obtained from the 7x30m-20” RSA test
The RSA mean time of all repetitions was considered the 

primary RSA performance variable. The best sprint was also 
considered, and the maximum speed attained was calculated 
using the formula: Max Speed ​​(km/h) = distance / best time. 
Finally, theoretical fatigue was estimated using the fatigue in-
dex FI, presented below as equation 1 (Bishop et al., 2001), and 
percentage decrement score (Sdec%), presented as equation 2 
(Spencer et al., 2005).

Equation 1.

Equation 2.
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Analysis
A priori sample size was calculated from G * Power soft-

ware (V3.1.9.2, University of Kiel, Germany). The α and power 
(1-β) were defined as 0.05 and 0.80, respectively, by inference, 
sample size of the current study is considered satisfactory. 
Data analysis comprised descriptive statistics for anthro-
pometric measurements and RSA 7x30m-20" performance 
across the total sample. In addition, simple correlation analy-
ses were conducted to examine relationships between test per-
formance, HR, LA and fatigue. Finally, comparisons between 
age groups (12, 13, 14, and 15 years) were performed using 
analysis of variance (ANOVA).

The significance level was set at 5% for inferential statistics, 
and correlation coefficients were interpreted as follows: likely (r 

< 0.1), small (0.1 < r < 0.3), moderate (0.3 < r < 0.5), large (0.5 < 
r < 0.7), very large (0.7 < r < 0.9) and near-perfect (r > 0.9). The 
statistical packages IBM SPSS version 27 (IBM Corp., Armonk, 
NY, USA) and GraphPad Prism version 8 (GraphPad Software, 
San Diego, California, USA, www.graphpad.com) were used.

Results
The anthropometric characteristics of the participants 

are summarized in Table 1, height and body mass increased 
with chronological age, while fat mass decreased. Consider-
ing the total sample, simple Pearson correlations showed that 
RSA performance associated with age p<0.01, height p<0.05, 
body mass p<0.05, and PHV p<0.01; that is, as these values ​​
increased, test performance improved.

Table 1. Characterization of participants and correlations according to the performance of the RSA 
7x30m-20”, heart rate, and blood lactate at the end of the test.

variable age group X ± SD
correlation

   RSA HR post LA post

Age (yrs) Total 14.1 ± 1.07 -0.51†  0.20  0.19

12 12.4 ± 0.27  0.66  0.18  0.30

13 13.4 ± 0.26 -0.18 -0.07 -0.59†

14 14.5 ± 0.26 -0.13  0.23  0.05

15 15.5 ± 0.62 -0.28  0.31  0.34

Height (cm) Total 161.8 ± 8.51 -0.31*  0.16  0.07

12 148.8 ± 4.40 -0.35  0.29 -0.64

13 160.9 ± 5.69  0.15 -0.11 -0.07

14 163.4 ± 7.85  0.30  0.09 -0.26

15 167.8 ± 7.56 -0.14 -0.12  0.27

Body mass (kg) Total 50.2 ± 9.42 -0.30*  0.23  0.04

12 37.2 ± 4.93 -0.21  0.78* -0.10

13 50.5 ± 9.01  0.07  0.23 -0.27

14 51.5 ± 8.51  0.20  0.69  0.28

15 55.1 ± 7.28 -0.37 -0.04  0.18

Fat mass (%) Total 15.2 ± 4.75  0.26* -0.11 -0.04

12 17.5 ± 6.59  0.32 -0.33 -0.14

13 15.6 ± 5.35  0.11 0.21 -0.01

14 14.3 ± 4.47 -0.25 -0.29 -0.14

15 14.8 ± 2.63  0.29  0.34  0.25

PHV (yrs) Total -0.37 ± 1.02 -0.43†  0.23  0.12

12 -2.00 ± 0.28  0.50  0.44  0.07

13 -0.76 ± 0.60  0.13  0.11 -0.53*

14 -0.12 ± 0.66  0.21 -0.03 -0.06

15  0.76 ± 0.73 -0.21  0.11  0.22

Total= (n=60); 12= (n=7);13= (n=21);14= (n=19);15= (n=13); *= p<0.05; †= p<0.01

The associations mentioned before disappeared when the 
anthropometric is correlated by age group. Finally, regarding 
the internal load generated after completing the test, only 
body mass was associated with final HR in the 12-year-old 
group p<0.05, age with LA post-test p<0.01, and PHV with LA 
post-test in the 13-year-old group p<0.05.

Regarding the RSA performance, Figure 1 illustrates the 
values ​​for each sprint repetition, indicating a trend of higher 
performance in the initial sprints, followed by a progressive 
decline over the course of the test. Table 2 shows that RSA was 

not associated with the estimated theoretical fatigue indica-
tors (FI and Sdec%). In contrast, HR was significantly cor-
related with RSA mean, RSA best time, and max speed (km/h) 
p<0.05, whereas no significant correlations were observed for 
lactate.  Finally, FI and Sdec% were not associated with HR 
and LA post-tests. 

Figure 2 shows the HR before and throughout the RSA 
7x30m-20” for the whole sample. HR pre: 109±16 bpm; HR 
1s: 154±13 bpm; HR 2s: 169±13 bpm; HR 3s: 175±10 bpm; HR 
4s: 177±10 bpm; HR 5s: 176±11 bpm; HR 6s: 180±11 bpm; HR 
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post: 181±9 bpm.  The most accelerated increase is between the 
pre-test and the first sprint. It gradually increases until reaching 
a small plateau between the 4th and 5th sprint but continues to 
increase until the end of the protocol. In parallel, the lactate val-

ues ​​are represented in Figure 3, where LA increases as the test 
progresses: LA pre: 2.3±0.8 mmol/L; LA 4s: 8.3±2.1 mmol/L; 
LA post:11.2±2.1.  Comparisons pre vs 4s t= 18.706; pre vs post 
t= 33.919 and 4s vs post t= 9.115 in all cases p<0.001.

Figure 1. Performance of the RSA 7x30m-20” for each repetition 
expressed in RSA mean for the total sample (n=60).

Figure 2. Heart Rate before and throughout for the RSA 
7x30m-20” for the total sample (n=60).

Figure 3. Comparison of blood lactate at three different times 
during the RSA 7x30m-20” for the total sample (n=60). ‡ = p<0.001.

Table 2. Performance of the RSA 7x30m-20”, relationship with physiological indicators, and correlations between 
estimated theoretical fatigue and internal load of the test in the total of participants (n=60)

variable      X ± D.E
correlation

  RSA HR Post LA Post

RSA Mean (s) 5.46 ± 0.54      - -0.27* -0.09

RSA Min (s) 5.13 ± 0.51  0.95† -0.28* -0.13

Max. Speed (km/h) 21.23 ± 2.16 -0.93†  0.28*  0.14

RSA Fatigue Index -13.54 ± 6.43 -0.07  0.01 -0.09

RSA (Sdec%). -6.55 ± 3.60 -0.01 -0.04 -0.01

Sdec% = Percentage decrement score; *= p<0.05; †= p<0.01
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Finally, Figure 4 presents ANOVA comparisons according 
to age group. 4a, the RSA performance, where the 12-year-old 
group presented differences with the other age groups, F = 

12.261, p<0.001, 𝜂2 = 0.396; 4b, HR F = 1.135, 𝜂2 = 0.057; 4c, 
LA F = 1.036, 𝜂2 = 0.053; 4d, (Sdec%). F = 1.306, 𝜂2 =0.065; and 
4e, FI F = 0.977, 𝜂2 =0.050.

Figure 4. Comparisons by age group.  4a, RSA performance; 4b, Heart rate; 4c, Blood lactate; 
4d, Fatigue index; 4e, % percentage decrement score. †= p<0.01; ‡= p<0.001.

Discussion
This study described the results of the 7x30m-20″ RSA 

protocol and the associated internal load in youth soccer play-
ers. First, performance tended to be better in the initial sprints 
and worse in the final sprints; HR and LA increased through-
out the test, reaching values ​​of 181.9 ± 9.6 ppm and 11.2 ± 
2.1 mmol/L, respectively. Second, regarding the internal load, 
the estimated theoretical fatigue indicators were not related to 
HR and LA. Third, RSA was associated with anthropometric 
measurements; however, these findings may have been influ-
enced by the broad age range of the participants (12-15 years). 
When analyzed by age groups, these associations were no lon-
ger observed, with the 12-years group demonstrating lower 
performance compared to de older groups. Finally, RSA per-
formance indicators were associated with an increase in HR, 
but not with LA.  Inter-individual variability was observed in 
HR, LA, and fatigue according age groups. 

The results were consistent with the characteristics of the 
RSA test, in which performance progressively declines across 
repetitions as fatigue develops (Girard et al., 2017; 2011; Sala-
zar-Martínez et al., 2025); The mean of the minimum times 
achieved across the total sample was 5.13 ± 0.51 s, corre-
sponding to speeds of 21.23 ± 2.16 km/h. An age-related im-
provement in performance was also observed; however, the 
14-year-old group demonstrated the best results, slightly out-
performing the 15-year-old group. Notably, the performance 
of the 14-year-old group was comparable to that reported by 
Akdogan et al. (2019), who implemented a 7x35m-30” RSA 
protocol and reported a mean time of 5.35 ± 0.30s in com-
petitive soccer players aged 14.6 ± 0.5 years. Interestingly, that 

study concluded that six weeks of training with small-sided 
games of varying formats did not results in improvements in 
RSA, 10m, and 30m sprint performance.

RSA performance has typically been reported in players 
older than 14 years; however, previous studies have employed 
protocols with different distances and recovery intervals, limit-
ing direct comparisons with the present findings. For instance, 
Rey et al. (2019), evaluated 27 players using a 6x25m-25” RSA 
protocol, reporting a mean time of 4.20 ± 0.19s, concluding 
that training twice per week (4-6 sets of 15 repetitions over 
30m) positively influenced RSA performance. Similarly, Bu-
chheit and Méndez-Villanueva (2014), in a large sample of 270 
players aged 14.5 ± 1.6 years, reported mean times of 4.71 ± 
0.32s in a 10x30m-30” RSA protocol. They further suggested 
that 55-70% of RSA is explained by locomotor parameters of 
maximum aerobic speed MAS, maximum sprint speed MSS 
and anaerobic sprint reserve ASR, with the remaining variance 
likely influenced by growth, maturation and glycolytic capac-
ity. 

Consequently, evidence on RSA protocol outcomes in 
children under 14 years of age remains limited. This research 
found that the 12-year-old group exhibited lower performance 
compared to the other age groups, with significant differenc-
es in RSA times, possibly because adolescents tend to have 
more glycolytic power than children. In fact, it is important 
to highlight that in pre-pubertal stages, there is a predispo-
sition for long-duration work and low-moderate intensities 
(Armstrong and Welsman, 2020). These findings differ from a 
study that included a sample of 135 Portuguese soccer players 
where the performance of a 7x34.2 -25” RSA with slalom was 
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reported for 11 years old (n=40) 8.87± 0.49s, for 12 years old 
(n=57) 8.45± 0.45s, for 13 years old (n=83) 8.23± 0.45s, for 14 
years old (n=80) 7.87± 0.33s and for 15 years old (n=66) 7.68± 
0.31s, since the results they represent have an improvement 
of less than 5% between each age group. The study indicated 
that players advanced in maturation (evaluated by skeletal age) 
performed better than their contemporaries (Valente dos San-
tos et al., 2012).

Naturally peak HR values ​​in players under 15 years of 
age exposed to RSA protocol loads of at least 30m are ~181 
bpm (Charron et al., 2020; Gibson et al., 2017), which is con-
sistent with the results found in this research. HR values ​​in 
children and young people differ from those of adults during 
high-intensity exercise, mainly due to their smaller body size, 
incomplete maturation, and mechanical efficiencies (Masch-
erini et al., 2023; Dupuy et al., 2022; Armstrong and Welsman, 
2020). Regarding blood lactate, values ​​are usually around ~7.8 
mmol/L in 6x30m-30” protocols in children under 15 (Char-
ron et al., 2020; Gibson et al., 2017), increasing slightly with 
age. However, this work presented values ​​higher than 10.8 
mmol/L since the protocol executed had a recovery time re-
duced to 20 seconds, which usually affects the internal load 
on the RSA (Gibson et al., 2017; Padulo et al., 2015). However, 
lactate in children and adolescents is usually lower compared 
to adults in high-intensity exercises under the same conditions 
(Dupuy et al., 2022).

On the other hand, altitude has traditionally been used 
to train aerobic endurance athletes who intend to compete at 
lower altitudes “live low-train high” (Brocherie et al., 2017). 
In the case of RSA, performance is negatively affected at alti-
tudes of 3000m since fatigue sets in more quickly (Girard et 
al., 2017). However, multiple sprint training at that altitude 
can increase the performance of a 6x40-20” RSA and decrease 
the estimated theoretical fatigue in soccer players of 15.3 ± 0.5 
when they return to lower altitudes (Gatterer et al., 2014). It 
should be noted that the present research was conducted in 
Bogotá DC, Colombia at 2625m (a moderate altitude accord-
ing to FIFA), the same place where the observed participants 
they live, who possibly have chronic hypoxia (Gore et al., 
2008); therefore, the results found for HR and LA could be 
higher when comparing the same external load executed at an 
altitude close to sea level (Girard et al., 2017; Gore et al., 2008; 
Bowtell et al., 2014). 

According to Bowtell et al. (2014), fatigue can worsen by 
up to 4.9% at altitudes of 2000–3000 m in RSA tests with 10 
repetitions of 6 seconds running at maximum intensity with 
30 seconds of recovery for individuals not adapted to altitude. 
In this study, the fatigue index and the percentage decrement 
score (Sdec%) increments with small proportion of total vari-
ance explained by age groups. Finally, LA values ​​were 10.8±2.1 
mmol/L for 12 years, 10.8±2.2 mmol/L for 13 years, 11.1±1.5 
mmol/L for 14 years, and 12.1±2.6 mmol/L for 15 years, high-
er results than studies in these ages at an altitude close to sea 
level, which are usually ~8.0 mmol/L (Charron et al., 2020; 
Gibson et al., 2017).  

The limitations of this study include the lack of control 
of rate perceived exertion (RPE) and the sample size, which 
limits the exploration of the pre-pubertal stage, making it nec-
essary to extend the analysis beyond the age of 11. However, 
given the scarcity of studies controlling the external and in-
ternal load in RSA protocols for child and youth soccer play-
ers exposed to moderate altitude, the reason why this study is 

novel and of general interest to sports science. Future studies 
may compare internal load across different altitude levels, as 
well as the time required to acclimatize to varying altitudes, 
given that players begin competing in diverse environments 
from a very young age.

Conclusions
The study concludes that RSA performance in the 7×30m–

20” test at an altitude of 2650m in pubertal players improves 
with increasing age. Test performance is similar to that of adult 
competitive players, with better results in the initial sprints. 
LA and fatigue were slightly higher in older participants and 
compared to other studies in this age groups; however, sub-
stantial inter-individual variability was observed in internal 
load across age groups.
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Abstract

The school setting offers adolescents opportunities to engage in physical activity, potentially promoting the 
normal development of physical fitness. If so, school closure should impair fitness development. We leveraged 
data from the COVID-19 pandemic to test this idea. We aimed to examine the effects of school closure during 
the COVID-19 pandemic on the physical fitness of male adolescents from a private school in Chile. Longitudinal 
records from Physical Education classes were analyzed. The remote-schooling group included 92 boys (median 
[25th percentile, 75th percentile] age 12.8 [12.5, 13.1] years) measured before school closure due to the pandem-
ic (March 2019) and after reopening (March 2021). The in-person-schooling group included 94 boys (12.7 [12.5, 
13.0] years) who were measured in March 2017 and March 2019 and were normally exposed to the school setting. 
Outcomes included body mass index, maximum oxygen uptake, running speed, sit-ups, standing long jump, and 
pull-ups. ANOVA was used to test whether changes in the remote-schooling group were different from those in 
the in-person-schooling group, i.e., group-by-time interactions. Changes in body mass index and pull-ups did not 
differ between the remote-schooling group and the in-person-schooling group. Nevertheless, compared with 
the in-person-schooling group, the remote-schooling group showed attenuated increases in maximum oxygen 
uptake (by 2.5 mL/kg/min), 50-m and 800-m running speed (by 0.4 and 0.8 m/s, respectively), sit-ups (by 4 repe-
titions), and standing long jump (by 20 cm) (P-interaction < 0.001). School closure thus impaired the normal de-
velopment of physical fitness in boys from a high socioeconomic background. This highlights the role of schools 
as health-promoting settings. 
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Introduction
The Ottawa Charter claims that health is built where 

people live, play, and love  (WHO, 1987). Adolescents spend 
a large proportion of their days in school. Schools should 
not only convey disciplinary knowledge but also promote 
healthy habits to foster normal development (UNICEF, 
2021). The school setting is thus expected to have a sig-
nificant influence on adolescents' health by shaping dai-
ly routines and offering opportunities for active lifestyles 
and peer interactions (UNICEF, 2021; WHO & UNESCO, 
2021). Testing this idea requires studying adolescents who 
stopped attending school in person, and therefore partially 
lost the influence of the setting. School closures during the 
COVID-19 pandemic offered a natural quasi-experimental 
design to contrast the effects of exposure versus non-expo-
sure to the school environment on adolescents' health.

Shortly after COVID-19 was declared a global pandem-
ic in March 2020, Chile implemented measures to slow 
the virus's spread. Schools were closed and remained so 
throughout 2020, with classes held remotely (Kuzmanic et 
al., 2023). Sports facilities and public recreational spaces 
were also closed, and outdoor activities were restricted to 
specific daytimes. These measures disrupted the routines of 
children and adolescents, making it hard to maintain reg-
ular physical activity, balanced eating, and consistent sleep 
patterns. Consequently, concerns arose about their over-
all health, weight status, and physical fitness. Importantly, 
most studies have examined these effects on disadvantaged 
populations. There is therefore a gap in understanding how 
school closure and remote schooling affected adolescents 
from other socioeconomic backgrounds.

Physical fitness represents a set of attributes that deter-
mine the ability to perform physical activities (Ortega et al., 
2008). These include cardiorespiratory fitness, muscular fit-
ness, speed, agility, flexibility, and anthropometry (Amer-
ican College of Sports Medicine et al., 2018). Physical ac-
tivity levels play a key role in maintaining adequate fitness 
(Zaqout et al., 2016). In this context, schools act as a key 
environment where adolescents engage in organized sports, 
develop active habits, and sustain fitness through struc-
tured opportunities. Thus, limited access to physical educa-
tion classes and other school-related recreational activities 
likely impaired the physical fitness of youngsters during the 
pandemic. This is particularly concerning in adolescence, a 
critical period for physical development. 

The evidence on the pandemic’s impact on physical 
fitness is mixed. Studies in Spain and Croatia found no 
changes in cardiorespiratory fitness or body mass index 
(BMI) shortly after the school closures. Subgroup analy-
ses, however, revealed declines in cardiorespiratory fitness 
among economically disadvantaged Spanish youth and in 
muscular fitness among Croatian boys (Medrano et al., 
2021; Sunda et al., 2021). A meta-analysis across coun-
tries reported average increases in body weight of 2.6 kg 
and in BMI of 0.77 kg/m2 during the first five months of 
the pandemic (Chang et al., 2021). In contrast, a Spanish 
study found no changes in cardiorespiratory fitness or BMI 
in adolescents eight months into the pandemic (Novem-
ber 2020) (López-Bueno et al., 2021). Data from the UK 
showed declines in cardiorespiratory fitness and increases 
in BMI from November 2019 (pre-pandemic) to November 
2020, which were maintained in November 2021 (Baster-

field et al., 2024).
These studies highlight the complex effects of school 

closures on physical fitness in children and adolescents. 
Importantly, most studies have focused on disadvantaged 
groups, as they seem to be the most affected by the school 
closures (Armitage & Nellums, 2020). The impact on ado-
lescents from more favorable socioeconomic backgrounds 
is less known. Building on this gap, we aimed to examine 
the effects of school closures on the physical fitness of male 
adolescents from a private school in Chile.  

Methods
Design and setting

This report followed the STROBE guidelines for report-
ing observational studies (see Supplementary Table 1 for 
the checklist). This was an observational, analytical, cohort 
study with a time-matched control group. We analyzed 
the dataset of physical fitness assessments conducted at a 
private school in Santiago, Chile. The school is an all-male 
institution that provides education across twelve grades 
(ages 6-17 years), with a total enrollment of approximate-
ly 1,200 students. The annual tuition fee is approximately 
7,500 USD, fully paid by the families. The school is in one of 
the most affluent communities in the country. In Chile, the 
academic year starts in March. For this study, we analyzed 
physical fitness assessments conducted at the beginning of 
the academic year as part of Physical Education classes. The 
assessment included cardiorespiratory fitness, speed, mus-
cular strength, and anthropometric measurements. 

Participants
We analyzed data from a group of adolescents assessed 

before the school closure (March 2019; “Before” time 
point) and after school reopening two years later (March 
2021; “After” time point). This group was referred to as 
the "remote-schooling" group (Figure 1A). Notably, phys-
ical fitness is expected to change due to normal growth 
and development. We therefore included a time-matched 
control group ("in-person-schooling") for comparison, as 
has been previously done (Suárez-Reyes et al., 2024). The 
in-person-schooling group included adolescents assessed 
in March 2017 (“Before” time point) and again in March 
2019 (“After” time point). The in-person-schooling group 
was matched in time (two years between assessments) and 
age to the remote-schooling group but was unexposed to 
the school closure (Figure 1A).

We included the data of male adolescents who had: [a] 
physical fitness outcomes measured at both time points 
("Before" and "After" time points); [b] height and body 
weight measured at both time points; [c] a signed informed 
consent form from their parents or guardians; and [d] a 
signed assent form. The study was approved by the Scien-
tific Ethics Committee of Universidad Finis Terrae, Chile 
(ID 23-048).

Physical fitness outcomes
Anthropometric measurements included body weight 

and height. Weight was measured with an electronic scale 
(Medisana® PSM 40446, China), and height with a stadi-
ometer (Seca® 213, Hamburg, Germany). BMI was calcu-
lated as the ratio of body weight to height squared (kg/m²). 
BMI z-scores for children aged 5 to 19 were calculated in 
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R using the anthroplus package (Schumacher et al., 2011). 
Weight status was categorized as underweight (BMI z-score 
< –1.00), healthy weight (BMI z-score from –1.00 to 1.00), 
overweight (BMI z-score from >1.00 to 2.00), or obesity 
(BMI z-score > 2.00) (WHO, 2019).

Cardiorespiratory fitness (i.e., maximum oxygen con-
sumption [VO2max]) was assessed with the Cooper test on 
a 300-m track. Participants ran or walked for 12 minutes, 
and the covered distance was recorded. The following equa-
tion was used to estimate the VO2max (mLO2/kg/min): 
22.351 × distance (km) – 11.288  (Cooper, 1968).

Speed was assessed using 50-m and 800-m run tests. 
Participants were instructed to run as fast as possible over 
these distances on a track. Time to complete each distance 
was measured with a stopwatch (Casio® HS 80 TW, China), 
and average speed (m/s) was calculated as distance divided 
by time. 

Muscle strength was assessed using sit-ups in one min-
ute, standing long jump, and pull-ups. For the sit-up test, 
participants laid on their backs with their legs bent and 
arms crossed over their chests. A classmate held their feet 
on the floor while the participant performed as many sit-up 
repetitions as possible in one minute. For the standing long 
jump, participants jumped as far as possible with their feet 
together, and the distance from toes at take-off to heels at 
landing was recorded in centimeters. For the pull-up test, 
participants hung from a horizontal bar with arms fully 
extended, pulling their bodies upward until the chin sur-
passed the bar and descending to full elbow extension. Leg 
swing was not allowed, and the total number of pull-up 
repetitions was recorded.

