
mdpi.com/journal/sports

Special Issue Reprint

Cutting-Edge Research on 
Physical Fitness Profile in 
Soccer Players

Edited by 

Ioannis Michailidis



Cutting-Edge Research on Physical
Fitness Profile in Soccer Players





Cutting-Edge Research on Physical
Fitness Profile in Soccer Players

Guest Editor

Ioannis Michailidis

Basel • Beijing • Wuhan • Barcelona • Belgrade • Novi Sad • Cluj • Manchester



Guest Editor

Ioannis Michailidis

Department of Physical

Education and Sport Science

Aristotle University of

Thessaloniki

Thessaloniki

Greece

Editorial Office

MDPI AG

Grosspeteranlage 5

4052 Basel, Switzerland

This is a reprint of the Special Issue, published open access by the journal Sports (ISSN 2075-4663),

freely accessible at: https://www.mdpi.com/journal/sports/special_issues/G45FPQ89DZ.

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-7258-5903-0 (Hbk)

ISBN 978-3-7258-5904-7 (PDF)

https://doi.org/10.3390/books978-3-7258-5904-7

© 2025 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license. The book as a whole is distributed by MDPI under the terms

and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license (https://creativecommons.org/licenses/by-nc-nd/4.0/).



Contents

Yiannis Michailidis

Cutting-Edge Research on Physical Fitness Profile in Soccer Players
Reprinted from: Sports 2025, 13, 372, https://doi.org/10.3390/sports13110372 . . . . . . . . . . . 1

Yiannis Michailidis

Associations Between Isokinetic Torque and External Load Metrics During Youth Soccer Matches
Reprinted from: Sports 2025, 13, 311, https://doi.org/10.3390/sports13090311 . . . . . . . . . . . 3

Diego Hernán Villarejo-García, Carlos Navarro-Martínez and José Pino-Ortega

Segmental External Load in Linear Running in Elite Futsal Players: A Multifactorial and
Individual Variability Analysis Using Linear Mixed Models
Reprinted from: Sports 2025, 13, 268, https://doi.org/10.3390/sports13080268 . . . . . . . . . . . 19

Irineu Loturco, Bernardo Requena, Valter P. Mercer, Tulio B. M. A. Moura, Matheus G. A.

Alexandre, Lucas D. Tavares and Lucas A. Pereira

Effects of a Short-Term Ballistic Training Program on Performance and Strength Deficit in Elite
Youth Female Soccer Players
Reprinted from: Sports 2025, 13, 237, https://doi.org/10.3390/sports13070237 . . . . . . . . . . . 32

Israel Rios-Limas, Carlos Abraham Herrera-Amante, Wiliam Carvajal-Veitía, Rodrigo

Yáñez-Sepúlveda, César Iván Ayala-Guzmán, Luis Ortiz-Hernández, et al.

Relating Anthropometric Profile to Countermovement Jump Performance and External Match
Load in Mexican National Team Soccer Players: An Exploratory Study
Reprinted from: Sports 2025, 13, 236, https://doi.org/10.3390/sports13070236 . . . . . . . . . . . 41

José Luis Estévez Rodríguez, Jesús Rivilla García, Sergio L. Jiménez-Sáiz and

Sergio Jiménez-Rubio

Consensus of Return-to-Play Criteria After Adductor Longus Injury in Professional Soccer
Reprinted from: Sports 2025, 13, 134, https://doi.org/10.3390/sports13050134 . . . . . . . . . . . 62

Lidia Martinez-Jiménez, Ricardo André Birrento-Aguiar, Verónica Marco-Cramer and Enrique

Ortega-Toro

Rule Modification’s Effects on the Feedback Type Given by Coaches at Young Football Levels
Reprinted from: Sports 2025, 13, 63, https://doi.org/10.3390/sports13030063 . . . . . . . . . . . 71

Héctor Gadea-Uribarri, Elena Mainer-Pardos, Ainhoa Bores-Arce, Rafael Albalad-Aiguabella,

Sergio López-García and Carlos Lago-Fuentes

External Load Variability in Elite Futsal: Positional Demands and Microcycle Structuring for
Player Well-Being and Performance
Reprinted from: Sports 2025, 13, 7, https://doi.org/10.3390/sports13010007 . . . . . . . . . . . . 82

Vladimir Pavlinovic, Ryland Morgans and Toni Modric

Temperature-Related Variations in Physical Performance During Elite Soccer Matches
Reprinted from: Sports 2024, 12, 341, https://doi.org/10.3390/sports12120341 . . . . . . . . . . . 95

Ismael Iraqui-Rato and Rubén Cuesta-Barriuso

Predictors of Risk of Muscle Injury in Non-Professional Soccer Players: An Ambispective Cohort
Study
Reprinted from: Sports 2024, 12, 314, https://doi.org/10.3390/sports12110314 . . . . . . . . . . . 104

v



Nikolaos I. Liveris, Charis Tsarbou, Sofia A. Xergia, Angelos Papadopoulos and Elias Tsepis

Comparison of Inter-Rater and Intra-Rater Reliability of Raters with Different Levels of
Experience When Using Landing Error Scoring System (LESS) in Field-Based Screening of
Professional Football Players
Reprinted from: Sports 2024, 12, 242, https://doi.org/10.3390/sports12090242 . . . . . . . . . . . 114
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Editorial

Cutting-Edge Research on Physical Fitness Profile in
Soccer Players

Yiannis Michailidis

Laboratory of Evaluation of Human Biological Performance, Department of Physical Education and Sports
Sciences, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece; ioannimd@phed.auth.gr;
Tel.: +30-231-099-2248

Soccer is one of the most popular sports in the world, with millions of athletes en-
gaged in it. The sport evolves over time, and players continuously develop their physical,
technical, and tactical skills in order to meet its increasing demands. Technological ad-
vances have enabled a detailed investigation of the physical fitness profile required for
high performance, as well as the quantification of many factors related to training load.

However, despite these advances, in several areas of the game, the scientific literature
remains limited or findings are inconclusive. Much of the research focuses on isolated
performance indicators without examining their interactions, either with one another
or in relation to competitive conditions. Furthermore, most studies involve elite male
soccer players, with women, youth, and amateur athletes being underrepresented. In
addition, there is still considerable scope for research into training protocols aimed at
improving/maximizing performance, preventing injuries, and supporting return-to-play
following injury.

This Special Issue of Sports, entitled Cutting-Edge Research on Physical Fitness Profile in
Soccer Players, addresses some of these gaps by compiling scientific contributions on modern
soccer. Specifically, the 15 articles included examine physical capacities, performance
monitoring strategies, match analysis, recovery, and injury prevention frameworks. These
studies also involve male and female players of different ages and competitive levels. Both
experimental and review articles are included.

Within the Special Issue, several articles focus on tracking external load using GPS
technology, both during matches and training sessions. Such studies aim to clarify the
demands of different playing positions and inform the structuring of more effective training
microcycles. Other studies investigate specific intervention programs and the role of feed-
back in performance and learning. Furthermore, bibliometric and review papers address
topics such as decision-making, injury-prevention markers, and return-to-play criteria.
Additional contributions examine the effects of contextual factors (e.g., temperature) on
performance and explore the relationships between running performance and physical
capacities. Taken together, this Special Issue offers a multidimensional and updated per-
spective on how profiling the physical fitness of soccer players can support evidence-based
practice in the sport.

Looking ahead, long-term monitoring across different levels of play and both sexes
is needed to clarify position-specific demands. Moreover, further research should focus
on the use of artificial intelligence for more efficient training design, as well as on big data
analytics for predicting performance and injury risk. A key goal of future studies must be
the integration of findings into applied practice.

Sports 2025, 13, 372 https://doi.org/10.3390/sports13110372
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Article

Associations Between Isokinetic Torque and External Load
Metrics During Youth Soccer Matches

Yiannis Michailidis

Laboratory of Evaluation of Human Biological Performance, Department of Physical Education and Sports
Sciences, Aristotle University of Thessaloniki, 57001 Thessaloniki, Greece; ioannimd@phed.auth.gr;
Tel.: +30-231-099-2248

Abstract: Physical fitness, especially strength, is key for football performance and injury
prevention, but its role in match running remains unclear. This study examined correlations
between knee flexor and extensor isokinetic torque (60◦/s, 180◦/s, 300◦/s) and running
performance in 20 U17 players (age 16 ± 0.5 years, height 1.78 ± 0.05 m, weight 71 ± 7.1
kg) across 16 matches, with GPS tracking (Apex, STATSports, Newry, Northern Ireland).
Results varied by position. Central defenders showed a negative correlation between
non-dominant knee flexor torque at 300◦/s and high-speed running distance (r = −0.975,
p = 0.025). Side defenders displayed positive correlations between dominant knee flexor
torque at 300◦/s and both total distance and moderate running (r = 0.885–0.976, p < 0.05),
but negative correlations with maximum speed (r < −0.89, p < 0.05). Central midfielders
had several negative associations between dominant knee flexor torque at 300◦/s and
accelerations or decelerations (r < −0.88, p < 0.05). Side midfielders and forwards showed
positive correlations between torque at higher speeds (180◦/s, 300◦/s) and sprint distance
(r ≥ 0.85, p < 0.05). Overall, associations differed by position, velocity, and performance
variable, reflecting tactical demands and the limits of single-joint testing. However, in
SMFs, high positive correlations were observed, highlighting the importance of strength
and its necessity in the training process.

Keywords: correlation; strength; football; GPS; running performance; association

1. Introduction

Football is a highly popular sport involving millions of athletes of various levels
and ages [1,2]. Player performance depends on various factors such as technique, tactics,
physical condition, etc., [3], which are developed over a long-term training process.

In modern football, physical fitness is particularly important for players to cope
with the increasing pace of matches, as the frequency of high- and maximum-intensity
actions—as well as player duels—has increased [4]. Physical fitness in football is not one-
dimensional; a modern footballer must have highly developed aerobic capacity (endurance)
as well as anaerobic capacity (strength, speed, power) [5].

One of the physical abilities of particular importance for football performance is
strength, specifically the form known as power (explosive strength) [6,7]. Most high-
intensity actions during a match—such as jumps, accelerations, decelerations, sprints,
and duels—require the application of high levels of force in a short amount of time (high
power). Power is a key attribute for all modern footballers, as it is directly related to the
effectiveness of both their defensive and offensive actions [8].

Strength also influences a player’s running economy. Running economy is defined as
the oxygen or energy required to cover a certain distance or to maintain a specific submaxi-

Sports 2025, 13, 311 https://doi.org/10.3390/sports13090311
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mal running speed [9]. Recent studies have observed that strength training can improve
running economy [10–13], particularly influencing running time trial performance [14,15].
Therefore, a similar improvement in footballers could enhance their running performance
during matches, as they cover approximately 10–12 km per game, 2–3 km of which are at
high speeds.

In recent decades, technological advances (global positioning systems) have enabled
monitoring of the external load of footballers during matches [16,17]. From the GPS vari-
ables, the analysis included the distances covered by the players in zone 14.4–19.79 km/h,
zone 19.8–25.19 km/h, zone ≥ 25.2 km/h), and the total distance covered. Also included
were accelerations with an intensity between 2 and 3 m/s2, above 3 m/s2, as well as
decelerations with an intensity between −3 and −2 m/s2 and below −3 m/s2. In addition,
the player’s maximum speed and match pace were used.

As mentioned above, several variables measured using GPS may be influenced by a
player’s strength level (e.g., maximum speed, accelerations, decelerations, distance cov-
ered at high intensity, etc.). Biomechanically, greater isokinetic strength in knee flexors
and extensors enhances the ability to generate rapid, forceful contractions necessary for
accelerations, decelerations, and changes in direction [18]. Stronger muscles improve
joint stability and reduce injury risk, allowing players to maintain performance during
demanding actions [19]. Physiologically, increased muscle strength contributes to improved
neuromuscular efficiency and power output, which supports better sprinting speed and
endurance by delaying fatigue onset during repeated high-intensity efforts [20,21]. More-
over, enhanced strength facilitates more effective energy transfer and reduces metabolic
cost during running, thereby positively influencing total distance covered and high-speed
running variables [22]. However, a review of the literature reveals a significant research gap,
as only few studies [23–25] have investigated the relationship between strength parameters
and running performance. Most studies focus on examining the relationship between
strength and other physical abilities assessed via laboratory or field tests [26,27].

The difference in methodology between these studies is particularly important: in
one case, correlations are sought between specific physical abilities (e.g., power and speed),
which are easier to observe—especially when based on the same physiological mechanism
(e.g., stretch-shortening cycle—jump ability and sprinting); in the other case, correlations
are sought with indicators of match running performance, i.e., metrics used to evaluate
football performance. Observing such relationships could enhance training effectiveness,
as strength elements with a direct impact on in-game running performance would be
specifically targeted.

Therefore, the aim of the present study was to investigate the relationship between
the isokinetic torque of the knee flexors and extensors of young footballers and external
load indicators during official matches. Based on the study objectives, we hypothesize that
isokinetic torque of the knee flexor and extensor muscles will be positively correlated with
key match running performance metrics, including maximum speed, high-speed running
distance, and the number of accelerations and decelerations. Furthermore, we expect these
correlations to vary according to playing position and angular velocity of assessment, with
stronger associations anticipated at higher testing velocities and in positions that demand
greater sprinting and change-of-direction activities, such as side defenders, side midfielders
and forwards.

2. Materials and Methods

2.1. Participants

To conduct the study, 26 players from the under-17 team of a football academy were
invited. Of these, only 20 footballers participated in the study (age 16.0 ± 0.5 years, train-
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ing age 11.1 ± 1.3 years, height 180 ± 10 cm, weight 71.0 ± 7.1 kg, body fat percentage
11.6 ± 1.3), all of whom met the inclusion criteria, which were: (a) absence of injuries in
the past month, (b) no use of medication, (c) participation in all pre-match tests (anthro-
pometrics, isokinetic torque at three speeds: 60◦/s, 180◦/s, 300◦/s), and (d) participation
in at least 85 min of the match. The team competed in the national championship of its
country and participated in 4 training sessions and 1 official match per week. The players
were categorized based on their playing position as central defenders (CD, n = 4, 20%), side
defenders (SD, n = 5, 25%), central midfielders (CM, n = 5, 25%), side midfielders-forwards
(SMF, n = 6, 30%). Informed consent was obtained from all subjects and their parents
involved in the study. The local institutional review board approved the study (approval
number 217/2024) in accordance with the Helsinki Declaration.

2.2. Procedure

The footballers were already familiar with the tests, as these were part of the routine
assessments conducted during their previous years of ergometric evaluations. The study
was conducted over the course of the first 16 matches of the competitive season. All
tests were conducted in the morning, between 9:00 and 12:00 AM, to control circadian
variations in performance, within a laboratory setting maintaining stable temperature
(~22 ◦C) and humidity (~40%) conditions. At the end of the preseason, the players visited
the laboratory, where anthropometric measurements were taken first. This was followed
by a 10 min warm-up (7 min of cycling and 3 min of stretching), after which the isokinetic
torque assessment was carried out. During the procedure, participants were allowed to
drink water ad libitumto ensure proper hydration during testing. Subsequently, once
the competitive season began, the players’ external load during the first 16 matches was
recorded using GPS technology. Dominant and non-dominant legs were determined based
on player self-report, with the dominant leg defined as the preferred limb for ball control
and manipulation during match play.

2.3. Anthropometric Measurements

The players’ body height was measured using a stadiometer with 0.1 cm precision
(Seca 220e, Hamburg, Germany). Body weight and body fat percentage were measured
using a dual-frequency body composition analyzer (TANITA DC-360, Tanita Corporation,
Tokyo, Japan), based on the principles of bioelectrical impedance.

2.4. Isokinetic Strength Testing

Muscular strength of the hamstrings and quadriceps were evaluated under isokinetic
conditions using a Cybex II dynamometer (Lumex Inc., Ronkonkoma, NY, USA). At each
test velocity, the highest torque output was recorded, with corrections applied to exclude
the effects of limb mass and equipment resistance. Participants were seated in a modifiable
chair attached to the device, with stabilizing straps placed across the torso, hips, and
thighs to restrict extraneous movements. The test leg was set at 90 degrees of knee flexion
(where 0 degrees denotes full extension), ensuring proper alignment between the knee
joint axis and the lever arm’s axis at the distal lateral femoral condyle. Lever arm length
and resistance pad position were adjusted individually, with the pad placed just above the
medial malleolus. The opposite leg remained passive, unsupported.

Movements were executed in a fixed pattern: extension began from 90◦ flexion, while
flexion started from full extension. Participants were instructed to exert maximal effort,
moving their leg through the complete range of motion as quickly and forcefully as possible
while maintaining crossed arms. Three trials were performed at each test speed, and the
peak torque value was captured for analysis. Recovery between repetitions was set at 30 s,
with one-minute intervals between velocity changes. Verbal cues were provided through-
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out to encourage full voluntary effort. Measurements were taken at speeds of 60◦, 180◦, and
300◦ per second which are reported to represent different strength qualities [28,29]. Specifi-
cally, testing at 60◦/s reflects maximal strength, at 180◦/s reflects muscular endurance, and
at 300◦/s reflects power. The purpose of selecting these three different velocities was to pro-
vide a comprehensive profile of strength capacity in young footballers and to examine the
relevance of each strength quality to match-running performance variables. Peak isokinetic
torque was considered the highest force output during the complete motion range for both
muscle groups [28]. To assess muscle balance, the conventional hamstring-to-quadriceps
(H:Q) ratio was determined by dividing the maximal concentric torque of the hamstrings
(flexion) by that of the quadriceps (extension) at each velocity. All measurements were
performed by the same person.

2.5. Global Positioning System Variables

To record the external load during the matches, the global navigation satellite system
10 Hz Apex (STATSports, Newry, Northern Ireland) was used. Previous studies have
reported that the above GPS system is valid and reliable for measuring the external load
of football players [30,31]. The device was placed in a special vest between the player’s
shoulder blades and was activated at the beginning of each half and deactivated at the
end of each half. After the matches, the transmitters were placed in a special company
docking station to transfer the data from the devices to the computer, from which the data
were exported in CSV format. Each player always used the same GPS unit. The distances
covered by players were categorized into three speed zones to capture different intensities
of running performance during the match.

Zone 1 (14.4–19.79 km/h): This zone represents moderate-intensity running and
is often associated with sustained efforts during the game, such as jogging or controlled
running. Distances covered in this zone provide insights into the player’s ability to maintain
movement over prolonged periods without reaching maximal effort, reflecting aerobic
endurance components.

Zone 2 (19.8–25.19 km/h): This zone corresponds to high-speed running (HSR),
encompassing efforts that require substantial anaerobic capacity and neuromuscular power.
Running at these speeds typically involves crucial phases such as offensive and defensive
transitions, where players need to accelerate rapidly and cover ground effectively [32].

Zone 3 (≥25.2 km/h): This zone captures sprinting efforts, representing maximal or
near-maximal running speeds. Sprint distance is critical in football for decisive actions like
breakaways, counters, and defensive recoveries. Due to the intermittent and high-intensity
nature of these efforts, sprinting distance is highly sensitive to fatigue and training status,
making it an important variable for assessing player readiness and physical condition [33].

Total Distance (TD): The total distance covered during the match sums all running in-
tensities and provides a comprehensive measure of overall workload. TD is a fundamental
variable frequently used to gauge player activity levels and has a low coefficient of variation
between matches, enhancing its utility for monitoring and comparison purposes [34].

Accelerations between 2 and 3 m/s2 and above 3 m/s2: Accelerations reflect the ability
of a player to rapidly increase running speed. The inclusion of two intensity categories
allows differentiation between moderate- and high-intensity accelerative efforts. These ac-
tions are mechanically demanding and involve explosive muscle contractions, contributing
significantly to match performance. Previous research indicates that acceleration counts cor-
relate well with neuromuscular strength and power measures, supporting their relevance
in performance analysis [33].

Decelerations between −3 and −2 m/s2 and below −3 m/s2: Decelerations represent
the capacity to reduce speed rapidly, a critical component for change-of-direction and
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tactical positioning. Like accelerations, decelerations were categorized into moderate and
high intensities to better characterize the physical demands placed on players. Previous
research indicates correlations between strength and deceleration ability [35].

Maximum running speed attained during the match serves as an indicator of a player’s
top-end velocity capacity. It is a critical determinant of match-defining moments such as
successful sprints and defensive recoveries. Maximum speed measurements are reliable
and have been shown to correlate with strength and power metrics, making this variable
valuable for evaluating player explosive capabilities [36].

Match pace was evaluated through variables such as total distance per minute
(TD/min) and high-speed running distance above 19.8 km/h. These metrics provide
insights into the intensity of activity relative to playing time and overall workload effi-
ciency. Match pace is useful for standardizing comparisons between players with different
playing durations.

2.6. Statistical Analysis

To assess the normal distribution of the data, the Shapiro–Wilk test was conducted,
revealing that parametric statistical tests could be applied. Pearson correlation test was
applied to examine potential correlations between the isokinetic strength indexes with
GPS running performance indexes during matches. The strength of the correlation was
determined based on the value of r: r ≤ 0.1, trivial; 0.1 < r ≤ 0.3, small; 0.3 < r ≤ 0.5, medium;
0.5 < r ≤ 0.7, large; 0.7 < r ≤ 0.9, very large; and r > 0.9, almost perfect. Correlation heatmaps
were performed using JASP version 0.19.3.0 for Windows (ASP Team: Amsterdam, The
Netherlands) [37]. Statistical significance was set at p < 0.05. All analyses were performed
using SPSS version 28.0 (SPSS, Inc., Chicago, IL, USA).

3. Results

From the correlation analysis of all players combined, negative associations were
observed for the knee flexors of the dominant limb at 60◦ and 180◦ (r = −0.495, p < 0.05
and r = −0.494, p < 0.05, respectively) and for the non-dominant limb at 180◦ and 300◦ with
HSR/min (r = −0.645, p < 0.01 and r = −0.507, p < 0.05, respectively). Negative correlations
were also found between the flexors of the dominant and non-dominant limb at 180◦ and
300◦ with the number of high-intensity decelerations (r = −0.481, p < 0.05 and r = −0.511,
p < 0.05; r = −0.480, p < 0.05 and r = −0.629, p < 0.01, respectively). All correlations are
presented in Figure 1.

In central defenders (CD), a strong negative correlation was observed between the
distance covered in zone 2 and the knee flexors of the non-dominant limb at 300◦/s.
No other significant associations were detected. All results of the statistical analysis are
presented in Figure 2.
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Figure 1. Pearson’s correlation matrix of isokinetic variables of dominant and non-dominant exten-
sors and flexors leg muscles across different angular velocities (60◦/s, 180◦/s, 300◦/s) with match
running variables for all players. The heatmap displays Pearson’s correlation coefficients (r) between
isokinetic variables of dominant and non-dominant extensors and flexors leg muscles across different
angular velocities (60◦/s, 180◦/s, 300◦/s) with match running variables for all players. Significant
correlations are indicated with * p < 0.05, ** p < 0.01,. Warmer colors indicate negative correlations,
while cooler colors represent positive correlations. Note: Significant relationships were observed
between knee flexor strength and deceleration metrics, particularly for decelerations greater than
−3.00 m/s2 (r = −0.48 to −0.63, p < 0.01). Dominant knee extensor strength at 60◦/s correlated posi-
tively with maximum speed (r = 0.47, p < 0.05). Additionally, negative correlations were identified
between knee flexor strength at higher angular velocities and relative high-speed running per minute
(r = −0.49 to −0.65, p < 0.01).

In side defenders (SD), strong positive correlations were observed between the flexors
of the dominant limb at 300◦/s and both TD and distance covered in zone 1 (representing
tactical positioning running) (r = 0.885, p = 0.046 and r = 0.976, p = 0.004, respectively).
Moreover, a strong negative correlation was observed between the flexors of both limbs at
300◦/s and maximum speed (r < −0.89, p < 0.05). A summary of these findings is presented
in Figure 3.
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Figure 2. Pearson’s correlation matrix of isokinetic variables of dominant and non-dominant extensors
and flexors leg muscles across different angular velocities (60◦/s, 180◦/s, 300◦/s) with match running
variables for central defenders. The heatmap displays Pearson’s correlation coefficients (r) between
isokinetic variables of dominant and non-dominant extensors and flexors leg muscles across different
angular velocities (60◦/s, 180◦/s, 300◦/s) with match running variables for central defenders. Signifi-
cant correlations are indicated with * p < 0.05. Warmer colors indicate negative correlations, while
cooler colors represent positive correlations. Note: For CD, significant relationships were observed
between GPS-derived external load indicators and isokinetic strength parameters. Strong positive
correlations were found between total distance, Zone 1, HSR, and accelerations with dominant and
non-dominant knee extension peak torque at 180◦/s and 300◦/s (r = 0.51–0.92, p < 0.01). Max speed
also correlated strongly with dominant and non-dominant knee extensors at 180◦/s (r = 0.57–0.81,
p < 0.01). Conversely, Zone 2 running and HSR demonstrated strong negative correlations with knee
flexor strength, particularly in non-dominant assessments at 180◦/s and 300◦/s (r = −0.59 to −0.98,
p < 0.01).

In central midfielders (CM), strong negative correlations were found between the
extensors of both the dominant and non-dominant limbs at 300◦/s and HSR (r = −0.890,
p = 0.043 and r = −0.923, p = 0.025, respectively). Furthermore, the knee flexors of the
dominant limb at 300◦/s were negatively correlated with all categories of accelerations and
decelerations as well as with maximum speed (r < −0.88, p < 0.05). A summary of these
results is presented in Figure 4.
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Figure 3. Pearson’s correlation matrix of isokinetic variables of dominant and non-dominant extensors
and flexors leg muscles across different angular velocities (60◦/s, 180◦/s, 300◦/s) with match running
variables for side defenders. The heatmap displays Pearson’s correlation coefficients (r) between
isokinetic variables of dominant and non-dominant extensors and flexors leg muscles across different
angular velocities (60◦/s, 180◦/s, 300◦/s) with match running variables for side defenders. Significant
correlations are indicated with * p < 0.05, ** p < 0.01. Warmer colors indicate negative correlations,
while cooler colors represent positive correlations. Note: For SD—Significant relationships were
observed between GPS-derived external load indicators and isokinetic strength parameters. Strong
positive correlations were found between total distance, total distance per minute, maximal speed,
and both dominant and non-dominant knee extension torque at 180◦/s and 300◦/s (r = 0.73–0.99,
p < 0.01). Zone 1 activity also correlated very strongly with knee extensor strength (r = 0.87–0.98,
p < 0.01). In contrast, strong negative correlations were observed between accelerations (2–3 m/s2

and >3 m/s2) and decelerations (−2 to −3 m/s2 and <−3 m/s2) with dominant and non-dominant
knee flexor strength at higher angular velocities (r = −0.59 to −0.90, p < 0.01).

10



Sports 2025, 13, 311

Figure 4. Pearson’s correlation matrix of isokinetic variables of dominant and non-dominant extensors
and flexors leg muscles across different angular velocities (60◦/s, 180◦/s, 300◦/s) with match running
variables for central midfielders. The heatmap displays Pearson’s correlation coefficients (r) between
isokinetic variables of dominant and non-dominant extensors and flexors leg muscles across different
angular velocities (60◦/s, 180◦/s, 300◦/s) with match running variables for central midfielders. Sig-
nificant correlations are indicated with * p < 0.05. Warmer colors indicate negative correlations, while
cooler colors represent positive correlations. Note: For CM—Significant relationships were observed
between GPS-derived external load indicators and isokinetic strength parameters. Total distance and
total distance/min showed very strong positive correlations with dominant knee extensors at 60◦/s
(r = 0.953 and r = 0.920, p < 0.01). HSR/min demonstrated strong negative associations with dominant
knee extensors at 180◦/s (r = −0.822, p < 0.01) and non-dominant knee extensors at 180◦/s (r =
−0.758, p < 0.01). Additionally, accelerations > 3 m/s2 and decelerations < −3 m/s2 were strongly
negatively correlated with dominant knee flexors at 300◦/s (r = −0.887 and r = −0.881, p < 0.01).

In side midfielders (SMF), positive correlations were observed between the extensors
of both limbs at 180◦ and 300◦/s and sprint distance (r > 0.84, p < 0.05). In addition, strong
positive correlations were found between the flexors and extensors of the dominant limb
at 60◦/s and maximum speed (r = 0.869, p = 0.025 and r = 0.832, p = 0.040, respectively)
(Figure 5).
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Figure 5. Pearson’s correlation matrix of isokinetic variables of dominant and non-dominant extensors
and flexors leg muscles across different angular velocities (60◦/s, 180◦/s, 300◦/s) with match running
variables for side midfielders and forwards. The heatmap displays Pearson’s correlation coefficients
(r) between isokinetic variables of dominant and non-dominant extensors and flexors leg muscles
across different angular velocities (60◦/s, 180◦/s, 300◦/s) with match running variables for side
midfielders and forwards. Significant correlations are indicated with * p < 0.05, ** p < 0.01. Warmer
colors indicate negative correlations, while cooler colors represent positive correlations. Note: For F
and SM—Significant relationships were observed between GPS-derived external load indicators and
isokinetic strength parameters. Strong positive correlations were found between Zone 3 activity and
both dominant and non-dominant knee extension torque at 180◦/s and 300◦/s (r = 0.81–0.93, p < 0.01).
Maximal speed correlated strongly with knee extensors at 60◦/s, 180◦/s, and 300◦/s in both limbs
(r = 0.77–0.97, p < 0.01). Additionally, negative correlations were observed between accelerations
(2–3 m/s2) and decelerations (−2 to −3 m/s2; <−3 m/s2) with knee flexor strength, particularly in
non-dominant assessments at higher angular velocities (r = −0.47 to −0.82, p < 0.01). Table 1 presents
a consolidated overview of all strong correlations identified in this study.
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4. Discussion

The aim of the present study was to investigate the existence of correlations between
the isokinetic torque of the lower limbs in young football players and running performance
indicators from official matches. The initial hypothesis of the study was partially confirmed,
as correlations were found between isokinetic torque and variables such as sprinting,
maximum speed, and high-speed running (HSR). However, these correlations did not
follow a consistent pattern and appeared to vary depending on playing position, the
angular velocity used for isokinetic evaluation, and the limb being tested.

Before discussing the results by playing position, it can be noted that there was no
substantial effect of the dominant versus non-dominant limb, as the stronger correlations
were evenly distributed between them. The type of correlations (positive vs. negative) was
also similarly balanced. However, the angular velocity at which the majority of correlations
were observed was 300◦/s (19 out of 30). Finally, in SMF players predominantly positive
correlations were found, whereas in CM players, negative correlations were more prevalent.
This observation may be directly related to the functional role of each playing position, as
will be discussed below.

Starting with central defenders (CDs), it was observed that higher isokinetic torque at
300◦/s (power) was negatively correlated with high-speed running distance. This finding
contradicts the initial hypothesis and may be better understood by considering the tactical
role of this playing position. Previous research has shown that CDs cover the least distance
in sprints and HSR [38], likely due to the increased defensive responsibilities and high
player density in their zones. As previously noted, the literature on this topic is very limited.
The most relevant study is that of Pedersen [23], conducted on female footballers, which
found no significant correlation between strength (1RM) and match running performance
indicators (max speed, accelerations, decelerations) in a friendly match. In that study,
players were divided into central and wide roles. Additionally, studies that used jump
tests to explore such correlations found no significant relationships [23,25,39]. In another
study [40] investigating strength and speed demands in 4v4 and 8v8 small-sided games,
a moderate correlation between power and accelerations was found. This is essentially
the only study reporting such correlations; however, it should be noted that the smaller
the game format (e.g., 4v4), the more frequent the duels and the higher the frequency of
decelerations and accelerations—factors which could influence the results.

In side defenders (SDs), the observed correlations were limited to high angular ve-
locities (180–300◦/s), with positive correlations associated with TD, pace (TD/min) and
distance in zone 1, while negative correlations were associated with high-intensity metrics
(decelerations, max speed). Considering the fact that players in this position typically cover
large distances, this observation might be explained by the impact of strength training
on running economy [10–13]. It is possible that players with higher isokinetic strength
perform better in medium-intensity running activities due to improved running economy.
The negative correlations observed between isokinetic torque and high-intensity perfor-
mance metrics (decelerations, and maximal speed) among side defenders may be explained
by the influence of body composition and movement demands on match performance.
Higher isokinetic torque values often reflect greater absolute muscle mass, which can
increase total body mass and, in turn, reduce relative strength-to-weight ratios. For side
defenders—whose tactical role requires frequent high-velocity sprints along the flanks,
rapid changes in direction, and repeated accelerations over varying distances—excessive
muscle mass may hinder movement efficiency and agility, thereby compromising their abil-
ity to perform these explosive actions effectively [41]. Moreover, the high-intensity running
demands of this position are often more dependent on neuromuscular coordination, elastic
strength, and reactive power than on maximal torque measured in isolated, controlled
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conditions [28]. As a result, players with greater absolute torque but lower relative power
output may demonstrate reduced performance in GPS-derived high-intensity metrics.

For central midfielders (CMs), the positive correlations observed between isokinetic
torque at 60◦/s and pace TD/min) likely reflect the importance of maximal muscle strength
at slower contraction speeds for sustaining prolonged, low-to-moderate-intensity efforts
throughout a match. It has also been reported that strength training can improve running
economy in well-trained runners, thereby affecting their performance [42]. Conversely, the
negative correlations with high-speed running and torque measured at 300◦/s suggest that
maximal strength at very high contraction velocities may not directly translate to improved
performance in explosive sprinting or high-velocity actions. High-speed running demands
rapid force production and neuromuscular coordination that are not fully captured by isoki-
netic torque (single joint) at very high velocities. Furthermore, greater maximal strength at
slow speeds may be linked with increased muscle mass, which could potentially impair
acceleration and sprinting ability due to increased inertia [43]. This divergence underscores
the complex relationship between strength characteristics at different contraction velocities
and specific match-running demands. Also, it is important to consider the tactical role of
this position. Specifically, these players are involved in all four phases of the game (defense,
attack, offensive and defensive transitions), often covering long distances, typically at
moderate intensities [16]. Additionally, they operate in areas with high player density and
limited space, making it difficult to execute sprints. Their high-intensity efforts are mostly
characterized by duels rather than frequent maximal sprints.

Finally, for side midfielders and forwards (SMFs), the study found exclusively positive
correlations across all isokinetic testing velocities with high-intensity running performance
variables and maximum speed achieved. This finding aligns with the positional demands
placed on SMFs, who typically operate in wider and more advanced zones of the pitch
where there is greater spatial freedom to execute frequent and intense sprints [44]. Unlike
central midfielders (CMs), whose roles often require more frequent changes in direc-
tion and shorter bursts within congested areas, SMFs have more opportunities to utilize
their maximal speed during offensive transitions and counterattacks [45]. Additionally,
wide midfielders are tasked with rapid defensive recovery runs during transitions to
disrupt opposition attacks, further emphasizing the need for high-speed and powerful
running capacity [46]. The positive correlations suggest that players with higher isokinetic
strength—reflecting greater muscle torque and power—are better equipped to perform
repeated sprints and achieve elevated maximum speeds, critical for their tactical role.
These findings are supported by previous research demonstrating that strength qualities,
particularly eccentric and concentric muscle capabilities, underpin effective sprinting and
high-velocity actions in football players [36,47].

As previously mentioned, studies investigating potential correlations between strength
variables and running performance indicators during football matches are extremely lim-
ited, with most of them focusing on power indicators (e.g., jump performance) rather
than maximal strength indicators (e.g., isokinetic torque, one-repetition maximum). In the
present study, the results were inconclusive, as the correlations varied depending on play-
ing position, limb (dominant vs. non-dominant), and the angular velocity used in isokinetic
testing. Several factors may have contributed to the inconsistent pattern of correlations. For
example, isokinetic strength assessments are generally conducted using isolated, single-
joint movements—such as knee extension or flexion—at predetermined, fixed angular
velocities. While such protocols provide precise and reliable measurements of maximal
torque under standardized conditions, they do not fully capture the functional demands
of match play. In competitive football, most high-intensity actions, including sprinting,
jumping, tackling, and rapid changes in direction, involve complex, multi-joint movements
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that require the coordinated activation of several muscle groups. These movements are
typically executed at much higher velocities and under variable, unpredictable conditions.
Consequently, the biomechanical and neuromuscular demands encountered on the pitch
differ markedly from those assessed in the controlled environment of isokinetic testing.
Additionally, the study evaluated isokinetic torque, which may not represent the critical
performance factor for high-intensity match activities. Relative strength might also be a
more appropriate metric, as increased muscle mass can potentially hinder performance.

Finally, this is the first study to examine these correlations while also categorizing
footballers into four distinct playing positions. This positional classification is particularly
important, as the tactical role and physical demands associated with each position can
vary considerably. Positional differences in movement patterns inevitably influence the
physical performance variables recorded, which in turn affects the strength and nature
of the correlations observed. By accounting for these tactical and positional variations,
the present study provides a more nuanced understanding of the relationship between
physical performance metrics and the demands of competitive football.

This study had several limitations. Firstly, the sample size was small, including players
from only one team, which also limited the number of players per position. Additionally,
data were collected during a single season, and the team employed only one tactical
formation (1-4-3-3) throughout the study period. Isokinetic torque measurements were
taken only at the beginning of the season and used in analyses alongside match data
collected nearly 10 months later, without repeated assessments to account for changes over
time. Furthermore, torque values were not normalized to body mass, which may affect the
interpretation of strength relative to player size. The isokinetic assessment was limited to a
few angular velocities, and multi-joint strength tests were not included. Future research
should involve larger, more diverse samples from multiple teams, incorporate different
tactical formations, normalize torque data to body mass, and include multi-joint strength
assessments to better understand the relationship between strength and match running
performance. All the above limitations restrict the generalizability of the study’s results.

5. Conclusions

This study highlights that strength-performance relationships in youth soccer are
both position-dependent and specific to the velocity of isokinetic assessment, yet overall,
these correlations remain inconsistent. Positive associations between isokinetic strength
and high-intensity running were observed in certain positions, such as SMFs, while other
positions, like CM, showed negative correlations with accelerations and decelerations.
Additionally, no clear links were found between strength and acceleration or deceleration
metrics, suggesting that factors like rate of force development (RFD) may play a more
pivotal role in these aspects of match performance.
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Abstract: Limited evidence exists on how segmental external load is distributed during
linear running and how it varies with speed, training intensity, and individual differences.
This study examines the external load profile across six body segments in elite female
futsal players during linear treadmill running, focusing on the effects of speed and training
zone, as well as individual variability. Eight elite players, including six outfield players
and two goalkeepers (mean age 23.9 ± 3.4 years, height 164.96 ± 4.22 cm, body mass
60.31 ± 4.56 kg), performed an incremental test and were measured using six WIMU
PRO™ inertial sensors. The sensors recorded segmental PlayerLoad, speed, and training
zones. Data were analyzed using Linear Mixed Models. The most important results show
significant interactions between body location and speed and between body location and
training zone (p < 0.001), with intraclass correlation coefficients (ICC) ranging from 0.437
to 0.515. These results indicate variability among players and specific and asymmetrical
segmental load patterns. These findings offer practical insights for tailoring individualized
training strategies that optimize performance and reduce segment specific overuse injuries.

Keywords: external load monitoring; female athletes; futsal; inertial measurement units;
linear running; load distribution; segmental PlayerLoad; training load

1. Introduction

The monitoring of segmental external load in elite training is a key factor for achieving
higher performance in athletes [1]. This individualization allows us to optimize athletic
performance [2] and reduce the risk of injury [3]. In this way, external load [4] and, in
particular, metrics such as PlayerLoad [5], which can be obtained using various inertial
sensors, can provide valuable information regarding the mechanical demands placed on
different body segments of high-performance athletes during their daily training. Specif-
ically, one of the sports with the most intense physical demands is futsal. In this sport,
players are exposed to very high heart rate intensities [6], frequent and numerous changes
of direction [7], and intermittent effort throughout the match [8].

Physical preparation in female futsal players uses various training methodologies
aimed at enhancing or replicating specific aspects of the game. Among the most common
training methods are small-sided games (SSGs) [9], running drills involving changes of
direction (COD) [10], and linear running [11]. Small-sided games (SSGs) are known for
providing high contextual and cognitive specificity, although managing the training load
in these activities tends to be more variable and challenging to measure [12]. Meanwhile,
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running drills with changes of direction (COD) are designed to replicate the multidirec-
tional movement patterns typical of futsal, although they may lack the tactical complexity
found in actual match play. Conversely, linear running, while less specific in terms of
multidirectionality and the inherent intermittency of futsal, remains a prevalent training
method due to its ease of prescription, precise speed control, and intensity monitoring.

In this regard, although running speed acts as a modulator of the total load imposed on
the athlete, both in terms of internal load (e.g., heart rate) and external load (e.g., distance
covered), a crucial question arises in the context of linear treadmill running: Does external
load, measured segmentally, behave the same way across all body locations when speed
varies? More importantly, is this segmental load profile consistent among all players,
or does significant individual variability exist? In this respect, Gómez-Carmona et al.
examined segmental external load profiles in young football players during an incremental
treadmill test, providing an initial insight into how load is distributed across different body
locations [13]. Their results show that PlayerLoad differs significantly between various
body segments in response to linear running. However, the statistical analysis used in that
study, based on Analysis of Variance (ANOVA), did not allow for modeling of the complex
interactions between factors, nor the inherent variability of repeated measures within the
same individual, which could limit the depth of interpretation of their findings. Therefore,
there remains a gap in the detailed understanding of how speed and internal load (training
zone) specifically modulate external load at the segmental level in elite female players, and
how this manifests in inter-individual variability during linear running. Unlike previous
studies, such as Gómez-Carmona et al. [13], which investigated external load in male
futsal players and employed Analysis of Variance (ANOVA) to compare loads between
different positions or game conditions without addressing individual variability or complex
interactions between multiple factors, the present study utilizes Linear Mixed Models. This
advanced statistical approach allows for a more robust analysis of multifactorial effects
and individual differences, providing unprecedented insight into segmental load patterns.
Furthe]. Understanding on elite female futsal players addresses a critical research gap, as
this population experiences high physical demands and potential injury vulnerabilities,
yet remains underrepresented in load monitoring research [14,15]. Understanding their
specific load profiles is crucial for optimizing performance and injury prevention strategies
tailored to their unique physiological and biomechanical characteristics.

Given that linear running is a widely used training method, addressing this knowledge
gap is essential for optimizing the prescription of linear running training, enabling coaches
to better understand the specific demands placed on each body segment and thereby
contributing to performance enhancement and injury prevention. The application of a
Linear Mixed Model (LMM) is key for this purpose, as it enables the analysis of complex
interactions between factors and allows for modeling of the significant variability inherent
in individual athlete data [16,17].

Accordingly, the present study aims to address this gap by investigating external load
in elite female futsal players from a multifactorial and individual-centered perspective.
Thus, the objectives of this work were as follows: (1) to characterize the differential in-
fluence of speed on segmental external load according to body location; (2) to determine
specific patterns of external load by body location across different training intensity zones;
and (3) to quantify the individual variability in external load attributable to differences
between players. It was hypothesized that segmental external load (measured using the
PlayerLoad index) would be influenced by speed and training zone and that these effects
would vary substantially depending on body location, with considerable variability also
expected among players. The results of this study offer valuable practical implications for
coaches and strength and conditioning professionals, as they enable the individualization
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of linear running training, optimization of load management strategies, and contribute to
the prevention of segment-specific injuries in elite female futsal players.

2. Materials and Methods

2.1. Participants

The study sample comprised 8 elite-level female futsal players (6 outfield players,
2 goalkeepers) (age: 29.9 ± 5.1 years; height: 164.96 ± 4.22 cm; body mass: 60.31 ± 4.56 kg)
who participated in the Primera RFEF Futsal Femenina (Spanish first division) during the
2020/2021 season. The present study adopted an observational within-subject repeated
measures design. All players were professional athletes with at least five years of experience
in elite futsal and presented no musculoskeletal injuries or physical limitations that could
have affected their performance during the study.

Following the Declaration of Helsinki guidelines, and to ensure participant confiden-
tiality, all performance data were anonymized prior to analysis [18]. The study protocol
was approved by the Ethics Committee of the University of Murcia (approval number:
3180/2020), which waived the requirement for written informed consent, as the research
was deemed non-interventional, utilizing retrospective and anonymized routine perfor-
mance data collected within a professional sports team setting. The study sample comprised
8 elite-level female futsal players. . . All players were actively participating in regular train-
ing with their professional team without current or recent (within 6 months) history of
lower-limb or spinal injuries requiring medical intervention or preventing full participation.

2.2. Equipment

For external workload assessment during the incremental running treadmill test,
six WIMU PRO™ inertial devices (Realtrack Systems, Almería, Spain) were utilized. These
devices are equipped with triaxial accelerometers capable of detecting and measuring
movement through a micro-electromechanical system. In the present research, the ac-
celerometers’ sampling frequency was set at 100 Hz. Data acquisition and initial processing
were performed using the SPRO™ software (version 989). A motorized treadmill (HP
Cosmos Pulsar 3P, HP Cosmos Sports & Medical GmbH, Nussdorf-Traunstein, Germany),
with a minimum capacity of 20 km/h and electronic speed control, was also used for testing.
To ensure proper sensor attachment, a back harness, elastic leg straps, and industrial-grade
Velcro were employed.

2.3. Variables
2.3.1. Dependent Variable

PlayerLoad: PlayerLoad can be defined as a measurement that indicates the accumu-
lated external load that an athlete—in this, case professional female futsal players—has
to endure. This measurement is calculated based on acceleration data recorded in
three directions (forward–backward, side-to-side, and up–down). The final value is ob-
tained by summing all the high-speed changes in acceleration recorded across these three
axes. This indicator was developed by Realtrack Systems (Almería, Spain), and is expressed
in arbitrary units (a.u.). It is consolidated into a single value, resulting from the sum of the
differences in acceleration between each moment across the three directions.

PlayerLoad = ∑√(
(Axi − Axi−1)

2 + (Aγi − Aγi−1)
2 + (Azi − Azi−1)

2
)

In this formula, Axi, Ayi, and Azi denote the acceleration values on the X, Y, and Z axes
at time point i, and n is the total number of samples. This parameter reflects the magnitude
of instantaneous mechanical load fluctuations during movement, and has been widely
used to monitor external workload in team sports [19,20].
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2.3.2. Independent Variables

Speed: This is defined as the distance covered in a given period of time and is com-
monly expressed in kilometers per hour (km/h).

Training Zone: This is defined as the classification of exercise intensity based on the
estimated percentage of an individual’s maximal heart rate [21]. Five distinct training
zones were defined for analysis: R0 (50–60% HRmax), R1 (60–70% HRmax), R2 (70–80%
HRmax), R3 (80–90% HRmax), and R4 (>90% HRmax).

Location: This is defined as the anatomical placement of the inertial measurement
units (IMUs) during the exercise, allowing for the recording of load data in different body
regions (see Figure 1). Once the data were obtained using the SPRO™ software, they were
processed in Microsoft Excel 365.

 
Figure 1. Anatomical placement of inertial measurement units (IMUs). Left ankle (LA), right ankle
(RA), left knee (LK), right knee (RK), lumbar spine (LS), and thoracic spine (TS).

2.4. Statistical Analysis

The PlayerLoad variable was subjected to a natural logarithm transformation prior to
the analysis. This transformation was performed primarily to address the positive skew-
ness in the distribution of external load and to improve the normality and homoscedasticity
of the model residuals [17]. To manage the high collinearity between speed and training
zone, two separate Linear Mixed Model (LMM) analyses were employed. Both models
included ID_jugadora as a random intercept to model individual variability among play-
ers. Additionally, Model 1 included speed as a random slope to account for individual
variability in the response to speed. Model 1 investigated the effects of location, speed, and
their two-way interaction (Location × Speed). Model 2 investigated the effects of location,
training zones, and their two-way interaction (Location × Training Zone). Prior to LMM ex-
ecution, statistical assumptions were verified for each model. The normality of the model’s
residuals was evaluated using the Kolmogorov–Smirnov test, complemented by visual
inspection of Q-Q plots. For Model 1, the K-S test yielded p < 0.001; however, visual inspec-
tion of the Q-Q plot indicated a close approximation to normality, particularly in the central
distribution, suggesting that the transformation substantially mitigated non-normality for
practical inference, given the large sample size. For Model 2, the K-S test yielded p = 0.093;
the Q-Q plot showed an excellent approximation to normality. The homoscedasticity of
residuals and the linearity of the relationship between predictor variables and the response
variable were visually inspected using scatter plots of the residuals versus predicted values,
with no significant deviations observed in either model. Statistical significance for all fixed
effects was set at p < 0.05. For a more complete interpretation of the practical magnitude
of the effects, effect sizes were calculated using Partial Eta Squared (ηp2). These values
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were interpreted, where 0.01 is considered a small effect, 0.06 a medium effect, and 0.14 a
large effect [22]. For a detailed interpretation of significant interactions, conceptual simple
effects analyses were performed based on parameter estimates and confidence intervals.
All statistical analyses were carried out using Jamovi, version 2.6 [23], and its modules,
along with supplementary computations in R Studio, version 4.5.0 [24], to derive the effect
sizes (ηp2).

2.5. Data Availability

The data used for statistical analysis and the results of this work are publicly available
in the Research Data Repository (DIGITUM) under the following Digital Object Identifier
(DOI): http://hdl.handle.net/10201/156980 (accessed on 1 July 2025).

2.6. Procedure

The research was conducted over three weeks, with one session per week. In the first
week, participants were informed about the study’s objectives and protocol. In the second
week, they familiarized themselves with the treadmill test procedure and the experimental
equipment (inertial sensors) by conducting a trial session. The incremental treadmill test
was performed in the third week.

Prior to the placement of the inertial devices, they were manually calibrated according
to the manufacturer’s recommendations and synchronized. This process is fundamental
for eliminating 3D accelerometer error sources (offset error, scaling error, non-orthogonal
error, and random error). The devices were affixed to the following anatomical locations
following a validated scheme: (i) upper back, on the interscapular line; (ii) lumbar region,
at L3 near the center of mass; (iii) knee, 3 cm above the kneecap; and (iv) ankle, 3 cm above
the lateral malleolus. At both the knee and ankle, the devices were placed on the outside of
the right leg on all athletes, while an anatomically designed harness was used for the upper
back, and the rest were secured with a specifically designed elastic band. Before the test,
participants performed a standardized 10 min warm-up that included 5 min of continuous
running at 7 km/h, 3 min of joint mobility exercises, and 2 min of progressions (gentle
accelerations on the treadmill). This procedure was monitored in real-time via WIMU
PRO™ devices (RealTrack Systems, Almería, Spain) that transmitted data wirelessly to
the SPRO™ software, ensuring the correct functioning of the sensors. The main protocol
was an adaptation of the VAM (Maximal Aerobic Speed) test, designed for continuous and
controlled analysis. The test began at a speed of 8.0 km/h, with increments of +0.2 km/h
every 12 s. The test concluded upon the athlete’s voluntary exhaustion or observation of a
technical criterion (e.g., unstable stride frequency, evident fatigue). The treadmill surface
was flat (1% incline). Upon completion of the main test, participants performed 5 min
of recovery intensity running. To minimize interference from uncontrolled variables, all
participants were instructed to maintain their habitual lifestyle and normal dietary intake
before and during the study. Furthermore, tests were always performed at the same time
of day (i.e., 9:00 a.m.) to avoid the possible effects of circadian rhythms, and it was ensured
that they had not performed high-intensity physical activity in the 48 h prior to the tests.
Environmental control was kept constant (temperature 22–24 ◦C, humidity < 50%). All
participants used standard training footwear to homogenize conditions. The integrity of
the sensors was verified at all times by two researchers.

3. Results

The results of the fixed effects omnibus tests of the Linear Mixed Model are presented
in Table 1.
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Table 1. Fixed effects omnibus tests for PlayerLoad in Model 1 and Model 2.

F df df (res) p ηp2

Model 1 (Location, Speed, and their Interaction)
Location 3391.9 5 1607 <0.001 0.912
Speed (Km/h) 4555.5 1 1608 <0.001 0.739
Location × Speed 88.6 5 1607 <0.001 0.216
Model 2 (Location, Training Zone, and their Interaction)
Location 497.5 5 1589 <0.001 0.610
Training Zone 744.2 4 1590 <0.001 0.652
Location × Training Zone 11.6 20 1589 <0.001 0.127

F values are rounded to two decimal places. df = degrees of freedom of the effect; df (res) = residual degrees of
freedom; p = p-value. p < 0.001 indicates a p-value less than 0.001.

As can be observed in Table 1, statistically significant effects were found for location
(Model 1: F5.1607 = 3391.9 p < 0.001, ηp2 = 0.914; Model 2: F5.1589 = 497.5 p < 0.001,
ηp2 = 0.610), Speed (Model 1: F1.1608 = 455.5 p < 0.001, ηp2 = 0.739), and training zone
(Model 2: F4.1590 = 744.2 p < 0.001, ηp2 = 0.652). All these effects showed a very large
effect size. Additionally, significant interactions were found between location and speed
(Model 1: F5.1607 = 88.6 p < 0.001, ηp2 = 0.216), as well as between location and training
zone (Model 2: F20.1589 = 11.6 p < 0.001, ηp2 = 0.127). Both interactions revealed a large
effect size.

Regarding individual variability, the random components of the models revealed that,
in Model 1 (which included speed), the variance of the random intercept for player ID
(ID_jugadora) was 0.0185 (SD = 0.136), resulting in an ICC of 0.437. This value suggests
that 43.7% of the total variability in PlayerLoad (log-transformed) can be attributed to
consistent differences among players in this model, and the unexplained residual variance
was 0.0239 (SD = 0.154). For Model 2 (which included the training zone), the variance of
the random intercept was 0.0348 (SD = 0.186) with an ICC of 0.515, indicating that 51.5% of
the total variability in PlayerLoad (log-transformed) is attributable to consistent differences
among players. The unexplained residual variance for Model 2 was 0.0327 (SD = 0.181).