Statistics
Analyses were conducted with R (version 4.4.0) in RStu-

dio (version 2024.12.0+467). Lilliefors Kolmogorov-Smirn-
ov was used to test the distribution of numerical variables 

at the before and after time points (lillie.test function, nort-
est package (Gross & Ligges, 2015)). Most variables were 
non-normally distributed. Thus, for consistency, data for all 
numerical variables are shown as medians with 25th and 
75th percentiles. All the values in the Tables and Figures 
are reported on their original scale. Nevertheless, physical 
fitness outcomes were log10-transformed for inferential 
analyses, except for BMI Z-score. ANOVA models were 
used to test the main effects of group (in-person-school-
ing versus remote-schooling), time (before versus after, as 
repeated measures), and their interaction on each physical 
fitness outcome (aov function, base R). In the case of signif-
icant interactions, post-hoc comparisons were conducted 
between groups at each time point. The Bonferroni method 
was used to adjust P-values for multiple comparisons (two 
comparisons: groups at the before and after time points). 
Of note, changes in the in-person-schooling group are 
considered the expected response. A significant group-
by-time interaction thus indicates that the changes in the 
remote-schooling group were different from expected. 
Such a result indicates that the school closure influenced 
the response of the outcome over the two years. For exam-
ple, in the case of a significant group-by-time interaction, a 
smaller increase in the remote-schooling group than in the 
in-person-schooling group (the expected increase) would 
indicate that the school closure attenuated the expected in-
crease. Weight status is shown as percentages in each cate-
gory. Fisher's exact test was used to determine the associ-
ation between group and weight status at each time point 
separately. P < 0.05 was considered statistically significant.

Results
Figure 1B shows the flowchart for participant selection. 

In total, 94 male adolescents were included in the in-per-
son-schooling group and 92 in the remote-schooling group. 
Table 1 summarizes all variables by group and time point. 

Figure 1. Study design and selection of participants. (A) Time points of the assessments in the remote-
schooling group and its time-matched in-person-schooling group. (B) Flowchart for the selection of 
participants. Created in BioRender. Fernandez verdejo, R. E. (2026) https://BioRender.com/58ykxym.
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Table 1. Characteristics of the participants by group and time point.

 
In-person-schooling (n = 94) Remote-schooling (n = 92)

Before After Before After

Mdn or % p25 p75 Mdn or % p25 p75 Mdn or % p25 p75 Mdn or % p25 p75

Age, years 12.8 12.5 13.1 14.8 14.5 15.1 12.7 12.5 13.0 14.7 14.5 15.0

Weight, kg 52.1 47.6 56.3 61.4 56.3 65.4 50.5 46.0 55.6 61.3 56.3 65.2

Height, cm 159 154 166 173 169 177 162 156 167 176 172 180

BMI, kg/m2 20.2 19.0 21.7 20.5 19.1 21.6 19.5 18.2 20.6 20.0 18.7 20.7

BMI, Z-score 0.89 0.43 1.31 0.36 -0.25 0.72 0.61 0.13 0.98 0.17 -0.42 0.46

Weight status

Underweight, % 1.1 - - 1.1 - - 4.3 - - 9.8 - -

Healthy weight, % 56.4 - - 83.0 - - 72.8 - - 83.7 - -

Overweight, % 40.4 - - 13.8 - - 22.8 - - 6.5 - -

Obesity, % 2.1 - - 2.1 - - 0.0 - - 0.0 - -

VO2max, mLO2/kg/min 44.6 40.0 47.8 49.1 45.2 53.2 45.5 41.0 48.6 46.4 43.5 50.4

50-m speed, m/s 6.1 5.8 6.4 6.9 6.8 7.2 6.0 5.8 6.3 6.7 6.3 7.0

800-m speed, m/s 4.2 4.1 4.4 5.4 4.4 5.6 4.2 4.0 4.4 4.4 4.2 5.2

Sit-ups, repetitions 45 40 49 56 50 61 44 39 49 53 47 58

Standing long jump, cm 167 156 182 221 206 235 180 170 193 224 203 233

Pull-ups, repetitions 4 2 7 8 5 11 3 1 5 6 3 9

All participants are males. BMI, body mass index; Mdn, median; p25, 25th percentile; p75, 75th percentile; VO2max, maximum oxygen uptake.

Figure 2. Comparison of anthropometric outcomes before and after two years in male adolescents exposed 
(remote-schooling) or not (in-person-schooling) to the school closure due to the COVID-19 pandemic. In A-D, 

ANOVA models were fitted including group, time (repeated measures), and their interaction. In A-C, the analyses 
were conducted using log10-transformed values, but the variables were plotted on their original scale. In E, 

Fischer's exact test was used at each time point separately. In-person-schooling n = 94; Remote-schooling n = 92. 
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The remote-schooling group had higher height and low-
er BMI compared with the in-person-schooling group (main 
effect of group; Figure 2B-D). As expected, body weight, 
height, and BMI changed after two years of growth and de-
velopment (main effect of time; Figure 2A-D). There were no 
group-by-time interactions in these outcomes, indicating that 
the magnitude of the change was not different between groups 
(Supplementary Table 2). In agreement, the remote-schooling 
group (versus the in-person-schooling group) had a lower 
proportion of overweight and obesity at the before time point 
(22.8% versus 42.6%), and the difference was maintained after 
two years (6.5% versus 16.0%; Figure 2E).

A statistically significant group-by-time interaction was ob-
served in VO2max, indicating that the change in VO2max over 
two years differed between groups (Figure 3A). Indeed, VO2m-
ax increased only by 2.0 mL/kg/min in the remote-schooling 
group, compared with 4.5 mL/kg/min in the in-person school-
ing group (Supplementary Table 2). This indicates that the ex-
pected increase in VO2max in the remote-schooling group was 
attenuated by 2.5 mL/kg/min (Supplementary Table 2). Post-

hoc analyses revealed no difference between groups before, but 
lower VO2max in the remote-schooling group after two years 
(Figure 3A). Statistically significant group-by-time interactions 
were also observed in 50-m speed, 800-m speed, and sit-ups 
(Figure 3B-D). Compared with the in-person-schooling group, 
the increases in the remote-schooling group were attenuated by 
0.4 m/s in 50-m speed, 0.8 m/s in 800-m speed, and 4 repeti-
tions in sit-ups (Supplementary Table 2). Again, post-hoc anal-
yses revealed that the difference between groups was manifest-
ed only after two years (Figure 3B-D). A statistically significant 
group-by-time interaction was also observed in the standing 
long jump, with attenuated increases in the remote-schooling 
group by 20 cm (Figure 3E and Supplementary Table 2). In this 
case, however, post-hoc analyses showed differences between 
groups before, not after, the two years (Figure 3E). Finally, the 
remote-schooling group performed fewer pull-up repetitions 
compared with the in-person-schooling group (main effect of 
group; Figure 3F). Yet both groups showed similar increases 
after two years (main effect of time; Figure 3F and Supplemen-
tary Table 2).

Figure 3. Comparison of cardiorespiratory and muscular fitness outcomes before and 
after two years in male adolescents exposed (remote-schooling) or not (in-person-

schooling) to the school closure due to the COVID-19 pandemic. ANOVA models were 
fitted including group, time (repeated measures), and their interaction. The analyses 

were conducted using log10-transformed values, but the variables were plotted on their 
original scale. *P < 0.05, ***P < 0.001 versus the In-person-schooling group at the same 

time point for the post-hoc comparison with Bonferroni adjustment. In-person-schooling 
n = 94; Remote-schooling n = 92. 
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Discussion
This study aimed to determine the effects of the school clo-

sure on the physical fitness of male adolescents attending a pri-
vate school in Chile. We leveraged data from the COVID-19 
pandemic to compare a group of students who were exposed 
to school closures (remote-schooling) with a control group 
that attended school normally (in-person-schooling). Both 
groups were comparable in age and sex and belonged to the 
same school. Anthropometric outcomes changed similarly in 
both groups over two years. Nevertheless, the normal gains in 
cardiorespiratory fitness, speed, and strength were consistent-
ly attenuated in the remote-schooling group, suggesting a neg-
ative impact of school closures on physical fitness.

The anthropometric changes observed in our participants 
agree with the expected growth during adolescence. Peak 
growth in males occurs between 12 and 14 years of age (Ch-
ulani & Gordon, 2014), which matches the age of our partic-
ipants. Both the remote-schooling and in-person-schooling 
groups showed similar increases in height and weight, indicat-
ing that school closure did not affect normal growth.

School closures during the COVID-19 pandemic most 
likely disrupted children's routines and habits, raising con-
cerns about their health. Similar concerns have been observed 
during other periods away from school, such as summer hol-
idays, when lower physical activity, reduced cardiorespirato-
ry fitness, and increased adiposity are common (Eglitis et al., 
2024). Nevertheless, previous findings during the COVID-19 
pandemic have been mixed. Some studies reported increases 
in the prevalence of overweight and obesity, whereas others 
did not (Chang et al., 2021; Medrano et al., 2021). Pierce et 
al. (2023) documented an accelerated rate of BMI increase in 
early 2020, and a stabilization in 2021, resulting in BMIs above 
pre-pandemic levels. Basterfield et al. (2024) also reported an 
initial increase in BMI post-lockdown, followed by stabiliza-
tion that did not return to pre-pandemic levels. In a previous 
study with a similar time-matched control design, increases in 
adiposity were also observed in students from public schools 
during 2019-2021 (Suárez-Reyes et al., 2024). In contrast, here 
we did not detect an increase in the prevalence of overweight 
or obesity in either group. The prevalence remained below 
20% in both groups, which is lower than national estimates 
showing >30% overweight and 16% obesity prevalence in 
14-year-old boys in Chile (Junta Nacional de Auxilio Escolar y 
Becas JUNAEB, 2021, 2022). Notably, those national estimates 
consider only students attending public schools, whereas our 
current sample included only students attending a private 
school. Higher socioeconomic status, often reflected in paren-
tal education, has been associated with lower weight gain in 
children during the school closures. This pattern likely results 
from better dietary routines, encouragement of physical ac-
tivity, and limited screen time (Pedersen et al., 2022). Such an 
advantage may have protected our participants.

Regarding other physical fitness outcomes, both groups 
showed improvements over the two years  (Welde et al., 2020). 
However, the gains in the remote-schooling group were attenu-
ated across most outcomes. Cardiorespiratory fitness (VO2m-
ax) increased in both groups, but the increase was 2.5 mL/kg/
min lower in the remote-schooling than the in-person-school-
ing group. Cardiorespiratory fitness is a strong predictor of 
current and future health in youth, and therefore, attenuated 
increases may indicate less favorable health outcomes. The 
attenuated increase in the remote-schooling group potential-

ly resulted from reduced opportunities for physical activity 
due to school closure (Raghuveer et al., 2020). Despite this, 
note that the median values of both groups remained within 
healthy fitness ranges for boys aged 12 to 14 years  (Lang et al., 
2019). Our findings partially contrast with those of Basterfield 
et al (2024), who reported a decline in cardiorespiratory fit-
ness immediately after lockdown, followed by a recovery and 
subsequent increase. Whether our remote-schooling group at-
tained the expected cardiorespiratory fitness later after school 
reopening is unknown.

The remote-schooling group also showed smaller im-
provements in speed compared with the in-person-schooling 
group. Speed is related to musculoskeletal and bone health, as 
well as athletic performance. Our results thus imply that the 
attenuated gains in speed could impact physical development 
(Mello et al., 2023). 

Muscular strength also showed attenuated increases in the 
remote-schooling group compared with the in-person-school-
ing group. Notably, the difference in standing long jump gains 
may partially reflect differences in performance at the before 
time point, with the in-person-schooling group starting with 
a lower performance and thus showing greater improvement. 
In agreement, Basterfield et al. (2024) reported increases in 
standing long jump and other strength measures from pre to 
post pandemic. Nevertheless, they interpreted these gains as 
evidence that strength was unaffected by the pandemic. Using 
a time-matched control group, we showed here that the gains 
were smaller than expected due to normal growth and matura-
tion. Our time-matched design thus allowed us to distinguish 
the effects of school closure from the normal, expected chang-
es. As muscular strength is linked to multiple health outcomes, 
the reduced gains in the remote-schooling group could have 
long-term health implications (Mello et al., 2023). Finally, 
although the increase in pull-ups was not different between 
groups, there was a borderline significant interaction consis-
tent with the other muscular strength outcomes.

While this study provides valuable insights, some lim-
itations should be noted. First, although school closure rep-
resents a major change in the routine of adolescents, the effects 
in the remote-schooling group cannot be attributed solely to 
school closure. Other factors, such as COVID-19 infections 
and their lingering effects, may have influenced the physical 
fitness in the remote-schooling group. Second, we did not have 
measurements of physical activity in any group. Thus, the idea 
that reduced physical activity levels due to school closure are 
major determinants of the attenuated fitness gains cannot be 
confirmed. Note that some studies reported declines in the 
physical activity levels during the pandemic, whereas others 
suggested sustained low levels or a partial recovery (Jago et al., 
2023; Suárez-Reyes et al., 2024). In any case, reduced oppor-
tunities for physical activity due to school closures remain a 
likely contributor to the attenuated increase in physical fitness. 
Third, fitness tests were conducted as part of routine school 
assessments, which may have limited measurement accuracy. 
Yet school-based testing remains a practical and cost-effec-
tive method to monitor youth fitness (Joensuu et al., 2024). 
Fourth, as the study included a single school, caution is need-
ed when generalizing findings. A major strength of our study 
was the inclusion of a time-matched control group from the 
same school. This group allowed us to distinguish the changes 
due to the school closure from those due to normal growth 
and development. Finally, we did not adjust for covariates such 
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as maturation status, as these data are not routinely collected 
in school-based assessments. Yet our design, including stu-
dents from the same school, age, and sex, partially mitigates 
this issue.   

In conclusion, our study suggests that schools play a key 
role in supporting the development of physical fitness during 
adolescence. The students from a high socioeconomic back-
ground showed overall increases in physical fitness. Neverthe-
less, the effects were attenuated in the group that was exposed 
to the school closure. These results provide valuable evidence 
on the role of schools as environments for promoting health 
beyond academics, even in a socioeconomically advantaged 
population.
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Abstract

This study examines the association between match outcome variables, total goals, goal difference, and the physical 
demands placed on referees in cerebral palsy (CP) football. Thirteen international referees were monitored via global 
positioning devices during 42 official matches at the 2022 CP Football World Cup and World Championships. Physical 
demands, including distances covered at various speeds and acceleration/deceleration metrics, were analyzed. Results 
revealed moderate to high negative correlations between goal difference and total, explosive, walking, jogging, me-
dium-intensity running, high-intensity running and sprinting distances; maximum speed, accelerations, low intensity 
acceleration in zones 1 and 2, low intensity deceleration in zones 1 and 2, and player load (ρ = -0.30 to -0.54; p <0.001 
to 0.04). In contrast, total goals showed only isolated, moderate correlations with medium-intensity running distance 
and deceleration Z1 (ρ = -0.33; p < 0.03 to 0.04). These findings indicate that match competitiveness, reflected by the 
goal difference, is a key factor associated with referees’ physical workload in CP football, with closer matches eliciting 
higher physical demands on the referees. The results highlight the importance of considering match context in referees’ 
training, recovery management, and match allocations, ensuring they are adequately prepared for the high demands of 
closely contested matches and can recover effectively during international-level CP football competitions. 

Keywords: soccer, contextual factors, performance, external load, officials
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Introduction
People with cerebral palsy (CP) live with a lifelong prev-

alent physical disability, characterized by heterogeneous con-
ditions that impact participation in para-sports at different 

competitive levels (Romeo et al., 2024). Many individuals with 
CP participate in CP football, a competitive format designed 
for para-athletes with mild motor impairments (GMFCS 
I–II), such as spastic hypertonia, ataxia, or dyskinesia (Hen-
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ríquez et al., 2023; Reina et al., 2020). The professionalization 
of para-sports has increased research interest in the perfor-
mance factors of both para-athletes and referees (Bao et al., 
2025). However, while much of the research has focused on 
para-footballers with CP or related neurological conditions, 
there is still limited information regarding the referees who of-
ficiate football matches for para-athletes with CP (Henríquez, 
Ozaeta, et al., 2024). Specifically, CP football shares the fun-
damental characteristics of conventional football, requiring 
a range of motor skills and high-intensity efforts during key 
moments of play (Castillo et al., 2025). However, it is contested 
in a seven-a-side format on a reduced-size pitch (usually 70 × 
50 m), with a standard men’s match consisting of two 30-min 
halves separated by a 10-min break. In the event of a draw at 
the end of regular time, two extra periods of 15 min are played, 
with a 5-min break before the first extra period and no resting 
interval between them (International Federation of Cerebral 
Palsy Football, 2023).

From a physical and physiological perspective, refereeing 
is an intermittent activity that predominantly relies on the 
aerobic system, with occasional actions of high-intensity ef-
fort in which the anaerobic system is interspersed (Castagna 
et al., 2007). Referees in CP football officiate matches that fol-
low specific adaptations of standard football rules (i.e., small-
er field size, lower number of players, no offside rule, shorter 
match time) that favor the participation of players categorized 
based on the impact of the eligible coordination impairments  
(Peña-González et al., 2022). Even with these match modifi-
cations, previous research shows that CP football referees face 
substantial physical demands, covering on average more than 
5700 m per match, including over 900 m at moderate intensity 
and more than 150 m at high to maximal sprinting intensity 
(Henríquez, Ozaeta, et al., 2024). Despite the relatively short 
duration of these high-speed efforts, referees perform an ex-
ceptionally high number of rapid speed changes with around 
1800 accelerations and 1850 decelerations per match, under-
scoring the intense and intermittent nature of officiating in CP 
Football (Henríquez, Ozaeta, et al., 2024). Since there is only 
one study that has examined these demands, further research 
is needed to provide stronger and more comprehensive evi-
dence regarding these demands.

CP football referees officiate a sport with a higher number 
of goals per match compared to regular football, likely due to 
the specific technical and tactical characteristics of this dis-
cipline (Castagna et al., 2007; Henríquez, Reina, et al., 2024; 
Peña-González et al., 2022). As in regular football, the physical 
demands placed on players can vary according to contextu-
al factors such as the level of opposition and final outcomes, 
although this remains unknown in the context of CP football 
referees (Henríquez, Reina, et al., 2024).  Referee decisions 
have a substantial impact on match outcomes, highlighting 
the importance of understanding the physical demands they 
face (Castagna et al., 2007). Therefore, this study aimed to an-
alyze the association between match outcome variables (i.e., 
total goals and goal difference) and the physical demands (i.e., 
distances covered at different intensities, accelerations and de-
celerations) of CP football referees, during international-level 
official matches. The main hypothesis is that a higher number 
of total goals and a greater goal difference will be associated 
with lower physical demands in terms of distance covered at 
different intensities and lower acceleration/deceleration vari-
ables in CP football referees.

Methods
Participants

This study analyzed 13 international referees (10 men and 
3 women; age: 39.17 ± 8.26 yr; weight: 76.07 ± 13.39 kg; height: 
174.04 ± 9.97 cm; body mass index: 24.99 ± 3.28 kg/m²) from 
11 nationalities who voluntarily participated in this study. The 
participants officiated matches during two 2022 world com-
petitions for men's CP football and had 18.62 ± 9.24 yr of ref-
ereeing experience in regular football and 6.54 ± 4.22 yr of 
refereeing in CP football. All referees were fully informed of 
the study protocols and provided written informed consent to 
participate. The study received ethical approval from a univer-
sity Ethics Committee (reference no. DPS.RRV.03.17).

Procedures
A correlational study design was used to examine the as-

sociations between match outcome variables (total goals [TG] 
and final goal difference between teams [GD]) with the referees' 
match physical demands. Data was collected from 42 official CP 
football male international-level matches (i.e., 1 minimum and 
5 maximum observations per referee) played between 09:00 to 
18:00 hours in the 2022 men’s CP Football world competitions 
(i.e., World Cup and World Championships) held at sea level 
in Catalonia region (Spain). Matches that went into extra time 
were considered, but only data from the regular two extra peri-
ods were analyzed. All referees wore vests fitted with global po-
sitioning system (GPS) devices to monitor the physical demands 
in matches conducted on an artificial turf field with official CP 
football dimensions. Prior to the matches, participants abstained 
from engaging in any strenuous physical activity and completed 
a 15-minute warm-up established by the head referee. 

Measures
The match outcome variables analyzed were TG, repre-

senting the total number of goals achieved by both teams at 
the end of the match; and GD, defined as the absolute differ-
ence in goals between the two teams at the end of the match. 
These data were obtained from the official match reports of 
the games analyzed and publicly available (https://www.ifcpf.
com/). Match running performance was assessed using WIMU 
PRO™ devices (RealTrack Systems SL, Almería, Spain) using 
GPS technology, with a sampling frequency of 10 Hz. The va-
lidity and reliability of these devices for evaluating physical 
demands have been previously established (Bastida-Castillo 
et al., 2018) and have also been used in CP football referees 
(Henríquez, Ozaeta, et al., 2024). Prior to each match (i.e., 15 
min before the warm-up), the GPS units were activated and 
synchronized following the manufacturer's guidelines. Data 
were extracted and processed using SPRO™ software (Real-
Track Systems SL, Almería, Spain) after the end of each match. 

The variables analyzed in this study included the total dis-
tance covered, explosive distance (distance covered with acceler-
ations > 1.12 m/s²), maximum speed (km/h), and distance cov-
ered at various speed thresholds: walking (0–6 km/h), jogging 
(6–12 km/h), medium-intensity running (MIR: 12–18 km/h), 
high-intensity running (HIR: 18–21 km/h), sprinting (21–24 
km/h), and maximum sprinting (> 24 km/h) (Gamonales et al., 
2022; Henríquez, Ozaeta, et al., 2024). Additionally, high-inten-
sity braking distance (HIBD; distance with deceleration > 2 m/
s²), high-speed running actions (HSRA; > 21 km/h) and number 
of sprints (n) metrics were also included (Lago-Peñas et al., 2024; 
Mara et al., 2017). These absolute speed thresholds were selected 
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as they represent the default configuration of the WIMU PRO™ 
software and have been previously utilized in elite convention-
al football contexts, such as the Spanish LaLiga (Lago-Peñas et 
al., 2024). The total number of accelerations and decelerations, 
defined as any change in velocity crossing the zero axis, was 
recorded alongside the maximal acceleration (ACCmax: m/s²) 
and maximal deceleration (DECmax: -m/s²) (Martin-Sanchez et 
al., 2022). The distance covered while accelerating and deceler-
ating was classified based on the intensity of these actions into 
four zones: Zone 1 (distance accelerating/decelerating: 0–1 m/
s²), Zone 2 (distance accelerating/decelerating: 1–2 m/s²), Zone 
3 (distance accelerating/decelerating: 2–3 m/s²), and Zone 4 
(distance accelerating/decelerating: > 3 m/s²). (Oliva-Lozano et 
al., 2021). Finally, the player load was used and represented in 
arbitrary units (Reche‐Soto et al., 2019).

Statistical analysis
Descriptive statistics data were presented using sample size, 

means, standard deviations, minima and maxima. Normality 
and homoscedasticity of data distribution were tested using the 
Shapiro−Wilk and Levene tests. The Shapiro–Wilk test indicated 
that the variables TG and GD did not follow a normal distri-

bution; consequently, the associations between physical match 
demands and match outcome variables were calculated using 
Spearman's Rank Correlation Coefficient (ρ). The following 
scale was used to interpret the magnitudes of the correlations: 
less than 0.1, trivial; from 0.1 to 0.3, low; from 0.3 to 0.5, moder-
ate; from 0.5 to 0.7, high; 0.7-0.9, very high; and greater than 0.9, 
almost perfect (Hopkins et al., 2009). The data analysis was car-
ried out using JASP (JASP for Windows, version 0.17, Amster-
dam, Netherlands). Statistical significance was set at p < 0.05.

Results
Descriptive statistics for match variables and referees' 

physical demands metrics across the 42 analyzed matches 
are presented in Table 1. The matches were characterized by 
a high-scoring nature, with TG averaging 5.19 ± 3.41 and a 
mean GD of 3.67 ± 3.84. Regarding physical demands, referees 
covered a Total Distance of 5026.45 ± 1265.00 m per match. 
The distance was predominantly covered at lower intensities, 
with Walking and Jogging constituting the largest portions at 
2407.14 ± 283.27 m and 1709.26 ± 659.43 m, respectively. The 
number of accelerations and decelerations per match were 
1754.81 ± 137.05 and 1764.21 ± 133.36, respectively.