Table 2 presents the parameter estimates for the fixed effects of Model 1.

Table 2. Fixed coefficients for PlayerLoad in Model 1.

Effect Estimate SE
IC 95%

df t p
Lower Upper

Intercept 0.32 0.04 0.23 0.42 6.99 6.81 <0.001
Location

LK-LA −0.14 0.01 −0.17 −0.11 1.607.62 −10.63 <0.001
LS-LA −0.85 0.01 −0.88 −0.83 1.606.99 −67.33 <0.001
RA-LA 0.02 0.01 0.06 0.05 1.607.62 2.01 0.045
RK-LA −0.12 0.01 −0.14 −0.09 1.606.99 −9.42 <0.001
TS-LA −1.26 0.01 −1.29 −1.24 1.606.99 −99.28 <0.001
Speed (Km/h) 0.11 0.01 0.11 0.12 1.608.17 67.49 <0.001
LK–LA × Speed −0.05 0 −0.06 −0.04 1.607.05 −9.42 <0.001
LS-LA × Speed −0.08 0 −0.09 −0.07 1.606.99 −15.18 <0.001
RA-LA × Speed −0.01 0 −0.02 −0.01 1.607.00 −2.13 0.003
RK-LA × Speed −0.06 0 −0.07 −0.05 1.606.99 −11.01 <0.001
TS-LA × Speed −0.09 0 −0.10 −0.08 1.606.99 −16.89 <0.001

LA: left ankle; RA: right ankle; RK: right knee; LK: left knee; LS: lumbar spine; TS: toracic spine; Reference
category for location: LA (left ankle). p values < 0.001 are indicated for values less than 0.001. Values are presented
as estimate (standard error); 95% CI = 95% confidence interval.

The results in Table 2 show how segmental external load varies significantly with
body location and running speed. The right ankle (RA) showed a significantly higher Play-
erLoad than the left ankle (LA) (estimate = 0.028, p = 0.045), representing an approximate
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2.8% increase in load. Likewise, each 1 km/h increment in speed was associated with an
approximate 12.5% increase in the PlayerLoad of the left ankle (estimate = 0.117, p < 0.001).

Significant location × speed interactions (p < 0.05 for all) indicate that the percentage
rate of PlayerLoad increase with speed differs among segments.

Table 3 presents the parameter estimates for the fixed effects of Model 2.

Table 3. Fixed coefficients for PlayerLoad in Model 2.

Effect Estimate SE
IC 95%

df t p
Lower Upper

Intercept 0.08 0.07 −0.05 0.21 7.23 1.26 0.246
Location

LK-LA −0.02 0.03 −0.24 −0.11 1589.05 −5.32 <0.001
LS-LA −0.08 0.03 −0.85 −0.72 1589.00 −23.94 <0.001
RA-LA 0.10 0.03 0.05 0.17 1589.09 3.51 <0.001
RK-LA −0.02 0.03 −0.23 −0.11 1589.00 −5.23 <0.001
TS-LA −1.17 0.03 −1.24 −1.11 1589.00 −35.82 <0.001

Training Zone
R1-R0 0.02 0.04 0.13 0.30 1589.51 4.88 <0.001
R2-R0 0.44 0.04 0.35 0.53 1589.50 10.28 <0.001
R3-R0 0.72 0.04 0.63 0.80 1589.75 16.63 <0.001
R4-R0 0.99 0.04 0.90 1.07 1589.67 23.03 <0.001

Location × Training Zone
LK-LA × R1-R0 0.04 0.15 −0.26 0.35 1589.00 0.29 0.765
LS-LA × R1-R0 0.01 0.15 −0.29 0.31 1589.00 0.05 0.959
RA-LA × R1-R0 −0.51 0.14 −0.79 −0.23 1589.02 −3.61 <0.001
RK-LA × R1-R0 −0.05 0.15 −0.36 0.24 1589.00 −0.38 0.702
TS-LA × R1-R0 −0.21 0.15 −0.52 0.08 1589.00 −1.39 0.162
LK-LA × R2-R0 0.21 0.15 −0.08 0.50 1589.00 1.38 0.166
LS-LA × R2-R0 −0.01 0.15 −0.30 0.28 1589.00 −0.04 0.965
RA-LA × R2-R0 −0.45 0.13 −0.72 −0.19 1589.02 −3.36 <0.001
RK-LA × R2-R0 0.14 0.15 −0.15 0.44 1589.00 0.96 0.336
TS-LA × R2-R0 −0.17 0.15 −0.47 0.11 1589.00 −1.17 0.241
LK-LA × R3-R0 0.16 0.14 −0.12 0.45 1589.00 1.09 0.273
LS-LA × R3-R0 −0.17 0.14 −0.47 0.11 1589.00 −1.18 0.235
RA-LA × R3-R0 −0.45 0.13 −0.71 −0.18 1589.03 −3.35 <0.001
RK-LA × R3-R0 0.16 0.14 −0.12 0.45 1589.00 1.11 0.267
TS-LA × R3-R0 −0.33 0.14 −0.63 −0.04 1589.00 −2.25 0.024
LK-LA × R4-R0 0.04 0.15 −0.24 0.34 1589.00 0.31 0.756
LS-LA × R4-R0 −0.32 0.14 −0.62 −0.03 1589.00 −2.19 0.028
RA-LA × R4-R0 −0.40 0.13 −0.67 −0.14 1589.03 −3.02 0.003
RK-LA × R4-R0 0.10 0.14 −0.18 0.40 1589.00 0.72 0.467
TS-LA × R4-R0 −0.44 0.14 −0.74 −0.15 1589.00 −2.99 0.003

LA: left ankle; RA: right ankle; LK: left knee; RK: right knee; LS: lumbar spine; TS: thoracic spine. Reference category for
location: LA (left ankle). Reference category for training zone: R0 (50–60% HRmax). p values < 0.001 are indicated for
values less than 0.001. Values are presented as estimate (standard error); 95% CI = 95% confidence interval.

The results in Table 3 show that PlayerLoad varies significantly among segments
and increases with the intensity of the training zone (R4–R0: estimate = 0.992, p < 0.001;
170.9% increase). A significantly higher PlayerLoad was also observed in RA compared to
LA (estimate = 0.107, p < 0.001; 11.3% increase in R0). Significant location × training zone
interactions (p < 0.05) reveal that the percentage increment of PlayerLoad with intensity is
attenuated in RA, LS, and TS compared to LA.

Figure 2 presents the fixed effects profiles for PlayerLoad as a function of the combina-
tions of location, speed, and training zone.

25



Sports 2025, 13, 268

Speed (Km/h) × Location 

 

Training Zone × Location 

(a) (b) 

Figure 2. Interaction profiles for PlayerLoad as a function of location, speed, and training zone.
(a) Relationship between Speed (Km/h) and Location. (b) Relationship between Training Zone
and Location. LA: left ankle; RA: right ankle; RK: right knee; LK: left knee; LS: lumbar spine;
TS: toracic spine; R0: 50–60% HRmax; R1: 60–70% HRmax; 70–80% HRmax; R3: 80–90% HRmax;
R4: >90% HRmax.

As observed in Figure 2a, the relationship between PlayerLoad and speed shows a
non-uniform dynamic among segments, with more pronounced percentage increases in
the ankles. Similarly, Figure 2b shows how the effect of the training zone on PlayerLoad
differs according to location.

4. Discussion

The aim of this study was to describe and analyze the segmental external load profile
in elite futsal players. An observational within-subject repeated measures model was used.
Specifically, the influence of running speed, training zone, and inter-individual variability
were analyzed. The findings confirm that segmental external load, measured using the
PlayerLoad index [25], is significantly influenced by speed and training intensity. Individual
variability in load response has also been observed. This confirms the general hypothesis
of this work, and provides key information to optimize training and to individualize the
effects of linear running in the observed sample.

To analyze the obtained data, two separate Linear Mixed Models (LMMs) were em-
ployed. This multivariate approach allowed for addressing the hierarchical structure
of repeated measurements performed on the same futsal players [26]. The decision to
use two separate LMMs allowed for controlling the high collinearity between speed and
training zone. This enabled a reliable estimation of their independent effects and interac-
tions [27]. LMMs also allowed for modeling individual variability among the athletes and
understanding the interactions between body location, speed, and training zone [17].

Regarding the analysis of the results, specifically the omnibus tests for fixed effects
(Table 1), it was observed that both the main effects of location, speed (Km/h) (in Model 1),
training zone (in Model 2), and their interactions were highly significant (p < 0.001 in all
cases). These findings confirm the interdependence between segmental load and speed
and intensity factors. In this regard, the effect sizes (ηp2) also revealed that location, speed,
and training zone showed very large effects (ranging between ηp2 = 0.610 and 0.914), and
the Location × Speed and Location × Training Zone interactions showed large effects
(ηp2 = 0.216 and 0.127, respectively).

Regarding individual variability, the intraclass correlation coefficients were 0.437 for
Model 1 and 0.515 for Model 2. These values show that variability in PlayerLoad is
attributable to differences among players [26].
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This difference in segmental load suggests that, although running speed increases,
biomechanical load is not uniformly distributed across the analyzed body segments. This
indicates the complexity of the process by which the body adapts to force absorption and
transmission during linear running in the analyzed futsal players.

The results of Model 1, regarding the Location × Speed interaction, indicate that
distal areas such as the ankles (LA, RA) exhibit a more pronounced percentage increase in
PlayerLoad as speed increases. This may be due to the fact that, during the ground contact
phase of running, the ankles can be one of the first joints to absorb this impact [28]. As
speed increases, ground reaction forces (GRFs) acting on the body increase considerably,
leading to more direct and proportional changes in acceleration and, consequently, in the
PlayerLoad recorded in these joints [25].

In contrast, the knees (LK, RK) and the upper and lower trunk (LS, TS) showed a
more attenuated percentage increase in PlayerLoad with increasing speed, as revealed by
the interaction parameters of Model 1. This may be due to their greater ability to reduce,
distribute, and balance the forces produced during running [29]. For example, the knees can
dynamically adjust their flexion and stiffness to better absorb impact and generate force in
later phases of running compared to the ankles, which translates into less marked changes
in acceleration and, consequently, in PlayerLoad, even at higher running speeds [30].

Similarly, in the trunk (LS and TS), PlayerLoad shows a smaller percentage increase
at high speeds. This may be due to a biomechanical adaptation where the trunk tends to
become more rigid and stable to maintain balance during linear running. This translates
into a reduction in movement and, therefore, a smaller and less proportional increase in
PlayerLoad in these regions [31].

These findings on the variation in segmental load due to speed are consistent with
Gómez-Carmona et al. [13], who also reported that the dynamics of accelerometric load
differed across body locations and segments at various running speeds in young football
players. Nevertheless, the use of Linear Mixed Models in the present study, specified in
two separate models for greater precision, allowed for understanding these interactions,
revealing percentage change patterns not previously described in the literature.

Along these lines, the results found in the location × training zone interaction are also
relevant (Model 2: F(20,1589) = 11.6, p < 0.001, ηp2 = 0.127). With a large effect size, the
results of this study show that the influence of the training zone on segmental PlayerLoad
differs significantly according to body location. This also indicates specific load patterns
for each intensity level.

The parameters of Model 2 detail how the PlayerLoad observed in the LA, as the refer-
ence location, progressively increases with the intensity of the training zone. For example,
an increase of 24.6% from R0 to R1 was observed, reaching an increase of 170.9% from R0
to R4. However, the significant location × training zone interactions (Table 3, Figure 2b)
revealed that this increasing percentage pattern differs notably for other locations.

When analyzing the significant interactions of Model 2, an atypical pattern is observed
in RA in Figure 2b, as PlayerLoad decreases from zone R0 to R1. This atypical pattern
can be explained by the presence of asymmetries in the limbs of Futsal players, related
to the dominance of one leg [32], or with neuromuscular changes occurring when transi-
tioning from R0 to R1 [33]. The singularity of this pattern and its potential implications
for optimizing performance and preventing injuries should be addressed in new lines
of research.

Unlike previous studies that analyzed load in different body parts and at various
speeds [13,34], the present study is the first to describe in detail the complex relationship
between body location and training zones, as defined by maximal heart rate. Our find-
ings confirm that segmental PlayerLoad varies as a function of effort intensity, an aspect
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scarcely explored in the literature within the context of linear running using multimodal
measurements. These results are particularly useful for planning high-intensity training
loads in elite female futsal players, allowing for more precise individualization based on
real segmental demands.

Another important point of this study is the individual variability found in segmental
PlayerLoad. The observed intraclass correlation coefficients (ICCs), which ranged between
0.437 (Model 1) and 0.515 (Model 2), indicate that approximately between 43.7% and 51.5%
of the total variation in PlayerLoad is due to differences among professional players, rather
than random factors or measurement error. This demonstrates that, even in a controlled
and standardized task such as linear running, the external load response is not identical
for all athletes. These findings are consistent with previous studies that examined how
factors such as age [32], sex [33], injuries [35], or physical condition [36] influence linear
running mechanics, highlighting the need to consider the biomechanical and physiological
particularities of each player.

This existing difference among the players in the present study generates valuable
practical implications for designing linear running training. In this way, these findings
indicate that group-level planning without individualization could even be harmful for
some athletes. As observed in the sample of this study, the response to external load in
linear running is highly individualized and could be related to differences in running
techniques, biomechanics, body composition, or the individual neuromuscular efficiency of
each athlete. Therefore, it is essential to carry out continuous and personalized monitoring
of external load at the segmental level to ensure that each athlete receives training tailored
to their individual needs and characteristics.

5. Practical Implications and Future Applications

A practical application of this knowledge is that, by understanding that certain body
segments present asymmetrical load patterns or differential responses to intensity and
speed (such as the higher basal load and the attenuated increase pattern in the right ankle,
or the smaller percentage increases in the trunk at high intensities), coaches can adjust
training loads or include specific exercises to compensate for these particular demands
in concrete segments. These data can also aid in the design of sports equipment. In this
sense, it is necessary to utilize more ergonomic equipment adapted to the anatomical and
biomechanical demands of each body segment. In this regard, IMU manufacturers should
consider designing miniaturized devices that allow for the simultaneous use of multiple
sensors on different body parts, or that can even be integrated directly into sportswear.
Similarly, conducting individualized and continuous monitoring of external load over time
becomes key to optimizing performance and preventing injuries in specific body areas,
thus managing load according to each athlete’s intrinsic needs.

6. Study Limitations and Future Research Directions

The present study presents several limitations that should be considered. One of these
limitations is that data collection was carried out on a treadmill during linear running.
While this controlled environment allowed for the precise manipulation and isolation of
variables such as speed and intensity, it does not fully replicate the dynamic reality of
futsal. Futsal involves frequent multidirectional movements, highly intermittent efforts,
and constant decision-making processes in varied game situations, such as cutting, pivoting,
and acceleration/deceleration with and without the ball. This can contribute differently
to segmental load, thus affecting the direct transferability of these specific load profiles to
real-game situations. Nevertheless, this standardized approach was considered necessary
to investigate in isolation the specific effects of speed and intensity on segmental load.
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Another limitation is the sample size. Although this is common practice in studies with
high-performance athletes, it implies that the results should be considered within this
field and should not be generalized to broader populations. This limited sample size also
restricts the complexity of random-effects structures that could be robustly estimated within
the Linear Mixed Models, influencing aspects such as the individual variability of random
slopes. Furthermore, while the logarithmic transformation substantially improved the
normality of the residuals, the formal statistical tests for normality remained significant for
Model 1, suggesting minor deviations from perfect normality; however, visual inspection
of Q-Q plots indicated practical acceptability, supported by the known robustness of LMMs
with large sample sizes.

For future research, it would be important to confirm these segmental load profiles
and interaction patterns in competition and training situations. Specifically, it would be
beneficial to deepen the understanding of atypical load patterns observed in the right ankle
and differential load responses in trunk segments across intensities. Furthermore, it is
necessary to replicate this research in other populations. Future studies could also benefit
from the analysis of other variables, such as perceived internal load, individual players’
playing profiles, and limb dominance.

7. Conclusions

The present study allows us to describe how external load affects different body parts
in professional female futsal players during linear treadmill running. The results show
a differentiated impact of running speed and training zones on distinct body segments.
Specific and asymmetrical segmental load patterns were observed, alongside considerable
individual variability among athletes. These findings are important for understanding the
significance of monitoring load in different body segments. They also highlight the need
to adjust training loads by considering each player’s demands. This approach is key to
optimizing performance and contributing to injury prevention in this elite population.
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Abbreviations

The following abbreviations are used in this manuscript:

IMU Inertial Measurement Unit
LMM Linear Mixed Model
ICC Intraclass Correlation Coefficient
LA Left Ankle
RA Right Ankle
LK Left Knee
RK Right Knee
LS Lumbar Spine
TS Thoracic Spine
SSG Small-Sided Games
COD Change of Direction
HR Heart Rate
GRF Ground Reaction Force
VAM Maximal Aerobic Speed
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Abstract: This study examined the effects of a short-term ballistic training program on
neuromuscular performance and strength-deficit (SDef) in elite youth female soccer players.
Twenty-two under-20 athletes completed a 4-week intervention during the pre-season
phase, comprising 12 loaded and 8 unloaded ballistic training sessions performed at
maximal intended velocity. Pre- and post-intervention assessments included vertical jumps
(squat jump [SJ], countermovement jump [CMJ]), sprinting speed (5, 10, and 20 m), one-
repetition maximum (1RM) and peak force (PF) in the half-squat (HS), and peak power
and velocity during jump squats (JS) at 30% of 1RM. SDef was calculated as the percentage
difference in PF between 1RM in the HS and 30% 1RM. Significant improvements were
observed in SJ, CMJ, sprint speed, 1RM-strength, and bar-derived mechanical outputs (ES
= 1.18–1.66; p < 0.05), with no significant changes in SDef. These results indicate that elite
youth female soccer players can improve strength-, power-, and speed-related capacities
without compromising force production at higher movement velocities (thus maintaining
their SDef). The improvements observed likely reflect the combined effect of a high-
frequency, velocity-oriented training approach and a concurrent reduction in traditional
technical–tactical (i.e., soccer-specific) training volume. This is the first study to demonstrate
that ballistic exercises alone—when properly structured—can enhance neuromuscular
performance in female soccer players without increasing SDef. These findings provide
practical guidance for practitioners aiming to optimize physical development in team-
sport athletes without relying on heavier training loads or extended resistance training
sessions—and, especially, without compromising their ability to apply force at higher
velocities.

Keywords: team sport; women athletes; football; athletic performance; resistance training;
muscle strength

1. Introduction

In team sports, optimizing neuromuscular qualities such as strength, power, and speed
is essential for enhancing athletic performance [1–3]. In this context, the concept of strength
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deficit (SDef)—defined as the difference between an athlete’s maximal force production
capacity and the force applied against lighter loads at higher movement velocities—has
recently emerged as a meaningful performance indicator [3–5]. While previous studies
have investigated the SDef in male populations (e.g., male soccer and rugby players) [5,6],
its characterization and responsiveness to training in female athletes, particularly in elite
team sports such as soccer, remain unexplored.

Recent evidence in male soccer players suggests that traditional resistance training
programs, specifically those relying on moderate to heavy loads (i.e., 60–90% one-repetition
maximum [1RM]) [6], tend to increase maximum strength but may also lead to an increase
in SDef. These adaptations could potentially impair the production of force under dynamic
and high-velocity conditions that define—and are critical to—most sport-specific tasks,
especially in soccer (e.g., jumping, sprinting, changing direction, and kicking) [6–8]. In
contrast, ballistic exercises, performed with light and very-light loads (i.e., using only body
mass [BM] as overload), particularly when executed at maximal intended velocity, have
been hypothesized to maintain or even reduce SDef while still improving strength- and
power-related parameters [4,6,9,10].

To date, no study has directly examined whether it is possible to improve maximum
strength, peak force, movement velocity (e.g., jump squat [JS] peak velocity), power, sprint
speed, and vertical jump ability without concomitantly increasing SDef in athletic popula-
tions. More importantly, no investigation has evaluated this phenomenon (i.e., changes in
SDef) in female athletes. Therefore, the present study aimed to analyze the effects of a 4-
week strength–power training intervention, comprising only loaded and unloaded ballistic
exercises (including plyometric exercises), on a wide range of performance outcomes and
SDef in elite youth female soccer players.

Based on previous findings and recommendations [6,11], we hypothesized that it
would be possible to enhance strength, power, and sprint performance without an asso-
ciated increase in SDef. Confirming this hypothesis could have direct implications for
training prescription in high-performance sport environments, supporting the implementa-
tion of targeted interventions that minimize the unnecessary use of multiple traditional
(non-ballistic) exercises and heavy loading intensities, specifically in sports where explosive
actions are crucial [10,12,13].

2. Materials and Methods

2.1. Subjects

Twenty-two elite under-20 female soccer players (age: 17.3 ± 1.7 years; height:
1.65 ± 0.07 m; body mass [BM]: 62.9 ± 8.9 kg), all from the same soccer club and with
at least three years of experience in systematic strength–power and plyometric training,
participated in this study. These athletes competed in the “São Paulo State Championship”,
one of the most important Brazilian under-20 soccer competitions. The study was approved
by the local Ethics Committee, and all participants—and, when necessary (i.e., for play-
ers under 18 years old), their legal guardians—signed an informed consent form prior
to participation.

2.2. Study Design

This quasi-experimental study investigated the effects of a ballistic-based resistance
training program on strength, power, and speed performance in under-20 female soccer
players. Athletes were assessed before and after a 4-week training period, always at the
same time of the day, and were properly familiarized with both the training and testing
procedures. A detailed overview of the team’s typical weekly training schedule during
the intervention is provided in Table 1. Over the course of the training program, players

33



Sports 2025, 13, 237

completed 12 loaded ballistic sessions—including JS, jump lunges, and jump deadlifts—
and 8 unloaded ballistic sessions that included traditional jumps (i.e., squat jumps (SJ)
and countermovement jumps (CMJ), as well as plyometric jumps (i.e., drop jumps and
hurdle jumps). Due to time constraints, the height of the boxes (used for drop jumps)
and the hurdles was standardized at 30 cm. However, despite the fixed height, players
were instructed to jump as high as possible in both jump types, thereby exerting maximal
effort in all attempts. The training program was primarily based on previous studies that
highlighted the superiority of ballistic JS, especially when performed with light loads,
over traditional squats for maximizing force and power output [5,12–14], as well as the
interference effects (i.e., negative impact) of high volumes of aerobic-based training (e.g.,
soccer-specific training) on speed–power development [11,15]. Across all training sessions,
players were consistently encouraged to perform all exercises at maximal intended velocity.
Physical testing followed a fixed sequence: SJ, CMJ, sprinting speed (with split times at 5,
10, and 20 m), 1RM in the half-squat (HS) exercise, and JS at 30% HS 1RM. Prior to testing,
players performed a standardized warm-up that included general exercises (e.g., 10 min of
moderate-paced running followed by 3 min of dynamic lower-limb stretching) and specific
drills (i.e., submaximal attempts of each test).

Table 1. Typical weekly training schedule followed by the female soccer team during the 4-week
intervention period.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Morning Rest

Speed
warm-up

(technical drills
followed by

4–6× maximal
short sprints of

10–15 m)
Technical
training

Small-sided
games #

Speed
warm-up

(technical drills
followed by

4–6× maximal
short sprints of

10–15 m)
Technical
training

Small-sided
games #

Technical
training

Friendly
matches ¥

Afternoon * Ballistic
training

* Ballistic
training

Unloaded
jump

training +

* Ballistic
training

Unloaded
jump

training +
Rest Rest

Note: * Resistance exercises included 4–6 sets of 4–6 repetitions of (1) jump squats, (2) alternating jump lunges,
and (3) jump deadlifts performed sequentially in this order at ≈ 30% 1RM, with 2–3 min of rest between sets.
+ Unloaded jumps consisted of 4–6 sets of 4–6 repetitions of (1) squat jumps, (2) countermovement jumps,
(3) drop jumps, and (4) hurdle jumps, performed in this order, with 2–3 min of rest between sets. Regarding the
sprint bouts, players started each short sprint from a standing position, with a rest interval of 2–3 min between
efforts. Sprints were performed on natural grass (i.e., a soccer field), with players wearing their own soccer
shoes. All physical training sessions were performed with the same volume and intensity across the 4-week
intervention. # Small-sided games involved approximately 30–35 min of total playing time, comprising 4–5 drills
with 4–5 min of rest between each drill. ¥ Two friendly matches were played during the study period, scheduled
on alternate Sundays.

2.3. Procedures
2.3.1. Jump Performance Assessments

Vertical jump performance was evaluated through both the SJ and CMJ protocols.
During the SJ, athletes adopted a static position with knees flexed at ≈ 90◦ for 2 s before
jumping vertically, avoiding any preparatory action. For the CMJ, athletes performed a
self-selected countermovement followed by full extension of the legs, ensuring natural
jumping mechanics were preserved [16]. All trials were conducted with hands placed on
the hips. Each athlete performed five trials, with 15 s of rest between attempts. A contact
mat (Elite Jump System; S2 Sports, São Paulo, Brazil) was used to record jump height, and
the highest jump was retained.
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2.3.2. Sprint Speed Testing

Sprint speed was assessed on an indoor track using electronic timing systems. Four
sets of photocells (Elite Speed System; S2 Sports, São Paulo, Brazil) were placed at 0, 5, 10,
and 20 m along the sprinting track. Athletes performed two maximal-effort sprints from a
stationary start, positioned 0.5 m behind the initial set of timing gates. Sprint speed was
computed by dividing the distance covered by the time elapsed. A rest period of 5 min
was provided between sprints, and the best result was retained.

2.3.3. One-Repetition Maximum in Half-Squat Exercise

Maximum strength was assessed using the HS 1RM test, as previously described [17].
Prior to testing, players completed a standardized warm-up consisting of 5 repetitions at
intensities ranging from 40% to 60% of their previously estimated 1RM, based on their most
recent 1RM measurements. Three minutes after the warm-up, players were allowed up
to 5 trials at approximately 70%, 80%, 90%, and >95% of the estimated 1RM to accurately
determine their 1RM [17]. A 3 min rest interval was provided between each successive
attempt. In all trials, athletes were instructed to move the barbell as quickly as possible
during the concentric phase of the lift. Peak force (PF) was measured during the heaviest
load attempts (>95% of the estimated 1RM) using a linear velocity transducer (T-Force
Dynamic Measurement System; Ergotech Consulting, Murcia, Spain) sampling at 1000 Hz
and attached to the Smith-machine barbell. The 1RM and PF values were normalized to
the players’ BM.

2.3.4. Bar-Derived Variables and SDef in the Jump Squat Exercise

Peak power (PP), peak velocity (PV), and PF were assessed during the JS exercise
using a load equivalent to 30% of the HS 1RM. The assessment was performed on a Smith
Machine (Hammer Strength Equipment, Rosemont, IL, USA). Players completed three
maximal-effort repetitions, aiming to move the bar as fast as possible, with 15 s rest inter-
vals between each attempt. A linear velocity transducer (T-Force Dynamic Measurement
System; Ergotech Consulting, Murcia, Spain), operating at a sampling frequency of 1000 Hz,
was attached to the bar to record mechanical variables. The highest PV value and its corre-
sponding PF and PP values were recorded. All values were normalized by expressing the
absolute measurements relative to each athlete’s BM. SDef was calculated as the percentage
difference between the PF at 30% 1RM and the PF at 1RM.