Table 1. Descriptive statistics of match and physical variables of referees in cerebral palsy football (n = 42)

  Mean SD Minimum Maximum

Match variables

Total goals (n) 5.19 3.41 0.00 16.00

Goal difference (n) 3.67 3.84 0.00 16.00

Physical variables

Total distance (m) 5026.45 1265.00 2386.70 6416.70

Explosive distance (m) 367.35 182.38 46.70 732.50

Walking distance (m) 2407.14 283.27 1823.30 3116.50

Jogging distance (m) 1709.26 659.43 498.70 2774.10

Medium-intensity running (m) 755.81 414.79 64.70 1626.30

High-intensity running (m) 99.79 81.59 0.00 263.30

Sprinting (m) 38.82 50.57 0.00 173.70

Maximum sprinting (m) 15.63 36.61 0.00 190.40

HIBD (m) 62.08 48.78 2.99 170.22

Sprints (n) 1.33 2.65 0.00 10.00

HSRA (n) 4.21 5.34 0.00 18.00

Maximum speed (km/h) 21.47 3.42 14.96 28.59

Accelerations (n) 1754.81 137.05 1457.00 1974.00

Decelerations (n) 1764.21 133.36 1481.00 1987.00

ACCmax (m/s²) 7.27 1.18 4.93 10.16

Accelerations Z1 (n) 1253.62 250.79 840.54 1860.63

Accelerations Z2 (n) 886.96 315.29 169.00 1294.40

Accelerations Z3 (n) 336.01 210.94 11.90 867.16

Accelerations Z4 (n) 73.64 72.57 0.00 276.19

DECmax (m/s²) -7.81 1.47 -11.45 -4.69

Decelerations Z1 (n) 1307.71 241.60 856.41 1748.61

Decelerations Z2 (n) 848.40 315.38 166.00 1269.96

Decelerations Z3 (n) 257.08 157.42 24.00 624.75

Decelerations Z4 (n) 81.42 78.97 0.00 326.43

Player Load (AU) 48.24 21.55 8.63 99.29

Note. SD: standard deviation; HIBD: high-intensity braking distance; HSRA: high-speed running actions; ACCmax: maximum 
acceleration; DECmax: maximum deceleration.
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The associations between TG or GD and physical variables 
related to distance covered at different intensities are present-
ed in Table 2. Several significant negative correlations were 
observed between GD and physical demands. Specifically, 
greater GD was significantly associated with lower values of 
referees Total Distance (ρ = -0.52; p < 0.001; high), Explosive 
Distance (ρ = -0.36; p = 0.02; moderate), Walking (ρ = -0.32; 
p = 0.04; moderate), Jogging (ρ = -0.54; p < 0.001; high), MIR 

(ρ = -0.48; p < 0.001; moderate) and HIR (ρ = -0.37; p = 0.02; 
moderate). Additionally, sprints (ρ = -0.30; p = 0.04; mod-
erate) and maximum speed (ρ = -0.47; p < 0.001; moderate) 
were also correlated with GD. No associations were observed 
between GD and Sprinting, HIBD or HSRA. No significant 
correlations were found between TG and any of the physical 
demands variables (ρ = -0.11 to -0.29; p > 0.05), except for 
MIR (ρ = -0.33; p = 0.04; moderate).

Table 2. Associations between Total Goals and/or Goal Difference and physical response variables by referees in 
cerebral palsy football matches related to the total distance

Variables
TG GD

ρ CI (95%) p value ρ CI (95%) p value

Total distance (m) -0.29 (-0.54, 0.00) 0.06 -0.52† (-0.70, -0.27) 0.00

Explosive distance (m) -0.11 (-0.49, 0.03) 0.25 -0.36* (-0.58, -0.09) 0.02

Walking distance (m) -0.28 (-0.55, 0.02) 0.07 -0.32* (-0.56, -0.02) 0.04

Jogging distance (m) -0.26 (-0.51, 0.05) 0.10 -0.54† (-0.74, -0.29) 0.00

MIR (m) -0.33* (-0.56, -0.04) 0.04 -0.48† (-0.67, -0.22) 0.00

HIR (m) -0.25 (-0.50, 0.06) 0.11 -0.37* (-0.60, -0.07) 0.02

Sprinting (m) -0.13 (-0.42, 0.18) 0.40 -0.25 (-0.52, 0.06) 0.11

Maximum sprinting (m) -0.19 (-0.47, 0.10) 0.23 -0.31* (-0.57, 0.00) 0.04

HIBD (m) -0.15 (-0.41, 0.15) 0.35 -0.24 (-0.48, 0.01) 0.12

Sprints (n) -018 (-0.46, 0.12) 0.25 -0.30* (-0.57, 0.00) 0.04

HSRA (n) -0.17 (-0.46, 0.12) 0.28 -0.26 (-0.52, 0.03) 0.10

Maximum speed (km/h) -0.15 (-0.44, 0.18) 0.34 -0.47† (-0.70, -0.19) 0.00

Note. TG: total goals; GD: goal difference; ρ: Spearman's rank correlation coefficient; CI: confidence interval; MIR: medium-intensity 
running; HIR: high-intensity running; HIBD: high-intensity braking distance; HSRA: high-speed running actions; * p < 0.05; † p < 0.01.

The associations between TG or GD and physical vari-
ables related to accelerations, decelerations and/or Player 
Load are presented in Table 3. Several significant correlations 
were observed between GD and physical demands variables. 
Specifically, greater GD was associated with lower values in 
accelerations (ρ = -0.32; p < 0.04; moderate), low-intensity 

accelerations in zones 1 and 2 (ρ = from -0.47 to -0.50; p < 
0.001; moderate), low-intensity decelerations in zones 1 and 
2 (ρ = from -0.49 to -0.53; p < 0.001; moderate to high), and 
Player Load (ρ = -0.50; p < 0.001; moderate). Other physical 
variables related to accelerations or decelerations, including 
ACCmax, accelerations in zones 3 and 4, number of decel-

Table 3. Associations between Total Goals and/or Goal Difference and accelerations, decelerations, maximal acceleration, 
maximal deceleration, distance covered accelerating and decelerating at different speeds, and player load

Variables
TG GD

ρ CI (95%) p value ρ CI (95%) p value

Accelerations

n -0.23 (-0.52, 0.09) 0.15 -0.32* (-0.58, 0.00) 0.04

ACCmax (m/s2) -0.01 (-0.31, 0.29) 0.97 -0.03 (-0.31, 0.28) 0.85

Zone 1 (m) -0.30 (-0.56, 0.00) 0.06 -0.47† (-0.67, -0.18) 0.00

Zone 2 (m) -0.23 (-0.54, 0.11) 0.14 -0.50† (-0.73, -0.22) 0.00

Zone 3 (m) -0.18 (-0.44, 0.12) 0.26 -0.30 (-0.52, -0.03) 0.05

Zone 4 (m) -0.09 (-0.37, 0.20) 0.57 -0.19 (-0.44, 0.09) 0.23

Decelerations 

n -0.22 (-0.51, 0.11) 0.16 -0.28 (-0.55, -0.04) 0.07

DECmax (-m/s2) 0.07 (-0.23, 0.35) 0.65 -0.09 (-0.20, 0.36) 0.59

Zone 1 (m) -0.33* (-0.60, 0.01) 0.03 -0.53† (-0.71, -0.27) 0.00

Zone 2 (m) -0.22 (-0.51, 0.11) 0.16 -0.49† (-0.73, -0.23) 0.00

Zone 3 (m) -0.16 (-0.43, 0.12) 0.31 -0.29 (-0.52, -0.04) 0.06

Zone 4 (m) -0.16 (-0.44, 0.12) 0.32 -0.14 (-0.39, 0.15) 0.39

Player Load (AU) -0.13 (-0.43, 0.17) 0.41 -0.50† (-0.71, -0.20) 0.00

Note. TG: total goals; GD: goal difference; ρ: Spearman's rank correlation coefficient; CI: confidence interval; * p < 0.05; † p < 0.01.
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erations, DECmax and decelerations in zones 3 and 4 were 
not correlated with GD (p > 0.05). No significant correlations 
were found between TG and any physical demands variables 
related to accelerations or decelerations (ρ = -0.01 to -0.23; p 
> 0.05) except for deceleration in zone 3 (ρ = 0.33; p = 0.03; 
moderate).

Discussion
The results of the present study suggest a limited asso-

ciation between the competitive context of the matches, 
specifically GD, and the physical demands of referees in CP 
football at international-level matches. While the total num-
ber of goals showed only isolated, moderate negative correla-
tions with MIR and low-intensity decelerations, moderate to 
high negative associations were observed between GD and 
multiple physical demands variables, such as Total Distance, 
distances covered at different intensities (ranging from Walk-
ing to HIR), as well as variables related to accelerations, de-
celerations and Player Load. Although no studies have been 
found examining how match outcome may influence the 
physical demands of CP football referees, scientific literature 
has analyzed the influence of match outcome on regular foot-
ball players' and referees’ physical demands (Fan et al., 2025; 
Jerkovic et al., 2022; O’Donoghue & Tenga, 2001). Hence, 
this represents the first study that analyzes the association 
between match outcome and the physical demands of CP 
football refereeing.

Previous research has shown that the total number of goals 
scored in CP football matches tends to be higher than in reg-
ular football matches, which may have implications for the 
physical demands experienced by players and referees offici-
ating the competition (Henríquez, Ozaeta, et al., 2024; Peña-
González et al., 2022). According to the CIES Football Ob-
servatory 40th report, the average goal difference per match 
across European leagues is approximately 1.34 goals (Poli et 
al., 2018), in contrast, the results of the present study revealed 
a substantially larger value in CP football, with a mean goal 
difference of 3.67 goals. This markedly greater competitive 
imbalance may reflect structural and functional differences 
in team composition, dynamics, and match physical demands 
between CP and regular football (Peña-González et al., 2022). 
The competitive level of national teams can vary substantial-
ly depending on each country’s resources, structures for pa-
ra-athletes development, and investment in para-sport pro-
grams (Dehghansai et al., 2022). As a result, nations with more 
established talent identification systems, better training envi-
ronments, and greater economic support tend to field high-
er-level players, whereas countries with fewer resources may 
present less experienced or less physically prepared athletes 
(Peña-González et al., 2025). 

The results of the present study suggest that GD is mean-
ingfully associated with the physical demands of referees in 
CP football. Specifically, larger GD was associated with re-
duced total distance covered, shorter distances at different 
running intensities, and lower values for explosive distance, 
sprinting actions, and maximum speed. These results align 
with findings reported by (Fan et al., 2025) in professional 
Chinese Super League referees, who exhibited greater total 
distance, high-speed running, and sprinting activity during 
matches that finished in a tie. In balanced matches, gameplay 
tends to be faster and more chaotic, with numerous counter-
attacks, individual duels, and possession turnovers, forcing 

referees to respond with constant positional adjustments, in-
cluding accelerations and decelerations (Aquino et al., 2021). 
Matches that are more evenly contested are associated with 
higher physical demands (Buchheit et al., 2018; Jerkovic et 
al., 2022; O’Donoghue & Tenga, 2001); therefore, in match-
es with a larger GD, players’ physical demands are likely re-
duced, and consequently, referees' responses, which are influ-
enced by players’ activity levels (Weston et al., 2011; Zhou et 
al., 2025), would also be lower.

Nevertheless, certain differences emerge between regular 
football and CP football. While Fan et al. (2025) observed 
increased running performance in matches with wide score 
margins (≥ 2 goals), possibly due to a more open and less 
structured game dynamic, the opposite trend was observed 
in the present study. According to the results of the present 
study, referees' physical demands in CP football progressively 
decreased as the GD increased, suggesting that once the out-
come of a match becomes evident, the pace and tactical inten-
sity decline markedly. This difference likely reflects the specific 
nature of CP football. The high competitive imbalance (mean 
goal difference = 3.67) and diverse player profiles may reduce 
match intensity once a team takes a clear lead. Consequently, 
CP football referees appear to adjust their positioning less fre-
quently and to cover smaller areas of the pitch, resulting in a 
lower overall workload compared with matches that remain 
competitive until the final minutes.

Regarding variables related to accelerations and decel-
erations, negative associations were identified between GD 
and the total number of accelerations, as well as low-to-me-
dium intensity accelerations and decelerations (zones 1 and 
2). Once again, these patterns can be explained by a reduced 
need to closely follow the game when the match outcome is 
practically decided. Referees may perform fewer total move-
ments but still engage in bursts of high-intensity accelerations, 
possibly for positioning during counterattacks or to maintain 
offside-line awareness. In situations where one team clearly 
dominates, the competitive pace tends to drop (Buchheit et 
al., 2018; Jerkovic et al., 2022; Redwood-Brown et al., 2018), 
which appears to be associated with lower referees' physical 
demands. In contrast, in regular football, referees tend to in-
crease their physical demands when the GD exceeds two goals 
(Fan et al., 2025). However, GD between winning and losing 
teams is generally larger in CP football, so such situations are 
less common compared to regular football. Moreover, such 
GD in regular football is often reached near the end of the 
match, thus influencing only a small portion of the match 
(Redwood-Brown et al., 2012).

On the other hand, it is worth noting that only two signif-
icant correlations were observed between the total number of 
goals and the referee´s physical demands variables (specifical-
ly, with MIR and low-intensity decelerations), while the vast 
majority showed no association. This confirms that referee 
physical demands are more strongly associated with goal dif-
ference than with total goals (Buchheit et al., 2018), reflecting 
the impact of match competitiveness and scoreline uncertain-
ty. In a match where both teams score many goals but maintain 
a close score, the physical demands on the referee may be even 
greater than in a low-scoring match with a clear imbalance, 
reinforcing the relevance of contextual factors that can interact 
in a game (Henríquez, Reina, et al., 2024).

This study is not exempt of limitations that should be ac-
knowledged when interpreting the results. First, the sample 
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size was relatively small (n=13), with an unequal distribu-
tion between genders (10 men and 3 women), which limits 
the ability to generalize the findings to the broader refereeing 
population, particularly regarding female officials. Second, the 
dataset includes multiple match observations from the same 
referee, ranging from one to five matches per official. Although 
the statistical analyses treated all observations as independent, 
this approach does not model intra-subject dependency. While 
linear mixed-effects models were considered to address this 
issue, the highly unbalanced nature of the repeated measures 
and relatively small cluster sizes resulted in unstable model 
estimations. Consequently, the reported relationships reflect 
these global match demands, and readers are advised to in-
terpret the associated p-values with this methodological con-
straint in mind. Moreover, the data were collected exclusively 
during male international-level competitions, meaning it is 
unknown whether these physical demand patterns are appli-
cable to female CP football or domestic leagues with different 
competitive levels. Methodologically, the study focused solely 
on external load metrics quantified via GPS devices, without 
monitoring internal load variables (such as heart rate or rat-
ing of perceived exertion), which would have provided a more 
comprehensive understanding of the physiological strain as-
sociated with varying goal differences. While match outcome 
variables were analyzed, other potential contextual factors that 
could influence physical demands were not controlled for. As 
referee physical demands are likely associated with numerous 
additional variables, future research should account for fac-
tors such as the specific match period, team quality, match 
importance, and specific environmental conditions to provide 
a more holistic understanding of officiating demands. Finally, 
the absolute speed thresholds utilized to categorize running 
intensities were based on conventional football intensities. 
The authors acknowledge that given the unique functional 
and motor characteristics of players with CP, these standard 
thresholds may not accurately reflect the relative physiological 
demands of the sport. Therefore, future research should focus 
on establishing and validating specific speed thresholds specif-
ically adapted to the CP football population.

Conclusions
The results of the present study show that closely contest-

ed matches involve greater physical demands for CP football 
referees. This trend, documented in professional and conven-
tional football, is also observed in CP football, suggesting that 
match competitiveness is a key factor associated with refer-
ees' physical demands, regardless of whether the match is in 
regular or CP football. These findings highlight the impor-
tance of considering match context in performance analysis 
and underscore the need for specific preparation to handle 
high-demand situations, especially in matches with uncertain 
outcomes. From a practical perspective, these results provide 
actionable insights for referee physical coaches, tournament 
organizers, and the referees themselves. From an applied 
perspective, referee training programs should replicate the 
specific high-intensity demands of closely contested match-
es—such as repeated sprints, rapid changes of direction, and 
explosive accelerations—to minimize fatigue-related errors. 
Furthermore, from an organizational standpoint, refereeing 
committees must consider these findings when making match 
appointments during demanding international tournaments. 
Specifically, organizers should strategically rotate officials by 

considering whether a referee has recently officiated a close-
ly contested match, as the associated physical demands may 
require longer recovery periods. Consequently, recovery strat-
egies must be individualized, ensuring that referees involved 
in high-stress, narrow-margin matches receive more intensive 
regeneration protocols before their next assignment.
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Abstract

Addressing inconsistencies in effective instructional delivery, this quasi-experimental study investigated the 
effect of various team teaching models in primary school physical education (PE) on the physical fitness of 
children. A sample of N =266 students (grades 1–4, mean age 7.68 years) from the Bratislava region partici-
pated in a five-month PE intervention. Intact classes were assigned to one of five instructional configurations: 
a single PE teacher (PET-only) and four team teaching models: Generalist Teacher + Sports Coach (GT+C), 
GT+PET, Assistant Teacher + PET (AT+PET), and GT+AT. Physical fitness was assessed pre- and post-interven-
tion using the Standing Long Jump, Shuttle Run, Sit-and-Reach, and Pull-up Hold tests. To investigate the 
association between physical fitness and self-perceived physical literacy, PLAYself questionnaire was applied. 
The Kruskal-Wallis H-test showed significant differences in the magnitude of change across all four physical fit-
ness components (p< .01). Most importantly, no single team teaching model demonstrated superiority across 
all domains; however, configurations involving PET or assistant support (GT+PET, AT+PET, GT+AT) generally 
showed more favourable gains in strength and endurance components. Crucially, self-perceived physical lit-
eracy showed a weak alignment with objective fitness, with only one of eight correlations (Pull-up Hold: ρ = 
.177, p = .009) reaching statistical significance at baseline. Conversely, out-of-school organized sport participa-
tion, particularly its frequency and competitive involvement, showed moderate to strong positive correlations 
with better physical fitness outcomes. These findings suggest that the composition of the teaching team and 
organized out-of-school sport participation influence physical fitness levels. The study supports the potential 
of certain collaborative instructional structures to enhance physical fitness in primary school children but also 
highlights the complexity of connecting self-perception of physical literacy with objectively measured perfor-
mance in this age group. 
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Introduction
Team teaching, also known as co-teaching or tandem 

teaching, is a collaborative instructional model where two 
professionals jointly instruct students in a single classroom 
(Cook & Friend, 1995, 2010). At its core, this approach is a dy-
namic partnership based on shared responsibility and mutual 
goals, which requires continuous communication (Hargreaves 
& O’Connor, 2018). As a key component of educators' pro-
fessionalism, effective team teaching positively influences 
instructional choices and student outcomes (Strogilos et al., 
2023). This collective teaching facilitates "activating learn-
ing" by enabling educators to provide equal attention, better 
address various learning needs, and engage all learners more 
quickly (Abrami et al., 2015; Veteska et al., 2020).

This flexible approach is adaptable to all school subjects, 
including Physical Education (PE), and encompasses vari-
ous distinct models. Initially categorized into five approaches 
(Cook & Friend, 1995), the framework was later refined into 
six models (Friend et al., 2010). The specific model utilized is 
often influenced by teacher training and professional experi-
ences (Pancsofar & Petroff, 2016; Colson et al., 2021), with the 
"One Teach, One Assist" model being most frequent due to 
lower joint planning demands (Arias, 2024). Team teaching 
is known to provide students with richer learning experiences 
and diverse perspectives (Baeten & Simons, 2016), and it fos-
ters an inclusive culture by increasing curriculum access for all 
learners (Cook & McDuffie-Landrum, 2019).

The use of team teaching is gaining traction in primary 
school PE in several contexts, including the UK (Jones & Green, 
2015; Dockerty & Pritchard, 2023) and Ireland (Ní Chróinín & 
O’Brien, 2019). Crucially, similar trends are emerging in Central 
and Eastern Europe, such as Slovakia (Luptáková et al. 2025a; 
Balga et al., 2024) and North Macedonia (Klincarov et al., 2018; 
Popeska, 2022). This growth is primarily driven by concerns that 
generalist teachers often lack the necessary competence to pro-
vide Quality Physical Education (Duncombe et al., 2018; Spittle 
et al., 2022; Dockerty & Pritchard, 2023; Randall, 2023; Petračić, 
2023). Consequently, policies in countries like Italy (Aliberti et 
al., 2025), Croatia (Gerovac et al., 2025), and North Macedonia 
(Luptáková et al., 2025b) are shifting to entrust PE to trained spe-
cialists (such as PE teachers or sports coaches). The implemen-
tation of specialized instruction, however, varies significantly by 
country: In Croatia, a solo instruction model is utilized where PE 
kinesiologists teach the subject instead of the generalist teacher. 
Gerovac et al. (2025) found that students taught by kinesiologists 
significantly outperformed the control group taught by gener-
alist teachers in motor skills. Conversely, North Macedonia has 
adopted national legislation making the team teaching approach 
mandatory at the primary level, which involves a PE teacher 
working alongside the generalist classroom teacher (Luptáková 
et al., 2025b). Meanwhile, Slovakia implements the 'Coaches in 
Schools' initiative, integrating certified sports coaches into pri-
mary school PE instruction (Balga, 2024). The inclusion of these 
professionals ensures evidence-based pedagogical approaches 
that promote holistic development (Aliberti et al., 2025).

Following the examination of instructional methods, it is 
important to consider how the effectiveness of these models 
is evaluated. To objectively evaluate the effectiveness of these 
collaborative instructional models, it is crucial to monitor 
changes in key health-related outcomes, particularly physical 
fitness. Physical fitness assessments are vital for monitoring a 
subject’s physical condition and the effects of physical activ-

ity (González-Rico & Ramírez-Lechuga, 2018). PE teachers 
play a vital role in this process, leveraging fitness monitoring 
as an educational tool to foster students' physical literacy (PL) 
and lifelong physical activity (Sepahvand et al., 2025). Objec-
tive assessment tools for children and adolescents include test 
batteries such as ALPHA-Fitness (Ruiz et al., 2011), EUROFIT 
(Adam et al., 1988), or the more recent FitBACK (Ortega et al., 
2023). Since physical fitness (or motor competence) is only one 
component of the broader complex of PL (Whitehead, 2010), 
the subjective component must also be considered (Pastor-Cis-
neros et al., 2021). Objectively measured and self-perceived 
motor competence are both important factors influencing 
physical activity levels (Chai et al., 2023).

Previous research supports a direct relationship between 
objectively measured fitness and self-perceived fitness (Ortega 
et al., 2011; Štefan et al., 2019), suggesting a higher self-per-
ceived level is associated with higher PL. Studies also demon-
strate a relationship between PL and self-perceived physical 
fitness in children, linking it to motivation, self-concept, and 
self-esteem (Pastor-Cisneros et al., 2021). Importantly, cardio-
respiratory fitness has been identified as one of the most rele-
vant and influential factors in total PL scores (Pastor-Cisneros 
et al., 2021; Nezondet et al., 2023).

Despite the fact that the benefits of both team teaching 
and specialized instruction are evident, and the components 
of physical literacy are well-defined, there remains a lack of 
experimental evidence directly comparing the efficacy of dif-
ferent team teaching models on objective physical fitness gains 
and their alignment with self-perceived physical literacy in 
primary school children. Therefore, the primary aim of this 
quasi-experimental study was twofold: to investigate the effect 
of various team teaching models in primary school PE on chil-
dren’s physical fitness gains; and to investigate the association 
between these objectively measured outcomes and students' 
self-perceived physical literacy.

Materials and methods
Participants and design

A sample of N=266 primary school students (grades 1–4) 
participated in this investigation. The cohort consisted of 
n=143 boys and n=123 girls, with an average age of 7.68 years 
(SD = 1.10). The study recruited convenience samples from 
three primary schools within the Bratislava area that volun-
teered to engage in the research. The project adopted a clus-
ter-based, quasi-experimental design, where the intact class-
room served as the assignment unit. This methodology was 
chosen to maintain the ecological validity of the five-month 
PE intervention in real-world school settings; the intervention 
involved the standard school curriculum delivered over two 
45-minute sessions each week from T1 to T2. However, this 
cluster-based, non-random assignment introduced the poten-
tial for selection bias and confounding variables. Indeed, pre-
liminary analysis confirmed statistically significant baseline 
differences across groups regarding age, height, and all four 
physical fitness components (p < .05). This non-randomiza-
tion was not feasible to avoid due to mandatory school admin-
istrative and scheduling constraints, which required the pres-
ervation of intact class structures for the duration of the study.

All procedures involving minors were executed only after 
securing parental or legal guardian written informed consent. 
The study was reviewed and received favourable ethical clear-
ance (Approval no. 10/2024, dated 21.6.2024) from the Ethics 
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Committee of the Faculty of Physical Education and Sports, 
Comenius University in Bratislava, Slovakia. All research ac-
tivities conformed to the established guidelines of the Decla-
ration of Helsinki.

The primary aim was to investigate the effect of instruc-
tional structure on students' physical fitness. Accordingly, 
pre-existing classes were non-randomly assigned to one of 

five instructional arrangements. These arrangements includ-
ed a baseline condition (single PE teacher) and four variants 
of team teaching. The five teaching configurations represent 
the manipulated variable in this design. Detailed participant 
characteristics for each configuration are outlined in Table 1, 
and the specific composition of the teaching teams, including 
qualifications and defined roles, is provided in Table 2.

Table 1. Participant Demographics by Teaching Models 

Teaching model n (students) Mean age (years) SD

PE teacher-only 48 7.44 1.27

Generalist teacher + Coach 48 6.58 .54

Generalist teacher + PE teacher 44 7.66 1.54

Assistant teacher +PE teacher 82 7.70 1.21

Generalist teacher +Assistant teacher 44 7.68 .64

The intervention utilized the standard state-mandated PE 
curriculum for the primary level in Slovakia. Crucially, the spe-
cific lesson content and pedagogical choices were not standard-
ized, mandated, or monitored by the research team across the 
five instructional groups. The study aimed to investigate the ef-
ficacy of the different teacher configurations operating in their 
typical, naturalistic environment. This decision reflects a com-
mitment to ecological validity, but it must be acknowledged 
that lesson content variability represents an uncontrolled con-
founding factor in the interpretation of the subsequent results.

Prior to the intervention, all participating teachers were 
individually or collectively briefed by the research team re-
garding the study’s requirements. This communication fo-
cused on the research rationale, the importance of adhering to 
the intervention timeline, and general guidance on leveraging 
specialized expertise consistent with the intended roles in Ta-
ble 2. Consequently, specific team teaching roles were neither 
formally prescribed nor monitored, meaning the instructional 
fidelity of the team teaching process remains an unmeasured 
variable in this study.

Procedures 
Assessment occurred at two key time points. Baseline 

data (T1) were collected in October 2024, immediately pre-
ceding the commencement of the five-month PE interven-
tion. Post-intervention data (T2) were gathered in April 2025, 
marking the conclusion of the experimental period.

Four components of physical fitness were evaluated using 
standardized tests from the EUROFIT handbook (Council of 
Europe, 1993). These tests included: the Standing Long Jump, the 

Shuttle Run test, the Sit-and-Reach test, and the Pull-up Hold.
To investigate the associations between students' physical 

fitness levels and self-reported physical literacy, the Physical 
Literacy Assessment for Youth-Self (PLAYself) questionnaire 
(Physical Literacy Canada, 2023) was administered at both 
T1 and T2. The questionnaire underwent a rigorous for-
ward-backward translation process to ensure accuracy in the 
Slovak language. The instrument was administered by teachers 
to students in Grades 1 and 2, while students in Grades 3 and 4 
completed it via self-administration. The internal consistency 
of the chosen subscale was confirmed at baseline (α = .72). For 
this study, the Physical Literacy Self-Description subscale was 
used for analysis, as it specifically captures a child's self-effica-
cy related to participation in physical activity. 

To provide contextual insight into the students' overall ac-
tivity levels, out-of-school physical activity was assessed exclu-
sively at T2. This information was gathered using a non-validat-
ed, context-specific questionnaire administered by the teachers. 
The instrument focused on three primary areas of participation 
outside the school curriculum: Frequency of Organized Physi-
cal Activity, Competitive Involvement (yes/no), and Sport Type 
(individual or collective sports). This data was intended to com-
plement the findings obtained within the school setting.

Statistics
Data management and analysis were executed using IBM 

SPSS Statistics Version 21 for Windows. Before the main anal-
yses, the distributional properties of the data, specifically the 
change scores (Δ), were evaluated for normality using the Shap-
iro-Wilk test. Given the observed non-normality in these scores 

Table 2. Operational Definitions of Teaching Models  

Teaching model Teacher composition Key teacher qualifications Intended roles 

PET Single Certified PE Teacher Master's in PE; single-teacher group. PET (All instructional roles)

GT+C Generalist Teacher + Sports 
Coach

GT (Primary Ed Master's); Coach (Sport 
Science/License; national program).

Lead: Coach (skill execution). Support: GT 
(classroom management/pedagogy).

GT+PET Generalist Teacher + PE Teacher GT (Primary Ed Master's); PET (PE 
Master's).

Lead: PET (motor skill development). Support: 
GT (pedagogy/class management).

AT+PET Assistant Teacher + PE Teacher AT (Pedagogical Sciences; after-
school); PET (PE Master's).

Lead: PET (motor skill development). Support: 
AT (management/individual assistance).

GT+AT Generalist Teacher + Assistant 
Teacher

GT (Primary Ed Master's); AT 
(Pedagogical Sciences; after-school).

Lead: GT (lesson delivery).
Support: AT (supervision/behavior 

management). 



64�  DOI 10.26773/mjssm.260908

TEAM TEACHING AND PRIMARY PE PHYSICAL FITNESS | G. LUPTÁKOVÁ ET AL.

and the study's quasi-experimental, cluster-based design, a re-
liance on non-parametric statistical methods was adopted. We 
explicitly acknowledge the presence of a cluster effect (students 
nested within classes), which is typical of educational interven-
tions. While multilevel modeling (MLM), such as mixed effects 
models, is the ideal approach for nested data, we determined 
that our sample size (specifically the low number of clusters) 
was insufficient to reliably implement this advanced analysis.

The established threshold for statistical significance across 
all tests was set at α = .05 (two-tailed). 

The primary objective—determining the comparative ef-
fectiveness of the five distinct instructional groups—was ad-
dressed through a two-step analytical procedure: 

1. Analysis of Within-Group Development 
To quantify the growth or change achieved within each 

teaching configuration, the mean difference (Δ) between 
the baseline (T1) and post-intervention (T2) physical fit-
ness scores was computed for every group. The extent of this 
change was presented using the 95% Confidence Interval (CI) 
for the mean difference. Statistical evidence of significant de-
velopment within a group was established when the 95% CI 
did not encompass zero.

2. Analysis of Between-Group Differences 
To formally test for significant overall differences among the 

five instructional groups concerning the magnitude of change 
(T1 to T2 scores), the Kruskal-Wallis H-test was employed. This 
test was selected as the appropriate methodology to compare 
independent groups when distributional assumptions (normal-
ity) were violated and due to the inherent characteristics of the 
dependent fitness variables. This analysis was performed sepa-
rately for each physical fitness outcome measure.

Additionally, Spearman's rank-order correlation (ρ) coef-

ficients were calculated to explore the interrelationships be-
tween the measured constructs and to furnish crucial contex-
tual information. Firstly, correlations were computed between 
the children's self-perceptions of physical literacy  and their 
scores on the objectively measured physical fitness tests. These 
correlations were calculated independently for both the ini-
tial (T1) and final (T2) assessments to observe potential shifts 
in self-awareness over the intervention period. Secondly, to 
gauge the potential impact of external factors, correlations 
were determined between the Out-of-School Physical Activity 
(OOSPA) variables (categorized by frequency, competitive in-
volvement, and sport type) and the post-intervention physical 
fitness test results. This step aimed to quantify the influence 
of habitual external activity on the study's primary outcomes.

Effect sizes were reported for all inferential tests: for with-
in-group changes, r = Z / √N; for Kruskal–Wallis tests, ε2 was 
computed. Effect sizes and Spearman correlation coefficients 
were interpreted using conventional cut-offs (.10 = weak, .30 = 
moderate, .50 = strong), following Cohen’s guidelines (Cohen, 
1988).

Results
Effects of Team Teaching Models on Physical Fitness Components

To evaluate the effects of different instructional configura-
tions on students' physical fitness, four standardized tests were 
conducted at both the beginning and end of the intervention. 
The Kruskal-Wallis H-test revealed statistically significant dif-
ferences in the magnitude of change across all four physical 
fitness components.

The strongest differentiation between groups was observed 
in flexibility (Sit-and-Reach) (H(4) = 59.07, p < .01), with a 
large effect size (η²= .26). The Generalist Teacher + Coach 

Table 3. Changes in Physical Fitness by Instructional Group

Groups Mean
95% Confidence 
Interval for Mean Std. 

Deviation Median Minimum Maximum Interquartile 
range

Lower Bound Upper Bound

Sit-and-
Reach [cm]

PET .03 -2 2.07 3.68 0 -9.5 6 4.5

GT+C 1.19 .45 1.93 1.83 1.5 -3 3 4

GT+PET -3.17 -6.96 .62 10.52 1 -32 12 11.13

AT+PET -9.92 -13.49 -6.36 10.85 -11.5 -36 17 10.75

GT+AT -7.26 -11.18 -3.35 9.05 -6 -32 12 10

Standing 
Long Jump 

[cm]

PET 3.67 -2.76 10.09 11.6 3 -20 33 10

GT+C .35 -4.51 5.21 12.03 0 -28 27 14.75

GT+PET 3.75 -.01 7.51 10.42 2.5 -18 38 10.75

AT+PET 13.45 9.18 17.71 12.97 13.5 -8 44 18

GT+AT 2.96 -3.01 8.92 13.8 3 -31 30 20

Pull-up 
Hold [s]

PET 1.05 -4.56 6.67 10.14 2.1 -19.3 20.5 2.8

GT+C -1.19 -2.43 .05 3.07 -.85 -8.62 4.88 3.48

GT+PET 6.59 3.74 9.44 7.9 3.69 -3.1 29.1 12.61

AT+PET 1.86 -.72 4.44 7.85 1.74 -13.03 31.85 9.52

GT+AT 2.15 .93 3.36 2.81 1.24 -.78 8.62 4.07

Shuttle Run 
[m]

PET 6.67 -18.33 31.67 45.15 20 -60 80 80

GT+C -140 -245.38 -34.62 260.89 -40 -920 80 195

GT+PET -83.13 -153.83 -12.42 196.1 10 -700 80 230

AT+PET 18.42 -15.8 52.64 104.12 0 -240 460 65

GT+AT 52.17 7.41 96.94 103.53 40 -180 380 100
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(GT+C) group achieved the highest mean rank (143.91) and 
was the only configuration to achieve a statistically significant 
absolute gain (Δ = +1.19 cm; 95% CI: .45, 1.93). In contrast, 
the AT+PET and GT+AT groups experienced significant de-
clines, while the PET-only group (Mean Rank 136.99) main-
tained baseline levels with no significant change.

Group differences in lower-body explosive strength 
(Standing Long Jump) were significant with a medium effect 
size (H(4) = 16.00, p < .01, η² = .06). The Assistant Teacher + 
PE Teacher (AT+PET) group demonstrated the highest mean 
rank (136.17) and the most substantial absolute improvement 
(Δ = +13.45 cm), which was statistically significant (95% 
CI: 9.18, 17.71). While the PET-only and GT+PET groups 

showed positive trends, their confidence intervals crossed 
zero, indicating these changes were not statistically significant 
within the groups.

Significant differences were found in upper-body endur-
ance development (Pull-up Hold) (H(4) = 29.77, p < .01), 
representing a large effect size (η² = .12). The GT+PET group 
achieved the highest mean rank (144.96) and the largest sig-
nificant improvement in performance (Δ = +6.59 s; 95% CI: 
3.74, 9.44). The GT+AT group also recorded a significant gain 
(Δ = +2.15 s). Conversely, the PET-only group (Mean Rank 
104.86) showed no statistically significant change (95% CI: 
–4.56, 6.67), suggesting that the solo-specialist model did not 
induce measurable gains in this domain.

Table 4. Mean Ranks and Effect Sizes (η²) for Changes in Physical Fitness Components by Instructional Group

Test Statisticsa,b

  Sit-and-Reach [cm] Standing Long Jump [cm] Pull-up Hold  [s] 20-meter Shuttle Run [m]

Chi-Square 59.066 15.999 29.770 30.578

df 4 4 4 4

Asymp. Sig. ,000 ,003 ,000 ,000

a. Kruskal Wallis Test; b. Grouping Variable: Group: 1 - PET 2 - GT+C 3 - GT+PET 4 - AT+PET 5 - GT+AT

Table 5. Kruskal-Wallis Test Statistics for Between-Group Differences in Physical Fitness

Ranks 

Group: 1 - PET 2 - GT+C 3 - GT+PET 4 - AT+PET 5 - GT+AT N Mean Rank η²

Sit-and-Reach [cm]

Physical Education Teacher 36 136.986

.261

Generalist Teacher and Coach 47 143.915

Generalist Teacher and Physical Education Teacher 41 126.476

Assistant Teacher and Physical Education Teacher 59 69.237

Generalist Teacher and Assistant Teacher 33 74.848

Total 216  

Standing Long Jump 
[cm]

Physical Education Teacher 36 96.223

.057

Generalist Teacher and Coach 47 98.330

Generalist Teacher and Physical Education Teacher 41 97.780

Assistant Teacher and Physical Education Teacher 59 136.169

Generalist Teacher and Assistant Teacher 33 100.227

Total 216  

Pull-up Hold  [s]

Physical Education Teacher 36 104.861

.123

Generalist Teacher and Coach 45 75.844

Generalist Teacher and Physical Education Teacher 41 144.963

Assistant Teacher and Physical Education Teacher 59 99.144

Generalist Teacher and Assistant Teacher 33 121.939

Total 214  

20-meter Shuttle 
Run [m]

Physical Education Teacher 37 103.892

.127

Generalist Teacher and Coach 42 77.452

Generalist Teacher and Physical Education Teacher 40 90.05

Assistant Teacher and Physical Education Teacher 59 118.297

Generalist Teacher and Assistant Teacher 36 147.958

Total 214

The teaching models significantly influenced endurance 
outcomes (Shuttle Run) (H(4) = 30.58, p < .01), with a me-
dium effect size (η² = .13). The GT+AT group achieved the 
highest mean rank (147.96) and displayed the most effec-
tive development, with a significant mean increase of +52.17 

m (95% CI: 7.41, 96.94). The GT+C group had the lowest 
mean rank (77.45) and a severe decline in performance 
(Δ = -140.00 m), though this was skewed by outliers. The 
PET-only group again showed no significant change (95% 
CI: –18.33, 31.67).
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Associations Between Physical Fitness and Self-Perceived Physical 
Literacy

Secondly, the association between physical fitness and 
self-perceived physical literacy was investigated.  At the initial 
testing, the PLAYself total score demonstrated a statistically 
significant positive correlation with the pull-up hold (ρ = .177, 
p < .01). However, no significant associations were found with 
sit-and-reach (ρ = −.093), standing long jump (ρ = .017), or the 

20-meter shuttle run (ρ = .069). At final testing, no significant 
associations emerged between self-perceived physical literacy 
and any of the physical fitness measures (all p > .05) (Table 
6).  With only one of the eight correlations reaching statistical 
significance after the intervention, these findings suggest that 
children's self-reported perceptions of their physical literacy 
are not broadly aligned with their objectively measured phys-
ical fitness (Table 7).

Table 6. Associations Between Physical Fitness and Self-Perceived Physical Literacy – Pre intervention

 
 

PLAYself

Correl. Coeff. Sig. N

Sit-and-Reach -.093 .173 218

Standing Long Jump .017 .806 218

Pull-up Hold .177 .009 218

Shuttle Run .069 .318 212

Table 7. Associations Between Physical Fitness and Self-Perceived Physical Literacy – Post intervention

 
 

PLAYself

Correl. Coeff. Sig. N

Sit-and-Reach .03 .685 185

Standing Long Jump -.054 .468 184

Pull-up Hold  .067 .364 185

Shuttle Run .006 .936 190

Associations Between Physical Fitness and Organized Out-of-
School Sport Participation

In addition to above-mentioned association, the correla-
tions between physical fitness components and organized 
out-of-school physical activity participation are presented in 
Table 8. Frequency of participation in organized sport showed 
moderate to strong positive correlations with several physical 

performance metrics. Notably, it was positively associated with 
standing long jump performance (ρ = .357, p < .01), pull-up 
hold (ρ = .238, p < .01), and shuttle run (ρ = .220, p < .01). Our 
data confirm that students who engage more frequently in orga-
nized physical activity outside of school tend to display greater 
levels of physical fitness components.

In contrast, competitive involvement (coded such that high-

Table 8. Associations Between Physical Fitness and Organized Out-of-school Participation

    Sit-and-Reach  Standing Long Jump Pull-up Hold Shuttle Run

OOSPA - Frequency

Correl. Coeff. -.02 .357 .238 .220

Sig. .763 <.001 <.001 <.001

N 235 235 235 235

OOSPA - Competitive 
Involvement

Correl. Coeff. .098 -.412 -.281 -.200

Sig. .135 <.001 <.001 .002

N 235 235 235 235

OOSPA  - Sport Type

Correl. Coeff. -.126 .11 .253 .122

Sig. .054 .094 <.001 .062

N 235 235 235 235

er values reflect less frequent participation in competitive set-
tings) was negatively associated with key outcomes. Significant 
inverse relationships were observed with standing long jump (ρ 
= -.412, p < .01), pull-up hold (ρ = -.281, p < .01), and shuttle run 
(ρ = -.200, p < .01), indicating that children regularly engaged in 
competitive sport settings exhibited better physical performance 
compared to their peers.

As part of the background assessment, children reported the 
type of organized sport they engaged in outside school. Overall, 
43.0% participated in collective sports, 39.5% in individual sports, 
1.2% in both, and 16.3% reported no participation. This variable 

demonstrated a statistically significant positive correlation with 
pull-up hold (ρ = .253, p < .01). However, associations with sit-
and-reach (ρ = -.126), standing long jump (ρ = .110), and shuttle 
run (ρ = .122) did not reach statistical significance. These findings 
suggest that while the type of sport may have some influence, the 
frequency and competitiveness of participation are more consis-
tent predictors of physical fitness.

Discussion
Main Findings

The primary aim of this quasi-experimental study was to 
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investigate the efficacy of various team teaching models in 
primary PE on the objective physical fitness development of 
children, and to explore the alignment between these objec-
tive gains and students' self-perceived physical literacy (PL). 
The findings provide novel evidence directly comparing dif-
ferent instructional configurations. Consequently, rather than 
identifying a single 'gold standard' model, the findings reveal 
that instructional efficacy is not universal, but strictly depen-
dent on the specific fitness domain being targeted. In fact, our 
results unequivocally demonstrate that the instructional con-
figuration is a crucial determinant of student physical fitness 
gains, with statistically significant differences observed across 
all four measured EUROFIT components. The strongest and 
most crucial insight is not that one model wins, but that differ-
ent collaborative structures maximize different physiological 
outcomes. This finding supports the broader literature that 
effective teaching practice, often facilitated by collaborative 
models, positively influences student outcomes (Strogilos et 
al., 2023). This complex pattern of differentiated gains stands 
in marked contrast to the parallel study on the same cohort 
(Luptáková et al., 2025c), which found no comparative differ-
ence between instructional groups for broad measures of Mo-
tor Competence (MC), assessed by MOBAK. The contrasting 
results indicate that the instructional structure's influence may 
be highly specific to the physical dimension being measured 
- fitness versus motor skill. This suggests that unlike motor 
competence, which appears robust to instructional variation, 
physical fitness is a highly sensitive adaptation that relies 
strictly on the specific expertise and pedagogical focus provid-
ed by the collaborative team.

The primary finding is the consistent observation that 
team teaching configurations involving a specialist profes-
sional yielded superior outcomes compared to the single PE 
teacher model across three of the four fitness domains mea-
sured: upper-body endurance, lower-body explosive strength, 
and aerobic endurance. Therefore, it is concluded that the 
combination of a specialist's pedagogical and content knowl-
edge with the generalist's classroom management and student 
knowledge—a core benefit of team teaching (Cook & Friend, 
2010)—creates a synergistically effective learning environ-
ment. This finding is particularly salient because the PE Teach-
er-only configuration failed to produce any statistically signifi-
cant change in three out of four fitness components. While this 
contrasts with recent findings favouring solo kinesiologists 
(Gerovac et al., 2025), our data crucially suggest that a special-
ist's expertise is not a self-sufficient guarantee of success, but a 
resource that requires the collaborative scaffolding of a second 
educator to be fully realized.  Our data strongly challenge the 
assumption that simply having a trained PE specialist is suffi-
cient for measurable gains in primary school PE. Instead, the 
results demonstrate that the collaborative component of team 
teaching is the critical factor for improved outcomes. This ef-
fect likely stems from the practical advantages of having two 
adults, such as the capacity to offer more personalized atten-
tion, enhance classroom management for a larger group, and 
increase opportunities for continuous progress monitoring 
(Gardiner, 2010; Thousand et al., 2006). Ultimately, the collab-
orative structure acts as the essential catalyst, unlocking the 
specialist's expertise to drive physical gains that a solo educa-
tor—even a specialist—cannot achieve alone. 

While the team configurations involving the PE teach-
er excelled in strength and power, the remaining two fitness 

domains demonstrated the differentiated efficacy of models 
not relying on the traditional PE specialist. The outcome for 
Flexibility measured via Sit-and-Reach was particularly dis-
tinct: the Generalist Teacher + Coach (GT+C) group was the 
only configuration to achieve a significant gain. This finding 
implies that success in specific fitness components may rely 
less on conventional PE expertise and more on the specialized 
training of the co-teacher. Coaches, with their typically spe-
cific, structured training in physical preparation and mobility 
routines, may introduce dedicated flexibility work that gener-
alist and PE teachers might otherwise overlook. Conversely, 
the significant declines observed in the AT+PET and GT+AT 
groups, alongside the non-significant change for the PET-only 
group, demonstrate that flexibility development is not an in-
herent or incidental outcome of a typical, general primary PE 
curriculum and requires intentional, targeted focus within the 
lesson content.

The most surprising finding emerged in the outcomes for 
the Shuttle Run. The greatest improvement was observed in 
the Generalist Teacher + Assistant Teacher (GT+AT) group, 
a configuration entirely devoid of a PE specialist or a sports 
coach. This is a highly significant contrast to the established 
literature, which consistently emphasizes the importance of 
specialist training for the provision of Quality Physical Educa-
tion (QPE) in primary schools (Duncombe et al., 2018; Spittle 
et al., 2022; Dockerty & Pritchard, 2023). While policy shifts 
are often driven by concerns over generalist teachers' compe-
tence (Petračić, 2023; Randall, 2023), in our study the GT+AT 
model demonstrated the most effective development in car-
diorespiratory fitness. This unexpected success highlights the 
potential influence of several uncontrolled confounding fac-
tors. The most prominent among these is the varied lesson 
content. For example, the GT+AT team may have focused 
heavily on high-intensity, continuous physical activities, such 
as specific running games or circuits that effectively targeted 
cardiorespiratory fitness. Ultimately, this suggests that unmea-
sured implementation dynamics—specifically teacher enthu-
siasm, collaborative fidelity, and student compliance—can act 
as potent determinants of physical fitness that override the 
lack of specialist qualifications. 