2.4. Statistical Analysis

Data are presented as means ± standard deviation. Normality was assessed using the
Shapiro–Wilk test. Pre- and post-assessment comparisons were conducted using paired
t-tests. Statistical significance was established at a threshold of p < 0.05. Effect sizes (ES)
were determined using Cohen’s d [18] and interpreted based on the criteria proposed
by Rhea [19] for highly trained individuals: trivial (<0.25), small (0.25–0.50), moderate
(0.50–1.00), and large (>1.00). The absolute and relative reliability of the dependent vari-
ables was evaluated using the coefficient of variation (CV) and the two-way random
intraclass correlation coefficient (ICC), respectively.

3. Results

All variables demonstrated high levels of absolute and relative reliability (i.e.,
ICC > 0.90 and CV < 10%). Significant increases were observed in SJ and CMJ perfor-
mance from pre- to post-tests (ES = 1.18 and 1.66, respectively; p < 0.05; Figure 1). Table 2
presents the comparisons of PV, PF, and PP measured during the JS exercise with a load
corresponding to 30% 1RM, as well as relative strength, PF at 1RM, and SDef at 30% 1RM,
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between pre- and post-assessments. Figure 2 illustrates the sprint speed comparisons
between pre- and post-tests. Significant improvements were detected at all tested distances
(ES = 1.21, 1.29, and 1.37 for 5, 10, and 20 m, respectively; p < 0.05).

Figure 1. Comparisons of squat jump (SJ) and countermovement jump (CMJ) performance between
pre- and post-tests. CL: confidence limits; * p < 0.05.

Table 2. Comparisons of the mechanical variables between pre- and post-intervention assessments.

Pre Post p-Value ES (95% CL)

JS PV at 30% 1RM (m·s−1) 1.96 ± 0.12 2.03 ± 0.13 <0.001 1.28 (0.69; 1.86)
JS PF at 30% 1RM (N·kg−1) 7.09 ± 0.51 7.42 ± 0.61 0.014 0.57 (0.12; 1.02)
JS PP at 30% 1RM (W·kg−1) 11.9 ± 1.4 12.9 ± 1.6 <0.001 0.90 (0.40; 1.39)

1RM rel 1.23 ± 0.13 1.39 ± 0.17 0.032 0.49 (0.04; 0.93)
PF at 1RM (N·kg−1) 47.8 ± 11.2 49.5 ± 11.2 0.076 0.40 (−0.04; 0.83)

SDef at 30% 1RM (%) 83.9 ± 6.3 83.9 ± 5.9 0.442 0.17 (−0.26; 0.59)
Note: JS: jump squat; 1RM: one-repetition maximum; PV: peak velocity; PF: peak force; PP: peak power; SDef:
strength deficit; ES: effect size; CL: confidence limits.

Figure 2. Comparisons of sprinting speed over the different distances tested between pre- and
post-tests. CL: confidence limits; * p < 0.05.

4. Discussion

This study is the first to examine the effects of a short-term ballistic training program
on a range of speed, power, and strength measures, as well as SDef, in elite youth female
soccer players. The results demonstrate that it is indeed possible to simultaneously improve
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jumping ability (i.e., SJ and CMJ), sprint speed (5, 10, and 20 m), maximum strength, and
force–power outputs (JS peak force, velocity, and power), without a concomitant increase
in SDef during a highly demanding and congested training period such as the soccer
pre-season.

Conducting intervention studies with soccer players during pre-seasons is extremely
challenging due to the high volume and specific types of training required to prepare them
to cope with competitive demands [6,11,15]. Additionally, the highly traditional training
routines followed by coaching staff—characterized by large volumes of soccer-specific
training (i.e., technical–tactical sessions) [6,11,15]—and their resistance to major or more
innovative training strategies make such studies extremely rare [11]. Even rarer are those
reporting consistent and meaningful improvements across a range of performance measures
(especially speed and power metrics) within such short time periods (i.e., 3- to 4-week pre-
seasons) [15,20–22]. Notably, during pre-seasons or other training and competitive phases
(e.g., in-season), significant improvements in strength, speed, and power qualities are
uncommon not only among female players but also in their male counterparts, especially
under elite training conditions [15,20,23–25].

In this context, the maintenance of SDef after this 4-week intervention is particularly
relevant. Previous evidence in male soccer players has shown that increases in maximum
strength following traditional resistance training are frequently accompanied by an increase
in SDef, suggesting that athletes tend to utilize lower percentages of their maximum force
at higher velocities and against lighter loads, such as their own BM [4,6]. In contrast,
the present findings demonstrate that a precise and efficient ballistic training program—
emphasizing movement velocity (and lighter loads) rather than heavier loads—can improve
neuromechanical performance without impairing force application at higher velocities.
These results may reflect the specific design of the training protocol, which prioritized
unloaded and light-loaded ballistic exercises (i.e., 20–30% 1RM), along with maximal short
sprints (i.e., 10–15 m), performed at high frequency (i.e., three to four strength–power
sessions and one to two sprint sessions per week).

An additional factor that likely contributed to the observed improvements in speed
and power capabilities in this study was the strategic modification of the soccer-specific
training schedule and volume. In close collaboration with the coaching staff, the volume
of traditional soccer training (i.e., technical–tactical sessions) was deliberately reduced
in favor of higher-intensity, shorter training sessions (i.e., small-sided games lasting to
≈ 30–35 min, divided into 4–5 drills with 4 to 5 min rest intervals between each drill).
This adjustment, combined with the high frequency of speed and power training sessions,
may be considered an uncommon but apparently effective strategy to adopt during soccer
pre-seasons—particularly when the main purpose is to enhance neuromuscular abilities.
This innovative and nontraditional training approach potentially improved most strength,
speed, and power qualities in the female soccer players, without compromising their ability
to apply force at higher velocities (i.e., increasing the SDef).

Although this study did not include a control group—a common limitation in inves-
tigations involving competitive athletes [23,26–28]—the consistent improvements across
multiple neuromechanical variables, supported by prior intra-team seasonal data, provide
compelling evidence for the efficacy of the implemented training program [11,15,23]. In
previous pre-seasons or short-term studies conducted with team-sport athletes at compara-
ble levels, performance gains—specifically in speed and power—were generally absent or
even negative following standard practices characterized by high volumes of sport-specific
training [11,15,23]. This marked contrast reinforces the uniqueness and practical relevance
of the present findings. However, it is important to note that the current study design
does not allow for the isolation of the effects resulting from reduced volumes of soccer-
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specific training from those associated with high-frequency ballistic training [10,11,15].
Nevertheless, these findings suggest that combining light-loaded (or even unloaded) ballis-
tic exercises with lower volumes of technical–tactical training may be highly effective in
enhancing strength, speed, and power performance in elite youth female soccer players.

This study has inherent limitations related to its quasi-experimental design. Due to
the applied nature of working with elite youth female soccer players during the pre-season,
it was not feasible to include a control group, as splitting the team into separate training
conditions would interfere with their preparation for upcoming competitions. Although
the absence of a non-training control group limits causal inferences, the significant im-
provements observed in neuromuscular qualities—particularly sprint speed over different
distances—following a short-term ballistic training program represent highly relevant
findings, as such improvements are uncommon during short soccer pre-seasons or short
training phases [11,15,23,29]. In summary, this study provides valuable and practically
important evidence that elite youth female soccer players can improve strength, power,
speed, and jump performance without increasing SDef over a 4-week pre-season, provided
that the resistance training program is strategically structured and based on ballistic- and
velocity-oriented methods [6,10,13]. These results have direct implications for practitioners
aiming to optimize neuromuscular capacities in elite sport settings without compromising
the transfer of strength and power to sport-specific tasks. Future studies should explore
the long-term effects of ballistic training across different phases of the season and compare
its impact with other strength–power training strategies. Investigations including male
players and employing randomized controlled designs could further support and extend
the findings presented here. Additionally, examining individual response patterns may
help tailor programs to optimize transfer to sport-specific performance.

5. Conclusions

This study provides novel evidence that a short-term, high-frequency ballistic training
program comprising both loaded and unloaded exercises performed at maximal intended
velocity can improve strength-, power-, and speed-related abilities in elite youth female
soccer players without increasing SDef. From an applied perspective, these findings indi-
cate that ballistic training strategies (e.g., JS, jump lunges, and plyometrics) using light or
no external loads can be highly effective for enhancing neuromechanical qualities relevant
to elite soccer performance, particularly during congested training periods such as the
pre-season. When performed under these loaded (or even unloaded) conditions, ballistic ex-
ercises can improve force application at higher velocities without compromising an athlete’s
ability to produce force against lighter loads (i.e., increasing SDef), potentially supporting
better transfer to sport-specific actions (e.g., sprinting, jumping, kicking, and dribbling).
Importantly, as previously suggested [11,23], reducing the volume of traditional technical–
tactical sessions in favor of shorter, high-intensity drills and speed–power-oriented sessions
may optimize physical development without impairing soccer-specific preparation, pro-
vided this adjustment is well-integrated with the coaching staff. Coaches working in
high-performance female soccer can effectively implement short-term ballistic training
schemes to improve athletic performance, without the need for heavier loads or extended
training sessions to achieve their objectives. These practical strategies may help overcome
traditional barriers to neuromuscular development in elite soccer settings, where time
constraints and accumulated fatigue are commonly considered limiting factors.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/sports13070237/s1.
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Abstract: Background/Objectives: The role of body composition in sports performance has
been widely studied, particularly in soccer. Understanding how anthropometric character-
istics impact movement efficiency and neuromuscular performance is crucial for optimizing
player performance. This study examined the relationship between body composition and
locomotor performance in elite soccer players. Methods: Thirty-six male soccer players
from the Mexican National Team participated in the study, where body composition was
assessed using surface anthropometry. Players underwent tests to measure countermove-
ment jump (CMJ) performance, sprinting speed, maximum acceleration, and distance
covered during two games of the CONCACAF Nations League quarterfinals. Correlation
matrices were created to identify the most significant associations, followed by generalized
linear models (GLMs) to associate body composition variables with performance metrics.
Results: Anthropometric profile tables were created by playing position. Higher body fat
percentage (%BF) was associated with lower performance. Specifically, higher %BF was
associated with slower sprint speed (B = −0.74 m/s, p < 0.001) and shorter distance covered
(B = −4.86 m/min, p < 0.001). Conversely, greater muscularity, reflected by corrected girth
values for the thigh and calf, was associated with improved CMJ performance. Thigh
corrected girth was positively associated with concentric mean force (B = 48.85 N, p < 0.001),
and calf corrected girth was positively associated with peak power (B = 240.50 W, p < 0.001).
These findings underscore the importance of low body fat and high lean mass for efficient
movement. Conclusions: The results highlight the critical role of body composition in
enhancing soccer performance, particularly for explosive movements like jumps, sprints,
and accelerations. This study suggests that monitoring and optimizing body composition
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should be a central focus of nutrition, training, and conditioning strategies, adapted to the
specific positional demands of professional soccer.

Keywords: soccer; anthropometry; body composition; sports nutritional sciences; athletic
performance

1. Introduction

The anthropometric and body composition profiles of soccer players have been widely
reported across Latin American [1–4] and European samples [5–7], from youth to elite
levels. These studies consistently report differences by playing position or age group. For
instance, Rodríguez-Rodríguez et al. [1] and Junior et al. [2] observed that goalkeepers tend
to be taller and heavier, while forwards generally present greater muscle mass. Similarly,
Holway et al. [3] and Toselli et al. [5] noted that older players exhibit higher body mass,
muscle mass, and bone/muscle index compared to younger counterparts. While these
studies provide a comprehensive anthropometric description, to the best of our knowledge,
few have directly examined the relationship between these characteristics and perfor-
mance indicators such as match load or neuromuscular capacity. One exception is the
work by Radzimiński et al. [6], which highlighted the relevance of further exploring how
anthropometric factors may influence physical performance in competitive settings.

This gap is particularly relevant given that elite soccer is characterized by the com-
plex interaction of physical, physiological, tactical, and contextual variables that, together,
determine on-field performance. International studies developed with youth [8–10], semi-
professional [11], intercollegiate [12], and professional female [13] soccer players have made
significant progress in characterizing these variables. These studies reported that anthro-
pometric parameters, body composition, and biomechanics directly influence key aspects
such as sprints, vertical jumps, direction changes, power, explosive strength, metabolic
capacity, and flexibility. However, the aforementioned findings were primarily observed in
non-elite or female samples, and few studies have been conducted with elite soccer play-
ers [5,6]. Hence, despite these advances, many investigations lack an integrative approach
incorporating indicators of functional and contextual performance, principally in elite male
soccer players or during official matches. This limits a comprehensive understanding of
the interactions between body structure and function.

Technologies such as the Global Positioning System (GPS) have proven essential for
evaluating physical performance during training and competition. Previous studies have
used this technology to analyze metrics such as total distance covered, high-intensity
running, accelerations, and decelerations, as well as estimations of energy expenditure
during exercise, providing a detailed and objective perspective of performance on the
pitch [14–18]. Nevertheless, the relationship between body composition and speed, distance,
and acceleration has not been explored in elite soccer players. In young Chilean professional
soccer players [9], greater muscle mass in the lower limbs and lower body fat percentages
have been associated with improved acceleration and sprint performance. In professional
European soccer players [6], high-speed running distance was negatively correlated with
lipid mass. In professional Greek soccer players [18], speed running was negatively related
to stretch stature and body mass. In Spanish semi-professional soccer players [11], it was
reported that players have morphologically distinct profiles according to playing position,
which, in turn, correlates with speed, distance covered, squat jump, countermovement
jump, and maximum oxygen uptake. These findings illustrate how body composition
and anthropometrics relate to the competitive and positional demands of the match in
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non-elite athletes. Also, these findings underscore the need for further research considering
a broader range of factors and their interactions with performance in elite soccer players.

International tournament data provide further context for highly trained athletes.
Ju et al. [19] reported that, although no significant differences in high-intensity running
distances exist between confederations such as CONCACAF, UEFA, and CONMEBOL,
European players tend to outperform others in technical–tactical metrics, such as passing
accuracy and line-breaking actions.

Mexico’s case is especially relevant in this global context, as it is one of the top-
performing teams in the CONCACAF region. Despite the recent success of the Mexican
National Team—champions of the 2025 CONCACAF Nations League. The studies con-
ducted with Mexican soccer players stem from descriptive investigations of youth [20], first
division plus under 17, and under 20 [21] soccer players. Only one study was performed
with Mexican National Team soccer players [4], in which anthropometric and performance
indicators were studied but not correlated. Therefore, research that comprehensively
addresses Mexico’s club and national team’s physical, physiological, and morphofunc-
tional aspects is scarce, limiting our understanding of how these variables interact and
influence performance.

This lack of integrative information has hindered the development of evidence-based
training and monitoring strategies tailored to the specific characteristics of Mexican soccer
players. Therefore, exploring how physical, physiological, and morphofunctional variables
interact with match performance is essential to optimize sports professionals’ decision-
making on and off the field.

In this context, a comprehensive analysis of anthropometric, countermovement jump,
and match performance variables can provide deeper insight into soccer success. Accord-
ingly, this study addresses this knowledge gap by characterizing and analyzing the multi-
dimensional relationships between these variables in elite Mexican soccer players. This
will be useful in advancing scientific understanding and providing practical knowledge
to enhance players’ individual and collective development in an increasingly demanding
competitive environment.

2. Materials and Methods

2.1. Study Design

A descriptive, cross-sectional study was conducted. Participants attended the as-
sessment location once to collect anthropometric and countermovement jump test data.
Additionally, before two FIFA match dates, players underwent performance monitoring
assessments. The study followed the Strengthening Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [22,23].

2.2. Setting

The study was conducted during the Mexican National Soccer Team’s training camp
on the FIFA date heading into the Concacaf Nations League quarterfinals. The training
camps took place from November 11 to 19 2024: from November 11 to 15 in San Pedro
Sula, Honduras, and from November 16 to 19 at the Mexican Football Federation’s (FMF)
High-Performance Center (CAR, by its acronym in Spanish) in Mexico City.

The study was approved by the Research Ethics Committee of the Autonomous
Metropolitan University Campus Xochimilco (code: DCBS.CD.071.21) and was registered
at clinicaltrials.gov (identifier: NCT06941064). Individual information (i.e., demographic,
descriptive data, and sports experience) was collected using a brief form for practical
sports nutrition advice [24]. All participants provided verbal informed consent after the
principal investigator thoroughly explained the study’s objectives, procedures, benefits,
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and potential risks. Written consent could not be obtained due to personal and contractual
restrictions associated with their professional clubs. Nevertheless, according to Winter and
Maughan [25], the principles of informed consent may not be fully upheld in professional
sports, principally when data are collected from routine measurements taken at various
stages of the competition and during the off-season. However, this study was conducted
using the ethical principles established in the Declaration of Helsinki [26] and international
guidelines for Good Clinical Practice.

2.3. Participants

Thirty-six male soccer players from the Mexican National Team participated in the
study (age: 27.3 years old [IQR: 24.2–28.4]; stretch stature: 177.9 cm [IQR: 171.3–182.9];
body mass: 77.9 kg [IQR: 71.3–82.9]; competitive sports experience: 10.4 years [IQR:
7.2–13.6]; weekly training volume: 20 h [IQR: 16.6–23.4]). All participants were members
of the Mexican National Team at the time of the study and had competed in international
tournaments. Specifically, 11 players (30.6%) were playing for international clubs, including
England (n = 3; 8.3%), Italy (n = 2; 5.6%), Russia (n = 2; 5.6%), Belgium (n = 1; 2.8%), Greece
(n = 1; 2.8%), Portugal (n = 1; 2.8%), Saudi Arabia (n = 1; 2.8%), and Denmark (n = 1; 2.8%).
The remaining 25 players (69.4%) were participating in Mexico’s Liga MX. Additionally, 44%
of the players had competed in at least one FIFA World Cup prior to the assessment date.
To determine the appropriate sample size for detecting a strong association between body
composition and GPS-derived performance metrics in elite football athletes, we conducted
an a priori power analysis using G*Power (version 3.1.9.7). Assuming a large effect size
(Pearson’s correlation coefficient, r = 0.80), a significance level (α) of 0.05, and a desired
power (1 − β) of 0.80, the analysis indicated that a minimum of 25 participants would be
required to detect a statistically significant correlation. This sample size is feasible within
the context of a national football team cohort and ensures sufficient power to validate the
hypothesized association.

Athletes who attended the assessment area during the training camps were invited to
participate in the study, and those who gave verbal assent were included in the sample.
Players not called up to the Mexican National Team on the above dates were excluded from
the study. The timeline of the evaluations carried out is shown in Figure 1.

Figure 1. Timeline of assessments conducted during the 10-day training camp. The training camp
began on Day 1. Countermovement jump (CMJ) assessments were conducted on Days 2 and 3 in San
Pedro Sula, Honduras. Locomotor and neuromuscular data were collected via GPS during match
play on Day 5 (Game 1, San Pedro Sula) and Day 9 (Game 2, Toluca, Mexico). Anthropometric
assessments were performed on Days 7 and 8 at the High-Performance Center (CAR FMF), Mexico
City. The camp concluded on Day 10. All assessments were scheduled to avoid interference with
training and to ensure data quality and consistency.
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2.4. Assessments
2.4.1. Anthropometric Measurements

Anthropometric measurements were performed by a Level 2 ISAK-certified anthro-
pometrist, following the International Society for the Advancement of Kinanthropometry
(ISAK) standards [27]. Body mass (kg) was measured using a digital scale with a preci-
sion of 50 g (SECA® 874, Hamburg, Germany). Stretch stature (cm) was assessed using a
portable stadiometer with a precision of 1 mm (SECA® 217, Hamburg, Germany). Girth
measurements (cm) were obtained using a non-extensible, flexible steel tape with a pre-
cision of 1 mm (Rosscraft®, Surrey, Canada). Skinfold thicknesses (mm) were measured
with a skinfold caliper accurate to 1 mm (Harpenden, Holtain Ltd., Bryberian, Crymmych,
Pembrokeshire). All instruments were calibrated before the measurement process.

All anthropometric variables were measured at least twice. A third measurement
was taken if the difference between the first and second measurements exceeded 5% for
skinfolds or 1% for any other variable. The mean value was used for data analysis when
two measurements were taken. The median value was used for data analysis when three
measurements were taken [27]. Intra-evaluator technical error of measurement (TEM) was
calculated (25), yielding 4.06% for skinfolds and 0.89% for other variables.

2.4.2. Body Composition

Body composition was estimated using surface anthropometry. Body fat percentage
(%BF), specifically lipid mass, was calculated using five predictive equations: Yuhasz [28],
Sloan [29], Wilmore and Behnke [30], Durnin and Womersley [31], and Jackson and Pol-
lock [32]. Adipose mass was then derived using the Ross and Kerr equation [33]. Mean-
while, muscle mass (MM) was estimated using two anthropometric equations: Martin
et al. [34] and Lee et al. [35].

Additionally, adiposity and muscularity were analyzed using skinfold sums and
corrected girths, respectively. The sum of six skin folds consisted of the triceps, subscapular,
supraspinal, abdominal, thigh, and calf skinfolds. Meanwhile, the eight skinfolds’ sum
included the triceps, subscapular, biceps, iliac crest, supraspinal, abdominal, thigh, and
calf skinfolds. Corrected girths were calculated for the arm, chest, thigh, and calf using
the following equation: girth in centimeters − (π × skinfold in centimeters) [36]. Triceps,
subscapular, anterior thigh, and calf skinfold were used to compute corrected girths. The
sum of the four corrected girths was calculated.

2.4.3. Countermovement Jump

The countermovement jump (CMJ) assessments were conducted using a ForceDecks
Max platform (VALD Performance, Brisbane, Australia). This allows for a detailed kinetic
and temporal variables analysis through a dual high-precision platform system [37]. The
assessment protocol has been previously standardized and validated [38].

After a brief warm-up, including dynamic stretches and sub-maximal jumps (five
individual repetitions and two sets of five repeated CMJs), participants performed three
maximum-effort CMJs at a self-selected counter-movement depth, with approximately
one-minute rest intervals between each attempt. During each jump, participants were
instructed to “jump as fast and as high as they could”, keeping their hands on their hips.
This instruction was standardized, as it influences the force-time characteristics of the CMJ.

Force data were collected at 1000 Hz and processed to obtain variables such as take-off
velocity, jump height (calculated from the take-off velocity), and the modified reactive
strength index (jump height divided by time to take-off). The moment of the jump was
calculated as the product of take-off velocity and body mass. The average of the three
attempts was used for statistical analysis.
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2.4.4. Locomotor and Neuromuscular Data

Locomotor and neuromuscular external load metrics were obtained using WIMU Pro
GPS tracking units operating at 10 Hz (RealTrack Systems, Almería, Spain). This system
has been validated for time–motion analysis in soccer, demonstrating strong intra- and
inter-unit reliability (mean velocity bias ranging from 1.18 to 1.32 km·h−1; mean distance
bias between 2.32 and 4.32 m; intraclass correlation coefficient > 0.93) [39]. To minimize
the variability between units, each player was assigned a specific device that they used
consistently throughout the data collection period. The GPS units were positioned in a
vest pocket designed explicitly by the manufacturer. The devices were powered on 15 min
before kickoff to ensure optimal data capture.

On average, 12.1 ± 2.4 satellites were connected during recordings, and the horizontal
geometric dilution of precision was 0.57 ± 0.14—both values reflecting a high-quality GPS
signal [40,41]. After each match, data were downloaded using SPro software (version 980,
RealTrack Systems, Almería, Spain). All locomotor and neuromuscular variables were
adjusted relative to the total match duration. The thresholds used for high-speed running
and high metabolic load were >21 km·h−1 and >25.5 W·kg−1, respectively. The variables
included in the analysis were distance per minute (Distance [m/min]), maximum speed
(Max speed [km/h]), number of accelerations ≥ 3 m·s−2 per minute (Acc+3/min), number
of decelerations ≥ 3 m·s−2 per minute (Dec+3/min), high metabolic load distance per
minute (HMLD/min), sprint distance per minute (Sprint/m), number of sprints per minute
(N Sprints/m), and high-speed running per minute (HSR/min).

2.5. Study Size

A non-probabilistic convenience sampling method was used. All participants were
members of the Mexican National Team at the time of the study and had competed in
international tournaments. Notably, 44% had participated in at least one FIFA World
Cup, and 29.7% were playing for European soccer clubs. Therefore, the sample represents
Mexican elite soccer players. Moreover, according to Pituch and Stevens [42], a minimum
of 15 participants is sufficient for developing reliable equation models, supporting the
adequacy of the current sample size.

2.6. Statistical Methods

Statistical procedures were performed using R version 4.4.1 (R Core Team, Vienna,
Austria) within the integrated development environment RStudio version 2023.06.2+561
“Mountain Hydrangea” (Posit, PBC, Boston, MA, USA).

The age, anthropometric, and body composition variables and indexes had asymmetric
distributions, so the median and interquartile range (IQR) were used to describe these
characteristics (Table 1). After a Kruskal–Wallis test, statistical differences between playing
positions were assessed using Dunn’s post hoc test with Bonferroni correction.

Due to the nature of the competition, not all participants who underwent anthropo-
metric assessment could participate in one or both matches. This meant that the sample size
differed for some analyses. Table 1 shows the information for the overall sample (n = 36),
while, for subsequent analyses, only the data from active athletes during competitions were
used (n = 22).
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A general exploratory correlation matrix was constructed to identify relationships
among all study variables. Subsequently, draftsman plots were generated to summarize
and visualize the most relevant and statistically significant correlations.

Based on the previous exploratory correlations, generalized linear models (GLMs)
were developed using robust estimation methods, since the dependent variables did not
follow a Gaussian distribution. The independent effect of anthropometric variables on
physical performance measures, without including moderator variables, was examined
with these models. Additionally, Bonferroni correction was applied across the GLMs to
account for multiple comparisons. The theoretical model guiding this analytical strategy is
expressed as follows:

Y = iY + β1X + β2W + εY

where Y represents the dependent variable (e.g., jump height or energy expenditure); iY is
the regression intercept; β1 and β2 are the estimated regression coefficients for the predictor
variables; X is the main independent variable (e.g., stretch stature, BMI, and skinfolds sum);
W represents a second predictor variable (not used as a moderator in this study); and εY is
the random error term.

It is worth noting that, although the model notation includes two predictors, X and
W, this analysis did not incorporate interaction or moderation effects. Based on previous
methodological recommendations, all models were adjusted using robust procedures to
account for potential heteroscedasticity and outlier sensitivity. All models were adjusted
by the athlete’s age and body mass. Statistical significance was set at p-value < 0.05.

To ensure the validity of the GLMs, multicollinearity among the predictor variables
was assessed using the Variance Inflation Factor (VIF). Variables with VIF values greater
than 5 were carefully examined. Since no variable exceeded this threshold, multicollinearity
was not considered a concern, and no further adjustments were required.

3. Results

3.1. Anthropometric Profile

Table 1 presents the anthropometric characteristics of Mexican soccer players according
to their playing position.

Regarding body mass and stretch stature, goalkeepers were significantly heavier and
taller than offensive midfielders (p < 0.05), while central defenders were also significantly
taller and heavier than offensive midfielders (p < 0.05).

In terms of girths, goalkeepers showed significantly greater forearm girths compared
to offensive midfielders (p < 0.05). Central defenders exhibited larger mid-calf and corrected
mid-calf girths than offensive midfielders, and forwards also showed significantly higher
values in these girths compared to offensive midfielders (p < 0.05).

As for muscularity indicators, both central defenders and forwards showed signifi-
cantly greater values in the sum of four corrected girths (Σ4 C.G) and estimated muscle
mass compared to offensive midfielders (p < 0.05).

No significant differences were found between playing positions in age; raw skinfold
measurements; body mass index; waist-to-hip ratio; sum of skinfolds; body fat percentage;
or corrected arm, chest, and thigh girths (p > 0.05).

3.2. Anthropometric Profile and CMJ Performance

The players exhibited a median jump height of 40.7 cm, with an interquartile range
(IQR) of 39.8–43.9 cm. Peak power reached a median of 4434.0 W (IQR: 4028.0–4782.0),
while concentric impulse was 220.9 N/s (IQR: 197.6–232.8). The median concentric force
was 1619.0 N (IQR: 1531.0–1726.0), and the median concentric power was 2573.0 W (IQR:
2350.0–2679.0).
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Correlations between anthropometric variables and neuromuscular performance (i.e.,
CMJ test data) are shown in Figure 2. Strong positive associations between body mass
and all neuromuscular performance variables were observed, particularly with concentric
impulse (r = 0.92; p < 0.001) and peak power (r = 0.77; p < 0.001). Additionally, the
corrected calf and thigh girths and the four corrected girths sum exhibited significant
positive correlations with most CMJ variables, highlighting the influence of peripheral
muscle volume on force and power production. Specifically, the thigh corrected girth
showed a positive and high association with concentric mean power (r = 0.73; p < 0.001)
and concentric mean force (r = 0.77; p < 0.001), while the calf corrected girth had a positive
and strong relationship with peak power (r = 0.76; p < 0.001) and concentric impulse
(r = 0.76; p < 0.001).

Figure 2. Draftsman correlation plot. Positive correlations are shown in blue and negative correlations
in red. Color intensity and circle size are proportional to the correlation coefficients. C.G.: corrected
girth; ∑: summation; SKF: skinfolds. * p <0.05.

Adiposity indicators showed negative correlations with jump height. Specifically, the
sum of eight skinfolds (∑8 SKF) displayed a moderate negative correlation (r = −0.43),
which was noteworthy despite not being statistically significant (p > 0.05). This suggests a
potential inverse relationship between subcutaneous fat and vertical jump performance,
possibly due to the increased inertial load affecting explosive actions.

Finally, stretch stature also showed a positive and strong correlation with concentric
impulse (r = 0.82; p < 0.001).
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Given the strength and consistency of the observed correlations, particularly those
involving corrected girths and neuromuscular outputs, we further explored these relation-
ships through predictive modeling. The results of four generalized linear models (GLMs),
aiming to explain CMJ performance based on key anthropometric predictors, are presented
in Figure 3.

Figure 3. Generalized linear models (GLMs) showing the relationship between corrected girths (calf
and thigh) and countermovement jump (CMJ) performance in players from the Mexican National
Soccer Team. Models 1A and 1B use corrected calf girth as the main predictor, while Models 1C and
1D use corrected thigh girth. All models were adjusted for body mass, used robust estimation, and
assumed a Gaussian distribution. Each panel displays the regression line with its 95% confidence
interval (shaded area), alongside the unstandardized regression coefficient (B) and corresponding
p-value. (A) Relationship between corrected calf girth and concentric impulse (N·s). (B) Relationship
between corrected calf girth and peak power output (W). (C) Relationship between corrected thigh
girth and concentric mean force (N). (D) Relationship between corrected thigh girth and concentric
mean power (W).

Model 3A demonstrated a strong positive association between calf corrected girth (Calf
C.G) and concentric impulse (N/s), indicating that greater muscle mass in the calf region
may enhance force production during the jump. Specifically, each additional centimeter
in calf corrected girth was associated with an increase of 10.42 N/s in concentric impulse
(B = 10.42, 95% CI: [6.15, 14.69], p < 0.001).

Model 3B examined peak power (W) as the outcome variable, with calf corrected girth
again emerging as a significant predictor. The results showed that each centimeter increase
in this corrected girth was associated with an estimated increase of 240.50 W in peak power
output (B = 240.50, 95% CI: [149.00, 332.00], p < 0.001), reinforcing the relevance of lower
limb girth in explosive performance.

In Model 3C, thigh corrected girth (Thigh C.G) was significantly associated with
concentric mean force, with an increase of 48.85 N per centimeter of thigh girth (B = 48.85,
95% CI: [29.60, 68.10], p < 0.001). This finding suggests that thigh musculature may also
play a crucial role in force development during CMJ.

Finally, Model 3D revealed that thigh corrected girth was positively associated with
concentric mean power (W), with each additional centimeter corresponding to an increase
of 83.15 W (B = 83.15, 95% CI: [45.30, 121.00], p < 0.001).

3.3. Anthropometric Profile and Players’ Locomotor and Neuromuscular Data

In terms of external load variables derived from GPS, players covered a median
distance of 98.8 m/min (IQR: 90.1–105.2), with a maximum speed of 29.8 km/h (IQR:
28.8–30.9). The frequency of accelerations > 3 m/s2 was 0.6 per minute (IQR: 0.4–0.7),
while decelerations >3 m/s2 occurred at a frequency of 0.7 per minute (IQR: 0.5–0.9). The
distance covered at high intensity (HMLD) was 16.9 m/min (IQR: 13.8–20.0), with a median
of 1.9 sprints per minute (IQR: 1.2–3.0), 0.1 sprint efforts per minute (IQR: 0.1–0.2), and
4.4 m/min of high-speed running (HSR) (IQR: 3.1–6.0). These external load metrics provide
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a detailed picture of the players’ locomotor performance, which is crucial for understanding
their neuromuscular capabilities.

Principal correlations between anthropometric profile and players’ locomotor and
neuromuscular data (i.e., GPS data) are shown in Figure 4. Age demonstrated a consistent
and meaningful association with all eight performance variables. Specifically, older players
covered less distance per minute (r = −0.56; p = 0.006), attained lower maximum speed
(r = −0.67; p < 0.001), and accumulated less high metabolic load distance (r = −0.75;
p = 0.001).

Figure 4. Draftsman correlation plot. Positive correlations are shown in blue and negative correlations
in red. Color intensity and circle size are proportional to the correlation coefficients. J and P; Jackson
and Pollock’s predictive equation; ∑: summation; SKF: skinfolds. * p <0.05.

Anthropometric indicators of adiposity, namely, the sum of six skinfolds (∑6SKF),
the sum of eight skinfolds (∑8SKF), and body fat percentage estimated via Jackson and
Pollock’s predictive equation [32] also exhibited relevant correlations. Among these, %BF
Jackson displayed the strongest and most consistent inverse associations. For example,
a higher %BF was associated with reduced match performance in distance per minute
(r = −0.63; p = 0.001), maximum speed (r = −0.62; p = 0.002), decelerations (r = −0.57;
p = 0.005), and high-speed running (r = −0.53; p = 0.011). Similarly, sprint-related metrics
such as sprint frequency (r = −0.47; p = 0.028) and number of sprints (r = −0.47; p = 0.027)
also showed significant negative correlations with %BF.

Although ∑6SKF and ∑8SKF demonstrated slightly weaker associations, notable
relationships were still observed. For instance, ∑6SKF was negatively correlated with
high-speed running (r = −0.52; p = 0.012) and HMLD per minute (r = −0.49; p = 0.021),
while ∑8SKF showed similar trends (r = −0.52; p = 0.012 for both).
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To further understand the predictive power of body fat on match performance, eight
generalized linear models (GLMs) were developed, as illustrated in Figure 5.

Figure 5. Generalized linear models (GLMs) showing the relationship between body fat percentage
(estimated via the Jackson and Pollock equation) and GPS-derived external match load variables in
Mexican National Team soccer players. All models included body fat (%) as the main predictor and
were fitted using robust estimation and a Gaussian distribution. Each panel displays the regression
line with its 95% confidence interval (shaded area), alongside the unstandardized regression coef-
ficient (B) and corresponding p-value. (A) Distance per minute. (B) Maximum speed. (C) Number
of accelerations > 3 m/s2 per minute. (D) Number of decelerations > 3 m/s2 per minute. (E) High
metabolic load distance per minute. (F) Sprint distance per minute. (G) Number of sprints per minute.
(H) High-speed running per minute.

Model 5A showed a strong negative association between body fat percentage and
in-match distance covered per minute, indicating that higher adiposity may impair players’
locomotor efficiency during a match. Specifically, each 1% increase in body fat was associ-
ated with a decrease of 4.86 m per minute (B = −4.86, 95% CI: [−7.64, −2.09], p < 0.001).

Model 5B examined maximal sprint speed as the outcome variable. Each 1% increase
in body fat led to a reduction of 0.74 m/s in sprint speed (B = −0.74, 95% CI: [−1.13, −0.35],
p < 0.001), suggesting that higher adiposity is linked to a lower maximal velocity capacity.

Model 5C focused on high-intensity accelerations (>3 m/s2), with each 1% increase
in body fat associated with 0.04 fewer accelerations per minute (B = −0.04, 95% CI:
[−0.08, 0.00], p = 0.026).

Model 5D mirrored this trend for decelerations of similar intensity, revealing a decrease
of 0.06 per minute for every 1% increase in body fat (B = −0.06, 95% CI: [−0.11, −0.02],
p = 0.003). These results suggest that excessive body fat may hinder the frequency of
explosive neuromuscular actions.

Model 5E showed a significant negative relationship between body fat percentage and
high metabolic load distance (HMLD) per minute, with a 1.28-m reduction for every 1%
increase in fat (B = −1.28, 95% CI: [−2.28, −0.27], p = 0.004).

Model 5F revealed that the number of sprints per minute declined by 0.21 with each
1% increase in lipid mass (B = −0.21, 95% CI: [−0.43, 0.00], p = 0.030), reinforcing the
limiting impact of adiposity on repeated high-intensity efforts.
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Model 5G addressed the total sprint frequency across the match. Each 1% rise in
body fat was associated with 0.01 fewer sprints overall (B = −0.01, 95% CI: [−0.02, 0.00],
p = 0.026).

Lastly, model 5H revealed a decline of 0.46 m per minute in high-speed running for
each 1% increase in lipid mass (B = −0.46, 95% CI: [−0.82, −0.10], p = 0.005), further under-
scoring the detrimental influence of adiposity on repeated sprint and high-velocity actions.

4. Discussion

4.1. Characteristics of the Anthropometric Profile

The main findings of this study revealed significant differences in physical characteris-
tics across positions, highlighting how these are adapted to the specific demands of each
role in the game. Goalkeepers stood out due to their higher body mass, stretch stature,
and girths, reflecting their need for stability and control in physical contact situations.
Additionally, this group exhibited the highest body fat percentages and estimated muscle
mass, attributes linked to the demands of their position. In contrast, offensive midfielders
were characterized by lower body mass, stretch stature, skinfold thickness, and girths. This
profile aligns with their tactical role, which requires high agility and dynamism.

The lateral and central defenders showed specific positional differences in body mass
and girths, reflecting physical adaptations related to their contact and coverage functions.

A comparison between the results of this study and an anthropometric study con-
ducted on Mexican national team players who participated in the 2002 Korea/Japan World
Cup [4] highlighted the following points of comparison. The players in this study had
higher average values for body mass (77.9 vs. 74.0 kg) and stretch stature (179.4 vs.
175.0 cm). Regarding body composition, the footballers in this study showed a lower
body fat percentage (5.9 vs. 10.0%) compared to those evaluated 23 years ago in the
pre-competitive stage leading up to the aforementioned World Cup. It is important to
note that the average estimate for body fat percentage in the 2002 sample was derived
from the same Jackson and Pollock equation used in this study. Therefore, based on an
average extrapolation, current players have higher muscle mass and lean body mass, with
an average of 3.9 kg more body mass.

The differences between the previous study and this one were significant. The pre-
vious research did not differentiate playing positions, while the current study clearly
distinguishes physical characteristics by position, also incorporating specific indicators
such as corrected thigh and leg girths, which emphasize the importance of peripheral
muscle development in locomotor performance.

Most of the publications describing the anthropometric profile of soccer players at the
international level have focused on players from lower categories at the state level [5] or
from the first division in different countries [6–9,43,44]. Compared to 184 Italian players
from Serie A studied by Petri et al. [9], the Mexican players in this sample had a shorter
stretch stature (Mex: 179.9 cm vs. Ita: 183.9 cm), lower average body mass (Mex: 76.8 kg vs.
Ita: 79.2 kg), a lower sum of eight skinfolds (Mex: 51.5 mm vs. Ita: 59 mm), and a similar
BMI (Mex: 23.6 kg/m2 vs. Ita: 23.3 kg/m2).

In comparison to first division players from Brazil and Argentina, the Mexican soccer
players showed similar characteristics in terms of average body mass and stretch stature
for each playing position [7,8]. Qualitatively, goalkeepers consistently had higher body
mass and stretch stature than other positions, while offensive midfielders showed the
lowest values. Quantitatively, the Mexican goalkeepers in the sample analyzed (186.2 cm
and 84.5 kg) were in the intermediate range compared to Brazilian goalkeepers (188.1 cm
and 88.7 kg) and Argentine goalkeepers (185.4 cm and 83.7 kg). Similarly, the Mexican
offensive midfielders (173.5 cm and 68.6 kg) had morphological characteristics similar to
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those of Brazilian players (176.4 cm and 71.9 kg) and Argentine players (173.2 cm and
71.6 kg). These findings suggest that, while there are slight differences between countries,
the anthropometric dimensions of Mexican soccer players do not differ substantially from
those reported in the leading South American leagues.

However, despite the clear similarities between the players studied and those from
these two countries, football is one of the sports with the greatest morphological variability
at the international level, even within each playing position. While there are certain trends
within positions according to their function, the variability within each is considerably
wide [45]. For example, among the players who participated in the 2018 World Cup in
Russia, goalkeepers had stretch stature and body mass variability ranges from 178 to 201 cm
and 70 to 98 kg, defenders from 167 to 200 cm and 61 to 99 kg, midfielders from 165 to
197 cm and 59 to 90 kg, and forwards from 168 to 197 cm and 61 to 98 kg. This suggests that
anthropometric demands may not contribute significantly to the variance associated with
success, as occurs in sports like basketball, which is more dependent on absolute stretch
stature [46].

The sum of skinfolds was another variable in which Mexican players showed lower
average values (38.5 mm) compared to Argentine footballers (50.9 mm), considering the
sum of six skinfolds in both cases. Similarly, when analyzing the sum of eight skinfolds,
the Mexican players’ averages (50.5 mm) were lower than those reported for Italian players
(51.3 mm), all belonging to first division teams in their respective countries. It is worth
mentioning that this research not only presents the sum of skinfolds but also provides
reference values obtained through various equations for estimating body fat percentage,
which will allow for broader comparisons with other populations of footballers in future
studies. This characteristic constitutes one of the strengths of this work [20–30].

Most of the internationally known equations in the sports field have been validated in
different countries using DXA, although not all studies have yielded the same results. This
highlights the principle of population specificity and the need to employ various equations
in the study of population groups, as in this research [47–49]. In Mexico, the equations by
Oliver, Ball, Civar, and Wilmore were the most accurate for estimating body fat percentage
(BF%) compared to DXA in male professional footballers [47]. In Colombia, the body fat
percentage calculation using the five-site split and the Durnin and Womersley equation
most closely matched the results obtained with DXA in professional Colombian soccer
players [48]. In Spanish first division players, the best field equation for assessing body
fat percentage was based on iliac crest and triceps skinfolds, as well as the sum of triceps,
subscapular, suprailiac, and abdominal skinfolds, since this combination also showed a
good correlation with DXA [49].

4.2. Associations Between Anthropometric Profile and Neuromuscular Performance

Neuromuscular performance, particularly in tasks requiring explosiveness such as
jumping, has been widely investigated in sports science. A notable example is the study
by Gutiérrez and Monrroy [4], who assessed the Mexican national soccer team prior to
their participation in the FIFA World Cup Korea/Japan 2002, reporting an average vertical
jump height of 45 ± 8 cm. This finding highlights the relevance of explosive capacities in
elite-level soccer players.

In line with this approach, the present study also evaluated neuromuscular perfor-
mance in a sample of 22 soccer players using the countermovement jump (CMJ) test,
yielding an average jump height of 41.65 ± 3.41 cm. It is worth noting that, due to method-
ological differences between tests, the values obtained via CMJ may have been higher if the
traditional vertical jump protocol used in 2002 had been applied.
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Beyond jump height, this study adopted a more integrative perspective of neuromus-
cular performance by identifying significant associations between corrected muscle girths
and strength and power variables such as concentric impulse (r = 0.92; p < 0.001) and
peak power (r = 0.77; p < 0.001). These results are consistent with an association between
muscular development and explosive performance.

These findings align with the observations of Ramírez-Munera et al. [13], who high-
lighted that greater muscle volume significantly enhances performance in explosive actions.
Additionally, a negative correlation was observed between the sum of eight skinfolds (Σ8
Skinfolds) and jump height (r = −0.43), which, although not statistically significant, provides
theoretical evidence of the potential impact of adiposity on neuromuscular performance.

This result is consistent with the hypothesis that a higher lipid mass may be associated
with an increased inertial load, as noted by authors such as Toro-Román et al. [11]. However,
the lack of statistical significance may be due to the limited sample size or the need for
more position-specific analyses.

Furthermore, a positive correlation was identified between stretch stature and con-
centric impulse (r = 0.82; p < 0.01), suggesting that players with greater limb length may
benefit from more favorable mechanics to generate force during take-off. This association
is consistent with the findings reported by Bustamante-Garrido et al. [9], reinforcing the
link between biomechanics and performance in disciplines that demand explosive abilities.

4.3. Associations Between the Anthropometric Profile and Locomotor Performance

Body fat percentage (%BF) is associated with differences in the locomotor performance
of soccer players, particularly when considering metrics obtained through GPS monitoring.
In this study, significant negative associations were identified between %BF and key vari-
ables such as distance covered per minute (B = −4.86, p < 0.001) and maximum sprint speed
(B = −0.74, p < 0.001). These results indicate that higher levels of adiposity are associated
with reduced locomotor efficiency and, consequently, the players’ tactical responsiveness
during match play.

These findings are consistent with those reported by Enes et al. [50], who concluded
that a lower proportion of body fat, together with better aerobic system development, is
associated with superior sprint performance—underscoring the importance of the anthro-
pometric profile in meeting the demands of modern soccer.

Additionally, it was observed that an increase in %BF was associated with a reduced
ability to perform accelerations above 3 m/s2 (B = −0.04, p = 0.026) and rapid decelerations
(B = −0.06, p = 0.003). These results support the findings of Daly et al. [51], who reported
that players with lower body fat percentages were able to sustain a higher number of
high-intensity sprints during a match.

From a tactical standpoint, these limitations are especially relevant for positions such
as wingers or forwards, who rely on explosive actions to gain advantages in tight spaces
or rapid transitions. Consequently, body composition management emerges not only as a
matter of health and fitness but also as a strategic tool for optimizing soccer performance.

4.4. Relevance of the Mathematical Model and Comparison with Other Approaches

The implementation of generalized linear models (GLMs) with robust estimation
and adjustment for key variables such as body mass and age represents one of the main
methodological contributions of this study. This approach not only reduces the influence of
outliers and heteroscedasticity issues but also ensures that the observed associations are
statistically robust and representative of the specific context of the players evaluated.

Unlike previous approaches, such as that proposed by Fields et al. [52], which incor-
porate mixed metrics or lack individualized adjustments, the model used in this study
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focuses exclusively on objective and standardized variables. This provides a framework for
exploring associations between adiposity indicators (Σ8 skinfolds and %BF) and specific
locomotor metrics such as HMLD/min and HSR/min. This approach yielded findings of
high practical utility for monitoring and intervention in professional sports contexts.

Adjusting for age and body mass provides the model with a particular sensitivity to
detect differences within a restricted and homogeneous group, such as the Mexican national
team. In contrast to broader but less personalized studies, such as that of Daly et al. [50],
this methodology enables the extraction of relevant individual-level patterns and the gen-
eration of specific recommendations for designing physical and nutritional interventions.

The results show that body fat percentage (%BF) has a significant negative association
with various locomotor metrics. For example, the distance covered per minute yielded a
coefficient of B = −4.86 (95% CI: [−7.64, −2.09], p < 0.001), indicating that, for each addi-
tional unit of %BF, players cover, on average, 4.86 m per minute. This finding underscores
how higher adiposity levels compromise movement efficiency and are associated with
differences in player involvement in offensive and defensive transitions.

Previous studies support this association. Varley et al. [53], for instance, reported
that increased leg cell mass positively correlates with metrics such as total distance cov-
ered (r = 0.44), accelerations (r = 0.45), and decelerations (r = 0.49), suggesting that body
composition is associated with differences in locomotor efficiency. Similarly, Şahin and
Sanioğlu [54], in their analysis of 63 amateur Turkish footballers, observed that increases in
%BF negatively affected 10- and 15-m sprint distances and acceleration, explaining up to
9.4% of the variance in performance.

From a tactical perspective, these locomotor limitations have clear implications. Po-
sitions such as wingers and attacking midfielders require a high capacity for sustained
movement to generate passing lanes, support transitions, and apply high pressure. An
elevated %BF may restrict these functions, reducing the player’s tactical effectiveness.
In this regard, Kapteijns et al. [55] emphasized that soccer players with more efficient
body composition profiles tend to perform a greater number of high-intensity actions,
particularly in roles that demand constant dynamism.

Additionally, the study showed that a higher %BF is associated with lower maximum
sprint speed (B = −0.74, 95% CI: [−1.13, −0.35], p < 0.001), which is associated with a
reduced ability to compete in one-on-one duels or recover defensive positions. These results
are consistent with those of Ishida et al. [12], who found significant correlations between
%BF and 10-m sprint times (r = −0.45 to −0.53) and 20-m sprint times (r = −0.40 to −0.49),
reinforcing the notion that body fat is a limiting factor in explosive soccer performance.

4.5. Strengths and Limitations

This study presents several methodological and analytical strengths that enhance the
validity of its findings. First, internationally validated methods were used to estimate
body composition, including specific equations and comparative metrics according to
playing position. This methodological diversity enables a more accurate, contextualized,
and applicable assessment across different player profiles within soccer. Additionally, the
consideration of anthropometric differences by playing position provides relevant insights
into the specific physical demands imposed by each role on the field, which can inform
both training program design and talent identification and development processes.

Another notable strength lies in the statistical robustness of the analytical approach
employed. The mathematical model is based on generalized linear models (GLMs) with
robust estimation controls for the influence of outliers and heteroscedasticity, thereby
increasing the reliability of the observed associations. This type of analysis facilitates the
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identification of consistent and clinically meaningful patterns, even in moderate sample
sizes such as the one used in this study.

However, certain limitations should also be acknowledged. The relatively small
sample size and its restriction to Mexican players limit the generalizability of the results
to other populations or competitive levels. This means that, although the findings are
robust within the specific context analyzed, caution is required when extrapolating them to
different settings, such as European leagues or youth categories. Moreover, the exclusion
of interaction terms from the model limits the exploration of potential combined effects
between key variables, such as the interaction between playing position and body fat
percentage. This limitation reduces the model’s capacity to capture the inherent complexity
of soccer performance.

Lastly, the cross-sectional nature of the study prevents the observation of longitudinal
changes in anthropometric profiles and performance over time. Incorporating a longitudinal
analysis would enable a more comprehensive evaluation of the effects of training, competitive
load, and other contextual variables on body composition and locomotor metrics.

4.6. Practical Implications

The models developed in this study suggest that optimal body composition—
particularly, lower adiposity and well-developed lower limb musculature—is associated
with enhanced locomotor and neuromuscular performance in soccer.

This finding highlights the importance of implementing individualized training and
nutritional strategies tailored to the specific demands of each playing position. Furthermore,
the use of generalized linear models (GLMs) allowed for a clear identification of these
relationships, reinforcing the value of regular body composition monitoring as a potential
indicator for tailoring strategies to support physical and tactical performance.

5. Conclusions

This study provides solid evidence of the influence of body composition on the athletic
performance of soccer players. The results highlight position-specific differences in the
anthropometric profiles of professional players. Furthermore, this exploratory analysis
identified general associations between adiposity, GPS-derived metrics, and neuromuscular
capacity. Although these associations were not examined by playing position due to
sample size limitations, they provide valuable insights for performance monitoring and
optimization. The findings emphasize the importance of tailoring dietary, training, and
strategic programs to positional and tactical demands, thereby supporting a comprehensive
approach to maximize individual efficiency and performance.
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Abstract: Return to play (RTP) decision making in professional soccer is crucial for minimis-
ing re-injury risk, reducing financial burdens on clubs, and optimising player performance.
Despite its significance, there is a lack of objective criteria and consensus on RTP for ad-
ductor longus injuries, one of the most common muscle injuries in soccer. The aim of the
present consensus was to validate an RTP protocol based on clinical, functional, and perfor-
mance criteria through expert evaluation. This study hypothesises that a validated RTP
protocol for adductor longus injuries will enhance decision making, reduce re-injury rates,
and improve player performance upon return. An observational survey was designed to
validate an RTP protocol through an expert panel. A total of 63 injury-management profes-
sionals (strength and conditioning coaches, physiotherapists, doctors, and rehabilitation
fitness coaches) with an average experience of 12.02 ± 6.87 years participated in validating
a 20-criteria RTP protocol. The protocol, divided into clinical, functional, and performance
criteria, was assessed using a 5-point Likert scale. Aiken’s V coefficient was calculated for
content validity, with criteria validated if Aiken’s V ≥ 0.75. Out of 20 initial RTP criteria,
14 were validated by the expert panel, with Aiken’s V ranging from 0.77 to 0.94 (overall
range: 0.61–0.98). Key validated criteria included pain on palpation, flexibility, imaging,
athlete feedback, strength assessments, movement quality, pre-injury GPS data, and per-
formance under simulated match conditions. Criteria such as the Copenhagen adduction
exercise and specific agility tests were not validated. The expert-validated RTP protocol
for adductor longus injuries provides a structured approach to decision making, poten-
tially reducing re-injury risk, improving rehabilitation strategies, and enhancing player
performance. These findings could be integrated into clinical sports-medicine practices to
enhance rehabilitation effectiveness and RTP decisions in professional soccer.