Association Between Physical Fitness and Self-Perceived Physical 
Literacy

The study secondly sought to investigate the relationship 
between objectively measured physical fitness and children's 
self-perception of their Physical Literacy (PL), a construct 
influencing lifelong physical activity (Whitehead, 2010). The 
results indicated a lack of alignment between the children's 
self-reported PL (PLAYself) and their objective physical fitness 
scores at both T1 and, more decisively, at T2. Only one weak, 
positive correlation was found at baseline in the Pull-up Hold, 
and no significant associations emerged post-intervention. 

This broad lack of alignment between self-reported PL 
and objective fitness scores is a critical finding and points to a 
fundamental difference when comparing physical fitness (EU-
ROFIT) with fundamental movement skills (FMS). Specifical-
ly, the companion study using the same cohort (Luptáková et 
al., 2025c) revealed that self-perceived PL did show a weak but 
consistent association with objectively measured Motor Com-
petence (MOBAK). At initial testing (T1), positive correlations 
were found with MOBAK Object-Movement and Self-Move-
ment, relationships that persisted and slightly strengthened at 
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final testing (T2).  Therefore, our combined results suggest that 
while self-perception is disconnected from general physical 
fitness, children's self-reported literacy is most closely aligned 
with their proficiency in fundamental manipulative skills. This 
confirms that a child’s physical self-concept is not constructed 
from abstract physiological metrics, but is anchored exclusive-
ly in the tangible, visible mastery of fundamental skills. 

Our finding contrasts with some previous research sup-
porting a direct relationship between objectively measured 
and self-perceived fitness (Ortega et al., 2011; Štefan et al., 
2019). However, it is strongly supported by developmental lit-
erature focusing on early to middle childhood. Previous litera-
ture shows that children in this period undergo rapid physical 
and mental development, and perceived motor competence 
changes quickly with age (Barnett et al., 2008). In early child-
hood, children's perception accuracy is poor, and they tend 
to overestimate their competence (Chai et al., 2023). This in-
ability to accurately estimate abilities is expected, as children 
are believed to be able to make sound judgments about their 
physical competence only after the age of eight (Harter, 1982). 
Prior to this age, children are less likely to recognize their actu-
al physical competence and do not generally begin to compare 
their abilities with peers until they are older (Fox & White-
head, 2010). This developmental shift in self-perception usu-
ally occurs within public settings, such as PE and organized 
sport (Kirk, 2005), making children susceptible to humilia-
tion or embarrassment when they realize their performance 
is inferior to that of their peers (Washburn & Kolen, 2018). 
As this study included a large number of students under the 
age of eight in Grades 1–4, this developmental immaturity 
likely accounts for the lack of objective-subjective alignment. 
Consequently, relying on self-reports for this age group yields 
limited insight, as these students lack the requisite cognitive 
maturity to distinguish their actual physical limits from their 
aspirational self-image.  

Association Between Physical Fitness and Organized Out-of-
School Physical Activity

To provide essential context for interpreting the school-
based intervention effects, the study examined the influence 
of Organized Out-of-School Physical Activity (OOSPA) on 
post-intervention physical fitness. The results showed that 
the frequency of organized participation and competitive in-
volvement were moderate to strong predictors of better per-
formance across key fitness metrics.

This robust association is further supported by the com-
panion study using the MOBAK assessment with the same 
cohort (Luptáková et al., 2025c), which found that OO-
SPA-Frequency showed significant, albeit weak, positive cor-
relations with both subscales of basic motor competence, both 
object- and self-movement. Furthermore, higher competitive 
involvement was significantly linked to better Object Move-
ment skills.  In contrast to the objective performance metrics, 
none of the dimensions of OOSPA demonstrated a statistical-
ly significant correlation with self-reported physical literacy. 
This suggests that while external organized sport participation 
is clearly linked to actual physical competence—what a child 
can do—it is not strongly predictive of self-efficacy, or what a 
child believes they can do, in this young cohort.These obser-
vations underscore the substantial impact of activities outside 
the school environment on physical fitness levels. It suggests 
that the two 45-minute PE lessons per week are necessary but 

often insufficient drivers of comprehensive fitness gains for all 
children. This finding aligns with evidence emphasizing the 
foundational role of extra-curricular activities: studies exam-
ining the influence of extra-curricular sports programs on 
motor abilities in preschool-aged children (Caput-Jogunica et 
al., 2009) have shown that the development of sufficient motor 
proficiencies in early childhood positively correlates with club 
sport participation and total time spent in sport later in life 
(Fransen et al., 2014). Therefore, school PE must function not 
merely as an isolated fitness intervention, but as a motivational 
catalyst that actively propels students toward the out-of-school 
participation necessary for lifelong health. 

Study Limitations
The findings of this study should be interpreted consider-

ing several limitations. First, as a consequence of the quasi-ex-
perimental design utilizing intact classes, baseline equivalence 
across the instructional groups could not be established. Sig-
nificant pre-intervention differences were observed in stu-
dents' age, height, and physical fitness levels, which introduces 
selection bias as a potential confounding factor affecting the 
comparative magnitude of change. Second, to prioritize eco-
logical validity, the specific lesson content and pedagogical 
styles were not standardized or mandated by the research team. 
Consequently, variability in the intensity and focus of physical 
activities (e.g., a focus on running games vs. gymnastics) likely 
occurred across groups, representing an uncontrolled variable.

Third, while the study defined specific team teaching 
roles, the instructional fidelity—the degree to which teachers 
adhered to these collaborative models versus defaulting to a 
"one teach, one assist" approach—was not formally monitored. 
Fourth, regarding the statistical analysis, the study acknowl-
edges a cluster effect (students nested within classes); however, 
the sample size did not yield a sufficient number of clusters 
to reliably employ multilevel modeling (MLM). Finally, re-
garding the subjective measures, the sample included a high 
proportion of students in early childhood (grades 1–2), a de-
velopmental stage characterized by poor accuracy in self-per-
ceiving motor competence, which may limit the reliability of 
the self-reported physical literacy data.

Practical Implications
The findings of this study offer critical guidance for ed-

ucational policy and practice. First, the results challenge the 
growing legislative trend of simply replacing generalist teach-
ers with specialists. Our data indicate that the presence of a 
specialist alone (PET-only) does not guarantee superior fitness 
outcomes. Instead, policymakers should prioritize funding 
and training for collaborative team teaching models, as the 
synergy between a specialist’s content knowledge and a gener-
alist’s pedagogical rapport appears to be the primary driver of 
physical development.

Second, schools should adopt a flexible approach to staff-
ing. Since no single model proved superior across all domains, 
administrators might consider targeted partnerships—for 
instance, integrating sports coaches specifically to enhance 
conditioning and flexibility, while relying on PE teachers for 
fundamental motor skill development.

Finally, given the strong link between out-of-school sport 
participation and fitness levels, educators must view PE not 
just as physical training, but as a gateway to lifelong activity. 
Teachers should focus on cultivating the affective components 
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of physical literacy (confidence and motivation) during lessons 
to encourage students to engage in organized sport outside of 
school, as the standard dosage of two PE lessons per week is 
insufficient to drive comprehensive fitness gains on its own.

Conclusions
This study provides quasi-experimental evidence that the 

instructional configuration in primary physical education is 
a significant determinant of student physical fitness develop-
ment. The results indicate that no single team teaching model 
is universally superior across all fitness domains; rather, dif-
ferent collaborative structures appear to maximize different 
physiological outcomes. However, a consistent trend emerged: 
collaborative teaching models—whether involving a PE teach-
er, a sports coach, or an assistant—generally yielded greater 
improvements in strength, endurance, and flexibility com-
pared to the traditional single-PE teacher format.

These findings challenge the assumption that the mere 
presence of a specialist ensures quality outcomes. Instead, the 
data suggest that the collaborative mechanism itself—the syn-
ergy between two educators—is the critical factor. By combin-
ing a specialist's content knowledge with a generalist’s or assis-
tant's pedagogical support, schools can create more effective 
learning environments that surpass what a solo educator can 
achieve, even if that educator is a specialist.

Furthermore, the study highlights a distinct disconnect 
between objective physical fitness and self-perceived physical 
literacy in early to middle childhood. The lack of alignment be-
tween children’s actual performance and their self-assessment 
suggests that students in grades 1–4 have not yet developed the 
cognitive maturity to accurately evaluate their physical capac-
ities. Consequently, physical education programs must prior-
itize not only physical conditioning but also the development 
of accurate self-awareness and motivation.
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Abstract

Adequate legal anti-doping knowledge promotes informed decision-making, reduces the risk of uninten-
tional rule violations, and supports the integrity and fairness of sport. The aim of this study was to exam-
ine (i) whether legal anti-doping knowledge differs between athletes and coaches and (ii) whether such 
differences are specific to sport type by comparing participants involved in team and individual sports. 
The participants were 188 athletes and 35 coaches involved into team sports (112 athletes and 18 coach-
es) and individual-combat sports (76 athletes and 17 coaches). The variables included legal anti-doping 
knowledge (LADK; evaluated via previously validated questionnaire tools), age, experience in sport, sport 
success, and experience in anti-doping testing (as an athlete/coach). Independent t tests revealed better 
LADK in coaches than in their athletes for the total sample (t test = 4.57, p < 0.001) and in individual/
combat sports (t test = 5.58, p < 0.01). Univariate logistic regression revealed that participants with higher 
LADK scores were more likely to belong to the coach group than to the athlete group in the total sample 
(OR = 1.87, 95%CI: 1.42–2.47) and in both subsamples (OR = 1.19, 95%CI: 1.01–1.40; OR = 2.31, 95%CI: 
1.55–3.44 for team sports and individual/combat sports, respectively). However, when controlling for co-
variates (age, experience in sport, sport success, and experience in antidoping testing), significant associ-
ations were detected for the total sample (OR = 1.78; 95%CI: 1.25–2.65) and for combat/individual sports 
(OR = 2.11; 95%CI: 1.34–3.11). The findings suggest that legal anti-doping literacy is shaped not only by 
stakeholder role but also by sport-specific socialization and regulatory exposure. From a legal standpoint, 
these results indicate that being a coach should not automatically be regarded as evidence of adequate 
regulatory competence. 
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Introduction
Doping remains among the most important problems in 

modern sports, undermining both the principles of fair play 
and the health of athletes (Tahiraj, Zenic, Musa, Zeljko, & 
Rodek, 2024). Despite decades of global fight against doping, 
anti-doping rule violations are still reported across differ-
ent sports and competitive levels. In response to this global 
challenge, anti-doping efforts have been largely harmonized 
through the World Anti-Doping Code (WADC), which serves 
as the central regulatory framework governing prohibited sub-
stances, testing procedures, sanctions, and appeal mechanisms 
(WADA, 2026). In the past decade or two, there has been an in-
creasing opinion that doping should not be observed solely as a 
medical or ethical issue but also as a matter of legal regulation 
and institutional governance (Marinelli et al., 2022; Mazzucco 
& Brehaut, 2024). As a result, anti-doping regulation is being 
increasingly incorporated into the legislative frameworks and 
statutory provisions of numerous countries worldwide (Read, 
Skinner, Smith, Lock, & Stanic, 2024).

Athletes, coaches, medical professionals, and sport orga-
nizations are expected to comply with clearly defined rights, 
responsibilities, and procedural obligations associated with 
WADC (Sinkovic, Pivalica, Jukic, Pehar, & Sekulic, 2026). 
However, the effective implementation of WADC and associ-
ated policies depends on coordinated action among anti-dop-
ing agencies, sport federations, laboratories, arbitration bod-
ies, and national authorities. Consequently, participation in 
contemporary sports increasingly requires the navigation of a 
complex legal environment in addition to performance-relat-
ed demands. Therefore, understanding the legal issues of an-
ti-doping policy is essential for maintaining the fairness and ef-
fectiveness of global anti-doping efforts (Kačer & Kačer, 2018; 
Stankovic, Sinkovic, Sekulic, Jelicic, & Rodek, 2022).

Anti-doping regulations are based on specific legal prin-
ciples that directly determine the rights, obligations, and re-
sponsibilities of all sport stakeholders (Star & Kelly, 2021). 
Specifically, one of the most important principles of WADC 
is “strict liability”, according to which “athletes are personally 
responsible for any prohibited substance found in their body 
regardless of intent or negligence” (WADA, 2026). Addition-
ally, anti-doping proceedings involve different procedural 
safeguards (i.e., notification standards, sample analysis proce-
dures, the right to review evidence, and the right to appeal dis-
ciplinary decisions). It is clear that insufficient understanding 
of these legal mechanisms may expose athletes to unintentional 
rule violations or negatively affect their ability to protect their 
procedural rights. These aspects of WADC are particularly rel-
evant in contemporary sports, where athletes are expected to 
make decisions regarding the consumption of dietary supple-
ments, the use of medications, and/or cooperation during test-
ing procedures. The question that arises is, are the athletes and 
supporting personnel equipped with a sufficient level of legal 
knowledge (legal literacy) with regard to anti-doping policy?

Previous studies have developed and validated original in-
struments for assessing legal anti-doping knowledge among 
both athletes and athlete support personnel (Sinkovic, Pivalica, 
Jukic, Pehar, & Sekulic, 2026; Stankovic et al., 2022). The find-
ings consistently indicated meaningful differences according 
to sex, competitive experience, and exposure to anti-doping 
testing procedures. Furthermore, intervention-based studies 
have demonstrated that targeted educational programs can sig-
nificantly improve legal anti-doping knowledge among athletes 

and athlete support personnel (ASP) (Sinkovic, Pivalica, Jukic, 
Pehar, Pivalica, et al., 2026; Sinkovic, Pivalica, Pivalica, Jukic, 
& Sekulic, 2025). However, although knowledge increased as a 
result of specifically designed education, the improvements in 
legal literacy were not accompanied by changes in doping-re-
lated attitudes, suggesting that legal literacy represents only one 
component of broader anti-doping behavior (Sinkovic, Pivali-
ca, Jukic, Pehar, Pivalica, et al., 2026; Sinkovic et al., 2025).

ASPs (i.e., coaches, physicians, and nutritionists) occupy 
a particularly important position within the anti-doping sys-
tem because they are often the primary source of guidance for 
athletes in everyday training and competition environments, 
with coaches being definitively the most important ones (San-
key, Wallace, & Caperchione, 2023; Shanmuganathan-Felton, 
Felton, & Jowett, 2022). In many cases, athletes rely on coach-
es when they make decisions related to supplements, med-
ications, recovery strategies, and communication with sport 
authorities (Sung, Lee, & Lee, 2024). Moreover, the World An-
ti-Doping Code explicitly recognizes coaches as stakeholders 
who must be knowledgeable of and comply with applicable 
anti-doping rules. Therefore, insufficient legal knowledge 
among coaches may create risks for their own professional 
responsibility but also for the legal position of their athletes 
(Sinkovic et al., 2025).

Despite the recognized importance of doping-related 
knowledge, research has rarely compared athletes and coaches 
within the same framework; however, to the best of our knowl-
edge, no study has examined this problem while specifically 
emphasizing the legal issues of anti-doping. Therefore, the aim 
of this study was to examine whether legal anti-doping knowl-
edge differs between athletes and coaches and to determine 
whether such differences are specific to sport type by com-
paring participants involved in team and individual/combat 
sports. We hypothesized that coaches will possess greater legal 
literacy about anti-doping policies, regardless of the type of 
sport (e.g., team and individual/combat sports).

Methods
Participants

The participants in this study were 188 athletes and 35 
coaches from Croatia and Bosnia and Herzegovina, of whom 
112 athletes (42 females) and 18 coaches (6 females) were in-
volved in team sports, while 76 athletes (49 females) and 17 
coaches (4 females) were involved in individual/combat sports. 
For the purpose of the present study, only participants from 
sport settings in which meaningful athlete vs. coach compari-
sons could be established were included in the analyses. There-
fore, the study sample was restricted to sports for which data 
were available for both athletes and coaches from the same 
competitive context. Specifically, team sports are known to 
be specific with respect to team cooperation, whereas com-
bat sports were intentionally observed as a separate category 
because of their comparable competitive structure, coaching 
dynamics, and sport-specific anti-doping context. Other in-
dividual sports were not included in the comparative analyses 
because of an insufficient number of coaches and substantial 
heterogeneity across disciplines. By applying these selection 
criteria, we aimed to ensure greater ecological validity and 
more interpretable athlete–coach comparisons within relative-
ly homogeneous sport environments. Consequently, all subse-
quent analyses were conducted separately for the total sample 
and separately for team sports and individual combat sports. 
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The study was initiated by contacts with sport federations and 
was approved by the Ethics Committee of the Faculty of Kine-
siology, University of Zagreb.

Variables
Legal anti-doping knowledge among athletes was assessed 

using the previously validated Questionnaire on Legal An-
ti-Doping Regulations (Q-LADR). The instrument was specif-
ically developed to evaluate athletes’ understanding of key legal 
aspects of anti-doping policy, including rights and obligations 
under the World Anti-Doping Code, testing procedures, and se-
lected procedural safeguards. The final version of the question-
naire consisted of 10 true/false items, with an additional “not 
sure” response option provided for each statement. Each correct 
answer was scored one point, resulting in a theoretical score 
ranging from 0 to 10, where higher values indicated greater 
legal anti-doping knowledge. Previous studies have confirmed 
the acceptable reliability and validity of the tool in samples of 
senior-level athletes. Details on questionnaire development and 
validation are available elsewhere (Stankovic et al., 2022)

For coaches, legal anti-doping knowledge was assessed 
using the adapted Questionnaire on Legal Anti-Doping Reg-

ulations for Athlete Support Personnel (Q-LADR-ASP). This 
version was developed from the original athlete-focused in-
strument, with modifications introduced to reflect the specific 
legal responsibilities and practical roles of coaches and other 
support staff within the anti-doping system. Like the athlete 
version, the final questionnaire included 10 true/false items 
with a “not sure” option. The items covered domains such as 
rights and obligations under anti-doping regulations, proce-
dural aspects of doping control, and responsibilities of support 
personnel. Correct responses were scored with one point, re-
sulting in a total score ranging from 0 to 10, with higher scores 
representing better legal anti-doping knowledge. Previous 
validation procedures have indicated the satisfactory reliabil-
ity and criterion validity of the Q-LADR-ASP in samples of 
coaches and sport support personnel (Sinkovic, Pivalica, Jukic, 
Pehar, & Sekulic, 2026).

Despite their specificities, both questionnaires (Q-LADR 
and Q-LADR-ASP) contain ten items covering equivalent le-
gal domains. Minor wording adaptations were introduced to 
reflect the legal role of the respondent (athlete vs. athlete sup-
port personnel) while preserving conceptual equivalence. The 
specifics are briefly presented in Table 1.

Table 1. Comparison of the measurement tools used for athletes (Q-LADR) and for athletes’ support personnel (Q-LADR-ASP)

Domain Q-LADR Q-LADR-ASP

WADA Prohibited List ✓ ✓

Testing frequency ✓ ✓

Strict liability ✓ (athlete responsibility) ✓ (athletes’ support personnel perspective)

Whereabouts obligations ✓ ✓

Therapeutic Use Exemptions ✓ ✓

Doping control procedures ✓ ✓

Sample collection ✓ ✓

B-sample rights ✓ ✓

Appeals ✓ ✓

Sanctions/reduction of sanction ✓ ✓

Although both instruments were designed to assess com-
parable domains of legal anti-doping literacy, they were orig-
inally developed for different target populations and includ-
ed role-specific item adaptations. Therefore, to allow a more 
appropriate comparison between athletes and coaches, the 
results of the present study were transformed into standard-
ized z scores. This procedure enabled comparisons of relative 
standing in legal anti-doping knowledge across groups while 
reducing bias related to potential differences in questionnaire 
content and measurement characteristics. The z scores were 
used for calculations of the statistical analyses, but the results 
are presented here as raw scores (on a scale of 1–10) for better 
understanding.

Statistics
After the data were analyzed by the Kolmogorov–Smirnov 

test, descriptive statistics were reported as the means and stan-
dard deviations for continuous variables and as frequencies 
with percentages for categorical variables.

Differences between groups of interest (athletes vs. 
coaches, individual combat sport vs. team sports) in legal lit-
eracy were calculated by t test for independent samples. The 
primary analysis of the associations included calculations 

of the binary logistic regression models, with the criterion 
variable—stakeholder status (coded as athlete = 0 and coach 
= 1). The main predictor was legal anti-doping knowledge, 
expressed as standardized z scores. In the second phase, to 
control for potential confounding effects, age, experience in 
sport, number of anti-doping tests, and highest level of com-
petitive achievement were entered into the models as covari-
ates. Separate binary logistic regression models were calcu-
lated for (i) the total sample, (ii) team sports and (iii) individ-
ual combat sports. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated to estimate the likelihood of 
belonging to the coach group in relation to changes in pre-
dictor variables. The z scores were used in the calculation of 
the logistic regressions. Statistical significance was set at p 
< 0.05. All analyses were performed using Statistica version 
13.5 (TIBCO Inc., Palo Alto, CA, USA).

Results
Table 2 presents descriptive statistics for the study vari-

ables. As is evident, a significant number of athletes and 
coaches achieved advanced competitive levels. With regard to 
doping testing, the majority of athletes had no experience with 
it and were never tested on the doping substances themselves.
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With respect to the total sample, the legal knowledge 
on doping and anti-doping regulations (legal anti-doping 
knowledge - LADK) was significantly greater among coach-
es than among athletes (6.67±1.36 and 5.25±1.57 for coaches 
and athletes, respectively; t test = 4.57; p < 0.001). Addition-
ally, compared with their athletes, coaches involved in com-
bat sports achieved better results on LADK (7.54±0.81 and 
5.62±1.44 for coaches and athletes, respectively; t test = 5.58; 
p < 0.001). No significant difference in LADK was found 
between the athletes and coaches involved in team sports 

(5.75±1.01 and 5.00±1.62 for coaches and athletes, respec-
tively; t test = 1.87; p > 0.05). Athletes involved in combat 
sports had better knowledge of legal anti-doping issues than 
their peers from team sports did (5.62±1.44 and 5.00±1.62 
for combat sports and team sports, respectively; t test = 2.68; 
p < 0.01). Additionally, a significant difference in LADK was 
found between coaches involved in team sports and combat 
sports, with better results in combat sports (7.65±0.88 and 
5.75±1.10 for combat sports and team sports, respectively; t 
test = 2.68; p < 0.01) (Figure 1).

Table 2. Descriptive statistics for the study variables (F – count, % - percentage) for combat sports (individual sports) and team sports

Combat sports (individual sports) Team sports

Athletes Coaches Athletes Coaches

(n = 76) (n = 17) (n = 112) (n = 18)

F % F % F % F %

Experience in sport (as an athlete/coach)*

< 5 years 9 12.0 5 29.4 17 15.2 5 27.8

6-10 years 40 53.3 3 17.6 66 58.9 3 16.7

> 10 years 27 36.0 9 52.9 29 25.9 9 50.0

Missing** 0 0.0 0 0.0 0 0.0 1 5.6

Sport success (as an athlete/coach)*

National level competition 18 23.7 6 35.3 22 19.6 5 27.8

National level achievement (medal) 34 44.7 7 41.2 49 43.8 9 50.0

European and/or World Championship (participation and/or medal) 22 28.9 3 17.6 39 34.8 3 16.7

Olympic Games (participation and/or medal) 1 1.3 1 5.9 2 1.8 1 5.6

Missing** 1 1.3 0 0.0 0 0.0 0 0.0

Participation in anti-doping testing (as an athlete/coach)*

Never 41 53.9 6 35.3 68 60.7 9 50.0

1-2 times 14 18.4 7 41.2 24 21.4 5 27.8

3-5 times 17 22.4 2 11.8 17 15.2 3 16.7

> 5 times 3 3.9 1 5.9 2 1.8 1 5.6

Missing** 1 1.3 1 5.9 1 0.9 0 0.0

Legend: * Coaches gave responses considering their coaching career only (apart from their eventual experience when being athletes); ** Missing 
values were not included in later calculations of logistic regressions

Figure 1. Descriptive statistics (means ± standard deviations) for legal anti-doping 
knowledge (LADK) among athletes and coaches, with t test differences between 

corresponding groups (* indicates t test significance of p < 0.05 between sports, ¥ 
indicates t test significance of p < 0.05 between athletes and coaches)
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Table 3 presents the results of the binary logistic regression 
analyses calculated for athlete/coach status as the criterion vari-
able. Univariate binary logistic regression revealed a significant 
association between LADK status as a predictor and athlete/
coach status, with higher odds of being a coach among partici-
pants who achieved better LADK scores in the total sample (OR 
= 1.87, 95% CI: 1.42–2.47), as well as when they were stratified 
for team sports (OR = 1.19, 95% CI: 1.01–1.40) and combat 
sports (OR = 2.31, 95% CI: 1.55–3.44). In practical terms, par-
ticipants with higher LADK scores were more likely to belong to 
the coach group than to the athlete group, with this association 
being notably stronger in combat sports than in team sports.