Keywords: exit criteria; rehabilitation; return to performance; groin injuries; muscle injuries

1. Introduction

One of the major factors that impact the professional development and performance
of the soccer player is injuries. The overall incidence of injuries in professional male
soccer players was 8.1 injuries/1000 h of exposure [1]. The second most common muscle
injury is that affecting the adductor [2]. In elite soccer, the season prevalence of acute
adductor time-loss injuries is 14%, resulting in a mean (± SD; standard deviation) absence
of 14 ± 24 days [2]. In epidemiological studies on elite European soccer, the re-injury rate
over the first two months after returning from injury was reported to be 18% after acute
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adductor injuries [2].When an injury occurs, it is essential to return quickly and with the
lowest risk of recurrence to mitigate the effects on individual and team performance, as
well as the implication that injuries have on the club’s finances [1,3].

The decision to return to play (RTP) is a complex process based on the assessment of
health and risk activity but is also influenced by the assessment of risk tolerance [4]. The
combination of clinical, physiological, conditional, and performance information will be
essential for optimal decision making. In addition, multidisciplinary and interdisciplinary
work will be one of the keys to success, but it will be fundamental to establish criteria with
solid scientific evidence due to the lack of clarity and consensus in the RTP process [5,6].
Nowadays, rehabilitation and reconditioning programmes are becoming more and more
complete and holistic in their approach, seeking to address each of the phases of the injury,
as well as each of the functions developed by the different professionals involved in the
process [6,7].

In addition, we have found some studies related to criteria for RTP, based on the
Delphi consensus, where the criteria for hamstring and groin pain injuries were estab-
lished [4,8,9]. We also found a recent review on RTP criteria in hamstring injuries, where
these were divided into three categories: clinical, strength, and performance criteria [8].
These were based on criteria related to functional, performance, strength, flexibility, pain,
and player’s confidence. Strength assessment, performance analysis, and a sport-specific
skills assessment, such as sprinting in hamstring injuries, were highly valued as criteria in
RTP decision making [4,9].

However, we did not find specific and objective information on the exit criteria, nor a
consensus in the RTP for acute adductor injuries. The aim of this study will be to validate a
protocol, composed of clinical, functional, and performance-based criteria for RTP decision
making for adductor longus injuries through a panel of experts. The methodology used
differs from that used in the Delphi consensus [4,9], where consensus is achieved through
different rounds of anonymous questionnaires. In addition, this research focused on the
adductor longus injury.

2. Methods

2.1. Study Design

An observational survey was designed to determine RTP after adductor longus injury,
consisting of 20 criteria. This protocol was validated anonymously by a panel of experts
and the most relevant criteria were used to determine the RTP protocol.

2.2. Participants

A total of 67 experts in the field of injuries (S&C coaches, physios, doctors, and rehab
fitness coaches) were contacted to validate the RTP protocol. Four experts did not respond
to the calls or/and emails, and ultimately 63 participated (age = 37.85 ± 8.17 years) as
experts in the validation. In addition, all experts signed a voluntary consent form where it
was explained that they had the right to withdraw from the study. They had a professional
experience of 12.02 ± 6.87 years in elite clubs and national teams (Figure 1). The nationality
of experts were Spanish (n = 46), Swiss (n = 5), Portuguese (n = 2), Greek (n = 3), British
(n = 1), Mexican (n = 1), Argentine (n = 1), American (n = 1), Italian (n = 2), and French
(n = 1).

In order to be considered eligible to participate in the study, the following inclusion
criteria were established: [1] Practical experience in rehabilitation programmes for at least
3 years; [2] experience in multidisciplinary and interdisciplinary work in elite and/or
pre-elite soccer of at least 3 years; [3] experience in scientific methodology and/or clinical
expertise. The entire study procedure was conducted in accordance with the outlines stated
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in the WMA Declaration of Helsinki on the ethical principles for research involving human
subjects. The study was approved by the ethical committee of the Universidad Rey Juan
Carlos (registration number: 1601202303423; 9 March 2023).

Figure 1. The profile of the panel of experts consisting of S&C coaches, physios, doctors and rehab
fitness coaches.

2.3. Procedure

The RTP questionnaire was composed of twenty criteria. The criteria were divided into
three categories: clinical, functional, and performance criteria, all of which were selected
based on the literature with the objective of investigating each expert’s assessment of the
RTP process (Table 1).

Table 1. RTP questionnaire.

Criteria Question

Clinical
criteria

-Do you analyse the presence of pain on palpation when evaluating
RTP in adductor longus injury?
-Do you analyse flexibility when assessing RTP in adductor longus
injury?
-Do you use imaging to evaluate RTP in adductor longus injury?
-Do you use Hip and Groin Outcome Score (HAGOS) when evaluating
RTP in adductor longus injury?
-Do you analyse the athlete’s feedback during the RTP evaluation
process in adductor longus injury?

Functional
criteria

-Do you use strength testing when evaluating RTP in adductor longus
injury?
Hip adduction/abduction 45◦/60◦/90◦ (Ex: Force Frame Test Protocol)
-Do you analyse the presence of pain on strength tests when evaluating
RTP in adductor longus injury?
-Do you use the pain-free Copenhagen adduction (10 repetitions) when
assessing RTP in adductor longus injury?
-Do you use isometric hip-adductor strength as a criterion for RTP in
adductor longus injury?
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Table 1. Cont.

Criteria Question

-Do you use eccentric hip-adductor strength as a criterion for RTP in
adductor longus injury?
-Do you analyse the presence of pain in basic strength exercises when
evaluating RTP in adductor longus injury?
-Do you use Counter-Movement Jump (CMJ) (presence of pain) and/or
comparison with pre-injury value (Force Decks, apps or others) when
evaluating RTP in adductor longus injury?
-Do you use a side-to-side comparison in single-leg squat jump (Force
Decks, apps or others) when evaluating RTP in adductor longus
injury?

Performance
criteria

-Do you analyse whether the injured athlete achieves 75–80% of
pre-injury Global Positioning System (GPS) values when assessing RTP
in adductor longus injury?
-Do you use Repeated Sprint ability test when assessing RTP in
adductor longus injury?
-Do you use the L-Test/T-Test or/and Illinois agility test when
evaluating RTP in adductor longus injury?
-Do you use tasks in “worst case scenarios” (change in direction
unplanned, sprints, High Chaos) when evaluating RTP in adductor
longus injury?
-Do you analyse quality of movement in planned and unplanned
change in direction when evaluating RTP in adductor longus injury?
-Do you use planned and unplanned kicking tasks at different
distances and intensities when evaluating RTP in adductor longus
injury?
-Do you analyse whether the injured athlete achieves high-load team
training sessions (3–5 sessions) when evaluating RTP in adductor
longus injury?

The RTP questionnaire was submitted via email and collected using Google online
forms. The sentence “Do you use/analyse X when evaluating RTP in adductor longus
injury?” was used. It was a closed question, which had a unique response from the experts.
They were asked to rate each criteria on a 5-point Likert-type scale to express their degree
of agreement, with values from 1 to 5 (Strongly disagree (=1), disagree (=2), neutral (=3),
agree (=4), Strongly agree (=5).

2.4. Statistical Analysis

The coefficient of content validation was calculated using Aiken’s V, and its 95%
confidence intervals were also determined [10]. An item was determined to be validated
when the value of Aiken’s V was ≥ 0.75 [10]. The calculations were carried out using
Microsoft Excel 2016 software (Microsoft®, Redmond, WA, USA).

3. Results

Of the 20 RTP criteria, only 14 were considered valid, as the quantitative values given
by the group of 63 experts were very high and were reflected in the Aiken V values (Table 2).
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Table 2. The item content relevance score for all the twenty items as per the 63 experts, the Aiken’s V
and the 95% confidence intervals (CI) of Aiken’s V. The ratings of the 63 experts varied on a scale
from 1 to 5, where 1 corresponded to very poor relevance and 5 corresponded to very high relevance.

Ítem 1 2 3 4 5 Average Aiken’s V (95% CI)

1. Pain in palpation 1 4 7 33 18 4.00 0.75 (0.59–0.85)
2. Flexibility 1 10 28 24 4.19 0.80 (0.64–0.89)
3. Use of imaging 2 13 25 23 4.10 0.77 (0.62–0.87)
4. Hip and Groin Outcome Score 3 8 18 25 9 3.46 0.62 (0.46–0.74)
5. Athlete feedback 16 47 4.75 0.94 (0.81–0.97)
6. Strength assessment 1 5 27 30 4.37 0.84 (0.69–0.92)
7. Pain strength tests 1 21 41 4.63 0.91 (0.78–0.96)
8. Copenhagen adduction 4 24 23 12 3.68 0.67 (0.51–0.79)
9. Isometric hip adductors 1 7 31 24 4.24 0.81 (0.66–0.90)
10. Eccentric hip adductors 2 2 9 24 26 4.11 0.78 (0.62–0.87)
11. Pain in strength exercises 2 3 27 31 4.38 0.85 (0.70–0.92)
12. CMJ 1 6 17 18 21 3.83 0.71 (0.55–0.82)
13. Single-leg squat jump 1 7 16 21 18 3.76 0.69 (0.53–0.81)
14. Pre-injury GPS values 1 1 8 23 30 4.27 0.82 (0.67–0.90)
15. Repeated Sprint ability test 9 23 16 15 3.59 0.65 (0.49–0.77)
16. L-Test/T-Test or agility test 2 5 22 21 13 3.60 0.65 (0.49–0.77)
17. Worst-case scenarios 2 1 5 23 32 4.30 0.83 (0.68–0.91)
18. Planned and unplanned CoD 2 9 32 20 4.11 0.78 (0.62–0.87)
19. Planned and unplanned kicking 3 25 35 4.51 0.88 (0.74–0.94)
20. High-load team training sessions 9 27 27 4.29 0.82 (0.67–0.91)

4. Discussion

The study was designed to the validation process of a protocol to improve decision-
making during RTP. The protocol was composed of 20 criteria divided into three sections
(clinical, functional, and performance). Sixty-three experts (S&C coaches, physios, doctors,
and rehab fitness coaches) participated in the validation of the protocol, which proved to
have high validity, with high scores obtained on each of the programme items, although it
should be noted that 6 of the proposed criteria were not validated by the experts. In the
end, 14 criteria were validated by the experts (Figure 2).

4.1. Clinical Criteria

Pain on palpation, flexibility, use of imaging techniques, and athlete’s feedback were
highly rated (Aiken’s V = 0.75; 0.80; 0.77; and 0.94) by the experts. Recent studies indicate
that palpation pain and flexibility during clinical examinations are of great importance
during the injury recovery process, in order to progress through the different phases,
but they are also of great relevance as criteria in the RTP. However, we must take these
results with caution, as Delphi’s study [4] reported that there was no consensus among
the participants regarding flexibility in adductor-related groin pain. On the other hand,
previous studies related to RTP after hamstring injury observed flexibility as one of the
most important criteria during RTP [11–13].

The criterion that received the highest value (Aiken’s V = 0.94) from the experts was
athlete’s feedback. Previous studies showed the importance of this aspect in the RTP in
muscle injuries [11–13]. Factors such as fear of pain, re-injury, and high motivation could
have an important impact on the injured athlete and condition their RTP [8]. Moreover, the
use of imaging was positively assessed by experts. It is a very useful tool to know the state
of healing of the injured tissue and to have an objective assessment of the process from the
clinical criterion, which can help us to identify red flags and to obtain a better diagnosis of
the injury, but there are several studies that do not agree with establishing it as a criterion in
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the RTP [4,14,15]. As a downside, the HAGOS questionnaire was not validated by experts,
although it is a very effective tool for identifying hip and/or groin problems [16], but this
was perhaps insufficient to determine it as a criterion in the RTP (Aiken’s V < 0.62).

Figure 2. Validated RTP protocol. Only 14 criteria were determined as valid by the expert group.

4.2. Functional Criteria

In relation to the functional criteria for determining the RTP, it should be noted that
the experts valued very confidently those criteria related to tests to measure the levels of
adduction/abduction strength, pain during the execution of these and different types of
contraction. In a meta-analysis [17], the most relevant factors for determining athletes with
hip/groin pain were determined. It was specified that the reduction in strength levels in
the adductor squeeze test can be used for such determination. A cutoff point of 465.33
N was associated with a 72% increased risk of injury [18]. In addition, there is an 83%
probability of injury when force to body mass are values below 6.971 N/kg. In conclusion,
this test is a simple, reliable, and cost-effective screening tool [18]. Previous studies [4,19] as
well as our results agree on the importance of assessing the isometric and eccentric strength
of the adductors, and evaluating the symmetry between both sides, as it seems to be an
important tool for the assessment of adductor isometric and eccentric strength.

On the other hand, it should be distinguished that jumping assessments such as the
Counter-Movement Jump or the single-leg squat were not validated by the experts as RTP
criteria (Aiken’s V < 0.70). Perhaps skills such as jumping or one-legged hopping are more
closely related to knee injury, such as those affecting the ACL, as we have observed in
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previous studies [7,20]. Furthermore, a previous study [19] proposed the performance of
10 repetitions of the Copenhagen exercise as an RTP criterion, one of the most commonly
used exercises during hip adductor injuries [21], but the experts did not validate this
exercise for inclusion in the RTP protocol either (Aiken’s V < 0.67). This is perhaps an
interesting tool to use during the rehabilitation process, but insufficient to assess the RTP
after an adductor longus injury.

4.3. Performance Criteria

It should be noted that the experts validated with great importance the performance
criteria, determining them to be probably the closest to the environment of the training
and competition context [4,6–8]. The specific skills that were assessed by the experts were
directly related to the mechanisms of adductor longus injury (kicking, sprint, and change
in direction) [4,15,19]. It seems that “kicking a ball” or change in direction are actions that
are directly related to adductor longus injury, so the assessment of these skills may serve
as a more relevant criterion in the RTP assessment process [4]. Nevertheless, the experts
did not consider the assessment of the sprint to be of great importance (Aiken’s V < 0.65),
although previous studies [8,12] do justify the importance of this type of test in hamstring
injury, probably because of its direct involvement in the mechanism of injury. On the other
hand, they did not consider the manoeuvrability and/or agility tests (L-Test/T-Test or/and
Illinois) to be of great relevance either, perhaps because they are carried out in a closed
and planned environment. It should be distinguished that previous studies [22,23] have
indicated the relevance of change in direction in hip/groin pain, as when an injury occurs
there are kinematic and kinetic changes that can affect the correct mechanics of movement
and thus increase the risk of re-injury, so the authors suggest the importance of working
on the re-education of this skill during the rehabilitation process. The experts validated
the evaluation of the change in direction in open and closed environments as a criterion,
where uncertainty plays a fundamental role in the development of these tasks and brings
the injured athlete closer to the real context of their sport [24,25].

In addition, the experts confidently valued the criteria related to the worst-case sce-
narios and the importance of reaching pre-injury GPS values (Aiken’s V > 0.80). Several
authors [26,27] have already defined the importance of these aspects during the final phase
of rehabilitation in injuries. A previous study [24] shows the “control-chaos continuum”
that are used in the rehabilitation programmes to simulate situations of maximum demand
close to the reality of competition. On the other hand, previous studies [6,7,24] defined
the RTP criterion as achieving GPS performance values during the rehabilitation process
that are close to pre-injury values, with the aim of adapting the injured athlete to the
conditional demand that they will encounter on his return to training with the team and
return to play. Finally, the return to team training and high-demand sessions with the team
was rated very clearly by the experts. It will be the last step prior to the RTP and many
studies [6–8,12,19,26,27] observed this phase of the process as a fundamental criterion for
returning to competition.

To conclude, one of the future lines of research could be to evaluate the efficacy of
the protocol in soccer players with an adductor longus injury. Additionally, it should be
noted that the sample used was representative and that they had significant professional
and academic experience, but the results should perhaps be interpreted with caution, and
a larger sample and greater variability in the nationality of experts or the possibility that
they can add comments or extra criteria could possibly be taken into account for a future
line of research.
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5. Conclusions

A protocol to improve decisions during RTP following an adductor longus injury was
validated by a group of experts, although 6 criteria out of the 20 proposed were discarded.
The protocol was divided into three categories in order to unify the RTP criteria of the
different professionals involved in a rehabilitation programme. This protocol could help
clubs in their decisions during a player’s return to competition after an adductor injury, in
order to reduce the risk of re-injury, enhance the injured player’s performance, and reduce
the costs generated by injury.
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Abstract: Background: An adapted competition should create a favourable environment to
tailor the feedback provided to the needs of young athletes. The aim of this study was to
analyse the influence of rule modification on the type of feedback given by coaches to young
football players. Method: The study sample consisted of four under-10 male coaches from
four Spanish teams. The analysis was conducted using a quasi-experimental A-B design,
in which two tournaments were played: Tournament 1 with the official Spanish Football
Federation (RFEF) rules and Tournament 2 with rule modifications. All the feedback
provided by the group of coaches during the two tournaments was recorded, yielding a
total of 4.386 for Tournament 1 and 3.728 for Tournament 2. Results: The results showed
that in both tournaments, the predominant feedback from the coaches was individual,
prescriptive, affective, and non-valuable. However, they indicated that the orientation of
the feedback and its autonomy positively varied during the adapted competition. The data
obtained align with the results of other studies on the type of feedback given by coaches,
despite some differing from scientific recommendations. Conclusions: It can be concluded
that the modified rule competition promoted changes in the type of feedback provided by
the coaches.

Keywords: sport initiation; competition; under-10

1. Introduction

Competition is a key component of the teaching–learning process in initiation sports,
as it provides a practice that covers most of the learning situations that are essential for
the training of players. At the same time, it offers massive practice if the player is active
for a long time, which is the most beneficial for the training process [1,2]. Furthermore,
competition promotes the transfer of learning [3,4] as it involves the construction and search
for solutions to problems. Likewise, competition increases the motivation of participants
and makes the teaching–learning process more attractive [5] and motivating [6] due to
people’s ambition to compare themselves with others. Therefore, many authors support its
use in the training of athletes [7,8].

Nevertheless, the current form of competition in youth sport is not conducive to achieving
the goals and formative values that should be attained in the initiation phase [9,10]. In this
sense, the scientific literature argues that for competition to be truly formative and meaningful,
it must be adapted to the characteristics and level of the players [4,11,12], which would also
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increase the development of participants’ skills [13]. Various measures have been proposed
to achieve the necessary adaptation, such as changing the rules or influencing the role of the
coach [14]. In the case of badminton, it has been demonstrated that reducing the dimensions
of the court and lowering the height of the net has a beneficial impact on the acquisition of
skills among participants, encouraging the use of a greater variety of strokes [15]. In tennis,
a reduction in racket size and weight, coupled with the use of larger and slower balls, has
been shown to result in more accurate strokes by players [13]. Modifying the height of the net
has been shown to encourage a more varied and assertive style of play, while also enhancing
the motivation of the participants [16]. The alteration of the rules engenders a favourable
experience for players, thereby enhancing their perception of self-efficacy [17].

Conversely, in team sports, alterations to the dimensions of the field in association
football during training stages have been shown to encourage decision-making and facili-
tate the technical and tactical development of players [18]. The technical–tactical variability
of young players in football is enhanced when aspects of the competition are modified,
including the system of confrontations, the form of scoring and/or the size of the goal [19].
In beach handball, the adaptation of certain rules for trainee players up to the age of 11 and
the modification of field dimensions and ball size, among other factors, has been shown to
encourage player participation and adherence to the game [20]. Modifying the dimensions
of the playing field to accommodate younger players, such as bringing the three-point
line closer in basketball, results in alterations to the game conditions as players adapt
their throwing movements, which in turn leads to a reduction in unfavourable movement
patterns [21,22]. The actions of the coach have a significant impact on the learning outcomes
of the players [23,24]. Nevertheless, coaches do not always conduct themselves in an appro-
priate manner, and they frequently exhibit negative or non-formative behaviours regarding
values [25,26]. It is imperative that positive behaviours are the dominant force within
the teaching–learning processes of beginner players [25]. Therefore, it is of the utmost
importance that coaches receive comprehensive training and possess a clear understanding
of the appropriate times and methods for providing feedback, in order to fully capitalise
on its advantages [24].

Feedback can be defined as the set of information provided to an athlete or student
after performing a motor execution, with the objective of influencing the same or the next
action, thereby ensuring the acquisition of quality learning [27]. This process is aimed
at closing the gap between current and desired learning outcomes [28]. The feedback,
whether internal or external, that occurs between one action and another and that allows
for modification of the execution or confirmation of the expected action is the determining
factor in whether learning is meaningful [27]. Furthermore, it has been demonstrated that
providing students with feedback can enhance their motivation and autonomy while also
improving the classroom or team climate [29,30].

The literature offers recommendations for providing effective feedback, which are
based on aspects related to the type of feedback, the timing of feedback, and the fre-
quency of feedback [27,29]. The type of feedback can be classified in the following manner,
as evidenced [22,27,31]: (a) direction (individual/group), indicating whether the infor-
mation is addressed to a specific person or to several people; (b) emotional orientation
(positive/negative/neutral), depending on the form and content of the feedback; and the
intention of the feedback can be evaluative, descriptive, prescriptive, affective, or interrog-
ative. Furthermore, some authors [32] have supplemented the classification of feedback
types with the variable autonomy. The degree to which the type of feedback provided
allows the individual to exert control over their teaching–learning process [33] has been
evaluated [33].
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A review of the scientific literature on the type of feedback that should be provided in
competitive settings, with a particular focus on the initiation of sports, suggests a preference
for the use of positive feedback [24,25]. In alignment with the intended outcome, feedback
should be prescriptive, affective, and, on occasion, interrogative. The latter is recommended
for guiding discovery learning [34,35]. In addition, coaches should provide feedback that
is tailored to the individual [36]. Moreover, research indicates that appropriate feedback
should facilitate the autonomy of the performer, thereby enhancing their experience of
practice [37]. Additionally, feedback should convey values, as this is a primary objective in
sport [38].

Sport constitutes an appropriate vehicle for the transmission of personal and social
values to those who engage in it [39]. This is particularly salient in the context of sport
initiation, where players are undergoing a process of maturational development at all
levels, psychological, moral, and social [40]. These values can be further subdivided into
those specifically associated with the practice of sport. For example, respect can be linked
to fair play, sportsmanship, and tolerance [41,42]. While sport does not inherently possess
educational value, the integration of values must be conducted through coaches, who
should explicitly and concretely demonstrate the values they wish to in their athletes, and
who should also utilise feedback in a manner like that employed with technical and tactical
content [43]. These values are not currently evident in the competitions that take place, and
the inherent competitiveness of such events has been found to result in a decrease in the
inculcation of values [9]. In particular, the evidence suggests that younger football coaches
are more likely to engage in negative behaviours toward their players, including the use of
inappropriate language and expressions of regret, than positive behaviours [26].

The type of feedback employed by coaches varies depending on the stage of the match.
Prescriptive feedback is more frequently used during the first half, whereas affective
feedback is more prevalent during the second half [35]. This finding differs from another
study, which found that affective feedback was the least frequently provided [27]. From an
alternative perspective, some studies have indicated that most of the feedback provided by
coaches is positive [44]. Regarding the direction of feedback, the literature does not indicate
a clear preference for a specific type. On the one hand, coaches tend to provide group
feedback more frequently [45]. On the other hand, during competitive play, they rely on
individual feedback to a greater extent. The feedback provided by coaches is predominantly
of a controlling nature that does not support player autonomy. Furthermore, the feedback
they provide does not espouse values and does not refer to evaluative terms [32]. In
alignment with the autonomy and values of feedback, it is noteworthy that many studies
conducted to date have concentrated their data collection on questionnaires of coaches’
perceptions, thereby failing to analyse the feedback provided by coaches.

It can be reasonably deduced that a competition designed with the specific require-
ments of young athletes in mind would facilitate a more conducive setting for more effective
feedback. The aim of this study was to investigate the effect of a competition designed
to meet the needs of young players on the type of feedback provided by coaches in the
context of youth football.

2. Materials and Methods

2.1. Participants

The study sample consisted of four football coaches in four Spanish teams of boys under 10.
All the coaches were male, with a mean age of 31.45 ± 11.32 and a football coaching experience
of 9.32 ± 7.23 years. All four coaches had a level II federative sports qualification.
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2.2. Procedure

All feedback was recorded by the coaches during two tournaments (RFEF tourna-
ment = 4386; modified tournament = 3728) involving four teams, all playing against each
other. In each match, both coaches were recorded; therefore, a total of 12 matches and
24 recordings were obtained. The study followed a quasi-experimental A-B design to
analyse the effects of rule modification on different types of feedback. The independent
variable of the study was the rules of the game. Two tournaments were played; the first one
(RFEF tournament) followed the official RFEF regulations, and in the second one (modified
tournament), the following modifications were made:

- Fair play’ scoring: Each team could score up to two points for “fair play”. One
point was the average of the rating of the players themselves, the opponents, and the
parents/guardians on a scale of 0 to 1. The other point was obtained by receiving a
white card from the referee (positive attitudes) or, on the contrary, by subtracting that
point (negative attitudes).

- Scoring for the competition: There were 3 points for a won match, 2 points for a drawn
match and 1 point for a lost match. To this final score, the ‘fair play’ score mentioned
above was added.

- Playing time: It consisted of five 10 min periods, with a 10 min break between the
third and fourth periods.

- Scoreboard: The total score of the match was the sum of the periods won by each team.
- Goalkeeper: The goalkeeper had to play at least one period as a field player.
- Headers: Headers were not allowed, unless the ball had previously bounced.
- Goal kicks: Opposing players could only cross the offside line once the ball had been

put into play.

The dependent variable was the feedback provided by the coaches. The feedback was
classified following an ad hoc recording sheet previously validated by a panel of experts to
ensure the validity of the content and wording [46]. Specifically, the type of feedback was
analysed according to the following variables (Table 1).

Table 1. Study variables occurred in the record sheet.

Variable Category Description Example

Direction
Single Targeted at a specific player. “You have gone that move well.”
Group Addressed to the group. “We need to move the ball faster.”

Intention

Evaluative Provides a qualitative estimation of the performance
accompanied by a justification.

“The finish on goal was correct, because the defence
left us space.”

Descriptive
It involves the provision of information containing

details about the execution of the movement or
action performed.

“We unbalanced when you shot a goal.”

Explanatory

Seeks to give empirical reasons for the execution
error. It tells you the causes. It justifies the causes of
the error. Biomechanical, psychological, etc., reasons

are involved.

“When you hit the ball, your body was too far away
from the ball, and you didn’t too far away from the

ball, and you don’t have enough power.”

Prescriptive It provides information on how the next executions
should be carried out. “¡you have passed the ball in this situation!”

Interrogative

It involves asking the player a question about the
performance he/she has made, to make him/her

reflect and become aware of his/her own
performance.

“¿Where were your defence?”

Emotional Refers to information of an affective nature and is
related to the emotional dimension of the player. “Well done, Gonzalo, you are so good.”

Emotional orientation
Positive Focuses on success. “Good shooting at goal.”

Negative Focuses on the error. “Don’t be selfish, pass the ball to your teammate.”
Neutral Focuses neither on the error nor on the effort.

Autonomy
Support Supports autonomy; empathises. Coach’s questions, reflections. . .
Neutral

Controller Very direct instructions; does not encourage
autonomy. “Stop that dribble”

Values If the coach alludes to values of respect or fair play. “Don’t shot at the referee.”

Other type of feedback Not contemplated in the classification. Coach’s comments not directly addressed to the
player (criticism, whispering, etc.).
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The feedback data collection instrument was a microphone with a recording device
(Sony ICD-PX240 4 Go, Tokyo, Japan). The microphone was placed on the coach’s chest at
the start of each game and removed when the referee declared the game over. In this way,
the information was recorded and facilitated subsequent analysis.

Four observers (graduates in physical activity and sports science) were trained to
record the categories and types of feedback. Following observer training, inter-observer
and intra-observer reliability was calculated. Prior to the analysis of the feedback, the
observers were trained. After the training, inter-observer and intra-observer reliability
tests were performed. To analyse reliability, 5 min of feedback was analysed, reporting
minimum values of 0.95 for the intention variable (Table 2).

Table 2. Training observer values.

Observation Direction Intention Type Autonomy Values Observers

Intra-Observation 1 0.956 0.832 0.896 1 A-A

Inter-Observation

1 0.906 0.909 0.844 1 A-B
1 0.906 0.909 0.844 1 A-C
1 1 1 0.844 1 A-D
1 1 1 0.844 1 A-E

2.3. Statistical Analysis

Data analysis included descriptive analysis using absolute and relative frequency
analysis. Then, to analyse possible relationships between the different categories of feed-
back and the different tournaments, an analysis was carried out using the chi-square test
(p < 0.05). The Phi test (Phi) or Cramer’s V test (V) were used to calculate the effect size.
Statistical analyses were performed using SPSS, v. 28.0 for Mac; SPSS Inc., Chicago, IL, USA.

3. Results

The results show that the total amount of feedback given by coaches during the regular
tournament (n = 4386) is higher than the amount of feedback given during the modified
tournament (n = 3728).

Table 3 shows the amount and percentage of feedback given by coaches by direction,
distinguishing between feedback given during the regular tournament and feedback given
during the modified tournament.

Table 3. Descriptive values of feedback—direction variables.

Feedback Direction
Tournament Type

Statistics RFEF Tournament Modified Tournament Total

Single Feedback Observed 4163 3488 7651
Percentage 94.9% 93.6% 94.3%

Group Feedback Observed 223 240 463
Percentage 5.1% 6.4% 5.7%

Total * Observed 4386 3728 8114

* Statistically significant p < 0.05. RFEF—Real Federación Española de Fútbol.

The data in Table 3 reflect a statistically significant relationship between the type of
feedback direction and the type of tournament (χ2 (1, n = 8114) = 6860, p < 0.05, effect
size, p < 0.05 Phi = 0.029), with a lower percentage of individual feedback and a higher
percentage of group feedback observed in the modified tournament. Thus, it can be
observed that in both tournaments, almost all feedback was of an individual nature.
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Table 4 shows the number and percentage of feedback types given according to their
intention. In addition, a comparison of each type of feedback can be observed depending
on whether it occurs in the RFEF tournament or in the modified tournament.

Table 4. Descriptive values of feedback—intention variables.

Feedback Intention
Tournament Type

Statistics RFEF Tournament Modified Tournament Total

Evaluative feedback
Observed 187 124 311

Percentage 4.3% 3.3% 3.8%

Descriptive feedback Observed 96 242 338
Percentage 2.2% 6.5% 4.2%

Explanatory feedback Observed 158 0 158
Percentage 3.6% 0.0% 1.9%

Prescriptive feedback Observed 2633 2193 4826
Percentage 60.0% 58.8% 59.5%

Interrogative feedback Observed 129 91 220
Percentage 2.9% 2.4% 2.7%

Affective feedback
Observed 1182 1078 2260

Percentage 27.0% 28.9% 27.9%
Total * Observed 4385 3728 8113

* Statistically significant p < 0.05. RFEF—Real Federación Española de Fútbol.

The results in Table 4 show statistically significant relationships between the variable
feedback intention and the type of tournament (χ2 (5, n = 8113) = 233.620, p < 0.05; effect
size, p < 0.05, V = 0.170), such that in the modified tournament, a statistically higher
percentage of descriptive and affective feedback was observed, and lower percentages of
interrogative, prescriptive, explanatory, and evaluative feedback were observed. These
data also show that more than half of the feedback given by the coaches in both the RFEF
and the modified tournament was of the prescriptive type and more than a quarter of the
affective type, leaving the remaining four types of feedback with very low percentages.

Table 5 details the amount and percentage of the types of feedback given by coaches
based on emotional orientation, distinguishing between the RFEF tournament and the
modified tournament.

Table 5. Descriptive values of feedback—emotional orientation variables.

Feedback Emotional Orientation
Tournament Type

Statistics RFEF Tournament Modified Tournament Total

Positive feedback
Observed 963 977 1940

Percentage 22.0% 26.2% 23.9%

Negative feedback Observed 2381 1831 4212
Percentage 54.3% 49.1% 51.9%

Neutral feedback
Observed 1041 920 1961

Percentage 23.7% 24.7% 24.2%
Total * Observed 4385 3728 8113

* Statistically significant p < 0.05. RFEF—Real Federación Española de Fútbol.

The results showed statistically significant relationships between the variable feedback
orientation and the type of tournament (χ2 (2, n = 8113) = 26.354, p < 0.05; effect size,
p < 0.05, V = 0.057). In the modified tournament, there was a higher percentage of posi-
tive and neutral feedback and a lower percentage of negative feedback. Table 6 shows that
in both tournaments, approximately half of the feedback was negative, and the other half
was evenly split between neutral and positive feedback. However, it is worth noting that in
Tournament 2, where the rules are changed, the percentage of negative feedback decreased,
while the positive feedback increased. Table 6 shows the number and percentage of feedback
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used by the coaches according to the degree of information autonomy, differentiating between
the normal and the modified tournament.

Table 6. Descriptive values of autonomy feedback.

Autonomy Feedback
Tournament Type

Statistics RFEF Tournament Modified Tournament Total

Support Feedback Observed 790 891 1681
Percentage 18.0% 23.9% 20.7%

Neutral Feedback
Observed 248 107 355

Percentage 5.7% 2.9% 4.4%

Controller Feedback
Observed 3345 2730 6075

Percentage 76.3% 73.2% 74.9%
Total * Observed 4385 3728 8113

* Statistically significant p < 0.05. RFEF—Real Federación Española de Fútbol.

The data in Table 6 reflect statistically significant relationships between the variable
feedback autonomy and the type of tournament (χ2 (4, n = 8113) = 73.609, p < 0.05; effect size,
p < 0.05, V = 0.095), so that in the modified tournament, a lower percentage of controlling
and neutral feedback and a higher percentage of supportive feedback were observed. Thus,
it can be observed that in both tournaments, coaches used controlling feedback three out of
four times. Nevertheless, feedback tended to change when the rules were changed, with a
minimal decrease in controlling feedback and an increase in supportive feedback. Table 7
details the amount and percentage of feedback given based on whether it provided value,
comparing the results from the normal tournament with the modified tournament.

Table 7. Descriptive values of feedback.

Feedback Values
Tournament Type

Statistics RFEF Tournament Modified Tournament Total

No values
Observed 4360 3681 8041

Percentage 99.4% 98.7% 99.1%

Values
Observed 25 47 72

Percentage 0.6% 1.3% 0.9%
Total * Observed 4386 3728 8114

* Statistically significant p < 0.05. RFEF—Real Federación Española de Fútbol.

The last set of data collected established a statistically significant relationship between
the variable Feedback Values and the type of tournament (χ2 (2, n = 8114) = 10.926, p < 0.05;
effect size, p < 0.05, Phi = 0.037), with a higher percentage of feedback providing values and
a lower percentage of feedback not providing values in the modified tournament. Thus,
the results reflect that almost all the feedback given by the coaches was non-valuative,
although this contribution is considered in the result because, despite the fact that the
amount of value-giving feedback increased in the modified tournament, the percentage
was still minimal.

4. Discussion

An adequate teaching–learning process includes a competition adapted to the needs
of the participants and feedback based on scientific recommendations. Therefore, the aim
of this study was to analyse how a competition adapted to the needs of young players
influences the type of feedback given by youth football coaches.

In general, the results showed that the modification of rules, such as playing time,
scoreboard, competition score, and fair play score, among others, slightly changed the type
of feedback given by coaches, giving feedback that is closer to the recommendations of the
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scientific literature. In general, it was found that coaches gave more feedback in the normal
tournament than in the modified tournament.

Depending on the direction of the feedback, it was found that most of the feedback
given in both the normal and the modified tournament was of an individual nature, al-
though in the modified tournament, the percentage of group feedback increased minimally,
while individual feedback decreased. In addition, this greater use of individual feedback is
in line with scientific recommendations regarding the orientations that feedback should
have, depending on the direction, to positively influence the teaching–learning processes
of young people [27,36].

From the perspective of feedback intentions, the results reflected that the change in
rules between one tournament and another did not promote major changes in the type of
feedback given by coaches. It was found that almost all feedback was prescriptive and
affective feedback, both in the normal tournament and in the modified tournament. In the
modified tournament, the use of modified feedback increased, while interrogative feedback
remained similar and evaluative feedback decreased slightly. The data from this study are
in line with the recommendations of the scientific literature on the type of feedback coaches
should give based on intention, and with the results obtained by other authors in previous
studies, since prescriptive and affective feedback predominate [35,44]. Nevertheless, the
data differ from the results obtained in other studies, where affective feedback was the least
used [24]. Regarding the emotional orientation of the feedback, it was found that the type
of feedback changed positively when the rules were adapted, i.e., in the second modified
rule. This is reflected in a percentage increase in positive and neutral feedback, while
negative feedback decreased. This change from one tournament to another may have been
due to the fact that the rule change encouraged coaches to reflect on their behaviour and
what may not be appropriate, and more specifically, this change may have been influenced
by the inclusion of the white card, which took into account the positive attitudes of coaches
and players and could be counted in the competition scoreboard [41,46]. Although this
change was positive, the feedback transmitted was still mostly negative, moving away
from the guidelines that determine what constitutes appropriate feedback [24,25] and in
line with the results of other studies analysing coaches’ feedback [47].

In line with feedback autonomy, the results showed that the percentage of supportive
feedback increased in the modified tournament compared to the percentage in the normal
tournament, while the opposite occurred with negative and neutral feedback, as their
percentage decreased when the rules were modified. These results are positive because
they reflect an influence of the rule change on the type of feedback given by the coach,
which is more in line with what is considered appropriate feedback [37]. Nevertheless, it
was also observed that the feedback based on autonomy that predominated in the coaches’
behaviour was the controlling type, with a high percentage. These data are consistent with
other studies that have analysed the autonomy of feedback from coaches and found that
a high percentage of coaches used controlling feedback [32], and the data differ from the
recommendations of the scientific literature, which state that appropriate and beneficial
feedback for students should support their autonomy [37].

Regarding the last variable analysed, values, it was found that almost all the feedback
given by the coaches did not refer to evaluative terms, this being the case in both the
normal and the modified tournament. Nevertheless, it was found that the percentage
of feedback that provides values increases minimally during the modified tournament,
which could indicate the beginning of a change due to the change in the rules and the
introduction of the white card during the competition, as it is based on the recognition
of positive attitudes and fair play, among other aspects [46]. The prevalence of feedback
that does not provide values is consistent with the results obtained in other studies on
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what coaches do [22] and is completely different from what is determined by the scientific
literature on what appropriate feedback should be based on with reference to evaluative
terms [38,41]. Thus, the results obtained show that in the tournament in which a rule
change was implemented and adapted to the characteristics of the participants, the type
of feedback given by the coaches varied, although more markedly in some variables than
in others. These changes bring the feedback closer to the keys established in the scientific
literature to obtain the benefits of feedback, such as a higher-quality teaching–learning
process, a better team climate, and an increase in the motivation and autonomy of the
participants. The modification of the rules, especially those directly related to the training
of educational values, can encourage coaches to reflect on their verbal behaviour, the
need to adapt to players’ needs, and to consider other aspects that can benefit them in the
competition, such as the white card.

Coaches are aware of the existence of this card and what they must do to get it, so they
are more attentive to the type of feedback they give and try to modify it if necessary. All of
this could be the reason for the results obtained and how the change in the rules influenced
the type of feedback given by the coaches.

Limitations

The main limitation is that the sample was only made up of boys due to the lack
of female teams. Also, the influence of biological age on the coach’s feedback was not
analysed. It would also be necessary to carry out studies with a wider range of teams to
obtain more feedback from coaches, as well as analysing at different training levels.

5. Conclusions

The following can be concluded:

- The direction of feedback is mostly individual in both the normal and modified
tournaments.

- The intention of the feedback, as well as the values it provides, does not vary across
tournaments, as prescriptive, affective, non-valued feedback continues to predominate.

- The emotional orientation of the feedback changes when the fair play variable is intro-
duced into the rules, decreasing negative feedback and increasing positive feedback.

- Coaches’ feedback is less controlling and more autonomy-supportive when the rules
are modified.

- Changing the rules has a positive effect on the type of feedback given by coaches,
encouraging the beginning of a change in this type of feedback and moving closer to the
recommendations of the scientific literature on what constitutes appropriate feedback.

- These results invite the scientific community to analyse the feedback in different
experimental studies with modified competitions in individual and team sports. In
this way, it will be important to analyse the variables in the type of feedback in players
with different levels of maturity development.
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Abstract: The aim of this study was to compare the external load of each session along
competitive microcycles on an elite futsal team, considering the positions and relationships
of the players. The external load of 10 elite players from a First Division team in the
Spanish Futsal League (age 27.5 ± 7 years, height 1.73 ± 0.05 m, weight 70.1 ± 3.8 kg)
were recorded across 30 microcycles. The players’ external loads were monitored using
OLIVER devices. To analyse the external load, Levene’s test was conducted to assess the
homogeneity of variances, followed by one-way analysis of variance (ANOVA) to identify
differences in dependent variables across the different microcycle days and player positions.
Regarding external load during the microcycle, the day with the lowest external load was
MD-1, and the days with the highest external load were MD-3 and MD-4. In addition,
considering playing positions, pivots exhibited the lowest loads throughout the microcycle,
whereas wingers and defenders exhibited the highest loads, depending on the variables
analysed. By providing reference values from elite contexts, this study offers practical
insights for S&C coaches to optimize microcycles. Furthermore, it contributes to workload
management strategies within sport science and public health frameworks, promoting
sustainable performance and athlete wellness in futsal.

Keywords: load monitoring; periodisation; team sport; player position

1. Introduction

Recent advances in data collection and analysis technologies have enhanced our un-
derstanding of the workload and physical demands of team sports [1]. These developments
have enabled teams to refine their training programmes, thereby improving player perfor-
mance and reducing injury risks in elite athletes [2,3]. Monitoring workload has become
a crucial aspect of sports research, providing a solid foundation for informed decision-
making and injury prevention [4,5]. Over more than two decades of study and application
in various sports, the concept of training load has evolved to include both external loads
(physical exertion performed during a training session or match) and internal loads (related
to physical and physiological responses) [6,7].

From a multidisciplinary perspective, understanding the intricate relationships be-
tween workload, performance, and injury prevention in sport aligns with broader public

Sports 2025, 13, 7 https://doi.org/10.3390/sports13010007
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health goals, such as promoting athlete wellness and longevity in sport careers. This
highlights the importance of integrating sport science and public health frameworks to
ensure sustainable sport development.

The global rise in futsal popularity over the past 15 years has been remarkable [8].
Despite this growth, published studies on futsal are limited [1,9–11]. For this reason, it
is necessary to continue investigating the training methods employed by teams, mon-
itoring load strategies and coaching staff strategies to better understand the physical
demands of this intermittent sport [8]. In futsal, external workload monitoring is essen-
tial for tracking both training sessions and matches. Data have shown that male play-
ers cover an average distance of 4000 m per match, equivalent to approximately 120 m
per minute [12], 675 m at high intensity (12–18 km/h) [1], 135 m at maximum intensity
(>18 km/h) [10], 534 m in accelerations (>2 m/s2), and 510 m in decelerations
(>2 m/s2) [13].

Training sessions across microcycles were designed to adapt player performances
throughout the season. They can improve the physical attributes of players by aligning
their capabilities with the sport’s specific demands [8]. However, excessive training without
sufficient recovery time can be detrimental, and insufficient workload can negatively impact
and limit both individual and collective performance capabilities [7]. Therefore, developing
strategies to monitor and control the workload during various training sessions is crucial
for enhancing performance and reducing the risk of injury [8].

Furthermore, players must be well-prepared to meet the demands of the sport. Adapt-
ing training plans to adjust volume and intensity throughout competitive cycles is es-
sential [14]. New technologies, such as global positioning systems (GPS) and inertial
measurement units (IMU), have provided coaches with tools to precisely monitor the
external workload experienced by players. These technologies allow for the tailoring of
training sessions based on the positions of players and individual needs [10,15].

The use of advanced monitoring technologies not only improves player-specific train-
ing, but also addresses critical public health issues by reducing the prevalence of injury
and promoting optimal recovery. These innovations bridge the gap between research and
practice, exemplifying the multidisciplinary spirit of contemporary sports science.

Another key factor in improving performance is maintaining an appropriate bal-
ance between training and recovery. However, planning training programmes for team
sports presents challenges, such as determining the appropriate workload distribution
during weekly training sessions and during competitive phases [15]. To achieve a more
personalised approach, considering workload data specific to players’ positions would be
beneficial, although such data are currently limited in futsal [14].

Knowledge of workload variations not only contributes to optimizing sport per-
formance, but also aligns with public health priorities, ensuring the long-term health of
athletes and sustainable participation in competitive sports. This underlines the importance
of futsal research in the global context of sport science and health promotion.

The variation in workload metrics across microcycles has been less studied than the
variability observed in competition [5,9,16,17]. Nonetheless, these variations in microcycle
workloads are critical for achieving the necessary adaptations in elite team athletes [14].

Poor workload management is a primary injury risk factor in team sports and player
availability [8]. To understand variations throughout a competitive season, it is essential
to measure and compare workloads during microcycles. A busy schedule of matches and
intense training sessions can increase fatigue, thereby elevating the risk of injury [5,14].
Therefore, workload management is vital for tailoring training to each player’s individual
needs, ensuring proper recovery and optimal performance on match days [7,18].
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In addressing these challenges, sport science continues to evolve, offering prac-
tical strategies to improve team performance and mitigate health risks. This study
contributes to examining the external loading dynamics of futsal, providing valuable
information on the relationship between workload management, performance, and
injury prevention.

Consequently, the aim of this study was to compare the external load of each session
along competitive microcycles on an elite futsal team, considering the players’ positions
and relationship with competition, to provide insights that support optimised performance,
injury prevention, and player well-being.

2. Materials and Methods

2.1. Participants

The external load of 10 elite players (TIER 3) [19] from a First Division team in the
Spanish Futsal League was recorded (age 27.5 ± 7 years, height 1.73 ± 0.05 m, weight
70.1 ± 3.8 kg). Goalkeepers were excluded from the study. The average duration of player
participation in training sessions was 1:08 ± 00:12 h:min, which included a 15 min warm-up
preceding the main part of the session (Table 1).

Table 1. Duration of each training session along the microcycle.

Session Duration (h:min) (M ± SD)

MD-5 01:11 ± 00:04
MD-4 01:20 ± 00:09
MD-3 01:16 ± 00:06
MD-2 01:10 ± 00:05
MD-1 00:50 ± 00:02

M: mean. SD: standard deviation.

2.2. Study Design

This study used a longitudinal observational design, which was conducted throughout
the 2022–2023 season. A total of 30 competitive microcycles were analysed, including
125 training observations and 21 matches (146 in total) for the evaluation and analysis of
external loads over a period of 30 weeks. An example of a typical microcycle is described
below (Table 2).

The external load of the players was monitored using the OLIVER IMU (Barcelona,
Spain) devices (Inertial Measurement Unit), which have been validated in previous stud-
ies [20,21]. All players wore the OLIVER device on their calf, with the devices being
activated just before the warm-up for training sessions and immediately after the warm-up
for matches [5]. The OLIVER signal frequency was set to 27 Hz. To minimise potential
device variability, each player was required to consistently use the same device during all
training sessions. The data were analysed using the OLIVER software platform (TryOliver
Platform 2.42).

All participants were verbally informed about the purpose and procedures of the
study, and each provided signed informed consent in accordance with the Declaration
of Helsinki. The study was approved by the University’s Research Ethics Committee
(CEI-35/2022).
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Table 2. Example of a typical competitive microcycle.

Session Content Dimension Time

MD-5 (In the morning) Gym

MD-5 (In the afternoon)

Possession 28 × 20 6′

Warming up goalkeepers 20 × 20 6′

2 × 1 fragmented track king or every 1′30′′ changes 40 × 20 6′

Set piece + 2 × 2 link + pivot 25 × 20 8′

Conditioned match 28 × 20 8′

5 × 4 specific attack 20 × 20 6′

MD-4

Possession 40 × 20 6′

2 × 2 small space with separate goalkeepers 10 × 10 5′

3 × 3 3 teams king of the track or every 1′30′′ changes 23 × 20 8′

Conditioned match 40 × 20 8′

Modulated match 40 × 20 2 × 4′

5 × 4 specific defense 20 × 20 8′

MD-3

Positional game 20 × 20 5′

Rondo + regression link 40 × 20 6′

3 × 2 transitions 40 × 20 4′

3 × 3 + pivots 25 × 20 6′

Conditioned match 40 × 20 6′

Modulated match 40 × 20 7′

MD-2

Positional game 40 × 20 7′

Warming up goalkeepers 20 × 20 5′

Conditioned match 40 × 20 2 × 9′

5 × 4 specific defense 20 × 20 5′

5 × 4 specific attack 20 × 20 5′

MD-1

Peladao 40 × 20 9′

Match conditioned for set pieces 20 × 20 9′

5 × 4 specific attack 20 × 20 9′

MD Game

MD+1 Day off
A conditioned match refers to running time, while a modulated match refers to stopped time.

2.3. Procedure

Building on previous futsal studies [1,9,13] that analysed the conditional demands
of competition, the variables examined in this study included: total distance (m),
walking distance 0–6 km/h (m), jogging distance 6.1–12 km/h (m), high-intensity dis-
tance 12.1–18 km/h (m), maximum-intensity distance >18.1 km/h (m), high accuracy (m)
(>2 m/s2), High Dec (m) (>−2 m/s2), number of accelerations (>2 m/s2), number of decel-
erations (>2 m/s2), and MAX Speed (km/h). Once the training sessions were completed,
the data were categorised according to the day of the week relative to the match. MD-5
(5 days before the match), MD-4 (4 days before the match), MD-3 (3 days before the match),
MD-2 (2 days before the match), MD-1 (1 day before the match), and MD (match day),
based on previously published scientific studies [5,14].
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2.4. Data Processing

In the pre-processing phase, a Butterworth filter was implemented to remove noise
from the signals, selecting the filter parameters specifically to preserve the relevant features
of our data while removing unwanted interference.

For certain analyses that require the detection of specific motion patterns, an additional
smoothing process was applied using a Hanning window filter, with a window size based
on our sampling frequency. No amplification of the signals is performed, as the original
data provide adequate levels for our analysis.

Regarding the inherent limitations of IMUs, the accumulation of error (drift) in distance
estimation by double integration of acceleration is well known. To address this limitation,
pattern detection and machine learning algorithms were employed to segment the signal
into discrete intervals, periodically restarting the integration process to mitigate error
accumulation (i.e., detection of steps and different player actions, such as ball impact or
ball driving) [20].

2.5. Statistical Analysis

The homogeneity of variances was initially assessed using Levene’s test. Subsequently,
one-way analysis of variance (ANOVA) was performed to identify differences in the de-
pendent variables across the various days of the microcycle and between playing positions.
When significant differences were found, Bonferroni post hoc tests were applied to analyse
specific changes when variances were homogeneous; otherwise, Dunnett’s T3 post hoc
tests were used. The level of statistical significance was set at p < 0.05. Finally, the effect size
(ES) was calculated to evaluate the statistical significance and to quantify the magnitude of
differences between groups, utilizing Cohen’s d statistic. The interpretation of Cohen’s d
was categorized as follows: values >0.2 indicated a small effect, >0.6 a moderate effect, and
>1.2 a large effect. All statistical analyses were performed using SPSS software (version
29.0; IBM Corporation, Armonk, NY, USA).

3. Results

Table 3 presents the results obtained after comparing the recorded variables in terms of
both day of the week and playing position. The competitive load was significantly higher
for distances covered at various speeds greater than 6 km/h, and for the maximum speed
reached during the match.

Regarding the comparison of loads across the microcycle, MD-1 showed significantly
the lowest values for most variables compared with the rest of the week. Additionally,
MD-5 was the second session with the lowest intensity, although it showed significantly
higher distances covered at lower speeds (0–6 km/h) (p < 0.05). Finally, MD-4 and MD-3
were the most demanding training sessions across all variables; for instance, total distance
and high accelerations (>2 m/s2) were significantly higher in MD-3 than MD-1 (p < 0.05,
d: 2.37; p < 0.05, d: 2.17, respectively) and also both variables were higher in MD-4 than
MD-1 (p < 0.05, d: 2.08; p < 0.05, d: 1.85, respectively), whereas MD-2 demonstrated
significant differences with MD-1 for most variables.
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Concerning specific positions, pivots accumulated significantly lower loads across
most variables, including distances (p < 0.05, d: 2.03), accelerations (p < 0.05, d: 2.03), and
deceleration (p < 0.05, d: 1.21), regardless of the session analysed. During competition,
they covered less distance at high speeds (12–18 km/h and >18 km/h) (p < 0.05 for both,
d: 1.51 and 0.98, respectively). Throughout the rest of the microcycle, pivots exhibited
significantly lower performance for all variables during MD-5, MD-4, MD-3, and MD-2 (see
Table 3). However, for MD-1, significant differences were observed only in accelerations
(p < 0.05, d: 0.74) and deceleration (p < 0.05, d: 1.05).

4. Discussion

The aim of this study was to compare the external load of each session along competi-
tive microcycles on an elite futsal team, considering the players’ positions and relationships
with competition. A novel aspect of this study was the analysis of the distribution of
the absolute training load based on the match day and specific positions across various
variables. The main findings were as follows: (a) MD-1 was the day with the lowest load,
consistent with its purpose of recovery and tapering, while MD-4 and MD-3 were the days
with the highest loads, reflecting their role in physical conditioning and tactical-technical
development. (b) Pivots experienced the lowest loads during the microcycle, likely due
to their positional role with less total distance covered, whereas wingers and defenders
showed the highest loads across the different variables analysed, indicative of their higher
physical demands during both defensive and offensive phases of play. These findings un-
derscore the importance of adapting training and recovery strategies not only to optimize
performance, but also to reduce the risk of overtraining and injury by addressing critical
aspects of an athlete’s well-being and long-term health.

Although research has been conducted in sports such as football [14], volleyball [16],
basketball [22], and handball [23], regarding the distribution of training load in relation to
match days and specific positions, this approach remains limited in futsal. Previous studies
have mainly focused on high-intensity variables [9] or tactical aspects with and without the
ball [24], but they have not thoroughly addressed how these variables fluctuate throughout
the microcycle based on player positions. This highlights the need for interdisciplinary
approaches that bridge the gap between sport science and applied practice and provide
practical information to optimize performance and reduce the risk of injury.