When multivariate logistic regressions were performed, 
adjusting for age, sport experience, sport success, and expe-
rience in anti-doping testing, the significant association be-
tween LADK and the criterion variable remained evident in 
the total sample (OR = 1.78, 95% CI: 1.25–2.65) and in combat 
sports (OR = 2.11, 95% CI: 1.34–3.11). These findings indicate 
that higher LADK scores independently increased the likeli-
hood of being a coach rather than an athlete, even after con-
trolling for relevant covariates. Moreover, the stronger associ-
ation observed in combat sports suggests that LADK may be 
a particularly relevant distinguishing factor between coaches 
and athletes in this sport category.

Table 3. Results of the logistic regressions at the univariate and multivariate levels for the criterion 
variable - athlete/coach status (OR = odds ratio, CI – confidence interval)

Total Team sports Combat sports

OR 95%CI OR 95%CI OR 95%CI

Univariate level

Legal anti-doping knowledge 1.87 1.42-2.47 1.19 1.01-1.40 2.31 1.55-3.44

Multivariate level

Age 1.77 1.23-2.41 1.61 1.09-2.13 1.51 0.90-2.21

Experience 1.66 1.02-2.21 1.51 0.90-1.91 1.41 0.57-2.40

Sport success 1.41 0.88-2.13 1.48 0.71-2.34 1.67 0.61-2.63

Experience in doping testing 1.47 1.11-1.76 1.37 1.05-1.72 1.59 1.05-2.14

Legal anti-doping knowledge 1.78 1.25-2.65 1.11 0.96-1.55 2.11 1.34-3.11

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

legal anti-doping knowledge generally significantly predicted 
athlete-coach status, with coaches having higher levels of legal 
literacy than athletes did. However (second), these findings 
were consistent for individual/combat sports, irrespective of 
the influence of confounders (age, experience, sport success, 
and participation in anti-doping testing), but not for team 
sports. Therefore, our initial study hypothesis can be partially 
accepted.

Legal anti-doping knowledge differentiates coaches from 
athletes

At the univariate level, compared with athletes, coach-
es demonstrated greater LADK (legal anti-doping literacy). 
Such findings are generally expected, given that (i) coaches 
spend longer periods within organized sport systems (as ath-
letes and later as coaches) and (ii) are more often exposed to 
some type of regulatory demands throughout their careers in 
sport (Engelberg, Moston, & Blank, 2019). Indeed, in addi-
tion to their technical and performance-related responsibili-
ties, coaches are frequently involved in issues related to com-
petition eligibility, supplement use, testing procedures, and 
communication with sport authorities (Sinkovic et al., 2025). 
Consequently, they are more familiar even with anti-doping 
rules and legal obligations than athletes are, whose primary 
focus is more commonly directed toward training and com-
petitive performance. Therefore, our results support the view 
that coaches should be considered important reservoirs of 
antidoping legal knowledge within a sport society. Moreover, 
it must be noted that coaches often serve as the first point of 
consultation when athletes face decisions involving potential 
regulatory risk.

From the perspective of anti-doping policy, these findings 

are particularly important. Specifically, regulations related to 
anti-doping policies are continuously evolving and are being 
revised (WADA, 2026). Therefore, coaches are expected to 
operate within the World Anti-Doping Code, updates of the 
prohibited list, therapeutic use exemption procedures, and na-
tional legislative amendments. Greater LADK among coach-
es may act as an important protective factor against doping. 
Coaches who are familiar with current rules are more likely 
to recognize regulatory risks. Such coaches are more likely to 
respond appropriately during testing procedures and guide 
athletes toward the whole anti-doping process. This is directly 
supportive of opinions that coaches’ capacity to follow legal 
and procedural changes may contribute to reducing uninten-
tional anti-doping rule violations and procedural misunder-
standings (Star & Kelly, 2021). Therefore, advanced coaches’ 
LADK may represent an efficient strategy for improving regu-
latory compliance across sport systems.

The present findings may be interpreted from the perspec-
tive of sociological theories explaining knowledge acquisition 
within professional communities. Specifically, the “communi-
ties of practice” framework proposes that professional knowl-
edge is progressively developed through long-term partici-
pation in shared social environments and repeated practical 
interactions (Lave & Wenger, 1991). In sport settings, coaches 
are continuously exposed to anti-doping-related procedures, 
regulatory communication, and decision-making situations. 
Consequently, they develop their legal anti-doping literacy 
through everyday participation in sport-specific regulatory 
practices. Moreover, from the perspective of “role theory”, 
coaches are expected to assume responsibilities that extend 
beyond technical preparation (Biddle, 1986). Such social-
ly constructed role expectations may additionally motivate 
coaches to develop greater familiarity with anti-doping rules, 
procedures, and legal obligations.
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Specificity of the team sports
When team sports were analyzed within the multivariate 

model (after adjustment for covariates), LADK did not dif-
ferentiate coaches from athletes. This finding indicates that 
the higher knowledge initially observed among coaches was 
largely explained by age, sport experience, and competitive ex-
posure rather than by coaching status itself. Such findings are 
logical, since coaches in team sports are (i) typically older and 
(ii) have spent more years within organized sport systems than 
active athletes have. Longer involvement in professional sports 
increases opportunities to meet certain types of anti-doping 
procedures, educational activities, and regulatory commu-
nication. Therefore, in team sports, higher legal anti-doping 
knowledge among coaches appears to reflect accumulated ex-
perience.

From a legal perspective, these findings suggest that 
LADK in team sports may be connected to long-term par-
ticipation in sport as a system and not to the formal coach-
ing function itself. It is logical that legal anti-doping literacy 
may be improved through repeated contact with officiating 
structures, federation procedures, disciplinary mechanisms, 
and, consequently, accumulated knowledge. However, the 
fact that the multivariate model did not reveal a significant 
association between LADK and coaching position has im-
portant normative implications. Specifically, it can be said 
that appointment to a coaching position in team sports does 
not automatically ensure an adequate understanding of an-
ti-doping obligations, liability standards, or procedural safe-
guards. Consequently, younger and unexperienced coach-
es could possess a position of “theoretical authority” while 
lacking the level of necessary legal competence. When un-
aware of this lack of knowledge, young and unexperienced 
coaches can be at risk of inaccurate guiding regarding their 
athletes with regard to anti-doping. Additionally, it is not un-
common that in such situations, coaches (and athletes) seek 
nonformal experience-based learning (Daher, El Khoury, & 
Dwyer, 2021; Sekulic et al., 2016). This approach may create 
additional problems with regard to acquiring knowledge of 
LADK. Therefore, anti-doping policy in team sports should 
not presume regulatory competence on the basis of coaching 
status alone.

Specificity of combat sports
In combat sports, coaching status was positively associat-

ed with LADK even after adjustment for covariates (i.e., age, 
experience, and status). These results suggest that coaches 
in combat sports develop legal anti-doping literacy through 
mechanisms that are independent of simple accumulation 
of sport experience. Therefore, LADK in combat/individual 
sports may be observed as a more role-specific competence 
directly linked to the coaching function itself, including the 
practical interpretation, everyday application, and risk man-
agement of anti-doping regulations. Several plausible explana-
tions may account for these findings.

First, it is well known that coaches in combat sports are fre-
quently former athletes from the same sport discipline (Behr 
& Kuhn, 2019). As a result, many of them have already been 
exposed to anti-doping procedures, testing protocols, and reg-
ulatory requirements during their own competitive careers. 
This may be particularly relevant in combat sports, where the 
prevalence of doping and anti-doping surveillance have often 
been recognized as relatively pronounced (Damjanovic et al., 

2025). Consequently, future coaches may begin to accumulate 
practical legal anti-doping knowledge long before they enter 
the coaching profession itself. Their later coaching role may 
therefore build upon regulatory knowledge initially acquired 
as athletes, including familiarity with notification procedures, 
testing obligations, sanctions, and procedural rights under an-
ti-doping rules.

The second explanation may be related to the continuity 
of coach–athlete relationships, which is characteristic of many 
combat sports. Coaches in these disciplines often accompany 
athletes from the earliest phases of their career. Consequent-
ly, they are repeatedly exposed to anti-doping matters arising 
across different phases of athlete development. This includes 
educational activities, testing procedures, supplement-related 
decisions, therapeutic issues, and, most likely, communication 
with regulatory bodies. Continuous involvement in such pro-
cesses may allow coaches to progressively expand and refine 
their LADK over time. In practical terms, each anti-doping-re-
lated situation concerning the athlete may simultaneously 
function as a learning opportunity for the coach. This type of 
cumulative knowledge development is likely less common in 
team sports, where coaching changes are frequent and athletes 
are commonly supervised by multiple coaches throughout 
their careers (König, 2013).

Third, the strong sense of personal responsibility that often 
develops between coaches and athletes in combat sports may 
also contribute to the present findings. As stated previously, 
coaches in combat sports frequently guide athletes over many 
years, and their role naturally includes mentorship or even 
some kind of parental support. In such circumstances, coaches 
are likely to perceive the athlete’s successes and failures as their 
own responsibility. Consequently, any careless decision relat-
ed to anti-doping procedures could compromise the relation-
ship between the athlete and coach (in combat sports, often 
referred to as the “master”). This heightened sense of account-
ability may motivate coaches to become better informed about 
anti-doping rules, legal obligations, and procedural require-
ments. Therefore, greater LADK among combat sport coaches 
may partly reflect a stronger perceived duty of care toward the 
athletes they supervise (“The master is to be a teacher and ed-
ucator”) (Cynarski, 2020).

Finally, a more controversial explanation may be related to 
weight-management practices that are common in many com-
bat sports because of weight-category competition systems. 
In such environments, rapid body mass reduction strategies 
(called “weight cutting”) may include the misuse of diuretics 
and related substances (Barley, Chapman, & Abbiss, 2019; 
Crighton, Close, & Morton, 2016)(Cadwallader, De La Torre, 
Tieri, & Botrè, 2010). Coaches involved in combat sports are 
likely aware of these methods and their regulatory consequenc-
es under anti-doping rules. Consequently, some coaches may 
develop greater LADK precisely because they are required to 
navigate the boundary between common sport practices and 
prohibited conduct. Although this possibility should be inter-
preted cautiously, it may partly contribute to the higher LADK 
observed among coaches in combat sports.

Some elements of the present findings may additional-
ly correspond to concepts of socialization theory (Berger & 
Luckmann, 1991; Coakley & Pike, 2009). As already stated, 
individuals involved in combat sports are often socialized 
into highly specific sport cultures characterized by strong 
interpersonal ties, long-term coach–athlete loyalty, and in-
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tensive everyday interaction. Through prolonged exposure 
to such environments, coaches may gradually internalize 
not only technical and tactical norms but also regulatory 
practices, anti-doping procedures, and attitudes toward le-
gal responsibility in sport. Consequently, LADK in combat 
sports may partly represent a product of long-term social-
ization within the specific cultural environment of these 
sports.

Limitations
This study is not without limitations. First, we must ac-

knowledge that although both questionnaires used (Q-LADR 
and Q-LADR-ASP) were developed within the same concep-
tual framework and assess equivalent legal domains, they are 
not identical instruments. Consequently, despite score stan-
dardization, some influence of role-specific item wording on 
between-group comparisons cannot be completely excluded. 
Furthermore, the study was conducted in Croatia and Bosnia 
and Herzegovina, and the findings should therefore be inter-
preted within this specific regional context. In addition, only 
Olympic sports were included in the present investigation. As 
these sports operate under well-established World Anti-Dop-
ing Code implementation and are generally characterized by 
structured anti-doping education and regulatory oversight, 
the findings may not be directly applicable to non-Olympic 
sports or sporting environments with less developed anti-dop-
ing governance. Finally, the relatively small number of coaches 
included in the study may have reduced the statistical power of 
between-group comparisons, particularly in the sport-specific 
subgroup analyses. Therefore, these findings should be inter-
preted with appropriate caution and confirmed in larger coach 
samples.

Conclusion
The results suggest that legal anti-doping literacy is de-

pendent on the specific characteristics of the sport envi-
ronment, with evident differences between team sports and 
individual/combat sports. Therefore, coaching status itself 
should not be automatically equated with sufficient regula-
tory competence in regard to doping and doping regulations, 
which is particularly evident in team sports. Therefore, an-
ti-doping governance frameworks should include structured 
and continuous legal education for coaches in team sports, 
with particular emphasis on younger and less experienced 
professionals.

The findings support the view that legal anti-doping lit-
eracy should be observed as a systemic rather than exclusive-
ly individual characteristic. In sport settings where coaches 
function as long-term and primary support figures, such as 
in individual combat sports, their regulatory competence may 
directly influence athlete protection, procedural fairness, and 
prevention of unintentional anti-doping rule violations. Con-
sequently, future anti-doping policies should adopt sport-spe-
cific educational strategies that recognize differences in the 
distribution of legal responsibility across sporting contexts. In 
doing so, anti-doping systems may become both more effec-
tive and more equitable.

Future research should examine legal anti-doping litera-
cy in larger and more diverse samples of coaches and athletes 
across different countries and sporting contexts to determine 
whether the present sport-specific patterns are generalizable 
across anti-doping systems.
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Abstract

Physical performance profiling is essential for monitoring player development and guiding individualized training in wom-
en’s football. However, multidimensional evidence from North African female football players remains limited. This study 
aimed to compare neuromuscular performance, sprint ability, change-of-direction speed, and maximal aerobic speed be-
tween Moroccan first- and second-division female football players. A total of 105 Moroccan female football players partici-
pated in this cross-sectional study, including 45 first-division and 60 second-division players. Participants completed a field-
based testing battery including squat jump, countermovement jump, countermovement jump with free arms, drop jump, 
10 m, 20 m, and 30 m sprint tests, a 20 m change-of-direction speed test, and the Vameval test. Between-division differences 
were examined using independent samples t-tests, while Pearson correlations, simple linear regressions, and multiple linear 
regression models were used to examine individual and combined associations with sprint performance. First-division play-
ers demonstrated superior performance in DJ (p < .001, d = 1.05), CMJ (p < .001, d = 0.82), CMJ-FA (p < .001, d = 0.86), 10 m 
sprint (p = .044, d = 0.40), 20 m sprint (p = .013, d = 0.49), 20 m change-of-direction speed test (p = .002, d = 0.65), and VMA 
(p < .001, d = 0.86). No significant differences were observed for squat jump or 30 m sprint performance. Countermovement 
jump was associated with sprint performance across all sprint distances. The 20 m change-of-direction speed test also pre-
dicted sprint performance across 10 m, 20 m, and 30 m, explaining 12.5%–21.7% of the variance. Competitive level in Moroc-
can women’s football appears to be characterized by dynamic jump performance, short-distance acceleration, change-of-di-
rection speed, and aerobic fitness rather than by a single isolated physical quality. Multidimensional field-based testing may 
help coaches monitor player development and individualize training, with CMJ performance and 20 m change-of-direction 
speed potentially representing useful field-based indicators of sprint ability and competitive level. 

Keywords: women’s football; sprint performance; countermovement jump; change-of-direction; maximal aerobic 
speed; physical profiling
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Introduction
Women’s football has undergone substantial growth, ac-

companied by increasing match intensity and higher phys-
ical preparation standards (Compton et al. 2025). Modern 
female football requires repeated accelerations, decelera-
tions, sprints, changes of direction, jumps, duels, and rapid 
transitions between defensive and offensive phases (Stan-
ković et al. 2025). Therefore, sprint capacity, lower-limb 
power, change-of-direction speed, and aerobic fitness are 
increasingly recognized as important components of com-
petitive readiness (Mäkiniemi et al. 2023).

In female football, standardized physical profiling is 
particularly relevant because neuromuscular, biomechan-
ical, and physiological characteristics may influence both 
performance interpretation and injury risk (Elliott-Sale et 
al. 2021; Hewett, Ford, and Myer 2006). Field-based test-
ing batteries can therefore help identify individual strengths 
and weaknesses, guide training prescription, and support 
player development.

Sprinting is central to football performance because 
many decisive actions, such as pressing, defensive recovery, 
duels, and attacking transitions, occur over short accelera-
tion distances of 5–20 m (Haugen et al. 2014; Haugen and 
Buchheit 2016). However, sprint ability is multidimensional 
and depends on lower-limb force production, neuromuscu-
lar power, braking ability, re-acceleration capacity, move-
ment coordination, and sprint-specific technical factors 
(Haugen and Buchheit 2016; Zhang et al. 2022). According-
ly, 10 m and 20 m sprint tests are commonly used to as-
sess initial and extended acceleration, whereas 30 m sprint 
performance provides additional information about longer 
linear sprint ability (Haugen, Breitschädel, and Seiler 2020).

Vertical jump tests may provide practical insight into 
sprint-related neuromuscular qualities. The squat jump 
mainly reflects concentric force-production capacity, 
whereas the countermovement jump and drop jump in-
volve rapid eccentric-concentric actions and may provide 
indirect information about stretch-shortening cycle-related 
explosive performance (Bishop et al. 2022; Taube, Leukel, 
and Gollhofer 2012). These qualities are relevant to accel-
eration, which requires rapid force production within short 
ground-contact times (Haugen and Buchheit 2016). Pre-
vious studies have reported associations between vertical 
jump and sprint performance in football and team-sport 
athletes, although these relationships are not always strong 
because sprinting also depends on horizontal force appli-
cation, mechanics, and technical efficiency (Loturco et al. 
2015, 2019; Slimani et al. 2016).

Beyond linear sprinting and vertical jump performance, 
change-of-direction speed may represent an important 
field-based indicator of football-specific locomotor ability. 
Football sprint actions are rarely performed in purely linear 
conditions; they are often preceded or followed by braking 
actions, directional adjustments, re-accelerations, changes 
in body orientation, and duels (Chaabene et al. 2018; Zhang 
et al. 2022). Therefore, combining linear sprint tests with 
change-of-direction speed assessment may provide a more 
complete understanding of the physical qualities associated 
with sprint ability in female football players.

Aerobic fitness represents a complementary component 
of the female football player’s physical profile. Match play 
requires players to sustain repeated high-intensity actions 

and recover efficiently between accelerations, sprints, and 
changes of direction (Bangsbo, Mohr, and Krustrup 2006; 
Baptista et al. 2022). Maximal aerobic speed, commonly as-
sessed through field-based tests such as the Vameval, is use-
ful for estimating aerobic fitness and prescribing individu-
alized training intensities (Bok and Foster 2021). Although 
it is not expected to directly explain maximal linear sprint 
performance, it may indirectly support repeated high-inten-
sity efforts through improved recovery capacity and repeat-
ed-effort tolerance (Gonçalves et al. 2021).

Taken together, previous studies suggest that sprint per-
formance in football is associated with multiple physical 
qualities rather than a single isolated factor. Vertical jump 
performance has been related to sprint ability in football 
and team-sport athletes (Loturco et al. 2015, 2019; Slimani 
et al. 2016), while change-of-direction speed has been linked 
to acceleration, deceleration, and re-acceleration ability 
(Chaabene et al. 2018; Zhang et al. 2022). In adult female 
football players, repeated-sprint ability has also been asso-
ciated with sprint performance, change-of-direction ability, 
vertical jump performance, and aerobic capacity (Gonçalves 
et al. 2021). However, these variables have rarely been exam-
ined together within the same multidimensional field-based 
testing battery, particularly across different sprint distances 
in female football players.

Despite the growing literature on women’s football, 
several gaps remain. First, although previous studies have 
linked sprint performance with jump, change-of-direction, 
and aerobic-related variables, fewer have simultaneous-
ly considered these qualities within the same field-based 
testing battery (Compton et al. 2025; Gonçalves et al. 
2021). Second, it remains unclear whether these variables 
are similarly associated with short acceleration and longer 
sprint performance, particularly in female football players 
(Haugen and Buchheit 2016; Loturco et al. 2019; Zhang et 
al. 2022). Third, evidence from North African female foot-
ball players remains limited, restricting the development of 
context-specific benchmark values and limiting the trans-
ferability of findings from better-studied football contexts.

Accordingly, the aim of the present study was to compare 
physical performance profiles and examine the associations 
between neuromuscular performance, change-of-direction 
speed, maximal aerobic speed, and sprint performance in 
Moroccan first- and second-division female football play-
ers. A secondary aim was to determine the individual and 
combined predictive contribution of these variables to sprint 
performance over 10 m, 20 m, and 30 m. It was hypothe-
sized that first-division players would demonstrate superior 
sprint, jump, change-of-direction speed, and aerobic perfor-
mance compared with second-division players. It was also 
hypothesized that countermovement jump performance and 
20 m change-of-direction speed would be significantly as-
sociated with sprint performance, whereas maximal aerobic 
speed would represent a complementary but distinct physi-
cal quality.

Materials and methods
Study Design

This study adopted a cross-sectional comparative de-
sign to examine differences in aerobic capacity, sprint per-
formance, 20 m change-of-direction speed, and lower-limb 
neuromuscular performance between Moroccan first- and 
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second-division female football players. In addition, cor-
relational and regression analyses were conducted to explore 
the associations between jump performance, sprint ability, 
change-of-direction speed, and maximal aerobic speed. This 
design was selected to provide a multidimensional field-
based physical performance profile of female football players 
competing at different national competitive levels.

Participants 
A total of 105 Moroccan female football players partic-

ipated in this study. Players were recruited from four teams 
competing in the Moroccan women’s football championship, 
including two first-division teams and two second-division 
teams. Forty-five players competed in the first division and 
sixty players competed in the second division. All players 
were Moroccan, officially registered with their respective 
clubs, and regularly involved in structured football train-
ing. To ensure a minimum level of competitive and training 
exposure, participants were required to have at least three 
years of football experience and to complete at least four 
training sessions per week in addition to one official match 
per week during the competitive season.

First-division players had a mean age of 22.98 ± 4.69 
years, whereas second-division players had a mean age of 
21.42 ± 2.54 years. First-division players had a mean body 
mass of 59.40 ± 8.39 kg, height of 1.64 ± 0.05 m, and body 
mass index of 22.04 ± 2.58 kg·m⁻². Second-division players 
had a mean body mass of 55.56 ± 7.33 kg, height of 1.63 ± 
0.05 m and body mass index of 20.81 ± 2.64 kg·m⁻². Playing 
positions were classified into four broad categories: goal-
keepers, defenders, midfielders, and forwards. The sample 
included 10 goalkeepers (9.5%), 32 defenders (30.5%), 24 
midfielders (22.9%), and 39 forwards (37.1%). In the first di-
vision, there were 4 goalkeepers, 15 defenders, 11 midfield-
ers, and 15 forwards, whereas the second division included 6 
goalkeepers, 17 defenders, 13 midfielders, and 24 forwards.

To be included in the study, players had to be officially 
registered with their club, have at least three years of foot-
ball experience, complete at least four training sessions per 
week, regularly participate in official competition, and be 
free from injury at the time of testing. Players were excluded 
if they reported a recent musculoskeletal injury or any med-
ical condition that could affect maximal physical effort or 
prevent completion of the full testing battery.

Ethical Approval
Prior to participation, all players were informed about 

the study procedures, potential risks, and benefits, and 
written informed consent was obtained from each partic-
ipant. For players under 18 years of age, written informed 
consent was obtained from their legal guardians, and assent 
was obtained from the players. The study was approved by 
the Ethics Committee for Biomedical Research of the Fac-
ulty of Medicine and Pharmacy of Rabat, Morocco (CERB: 
63/21; approved on October 23, 2023). All procedures en-
sured participant confidentiality, voluntary participation, 
and data protection.

Experimental Procedures
Testing was conducted during the middle of the compet-

itive season over three consecutive morning sessions. The 
mid-season period was selected to reflect the players’ regu-

lar competitive fitness status while minimizing the influence 
of early-season adaptation or end-season fatigue. All tests 
were performed under standardized field conditions and su-
pervised by qualified strength and conditioning specialists.

Players were instructed to avoid strenuous physical ex-
ercise during the 24 hours preceding testing and to maintain 
their usual hydration and nutritional habits. Before each 
testing session, players completed a standardized warm-
up consisting of light jogging, dynamic mobility exercises, 
lower-limb activation drills, progressive accelerations, and 
familiarization trials for the sprint and jump tests. Standard-
ized warm-up routines are commonly recommended before 
maximal field-based testing because they improve neu-
romuscular readiness and reduce the risk of performance 
variability (McGowan et al. 2015).

The testing battery included linear sprint tests over 10 
m, 20 m, and 30 m, a 20 m change-of-direction speed test, 
vertical jump assessments using the Optojump system, and 
maximal aerobic speed assessment using the Vameval test. 
Tests were performed in the following order: linear sprint 
tests, 20 m change-of-direction speed test, jump assess-
ments, and the Vameval test. The Vameval test was per-
formed last to minimize fatigue-related interference with 
sprint and jump performance. Similar field-based testing 
batteries have been used in football to assess sprint abili-
ty, lower-limb explosive power, change-of-direction-related 
speed, and aerobic fitness under applied conditions.

Sprint Performance Assessment
Linear sprint performance was assessed over 10 m, 20 

m, and 30 m using Witty timing gates (Microgate, Bolzano, 
Italy). Players started from a standing position 0.5 m behind 
the first timing gate to avoid prematurely triggering the tim-
ing system, and were instructed to sprint maximally through 
the final timing gate. Sprint times were recorded in seconds. 
Each player performed two maximal trials for each sprint 
distance, with the best trial retained for statistical analysis. 
A recovery period of 2–3 minutes was provided between 
sprint trials to minimize fatigue effects. The 10 m sprint 
was interpreted as an indicator of initial acceleration, the 20 
m sprint as an indicator of extended acceleration capacity, 
and the 30 m sprint as an indicator of longer linear sprint 
performance. Electronic timing gates are recommended for 
field-based sprint testing because they provide more precise 
measurements than manual timing and are widely used in 
football performance research (Haugen et al. 2020).

Change-of-Direction Speed Assessment
Change-of-direction speed was assessed using a 20 m 

change-of-direction speed test adapted from the field-based 
football testing procedure described by Cazorla et al. (2008). 
The test was designed to evaluate the player’s ability to ac-
celerate, brake, change direction, and re-accelerate rapidly 
without the ball. The course consisted of a marked running 
path including directional changes over a total running dis-
tance of 20 m. Although the straight-line distance between 
the start and finish was approximately 16.6 m, the imposed 
directional changes increased the total distance covered to 
20 m. Players started from a standing position behind the 
start line and were instructed to complete the course as 
quickly as possible while respecting the marked trajectory. 
The test was performed without the ball, and completion 
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time was recorded in seconds using Witty timing gates (Mi-
crogate, Bolzano, Italy). Each player completed two maxi-
mal trials separated by 2–3 minutes of passive recovery, 
and the best valid trial was retained for statistical analysis. 
A lower completion time indicated better change-of-di-
rection speed performance. This test was included because 
football-specific high-speed actions are rarely performed 
in purely linear conditions and often involve acceleration, 
braking, directional adjustment, and re-acceleration under 
time constraints (Chaabene et al. 2018; Sporis et al. 2010; 
Zhang et al. 2022).

Jump Performance Assessment
Lower-limb neuromuscular performance was assessed 

using the Optojump system (Microgate, Bolzano, Italy). The 
jump battery included the squat jump, countermovement 
jump, countermovement jump with free arms, and drop jump. 
For the squat jump, players started from a static semi-squat 
position with hands placed on the hips and were instructed 
to jump vertically as high as possible without performing a 
countermovement. The SJ was used to assess concentric jump 
performance from a static starting position. For the coun-
termovement jump, players began from an upright standing 
position and performed a rapid downward movement fol-
lowed immediately by a maximal vertical jump. During the 
standard CMJ condition, players kept their hands on their 
hips to limit arm contribution. The CMJ was used as an in-
dicator of lower-limb explosive jump performance during a 
rapid eccentric-concentric action. For the countermovement 
jump with free arms, players performed the same movement 
while allowing unrestricted arm swing. This condition was in-
cluded to assess jump performance under a more functional 
movement condition involving unrestricted arm swing. For 
the drop jump, players stepped down from a 30 cm box and 
immediately performed a maximal vertical jump after ground 
contact. The DJ was used to assess field-based jump perfor-
mance during a rapid landing-to-take-off action (Bishop et 
al. 2022).

Each jump test was performed twice, and the best valid 
trial was retained for analysis. A recovery period of 60–90 
seconds was provided between trials. Trials were repeated 
if the technique was invalid or if the player failed to follow 
the required protocol. Vertical jump assessments were se-
lected because SJ, CMJ, CMJ with free arms, and DJ provide 
complementary information regarding lower-limb jump 
performance under different movement conditions, includ-
ing static, countermovement, arm-assisted, and landing-to-
take-off actions. The Optojump system has demonstrated 
acceptable validity and reliability for estimating vertical 
jump height in applied sport settings (Glatthorn et al. 2011).

Maximal Aerobic Speed Assessment
Maximal aerobic speed was assessed using the Vameval 

test. The test was performed on a marked running area ac-
cording to the audio-paced protocol. Players were required 
to maintain the imposed running rhythm for as long as 
possible as running speed progressively increased. The test 
ended when the player was no longer able to maintain the 
required pace despite verbal encouragement. Maximal aer-
obic speed was recorded in km·h⁻¹ and used as an indicator 
of aerobic fitness. The Vameval test was selected because it 
is a practical field-based assessment for estimating maximal 

aerobic speed and prescribing individualized aerobic train-
ing intensities in intermittent team-sport athletes (Gar-
cia-Retortillo et al. 2019).

Statistical Analysis
All statistical analyses were performed using IBM SPSS Sta-

tistics. Descriptive statistics are reported as mean ± standard 
deviation (SD). Normality was assessed using the Shapiro–
Wilk test, skewness and kurtosis values, and visual inspection 
of distributional characteristics. When variables showed de-
viations from normality, non-parametric sensitivity analyses 
were performed to verify the robustness of between-division 
comparisons. Differences between groups in neuromuscular 
performance, sprint performance, 20 m change-of-direction 
speed, and maximal aerobic speed were analyzed using inde-
pendent samples Student’s t-tests. When the assumption of 
homogeneity of variances was violated, Welch’s correction was 
applied to ensure robustness of the results. Effect sizes were 
calculated using Cohen’s d and interpreted as small (0.20), me-
dium (0.50), and large (0.80), according to Cohen (1992).

Pearson correlation coefficients were used to examine 
the relationships between jump performances, sprint per-
formance, change-of-direction speed, and maximal aerobic 
speed, in order to assess the strength and direction of lin-
ear associations among variables. Simple linear regression 
models were conducted to evaluate the individual predictive 
contribution of each physical performance variable to sprint 
performance over 10 m, 20 m, and 30 m. Each predictor was 
entered separately into the model. The coefficient of deter-
mination (R²) was reported to indicate the proportion of 
explained variance. Multiple linear regression analyses were 
performed to examine the combined predictive contribution 
of selected physical variables to sprint performance over 10 
m, 20 m, and 30 m. To avoid redundancy among highly re-
lated jump variables, CMJ, 20 m change-of-direction speed, 
and VMA were entered simultaneously as predictors using 
the enter method. Model fit was evaluated using R², adjusted 
R², F statistics, and p-values. Standardized beta coefficients 
were used to interpret the independent contribution of each 
predictor. Multicollinearity was assessed using tolerance and 
variance inflation factor values. Finally, a one-way analysis of 
variance (ANOVA) was performed to compare physical per-
formance variables according to playing positions. Effect sizes 
were calculated using partial eta squared (ηp2), interpreted as 
small (0.01), medium (0.06), and large (0.14). The level of sta-
tistical significance was set at p < 0.05.

Results
Descriptive statistics and distributional characteristics

Descriptive statistics, distributional characteristics, and 
Shapiro–Wilk normality test results are presented in Table 1. 
Shapiro–Wilk tests indicated deviations from normality for DJ, 
SJ, 20 m sprint, 30 m sprint, 20 m change-of-direction speed 
test, and VMA (p < .05), whereas CMJ-FA, CMJ, and 10 m 
sprint did not significantly deviate from normality. Non-para-
metric sensitivity analyses produced the same interpretation 
pattern as the parametric between-division comparisons; 
therefore, parametric results are reported for consistency.

Between-division differences
Between-division comparisons are presented in Table 

2. First-division players showed significantly better per-
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formance in DJ, CMJ, CMJ-FA, 10 m sprint, 20 m sprint, 
20 m change-of-direction speed test, and VMA compared 
with second-division players. The largest effect sizes were 

observed for DJ, CMJ-FA, CMJ, and VMA. No significant 
between-division differences were observed for SJ or 30 m 
sprint performance.

Table 1. Descriptive statistics, distributional characteristics, and Shapiro–Wilk normality test results of aerobic, 
sprint, change-of-direction speed, and jump performance variables in female football players

Variable Mean SD Skewness Kurtosis Shapiro–Wilk W Shapiro–Wilk p

DJ (cm) 27.91 5.82 -0.46 1.76 0.954 .001

SJ (cm) 21.62 4.33 0.54 1.67 0.970 .017

CMJ-FA (cm) 28.06 5.11 0.14 0.41 0.978 .073

CMJ (cm) 23.09 4.21 -0.08 0.45 0.982 .166

10 m sprint (s) 2.01 0.12 0.61 0.89 0.977 .062

20 m sprint (s) 3.51 0.22 -0.46 4.39 0.943 < .001

30 m sprint (s) 5.01 0.39 -2.15 5.94 0.821 < .001

COD Speed (s) 5.93 0.57 -2.33 6.43 0.813 < .001

VMA (km·h⁻¹) 12.22 1.22 -0.20 -0.32 0.973 .032

Values are presented as mean and standard deviation. DJ = drop jump; SJ = squat jump; CMJ = countermovement jump; CMJ-FA 
= countermovement jump with free arms; COD = change of direction; VMA = maximal aerobic speed.

Table 2. Between-division differences in aerobic, sprint, change-of-direction speed, and jump performance among female 
football players

Variable Division 1 (M ± SD) Division 2 (M ± SD) t df p-value 95% CI for mean difference Cohen’s d

DJ (cm) 30.96 ± 4.34 25.63 ± 5.76 5.196 103 p < .001 3.30 to 7.37 1.05 (large)

SJ (cm) 22.24 ± 3.89 21.16 ± 4.61 1.305 101.516 .195 -0.56 to 2.73 0.26 (small)

CMJ (cm) 24.92 ± 3.67 21.72 ± 4.09 4.145 103 p < .001 1.67 to 4.74 0.82 (large)

CMJ-FA (cm) 30.37 ± 4.89 26.32 ± 4.58 4.354 103 p < .001 2.20 to 5.89 0.86 (large)

10 m sprint (s) 1.99 ± 0.12 2.03 ± 0.11 -2.037 103 .044 -0.09 to -0.00 0.40 (small)

20 m sprint (s) 3.45 ± 0.24 3.56 ± 0.19 -2.525 103 .013 -0.19 to -0.02 0.49 (small)

30 m sprint (s) 4.98 ± 0.31 5.03 ± 0.44 -0.706 103 .482 -0.21 to 0.10 0.15 (small)

COD Speed  (s) 5.74 ± 0.36 6.07 ± 0.65 -3.120 103 .002 -0.55 to -0.12 0.65 (medium)

VMA (km·h⁻¹) 12.77 ± 1.07 11.81 ± 1.17 4.322 103 p < .001 0.52 to 1.40 0.86 (large)

Values are presented as mean ± standard deviation. DJ = drop jump; SJ = squat jump; CMJ = countermovement jump; CMJ-FA = countermovement 
jump with free arms; COD = change of direction; VMA = maximal aerobic speed; CI = confidence interval. Cohen’s d was interpreted as small (0.20), 

medium (0.50), and large (0.80). Lower values indicate better performance for sprint and change-of-direction speed tests.

Table 3. Pearson correlation matrix between jump performance, sprint performance, change-of-direction speed, and maximal 
aerobic speed in female football players

Variable DJ SJ CMJ-FA CMJ 10 m 20 m 30 m COD speed VMA

DJ 1 .505** .739** .760** -.299** -.373** -.175 -.260** .231*

SJ 1 .717** .719** -.235* -.247* -.293** -.136 .144

CMJ-FA 1 .853** -.331** -.391** -.311** -.291** .228*

CMJ 1 -.423** -.440** -.323** -.330** .227*

10 m 1 .726** .630** .466** -.181

20 m 1 .622** .428** -.132

30 m 1 .353** -.093

COD speed 1 -.226*

VMA 1

DJ = drop jump; SJ = squat jump; CMJ = countermovement jump; CMJ-FA = countermovement jump with free arms; COD = change of direction; VMA = 
maximal aerobic speed. Sprint and change-of-direction speed variables are expressed as completion times; therefore, negative correlations with jump 

performance indicate that higher jump performance is associated with faster sprint or change-of-direction speed performance. *p < .05; **p < .01.

Correlations between jump, sprint, change-of-direction speed, 
and aerobic performance

The correlation matrix is presented in Table 3. Overall, jump 
variables were moderately interrelated and were generally associ-
ated with sprint times, indicating that higher jump performance 

tended to be related to faster sprint performance. CMJ showed 
the most consistent associations with sprint performance across 
10 m, 20 m, and 30 m. The 20 m change-of-direction speed 
test was also associated with all sprint distances, whereas VMA 
showed no significant association with linear sprint performance.
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Simple linear regression analyses
Simple linear regression analyses were conducted to ex-

amine the individual predictive contribution of jump perfor-

mance, 20 m change-of-direction speed, and VMA to sprint 
performance over 10 m, 20 m, and 30 m. The results are pre-
sented in Table 4.

Table 4. Simple linear regression analyses predicting sprint performance from jump performance, change-of-direction 
speed, and maximal aerobic speed

Dependent variable Predictor B SE β t p-value R²

Sprint 10 m (s)

DJ (cm) -0.006 0.002 -0.299 -3.177 .002 .089

SJ (cm) -0.006 0.003 -0.235 -2.450 .016 .055

CMJ (cm) -0.012 0.002 -0.423 -4.744 < .001 .179

CMJ-FA (cm) -0.008 0.002 -0.331 -3.561 .001 .110

COD Speed (s) 0.096 0.018 0.466 5.350 < .001 .217

VMA (km·h⁻¹) -0.017 0.009 -0.181 -1.869 .064 .033

Sprint 20 m (s)

DJ (cm) -0.014 0.003 -0.373 -4.074 < .001 .139

SJ (cm) -0.013 0.005 -0.247 -2.592 .011 .061

CMJ (cm) -0.023 0.005 -0.440 -4.978 < .001 .194

CMJ-FA (cm) -0.017 0.004 -0.391 -4.310 < .001 .153

COD Speed (s) 0.165 0.034 0.428 4.811 < .001 .183

VMA (km·h⁻¹) -0.024 0.018 -0.132 -1.356 .178 .018

Sprint 30 m (s)

DJ (cm) -0.012 0.006 -0.175 -1.809 .073 .031

SJ (cm) -0.026 0.008 -0.293 -3.114 .002 .086

CMJ (cm) -0.030 0.009 -0.323 -3.461 .001 .104

CMJ-FA (cm) -0.024 0.007 -0.311 -3.315 .001 .096

COD Speed (s) 0.242 0.063 0.353 3.835 < .001 .125

VMA (km·h⁻¹) -0.029 0.031 -0.093 -0.945 .347 .009

B = unstandardized regression coefficient; SE = standard error; β = standardized regression coefficient; R² = explained variance. DJ = drop 
jump; SJ = squat jump; CMJ = countermovement jump; CMJ-FA = countermovement jump with free arms; COD = change of direction; VMA = 
maximal aerobic speed. Sprint and change-of-direction speed variables are expressed as completion times. Therefore, negative coefficients 

indicate that higher jump or aerobic values are associated with faster sprint times, whereas positive coefficients for the 20 m change-of-
direction speed test indicate that slower change-of-direction speed performance is associated with slower sprint performance.

Table 5. Multiple linear regression models predicting sprint performance

Dependent variable Predictor β p-value Model R² Adjusted R² F

10 m sprint

CMJ −.297 .001 .300 .279 14.43

COD speed .361 < .001

VMA −.032 .713

20 m sprint

CMJ −.339 < .001 .284 .263 13.37

COD speed .321 .001

VMA .017 .847

30 m sprint

CMJ −.236 .017 .173 .149 7.05

COD speed .281 .005

VMA .024 .796

CMJ = countermovement jump; VMA = maximal aerobic speed; COD = Change of direction speed; β = standardized beta 
coefficient. Model R², adjusted R², and F values are reported for each dependent variable.

Multiple linear regression analyses
Multiple linear regression analyses were conducted to ex-

amine the combined predictive contribution of CMJ, 20 m 
change-of-direction speed, and VMA to sprint performance 
over 10 m, 20 m, and 30 m. As shown in Table 5, the models 
predicting 10 m, 20 m, and 30 m sprint performance were 
significant, explaining 30.0%, 28.4%, and 17.3% of the vari-

ance, respectively. CMJ and the 20 m change-of-direction 
speed test were significant predictors across all sprint dis-
tances, whereas VMA did not provide an independent pre-
dictive contribution. Collinearity diagnostics for the multiple 
regression models indicated no evidence of multicollinearity, 
with tolerance and variance inflation factor values within ac-
ceptable ranges.

Positional differences 
Descriptive performance data for each playing position are 

provided in Supplementary Table S1. These values are present-

ed as exploratory positional reference data because playing 
positions were classified into broad categories and the number 
of goalkeepers was relatively small.
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Discussion
The aim of this study was to compare physical performance 

profiles and examine the associations between neuromuscu-
lar performance, change-of-direction speed, aerobic fitness, 
and sprint performance in Moroccan female football players 
competing at different competitive levels. The main findings 
were that first-division players outperformed second-divi-
sion players in DJ, CMJ, CMJ-FA, 10 m sprint, 20 m sprint, 
20 m change-of-direction speed test, and VMA, whereas no 
significant differences were observed for SJ or 30 m sprint 
performance. In addition, CMJ and the 20 m change-of-direc-
tion speed test showed the most consistent associations with 
sprint performance and remained significant predictors in the 
multiple regression models. These findings suggest that sprint 
performance in Moroccan female football players should be 
interpreted as a multidimensional quality involving neuro-
muscular, locomotor, and aerobic-related components rather 
than as the expression of a single isolated physical capacity.

Competitive level and neuromuscular profile
The between-division differences in jump performance 

indicate that competitive level was more clearly reflected in 
dynamic eccentric-concentric jump tasks than in the squat 
jump. First-division players showed superior CMJ, CMJ-FA, 
and DJ performance, while no significant difference was ob-
served for SJ. This finding suggests that dynamic jump tests 
may be more sensitive to competitive level than isolated squat 
jump performance. This interpretation is consistent with the 
intermittent and dynamic nature of football, where accelera-
tions, re-accelerations, duels, pressing actions, and jumping 
situations are rarely initiated from static conditions. Previous 
research has shown that vertical jump performance, particu-
larly in tests involving countermovement or reactive actions, 
is associated with sprint-related neuromuscular qualities in 
football and team-sport athletes (Loturco et al. 2015, 2019; 
Slimani et al. 2016). However, these findings should be inter-
preted cautiously because the present study did not include 
direct biomechanical measures such as ground reaction force, 
contact time, stiffness, impulse, or eccentric braking vari-
ables. Therefore, the observed differences should be consid-
ered as better performance in field-based jump tasks involving 
stretch-shortening cycle-related actions, rather than as direct 

evidence of superior stretch-shortening cycle function (San-
tos et al. 2024). This is consistent with recommendations em-
phasizing that CMJ and DJ outcomes should be interpreted 
according to the selected metric and the specific performance 
quality being assessed  (Bishop et al. 2022).

Sprint performance and change-of-direction speed 
The sprint results showed that first-division players were 

faster over 10 m and 20 m, whereas no significant difference 
was observed over 30 m. This suggests that competitive-lev-
el differences in the present sample were mainly expressed 
during the early acceleration phase rather than over a longer 
linear sprint distance. In football, many decisive actions, such 
as pressing, defensive recovery, offensive transitions, and short 
runs into space, occur over relatively short distances. This may 
explain why 10 m and 20 m sprint performance were more 
sensitive to competitive level than 30 m sprint performance. 
Previous studies have also reported that sprint performance 
varies according to playing standard, sex, age, and position-
al demands (Armada-Cortés et al. 2022; Haugen et al. 2020; 
Haugen, Tønnessen, and Seiler 2012; Haugen and Buchheit 
2016). Nevertheless, the absence of significant differences over 
30 m should not be interpreted as indicating that longer sprint 
ability is unimportant, but rather that it was less discriminative 
of competitive level in this sample.

The associations between CMJ and sprint performance 
support previous evidence suggesting that vertical jump per-
formance is related to sprint ability, although these relation-
ships are generally moderate and cannot fully explain sprint 
performance (Loturco et al. 2015, 2019; Slimani et al. 2016). 
Sprinting is a complex task influenced not only by vertical neu-
romuscular qualities but also by horizontal force application, 
sprint mechanics, step kinematics, technical efficiency, and co-
ordination of the acceleration pattern (Aloui et al. 2021; Hau-
gen and Buchheit 2016). Therefore, CMJ may be considered 
a useful field-based marker of sprint-related neuromuscular 
qualities, but it should not replace direct sprint assessment.

The multiple regression models further clarified the com-
bined contribution of the investigated variables to sprint per-
formance. When CMJ, 20 m change-of-direction speed, and 
VMA were entered together, CMJ and the 20 m change-of-di-
rection speed test remained significant predictors across 10 m, 

Table 6. One-way ANOVA summary for performance differences across playing positions

Variable F(df1, df2) p-value ηp2

DJ (cm) F(3,101) = 0.703 .552 .020

SJ (cm) F(3,101) = 0.744 .528 .022

CMJ (cm) F(3,101) = 0.251 .861 .007

CMJ-FA (cm) F(3,101) = 0.622 .603 .018

10 m sprint (s) F(3,101) = 0.190 .903 .006

20 m sprint (s) F(3,101) = 0.315 .814 .009

30 m sprint (s) F(3,101) = 0.794 .500 .023

COD Speed (s) F(3,101) = 0.190 .903 .006

VMA (km·h⁻¹) F(3,101) = 1.709 .170 .048

ηp2 = partial eta squared; DJ = drop jump; SJ = squat jump; CMJ = countermovement jump; CMJ-FA = 
countermovement jump with free arms; COD = change of direction; VMA = maximal aerobic speed.

One-way ANOVA results are presented in Table 6. No 
significant differences were observed across playing positions 
for any investigated variable, and effect sizes were small across 

all outcomes, indicating limited positional variation in jump 
performance, sprint performance, 20 m change-of-direction 
speed, and VMA within this sample.
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20 m, and 30 m sprint performance, whereas VMA did not 
provide an independent predictive contribution. This suggests 
that sprint performance in this sample was more closely relat-
ed to explosive jump performance and football-specific loco-
motor ability than to aerobic fitness. However, the explained 
variance was moderate for 10 m and 20 m sprint performance 
and lower for 30 m sprint performance, indicating that other 
factors not assessed in this study, such as horizontal force pro-
duction, sprint technique, step kinematics, and neuromuscu-
lar coordination, may also contribute to sprint performance 
(Haugen and Buchheit 2016; Zhang et al. 2022).

The 20 m change-of-direction speed test was also associat-
ed with sprint performance across sprint distances. This find-
ing supports the idea that football-specific speed involves more 
than linear acceleration alone. Change-of-direction speed re-
quires the ability to accelerate, decelerate, brake efficiently, re-
orient the body, and re-accelerate rapidly. These qualities are 
highly relevant to football, where players rarely sprint in pure-
ly linear and isolated conditions. Previous research has shown 
that change-of-direction performance is influenced by accel-
eration, deceleration, braking capacity, and re-acceleration 
ability (Chaabene et al. 2018; Zhang et al. 2022). In adult fe-
male football players, repeated-sprint ability has also been as-
sociated with sprint performance, change-of-direction ability, 
vertical jump performance, and aerobic capacity (Gonçalves et 
al. 2021). The present findings add context-specific evidence 
by showing that change-of-direction speed may provide com-
plementary information when profiling sprint-related physical 
qualities in Moroccan female football players.

Aerobic fitness as a complementary quality
VMA differentiated competitive level but was not signifi-

cantly associated with linear sprint performance. This result 
is consistent with the physiological role of aerobic fitness in 
football. Aerobic capacity contributes to sustaining repeat-
ed high-intensity actions, tolerating training and match de-
mands, and recovering between intense efforts, but it does 
not necessarily explain maximal acceleration or linear sprint 
speed (Bangsbo et al. 2006; Baptista et al. 2022). This distinc-
tion is important because a player may present a higher aer-
obic fitness level without necessarily being faster over short 
linear sprint distances, as these qualities depend on different 
physiological, neuromuscular, and mechanical mechanisms. 
Accordingly, VMA should be interpreted as a complementa-
ry marker of aerobic readiness rather than as a direct predic-
tor of sprint performance. From an applied perspective, this 
supports the use of VMA for aerobic training prescription 
and monitoring, while confirming that sprint and neuro-
muscular assessments remain necessary when the objective 
is to evaluate acceleration and explosive performance (Bok 
and Foster 2021).

Position-based comparisons and contextual interpretation
The absence of significant positional differences should 

also be interpreted with caution. Although goalkeepers, de-
fenders, midfielders, and forwards were included, positions 
were classified into broad categories, which may have reduced 
the sensitivity to detect meaningful role-specific differences. 
Previous studies have shown that physical match demands 
vary according to more specific positional roles in women’s 
football, with differences in high-intensity running, acceler-
ations, and match-related actions across playing positions 

(Baptista et al. 2022; Mäkiniemi et al. 2023). Therefore, group-
ing central defenders and full-backs together as “defenders”, or 
considering all forwards as a single category, may have masked 
more specific positional demands. In addition, the relatively 
small number of goalkeepers may have limited the robustness 
of position-based comparisons, particularly because goal-
keepers present specific physical and tactical demands that 
differ from those of outfield players (White et al. 2020). Future 
studies should use larger samples, match-running data, and 
more refined positional classifications.

Overall, the present study contributes to the development 
of contextualized physical profiling in Moroccan women’s 
football. The findings suggest that competitive level may be 
better characterized through a combination of dynamic jump 
performance, short acceleration, change-of-direction speed, 
and aerobic fitness than through any isolated physical mea-
sure. This supports the use of multidimensional field-based 
testing batteries combining Optojump-derived jump assess-
ments, short sprint tests, change-of-direction speed assess-
ment, and Vameval-based aerobic profiling. Such an approach 
may help coaches identify individual performance needs, 
monitor player development, guide training prescription, and 
support more individualized conditioning models in Moroc-
can women’s football.

Limitations
This study has several limitations. First, the cross-sectional 

design prevents causal interpretation of the relationships be-
tween physical performance variables, sprint performance, 
and competitive level. Second, although all field-based tests 
were performed using standardized procedures and two trials 
were completed for each test, within-session reliability indices 
were not calculated because only the best trial was retained 
in the final dataset. Future studies should retain all trial-level 
data and report intraclass correlation coefficients and coeffi-
cients of variation for sprint, jump, and change-of-direction 
speed assessments. Third, menstrual cycle phase and hormon-
al contraceptive use were not controlled, although these fac-
tors may influence neuromuscular and aerobic performance 
in female athletes. This limitation is relevant because method-
ological guidelines for studies involving women recommend 
reporting and controlling reproductive hormonal status where 
possible (Elliott-Sale et al. 2021). Fourth, match-running 
data and training-load measures were not included, limiting 
the ability to directly link field-test outcomes to competitive 
match demands. Finally, the sample was recruited from four 
Moroccan teams only, which may limit the generalizability of 
the findings to all female football players.  In addition, play-
ing positions were classified into broad categories, which may 
have reduced the sensitivity to detect role-specific differences 
between more specific sub-positions such as central defenders, 
full-backs, central midfielders, wide midfielders, wingers, for-
wards, and goalkeepers.

Practical Applications
The present findings support the use of multidimension-

al field-based testing batteries in Moroccan women’s foot-
ball. Coaches and strength and conditioning staff should 
monitor CMJ, DJ, 10 m and 20 m sprint performance, 20 m 
change-of-direction speed, and VMA to identify individual 
performance needs and guide training prescription. The 10 m 
and 20 m sprint tests appear particularly relevant for assess-
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ing short-distance acceleration, which differentiated first- and 
second-division players more clearly than 30 m sprint perfor-
mance. CMJ and the 20 m change-of-direction speed test may 
be useful for monitoring sprint-related neuromuscular and 
locomotor qualities because they remained significant predic-
tors of sprint performance in the multiple regression models. 
However, these tests should be used alongside direct sprint 
testing rather than as substitutes for sprint assessment. VMA 
should be considered a complementary marker of aerobic 
readiness and used mainly to guide aerobic training prescrip-
tion rather than as a direct indicator of sprint ability. Overall, 
these assessments may help support individualized training 
prescription and player development monitoring, although 
their direct impact on long-term player development requires 
further longitudinal verification. 

Conclusions
This study provides a multidimensional field-based phys-

ical profile of Moroccan female football players competing in 
the first and second divisions. First-division players demon-
strated superior performance in dynamic jump tasks, 10 
m and 20 m sprint performance, 20 m change-of-direction 
speed, and VMA, whereas SJ and 30 m sprint performance 
were less sensitive to competitive-level differences. CMJ and 
the 20 m change-of-direction speed test were the most con-
sistent sprint-related indicators and remained significant pre-
dictors in the multiple regression models, while VMA did not 
independently predict linear sprint performance. These find-
ings suggest that sprint performance in Moroccan female foot-
ball players should be interpreted within a multidimensional 
profile, in which explosive jump performance, short-distance 
acceleration, change-of-direction speed, and aerobic readiness 
provide complementary information for training prescription 
and player monitoring. 
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Guidelines for Authors
Revised Maj 2021

*** Please use the bookmark function to navigate within the guidelines. ***

When preparing the final version of the manuscripts, either NEW or REVISED authors should strictly follow the guidelines. 
Manuscripts departing substantially from the guidelines will be returned to the authors for revision or, rejected.

1. UNIFORM REQUIREMENTS

1.1. Overview

The Montenegrin Journal of Sports Science and Medicine (MJSSM) applies the Creative Commons Attribution (CC BY) license to 
articles and other works it publishes.

There is no charge for submissions and no page charge for accepted manuscripts. However, if the manuscript contains graphics in 
color, note that printing in color is charged.

MJSSM adopts a double-blind approach for peer reviewing in which the reviewer’s name is always concealed from the submitting 
authors as well as the author(s)’s name from the selected reviewers.

MJSSM honors a six-weeks for an initial decision of manuscript submission. 

Authors should submit the manuscripts as one Microsoft Word (.doc) file.

Manuscripts must be provided either in standard UK or US English. English standard should be consistent throughout the 
manuscripts.

Format the manuscript in A4 paper size; margins are 1 inch or 2.5 cm all around. Type the whole manuscript double-spaced, justified 
alignment.

Use Times New Roman font, size eleven (11) point.

Number (Arabic numerals) the pages consecutively (centering at the bottom of each page), beginning with the title page as page 1 
and ending with the Figure legend page.

Include line numbers (continuous) for the convenience of the reviewers.

Apart from chapter headings and sub-headings avoid any kind of formatting in the main text of the manuscripts.

1.2. Type & Length

MJSSM publishes following types of papers:

Original scientific papers are the results of empirically- or theoretically-based scientific research,	 which employ scientific methods, 
and which report experimental or observational aspects of sports science and medicine, such as all clinical aspects of exercise, health, 
and sport; exercise physiology and biophysical investigation of sports performance; sport biomechanics; sports nutrition; rehabilitation, 
physiotherapy; sports psychology;  sport  pedagogy,  sport  history,  sport  philosophy,  sport  sociology,  sport management; and all aspects 
of scientific support of the sports coaches from the natural, social  and  humanistic  side.  Descriptive analyses or data inferences should 
include rigorous methodological structure as well as sound theory. Your manuscript should include the following sections: Introduction, 
Methods, Results, and Discussion.

ROpen Submissions RIndexed RPeer Reviewed
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Original scientific papers should be:
•	 Up to 3000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of Interest, and 

References);
•	 A structured abstract of less than 250 words;
•	 Maximum number of references is 30;
•	 Maximum combined total of 6 Tables/Figures.

Review papers should provide concise in-depth reviews of both established and new areas, based on a critical examination of the 
literature, analyzing the various approaches to a specific topic in all aspects of sports science and medicine, such as all clinical aspects 
of exercise, health, and sport; exercise physiology and biophysical investigation of sports performance; sport biomechanics; sports 
nutrition; rehabilitation, physiotherapy; sports psychology; sport pedagogy, sport history, sport philosophy, sport sociology, sport 
management; and all aspects of scientific support of the sports coaches from the natural, social and humanistic side.

ROpen Submissions RIndexed RPeer Reviewed

Review papers should be:
•	 Up to 6000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of Interest, and 

References);
•	 A structured abstract of less than 250 words;
•	 Maximum number of references is 100.

Editorials are written or commissioned by the editors, but suggestions for possible topics and authors are welcome. It could be peer 
reviewed by two reviewers who may be external or by the Editorial Board.

£Open Submissions RIndexed RPeer Reviewed

Editorials should be:
•	 Up to 1000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of Interest, and 

References);
•	 A structured abstract of less than 250 words;
•	 Maximum number of references is 10.

Short reports of experimental work, new methods, or a preliminary report can be accepted as two page papers. Your manuscript 
should include the following sections: Introduction, Methods, Results, and Discussion.

ROpen Submissions RIndexed RPeer Reviewed

Short reports should be:
•	 Up to 1500 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of Interest, and 

References);
•	 A structured abstract of less than 250 words;
•	 Maximum number of references is 15.

Peer review - fair review provides authors who feel their paper has been unfairly rejected (at any journal) the opportunity to share 
reviewer comments, explain their concerns, and have their paper reviewed for possible publication in MJSSM.

ROpen Submissions RIndexed £Peer Reviewed

Peer review - fair review should be:
•	 Up to 1500 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of Interest, and 

References);
•	 A structured abstract of less than 250 words;
•	 Maximum number of references is 15.

Invited papers and award papers include invited papers from authors with outstanding scientific credentials. Nomination of invited 
authors is at the discretion of the MJSSM editorial board. MJSSM also publishes award papers selected by the scientific committee 
of the MSA annual conference.

£Open Submissions RIndexed £Peer Reviewed
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Invited papers and award papers should be:
•	 Up to 3000 words (excluding title, abstract, tables/figures, figure legends, Acknowledgements, Conflict of Interest, and 

References);
•	 A structured abstract of less than 250 words;
•	 Maximum number of references is 30;
•	 Maximum combined total of 6 Tables/Figures.

Meeting Abstracts contain conference abstracts of the sports science papers presented at the MSA annual conference and MSA-
sponsored meetings. This publication offers a first look into the current research in the field of Sports Science.

£Open Submissions RIndexed £Peer Reviewed

Meeting Abstracts should be:
•	 Restricted to 250 words (including title, authors and institutions) and must include the following separate sections: [1] 

purpose; [2] methods; [3] results; [4] conclusion;
•	 Without references;
•	 Without Tables/Figures.

1.3. Submission

MJSSM only accepts electronic submission to the e-mail of the Journal Office: office@mjssm.me.

Submitted material includes:
•	 A manuscript prepared according to the Guidelines for the Authors;
•	 A signed form that states the study was not previously published, nor has been submitted simultaneously for consideration 

of publication elsewhere, that states that all of the authors are in agreement with submission of the manuscript to MJSSM, 
and that, for studies that use animal or human individuals, authors must include information regarding their institution’s 
ethics committee, and which identifies the official approval number;

•	 A signed form that there is no conflict of interest.

Name the files according to the family name of the first author. Authors submitting revised versions of the manuscript can use the 
identification number of their manuscript as provided by the Journal Office. See example:

	FAMILY NAME-manuscript.doc – (main manuscript file)
	FAMILY NAME-statement.PDF – (authorship statement)
	FAMILY NAME-declaration.PDF – (declaration of potential conflict of interest)
	FAMILY NAME-fig1.tiff – (Figure 1)

1.4. Peer Review Process

An original manuscript submitted for publication will be submitted to the review process as long as it fits the following criteria:
•	 The study was not previously published, nor has been submitted simultaneously for consideration of publication elsewhere;
•	 All persons listed as authors approved its submission to MJSSM;
•	 Any person cited as a source of personal communication has approved the quote;
•	 The opinions expressed by the authors are their exclusive responsibility;
•	 The author signs a formal statement that the submitted manuscript complies with the directions and guidelines of MJSSM.

 
The editors-in-chief, executive editor and associate editors will make a preliminary analysis regarding the appropriateness, quality, 
originality and written style/grammar of the submitted manuscript. The editors reserve the right to request additional information, 
corrections, and guideline compliance before they submit the manuscript to the ad-hoc review process.

MJSSM uses ad-hoc reviewers, who volunteer to analyze the merit of the study. Typically, one or two expert reviewers are consulted 
in a double-blind process. Authors are notified by e-mail when their submission has been accepted (or rejected). Minor changes in 
the text may be made at the discretion of the editors-in-chief, executive editor and/or associate editors. Changes can include spelling 
and grammar in the chosen language, written style, journal citations, and reference guidelines.  The author is notified of changes via 
email. The final version is available to the author for his or her approval before it is published.
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1.5. Open Access License and Publisher Copyright Policies

MJSSM applies the Creative Commons Attribution (CC BY) license to articles and other works it 
publishes. If author(s) submit its paper for publication by MJSSM, they agree to have the CC BY license 
applied to their work. Under this Open Access license, the author(s) retain copyright, but agree that 
anyone can reuse their article in whole or part for any purpose, for free, even for commercial purposes. 

Anyone may copy, distribute, or reuse the content as long as the author(s) and original source are properly cited. This facilitates 
freedom in re-use and also ensures that MJSSM content can be mined without barriers for the needs of research. On the other hand, 
the author(s) may use content owned by someone else in their article if they have written permission to do so. If the manuscript 
contains content such as photos, images, figures, tables, audio files, videos, et cetera, that the author(s) do not own, MJSSM will 
require them to provide it with proof that the owner of that content has given them written permission to use it, and has approved of 
the CC BY license being applied to their content. Otherwise, MJSSM will ask the author(s) to remove that content and/or replace it 
with other content that you own or have such permission to use. MJSSM provides a form the author(s) can use to ask for and obtain 
permission from the owner.

In addition, the author(s) may freely use the content they previously published in a paper through another publisher and they own 
the rights to that content; however, that’s not necessarily the case and it depends on the license that covers the other paper. Some 
publishers allow free and unrestricted reuse of article content they own, such as under the CC BY license. Other publishers use 
licenses that allow reuse only if the same license is applied by the person or publisher reusing the content. If the article was published 
under a CC BY license or another license that allows free and unrestricted use, the author(s) may use the content in the submitted 
manuscript provided that the author(s) give proper attribution, as explained above. If the content was published under a more 
restrictive license, the author(s) must ascertain what rights they have under that license. MJSSM advices the author(s) not to include 
any content in the submitted manuscript which they do not have rights to use, and always give proper attribution.

The editors of MJSSM consider plagiarism to be a serious breach of academic ethics. Any author who practices plagiarism (in 
part or totality) will be suspended for six years from submitting new submissions to MJSSM. If such a manuscript is approved and 
published, public exposure of the article with a printed mark (“plagiarized” or “retracted”) on each page of the published file, as 
well as suspension for future publication for at least six years, or a period determined by the editorial board. Third party plagiarized 
authors or institutions will be notified, informing them about the faulty authors. Plagiarism will result in immediate rejection of the 
manuscript.

MJSSM only publishes studies that have been approved by an institutional ethics committee (when a study involves humans or 
animals). Fail to provide such information prevent its publication. To ensure these requirements, it is essential that submission 
documentation is complete. If you have not completed this step yet, go to MJSSM website and fill out the two required documents: 
Declaration of Potential Conflict of Interest and Authorship Statement. Whether or not your study uses humans or animals, these 
documents must be completed and signed by all authors and attached as supplementary files in the originally submitted manuscript.

1.6. After Acceptance

After the manuscript has been accepted, authors will receive a PDF version of the manuscripts for authorization, as it should look in 
printed version of MJSSM. Authors should carefully check for omissions. Reporting errors after this point will not be possible and 
the Editorial Board will not be eligible for them.

Should there be any errors, authors should report them to the Office e-mail address office@mjssm.me. If there are not any errors 
authors should also write a short e-mail stating that they agree with the received version.

1.7. Code of Conduct Ethics Committee of Publications

MJSSM is hosting the Code of Conduct Ethics Committee of Publications of the COPE 
(the Committee on Publication Ethics), which provides a forum for publishers and Editors 
of scientific journals to discuss issues relating to the integrity of the work submitted to or 

published in their journals.
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2. MANUSCRIPT STRUCTURE

2.1. Title Page

The first page of the manuscripts should be the title page, containing: title, type of publication, running head, authors, affiliations, 
corresponding author, and manuscript information. See example:

Transfer of Learning on a Spatial Memory Task between the Blind and Sighted People Spatial Memory among Blind and Sighted

Original Scientific Paper

Transfer of learning on a spatial memory task

Selcuk Akpinar1, Stevo Popović1,2, Sadettin Kirazci1

1Middle East Technical University, Physical Education and Sports Department, Ankara, Turkey
2University of Montenegro, Faculty for Sport and Physical Education, Niksic, Montenegro

Corresponding author:
S. Popovic

University of Montenegro
Faculty for Sport and Physical Education

Narodne omladine bb, 84000 Niksic, Montenegro
E-mail: stevop@ac.me

Word count: 2,980

Abstract word count: 236

Number of Tables: 3

Number of Figures: 3

2.1.1. Title

Title should be short and informative and the recommended length is no more than 20 words. The title should be in Title Case, 
written in uppercase and lowercase letters (initial uppercase for all words except articles, conjunctions, short prepositions no longer 
than four letters etc.) so that first letters of the words in the title are capitalized. Exceptions are words like: “and”, “or”, “between” etc. 
The word following a colon (:) or a hyphen (-) in the title is always capitalized.

2.1.2. Type of publication

Authors should suggest the type of their submission.

2.1.3. Running head

Short running title should not exceed 50 characters including spaces.

2.1.4. Authors

The form of an author’s name is first name, middle initial(s), and last name. In one line list  all  authors  with  full  names  separated  
by  a  comma  (and  space).  Avoid  any abbreviations of academic or professional titles. If authors belong to different institutions, 
following  a  family  name  of  the  author  there  should  be  a  number  in  superscript designating affiliation.

2.1.5. Affiliations

Affiliation consists of the name of an institution, department, city, country/territory(in this order) to which the author(s) belong and to which 
the presented / submitted work should be attributed. List all affiliations (each in a separate line) in the order corresponding to the list of 
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authors. Affiliations must be written in English, so carefully check the official English translation of the names of institutions and departments.

Only if there is more than one affiliation, should a number be given to each affiliation in order of appearance. This number should 
be written in superscript at the beginning of the line, separated from corresponding affiliation with a space. This number should also 
be put after corresponding name of the author, in superscript with no space in between.

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

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

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

2.1.6. Corresponding author

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

2.1.7. Manuscript information

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

2.2. Abstract

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

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

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

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

Abstract

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

2.3. Main Chapters

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

2.3.1. Headings

Main chapter headings: written in bold and in Title Case. See example:
	Methods



� 97

Monten. J. Sports Sci. Med. 15 (2026) 2

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





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.

We are delighted to announce the Montenegrin Sports Acade-
my’s 25th International Scientific Conference on Sports Sciences, 
taking place April 08-11, 2027, at the beautiful Budva, Montene-
gro. Join us as leading experts gather to explore “Sport, Physical 
Activity, and Health – Contemporary Perspectives.” Experience in-
spiring keynotes, cutting-edge research, and exciting cultural mo-
ments — including our special opening ceremony performance. 

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, biomechanics 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 



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

•	 Open-access and freely accessible online;
•	 Fast publication time;
•	 Peer review by expert, practicing researchers;
•	 Post-publication tools to indicate quality and impact;
•	 Community-based dialogue on articles;
•	 Worldwide media coverage.

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

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

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

Dusko BJELICA, Editor-in Chief – office@jaspe.me
Arben KACURI, Editor-in Chief
Robert SCHNAIDER, Editor-in Chief
Nina ĐUKANOVIĆ, Editor-in Chief 

Publication date:	 Autumn issue – October 2026
			   Winter issue – January 2027
			   Spring issue – April 2027
			   Summer issue – July 2027		
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Sport Mont Journal
Editors-in-Chief: Dusko Bjelica, Montenegro; Zoran Milosevic, Serbia
Managing Editor: Borko Katanic, Montenegro; Nedim Covic, Bosnia and Herzegovina

Volume 24, 2026, 3 issues per year; Print ISSN: 1451-7485, Online ISSN: 2337-0351

Sport Mont Journal is a scientific journal that provides: Open-access and freely accessible online; Fast pub-
lication time; Peer review by expert, practicing researchers; Post-publication tools to indicate quality and 
impact; Community-based dialogue on articles; Worldwide media coverage. SMJ is published three times 
a year, in February, June and October of each year. SMJ publishes original scientific papers, review papers, 
editorials, short reports, peer review - fair review, as well as invited papers and award papers in the fields of
Sports Science and Medicine, as well as it can function as an open discussion forum on significant issues of 
current interest.

Montenegrin Journal of Sports Science and Medicine
Editors-in-Chief: Dusko Bjelica, Montenegro; Damir Sekulic, Croatia
Executive Editor: Selcuk Akpinar, Turkey
Associate Editors: Mehmet Uygur, USA; Catalina Casaru, USA; and Predrag Bozic, Serbia

Volume 15, 2026, 2 issues per year; Print ISSN: 1800-8755, Online ISSN: 1800-8763

Montenegrin Journal of Sports Science and Medicine (MJSSM) is published biannually, in September and 
March of each year. MJSSM publishes original scientific papers, review papers, editorials, short reports, peer 
review - fair review, as well as invited papers and award papers in the fields of Sports Science and Medicine, 
as well as it can function as an open discussion forum on significant issues of current interest. MJSSM covers 
all aspects of sports science and medicine; all clinical aspects of exercise, health, and sport; exercise physi-
ology and biophysical investigation of sports performance; sport biomechanics; sports nutrition; rehabili-
tation, physiotherapy; sports psychology; sport pedagogy, sport history, sport philosophy, sport sociology, 
sport management; and all aspects of scientific support of the sports coaches from the natural, social and 
humanistic side.

Look Inside!

www.sportmont.ucg.ac.me

www.mjssm.me

Sports Science and Medicine Journals
from Montenegrin Sports Academy
We have expanded the quality of our journals considerably over 
the past years and can now claim to be the market leader in 
terms of breadth of coverage.

As we continue to increase the quality of our publications across 
the field, we hope that you will continue to regard MSA journals 
as authoritative and stimulating sources for your research. We 
would be delighted to receive your comments and suggestions, 
mostly due to the reason your proposals are always welcome.

USEFUL CONTACTS

Editorial enquiries and journal proposals:
Dusko Bjelica
Damir Sekulic
Editors-in-Chief
Email: damirsekulic.mjssm@gmail.com 

Selcuk Akpinar
Executive Editor
Email: office@mjssm.me

Marketing enquiries:
Fidanka Vasileva
Marketing Manager
Email: damirsekulic.mjssm@gmail.com  
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