The external load data obtained on the matchday were consistent with the val-
ues reported in previous futsal studies. The total distance covered in our study
(3496.25 ± 1079.96 m) falls within the range reported by earlier research, which varies
between 3052 ± 804 m and 3749 ± 1123 m [1,10,11,13]. Similarly, the high-intensity distance
(12.1–18 km/h) in this study was 685.44 ± 275.17 m, close to the values recorded during the
Final Eight of the Portuguese Cup 2018 (675.3 ± 298.1 m) [1]. Furthermore, the maximum
intensity distance (>18 km/h) of 215.18 ± 128.02 m is comparable with previously reported
ranges, from 254 ± 101 m [10] to 134.9 ± 54.1 m [1]. These findings demonstrate a consistent
profile of external load demands across competitive futsal contexts, underscoring their
relevance for broader applications in team management and player conditioning.

These similarities in metrics suggest that despite potential differences in playing style,
team structure, and competitive level, the fundamental physical demands in elite futsal
matches are fairly consistent. Such consistency provides a solid foundation for evidence-
based strategies aimed at improving player performance and promoting long-term health
in high-performance environments. It also demonstrates how standardized workload
metrics can serve as a critical tool for aligning training and recovery programs with com-
petitive demands. Regarding accelerations (>2 m/s2) and decelerations (<−2 m/s2), our
findings (535.82 ± 197.27 m and 504.15 ± 182.87 m, respectively) also align with values
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observed in studies conducted on elite teams [13]. Moreover, the number of acceleration
(135.93 ± 48.72) and deceleration (134.59 ± 50.17) is almost identical to that reported by
teams from the National Futsal League (135 ± 41 and 129 ± 39, respectively) [10]. This
finding is particularly significant because it highlights that these high-intensity actions are
important to futsal dynamics and should be a focal point in the design of training and
recovery programmes. For instance, prioritising exercises that simulate frequent accelera-
tion and deceleration could enhance players’ physical responsiveness during competition,
especially during critical moments such as rapid transitions or counterattacks.

These data suggest that competitive loads in futsal exhibit notable consistency among
elite Spanish teams and similar leagues, such as the Portuguese league [1]. However, it
is essential to note that these metrics could vary depending on contextual factors, such
as match duration, tactical approaches, and opposition intensity. Future research that
incorporates these contextual elements may provide a more complete and nuanced under-
standing of external workload patterns, which could lead to advances in team performance
management and injury prevention.

Regarding the structuring of the microcycle in our study, MD-1 was the day with the
lowest load across all variables (p < 0.05). MD-4 was the day with the greatest distance
covered, while MD-3 recorded the highest metres covered at high intensity (12.1–18 km/h)
and maximum intensity (18.1–3600 km/h). In addition, the day on which the highest meters
covered in acceleration and deceleration was MD-4. These results reflect a competitive
microcycle profile aligned with common practises in other team sports, where a post-
competition recovery session of low to moderate intensity is planned, alongside tapering
programming [8]. Such structured approaches highlight the importance of balancing
performance optimisation and recovery, reflecting a holistic strategy to manage athletes’
physical and psychological readiness for competition. This strategy aims at progressive
reduction of the load from MD-4 to MD-1, thereby optimising recovery and ensuring
that athletes arrive in the best possible condition for the next match [25–27]. The finding
that MD-1 is the day with the lowest load is consistent with previous futsal studies [9],
reinforcing the idea of structuring this day as an activation session focused on preparing
players for the match day.

When comparing our results with those of other sports, similarities can be found. In
handball, the day with the greatest covered distance is typically MD-4, with the highest
maximum-intensity runs occurring on the same day [23]. In football, the day with the great-
est distance covered during training is MD-3, which differs from our article, which states
MD-4 [14,28]. However, our study aligns with soccer research in that the highest distances
for maximum-intensity runs were recorded on MD-3 [28]. These inter-sport comparisons
not only enhance our understanding of common principles of load management, but also
underscore the adaptability of microcycle structuring strategies to the unique demands of
each sport. These findings contribute to a multidisciplinary understanding of workload
distribution that advances sport science and public health frameworks.

The playing style influences the performance demands of each role, as observed in
other sports [14]. In futsal, this research shows that pivots are the players with the lowest
loads across different training days and matches, except for MD-1, where the load is similar
across all positions. This finding is consistent with those of previous futsal studies [10,29].
This may be attributed to the anthropometric profile of pivots, who tend to have the highest
body fat percentage compared with other positions [30].

Wingers are the players who record the highest values in variables such as distance
covered, high intensity (12.1–18 km/h), maximum intensity (18.1–3600 km/h), High Acc
(m) (>2 m/s2), and High Acc count (>2 m/s2), results that align with previous research [10].
However, for the variables of High Dec count (>−2 m/s2) and High Dec (m) (>−2 m/s2),
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depending on the training day, higher values were observed for both defenders and wingers.
In matches, defenders carry the highest load on these variables, although no statistically
significant differences were found. These findings emphasise the importance of considering
the specific demands of each position when designing training programmes, which has
already been proposed in other sports [31].

Nonetheless, in futsal, this study is the first to quantify the magnitude of efforts across
the competitive microcycle according to playing position. Future research is therefore
needed to confirm whether conditional profiles vary, showing pivots as the players with the
lowest workload and wingers and defenders with similar workloads, with minor variations
depending on the session. Moreover, based on the findings of this study, it is evident that
more personalised and specific training should be developed according to the conditional
demands of each position.

In handball, compared with other sports, right-wing players registered the lowest total
distance covered and the shortest high-intensity distances during matches, while pivots
covered the least distance and performed the fewest high-intensity efforts during training
sessions [23]. In football, midfielders and attacking midfielders cover the greatest distances
during the microcycle, while central defenders and forwards cover the least. However,
the highest maximum-intensity distances during training are recorded by fullbacks, with
midfielders covering the least [14]. Lastly, in basketball, pivots recorded the highest number
of accelerations, while small forwards executed the greatest number of decelerations [32].
These inter-sport analyses highlight the importance of a multidisciplinary and comparative
approach to load management, which not only benefits performance in specific sports but
also informs broader sport science and athlete health frameworks. While futsal shares
similarities with sports such as handball, football, and basketball, the specific demands
of each discipline require further investigation to identify tailored training strategies that
maximise the desired adaptations. Such an approach would not only enhance player
performance but also reduce the risk of injury, particularly in highly intermittent sports
like futsal.

One of the main limitations of this study is the small sample size, as only 10 players
from one elite futsal team were included. This may limit the generalizability of the findings
to other teams or competitive levels. Additionally, goalkeepers were not considered, thereby
excluding a crucial component of the team whose physical and conditional demands are
unique. Furthermore, although data from 21 official matches were collected, it was not
possible to evaluate the entire 30-match season due to logistical and permission constraints,
which may have affected the representativeness of the competitive demands recorded.
Another limitation is the lack of contextual analysis considering factors such as match
outcome, opponent quality and players’ physical condition, all of which could significantly
influence the observed external loads. Finally, the absence of internal load measurements,
such as heart rate profiles or ratings of perceived exertion, which would provide a more
comprehensive understanding of futsal match-related demands. Future studies should
incorporate these parameters to gain deeper insights into the physiological responses
during matches [33].

In future research, it would be advisable to expand the sample size to include more
teams, competitive levels, and positions such as goalkeepers to enhance the generalizabil-
ity and relevance of the findings. An extended longitudinal analysis covering multiple
seasons could also be valuable, allowing the identification of consistent patterns or vari-
ations associated with tactical and physical changes over time. Moreover, incorporating
contextual factors such as opponent level, match outcome, and season phase would enrich
the understanding of conditional demands. Finally, exploring the relationship between
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monitored external load patterns during the microcycle and injury risk could help develop
more effective prevention strategies.

5. Conclusions

The findings of this study highlight that the microcycle structure in an elite futsal team
follows a clear pattern, where the day with the lowest external load is MD-1, used as a
pre-match activation session, while the days with the highest load are MD-3 and MD-4,
depending on the variables analysed. This structured approach reflects the importance
of balancing recovery and preparation, ensuring that players are physically, tactically,
and mentally optimised for competition. Such strategies align with holistic frameworks
in sports science, aimed at sustaining high performance while minimising injury risks.
Additionally, the metrics for total distance, intensity, and the number of acceleration and
deceleration obtained in this study underline the importance of monitoring these variables
to adjust the loads throughout the microcycle.

Regarding positions, the results reveal significant differences in conditional demands.
Pivots display the lowest loads during the microcycle, while wingers stand out in variables
such as high- and maximum-intensity distance, as well as accelerations, indicating greater
physical demands for this position. Defenders exhibit higher loads during decelerations,
particularly during matches. These insights emphasize the necessity of designing position-
specific training programmes that account for these conditional differences, enhancing
player readiness and reducing the risk of overuse injuries.

By offering reference values derived from elite contexts, this study provides prac-
tical guidance for S&C coaches, enabling them to plan, adjust, and optimise training
programmes in futsal. Moreover, the findings contribute to the broader discourse in sport
sciences and public health by addressing critical issues such as workload management,
injury prevention, and player well-being. Such multidisciplinary insights are essential for
advancing sustainable performance in highly intermittent sports like futsal.

Author Contributions: Conceptualization, H.G.-U., C.L.-F. and E.M.-P.; methodology, H.G.-U., C.L.-
F., R.A.-A. and E.M.-P.; validation, H.G.-U., S.L.-G. and A.B.-A.; formal analysis, A.B.-A. and C.L.-F.;
investigation, H.G.-U., S.L.-G., R.A.-A. and C.L.-F.; resources, H.G.-U., C.L.-F. and E.M.-P.; data
curation, A.B.-A. and C.L.-F. writing—original draft preparation, H.G.-U., A.B.-A., C.L.-F. and E.M.-P.;
writing—review and editing, R.A.-A. and C.L.-F.; supervision, S.L.-G., C.L.-F. and E.M.-P. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Institutional Review Board of Universidad Europea del
Atlántico (CEI-35/2022) in September 2022.

Informed Consent Statement: Informed consent was obtained from all participants.

Data Availability Statement: The data from this research can be made available by the corresponding
author upon reasonable request. Due to privacy concerns, the data are not accessible to the public.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Ribeiro, J.; Gonçalves, B.; Coutinho, D.; Brito, J.; Sampaio, J.; Travassos, B. Activity Profile and Physical Performance of Match
Play in Elite Futsal Players. Front. Psychol. 2020, 11, 1709. [CrossRef] [PubMed]

2. Ehrmann, F.E.; Duncan, C.S.; Sindhusake, D.; Franzsen, W.N.; Greene, D.A. GPS and Injury Prevention in Professional Soccer.
J. Strength Cond. Res. 2016, 30, 360–367. [CrossRef]

3. Colby, M.J.; Dawson, B.; Heasman, J.; Rogalski, B.; Gabbett, T.J. Accelerometer- and GPS-Derived Running Loads and Injury Risk
in Elite Australian Footballers. J. Strength Cond. Res. 2014, 28, 2244–2252. [CrossRef]

92



Sports 2025, 13, 7

4. Rossi, A.; Pappalardo, L.; Cintia, P.; Iaia, F.; Fernández, J.; Medina, D. Effective injury prediction in professional soccer using GPS
data and machine learning. Stat 2017, 1050, 23.

5. de Dios, V.; Alkain, P.; Castellano, J.; Rey, E. Accumulative Weekly External and Internal Load Relative to Match Load in Elite
Male Youth Soccer Players. Paediatr. Exerc. Sci. 2021, 34, 119–124. [CrossRef] [PubMed]

6. Franceschi, A.; Robinson, M.; Owens, D.; Brownlee, T.; Bampouras, T.; Ferrari Bravo, D.; Enright, K. Training loads and microcycle
periodisation in Italian Serie A youth soccer players. J. Sports Sci. 2024, 42, 1410–1420. [CrossRef] [PubMed]

7. Oliveira, R.; Brito, J.; Martins, A.; Mendes, B.; Calvete, F.; Carriço, S.; Ferraz, R.; Marques, M.C. In-season training load
quantification of one-, two-, and three-game week schedules in a top European professional soccer team. Physiol. Behav. 2018, 201,
146–156. [CrossRef]

8. Lago Fuentes, C.; Jiménez-Loaisa, A.; Padrón Cabo, A.; Fernández-Villarino, M.; Mecías, M.; Travassos, B.; Rey, E. Monitoring the
workloads of a Professional Female Futsal Team over a Season: A Case Study. Sports 2020, 8, 69. [CrossRef]

9. Illa, J.; Fernández, D.; Reche, X.; Carmona Dalmases, G.; Tarragó, J. Quantification of an Elite Futsal Team’s Microcycle External
Load Using High and Very High Demanding Scenarios. Front. Psychol. 2020, 11, 577624. [CrossRef]

10. Illa, J.; Alonso, Ò.; Serpiello, F.; Hodder, R.; Reche, X. Demandas de carga externa y diferencias posicionales en fútbol sala de élite
mediante tecnología UWB. Apunt. Educ. Física Y Deportes 2021, 3, 53–59. [CrossRef]

11. Spyrou, K.; Freitas, T.; Marín Cascales, E.; Herrero-Carrasco, R.; Alcaraz, P. External Match Load and Influence of Contextual
Factors in Elite Futsal. Biol. Sport 2021, 39, 349–354. [CrossRef]

12. Gomes, S.; Travassos, B.; Ribeiro, J.; Castro, H.; Lume Gomes, L.; Ernesto, C. Space and players’ number constrain the external
and internal load demands in youth futsal. Front. Sports Act. Living 2024, 6, 1376024. [CrossRef]

13. Gadea-Uribarri, H.; Lago-Fuentes, C.; Bores-Arce, A.; Villavicencio Álvarez, V.E.; López-García, S.; Calero-Morales, S.; Mainer-
Pardos, E. External Load Evaluation in Elite Futsal: Influence of Match Results and Game Location with IMU Technology. J. Funct.
Morphol. Kinesiol. 2024, 9, 140. [CrossRef]

14. García, A.; Gómez-Díaz, A.; Bradley, P.; Morera, F.; Casamichana, D. Quantification of a Professional soccer Team’s External Load
Using a Microcycle Structure. J. Strength Cond. Res. 2018, 32, 1.

15. Miguel, M.; Cortez, A.; Romero, F.; Loureiro, N.; García, J.; Ibáñez, S. Daily and weekly external loads in the microcycle:
Characterisation and comparison of playing positions on amateur soccer. Front. Sports Act. Living 2022, 4, 943367. [CrossRef]
[PubMed]

16. Akyildiz, Z.; Castro, H.; Cene, E.; Laporta, L.; Parim, C.; Altundağ, E.; Akarçeşme, C.; Guidetti, G.; Miale, G.; Silva, A.F.; et al.
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Abstract: The aim of this study was to examine the differences in match running performance (MRP)
according to the ambient temperature during UEFA Champions League (UCL) matches. Data were
collected using an optical tracking system from all teams (n = 32) in all UCL matches (n = 125) during
the 2022/23 season, and classified according to the ambient temperature at which matches were
played: <5 ◦C, 6–10 ◦C, 11–20 ◦C, and >21 ◦C. The results revealed the following: (i) less total distance
was covered in matches played at ≥21 ◦C compared to the matches played at 6–10 ◦C (d = 0.58),
(ii) less high-speed running and high-intensity running were covered in matches played at ≥21 ◦C
compared to the matches played at 11–20 ◦C (d = 0.54 and 0.43, respectively), 6–10 ◦C (d = 0.89 and
0.8, respectively), and ≤5 ◦C (d = 0.62 and 0.57, respectively), and (iii) less sprinting was covered
in matches played at ≥21 ◦C compared to the matches played at 6–10 ◦C (d = 0.22). These findings
indicated the significant differences in MRP when UCL matches were played at different ambient
temperatures, with notable reductions in overall and high-intensity efforts in warmer conditions.

Keywords: running performance; ambient temperature; soccer; environmental factors

1. Introduction

Soccer is a complex sport characterized by high physical demands, including cov-
ering large total distances and performing repeated high-intensity sprints and explosive
efforts [1,2]. The most common technique to evaluate physical demands during soccer
match-play is an analysis of the players’ match running performance (MRP) [3,4]. The
MRP typically includes total distance covered, distance covered in different speed zones,
accelerations, and decelerations [5,6]. The data on MRP are used by sports scientists pri-
marily to help practitioners in decision-making processes for structuring the elements
of training and subsequent match preparation [7]. However, soccer is subject to various
situational and environmental factors that affect MRP [8–10], hampering its interpretation
and application in practice [11]. Specifically, situational factors within a game, such as a
match outcome, match location, and opponent quality have been evaluated with differing
results [12–15]. Because of physiological constraints when working in certain settings,
environmental elements such as ambient temperature have also been shown to have an
impact on MRP [16,17].

Specifically, when working in a hot environment, the body’s thermoregulatory system
activates mechanisms such as increased sweating to dissipate the heat [18]. This can cause
electrolyte imbalances and dehydration, which can harm the heart and lower one’s ability to
do continuous physical exertion [19]. Also, working in a hot environment raises metabolic
stress, prompting faster glycogen breakdown and a higher reliance on anaerobic energy
sources, which can lead to early fatigue [20,21]. Conversely, prolonged exposure to cold
conditions can affect the body’s shivering response and cause peripheral blood vessels to
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constrict, potentially leading to quicker fatigue and diminished exercise performance over
time [19,22].

Research suggests a decline in MRP when temperatures exceed 29 ◦C [23]. Reports
indicate a significant increase in low-intensity demands and exercise time below 85% of
maximal heart rate compared to moderate temperatures [23]. Consistent with these findings,
another study reported significant effects of hot temperatures on running speed, high-speed
runs, and high-intensity and explosive distance covered [24]. When considering FIFA 2014
games, the comparison between low and high temperatures did not reveal significant
differences in total distance covered [25]. However, it did show that more intense actions
such as the number of sprints were decreased in hotter temperatures, as well as the
distance covered at high intensity [26]. Examining the impact of cold temperatures, a study
involving professional soccer players generally suggested that physical performance in
professional soccer does not decrease in colder conditions [26]. This contrasts with another
study which found that at sub-zero temperatures, every 1 ◦C decrease reduced the team’s
sprint distance by 19.2 m [27]. However, the study also revealed that total, running, and
high-speed running distances showed no significant differences across temperatures up to
10 ◦C [27].

While ample research exists regarding the influence of ambient temperature on the
MRP of soccer players [3,4], this body of research has yet to explore multilevel mixed
modeling as an alternative approach for examining the results. This approach offers the
capability to assess the independent effects of a variable on an outcome while accounting
for all other variables that could affect results (i.e., situational factors), allowing the true
differences to be elucidated. Furthermore, although various competitions have been
studied [8,28], no studies so far have analyzed the entire number of matches within high-
elite competitions such as the UEFA Champions League (UCL) in the context of ambient
temperature. This analysis has the potential to enhance the generalizability of evidence
while providing a benchmark for elite practitioners. Thus, this study contributes to the
existing body of knowledge by addressing two critical gaps: (1) the application of advanced
statistical modeling to account for situational factors and (2) the comprehensive analysis of
all UCL matches to provide insights specific to the highest levels of elite soccer. Therefore,
the aim of the study was to examine the differences in MRP according to the ambient
temperature during the UCL matches while controlling for situational factors.

2. Materials and Methods

2.1. Design

An observational study design was employed to examine the influence of ambient
temperature on MRP during matches in the 2022/23 UCL season.

2.2. The Match Data

The MRP data were collected using an optical tracking system (Player & Ball Tracking
System, Hawk-Eye Innovations Limited, Basingstoke, England). The system’s reliability
has previously been tested and reported [29]. Measurements of ambient temperature prior
to kick-off in matches are systematically taken by match-day officials belonging to the UEFA.
For the purpose of this study, the measurements were subsequently obtained from the
official UEFA match reports. As suggested previously [26,27], the following temperature
classification was employed: ≤5 ◦C = very cold, 6–10 ◦C = cold, 11–20 ◦C = moderate, and
≥21 ◦C = warm.

2.3. Match Analysis

The MRP was obtained from all teams (n = 32) playing in all matches (n = 125) matches
of the UCL in the 2022/23 season. Three matches were initially excluded due to poor data
quality, resulting in a final sample of 122 matches. For each match, two observations (one
per team) were analyzed, yielding a total of 244 team observations for analysis. These
observations were classified into four groups according to the ambient temperature at
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which matches were played: <5 ◦C (8 observations), 6–10 ◦C (28 observations), 11–20 ◦C
(144 observations), and ≥21 ◦C (66 observations). To avoid the influence of situational
factors which were shown to influence MRP [8–10], match outcome and location, quality
of opponent, ball-in-play time, and red cards were noted in all matches. All data were
anonymized in accordance with the principles of the Declaration of Helsinki to ensure
confidentiality. The investigation was approved by the local university ethics board. The
descriptive statistics of MRP according to the ambient temperature is presented in Table 1.

Table 1. Match running performance at different ambient temperatures (data are given as mean ± SE).

≤5 ◦C 6–10 ◦C 11–20 ◦C ≥21 ◦C

Total distance (km) 111.67 ± 1.73 112.13 ± 1.09 110.35 ± 0.7 108.96 ± 0.83
Low-intensity running (km) 83.37 ± 1.2 84.42 ± 0.74 84.59 ± 0.44 84.56 ± 0.54

Moderate-intensity running (km) 18.39 ± 0.61 18.03 ± 0.38 16.87 ± 0.24 15.88 ± 0.28
High-speed running (km) 7.4 ± 0.31 7.3 ± 0.19 6.73 ± 0.11 6.37 ± 0.14

Sprinting (km) 2.62 ± 0.18 2.57 ± 0.1 2.37 ± 0.05 2.29 ± 0.07
High-intensity running (km) 10.03 ± 0.45 9.86 ± 0.27 9.1 ± 0.15 8.67 ± 0.19

2.4. Variables

Dependent variables (i.e., MRP) included total distance covered (TD) (m), low-intensity
running (LIR) (m) (≤15 km/h), moderate-intensity running (MIR) (m) (15–20 km/h),
high-intensity running (HSR) (m) (20–25 km/h), sprinting (SPR) (m) (≥25 km/h), and
high-intensity running (HIR) (m) (≥20 km/h) [30]. The independent variables were a
four-level categorical variable “ambient temperature”, the three-level categorical variables
“match outcome”, two-level categorical variables “match location”, and “red card”, and
the continuous variables “opponent quality” and “ball-in-play”. Match outcome was
categorized as win, draw, or loss, while match location was recorded as either home or
away. The presence of a red card was noted with a “yes” or “no” based on whether a
red card was issued during the match. Opponent quality was evaluated using the UEFA
5-year club coefficients. Ball-in-play time, as defined by the data provider, refers to the
duration when the ball is actively possessed by players or available for either team to
contest. Periods when the referee stops play are considered out of play and do not count
towards ball-in-play time [31].

2.5. Statistical Analysis

The differences in MRP according to ambient temperature were examined using linear
mixed models (LMM). Matches and teams were included as random effects. A “step-up”
model construction strategy was employed, beginning with the null model. Independent
variables were included if they improved model information criteria and showed statistical
significance (p ≤ 0.05) over the previous model. Model selection relied on the Akaike
information criterion (AIC), with lower values indicating a better fit, and on the chi-square
likelihood ratio test. Specifically, models were compared by calculating the difference in
log-likelihood values between the new and previous models, with degrees of freedom
based on the difference in parameters. The final models were selected based on improved
AIC, log-likelihood, and significant variable effects. Model fit was evaluated using residuals
versus fitted plots and Q–Q plots [32,33]. T-statistics from the LMM were transformed into
effect sizes (Cohen’s d) with corresponding 95% confidence intervals (CIs). These effect
sizes were interpreted as follows: less than 0.2 as trivial, 0.2–0.5 as small, 0.5–0.8 as medium,
and greater than 0.8 as large (8). All analyses were conducted using SPSS software, version
25.0 for Windows (IBM, Armonk, NY, USA), with a significance level set at 0.05.
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3. Results

Visual inspections of residual plots for models 1, 2, 4, 5, and 6 showed no noticeable
deviations from homoscedasticity or normality, with Q–Q plots indicating a good data fit.
However, model 3 did not effectively represent the data structure, so the effect of ambient
temperature on MIR was not further analyzed.

Examining the explained variance attributed to fixed effects alone, the models showed
marginal r2 values as follows: 0.22 for TD, 0.56 for LIR, 0.09 for HSR, 0.08 for SPR, and 0.10
for HIR. When including both fixed and random effects, conditional r2 values were 0.95 for
TD and LIR, 0.90 for HSR, 0.92 for SPR, and 0.94 for HIR (Tables 2 and 3).

Table 2 shows that ambient temperature influenced TD (f = 3.34, p < 0.001). Specifically,
less TD was covered in matches played at ≥21 ◦C (108.96 km) compared to the matches
played at 11–20 ◦C (110.35 km, trivial ES) and 6–10 ◦C (112.13 km, medium ES). As
covariates, match outcome (f = 18.46, p < 0.001), ball-in-play (f = 23.89, p < 0.001), and red
cards (f = 9.34, p = 0.003) influenced TD. No effect of ambient temperature on LIR was
found (f = 0.36, p = 0.758).

Table 3 shows that ambient temperature influenced HSR (f = 8.91, p < 0.001), SPR
(f = 9.01, p < 0.001), and HIR (f = 7.26, p < 0.001). Specifically, less HSR was covered in
matches played at ≥21 ◦C (6.37 km) compared to the matches played at 11–20 ◦C (6.73 km,
medium ES), 6–10 ◦C (7.3 km, large ES), and ≤5 ◦C (7.4 km, medium ES). Also, less SPR
was covered in matches played at ≥21 ◦C (2.20 km) compared to the matches played at
6–10 ◦C (2.57 km, medium ES). Finally, less HIR was covered in matches played at ≥21 ◦C
(8.67 km) compared to the matches played at 11–20 ◦C (9.1 km, small ES), 6–10 ◦C (9.86 km,
large ES), and ≤5 ◦C (10.03 km, medium ES). As covariates, match location had an influence
on SPR (f = 21.77, p < 0.001) and HIR (f = 13.57, p < 0.001).

Table 2. The effect of ambient temperature on total distance and distances covered at lower speeds
while controlling for situational factors.

Total Distance
(Model 1)

Low-Intensity Running
(Model 2)

Moderate-Intensity Running
(Model 3) *

Fixed Effects Coef (SE) 95%CI Effect Size Coef (SE) 95% CI Effect Size
Coef
(SE)

95%CI
Effect
Size

Intercept 86.76 (4.24) 78.37–95.15 63.24 (2.99) 57.33–69.16 - -
TEMP: ≤5 ◦C 2.71 (1.75) −0.76–6.19 0.15 (−0.04–0.34) −1.19 (1.24) −3.64–1.27 −0.19 (−0.57–0.2) - - -

TEMP: 6–10 ◦C 3.17 (1.07) 1.04–5.29 0.58 (0.19–0.97) −0.14 (0.76) −1.64–1.36 −0.04
(−0.42–0.35) - - -

TEMP: 11–20 ◦C 1.39 (0.69) 0.02–2.75 0.01 (−0.37–0.39) 0.03 (0.49) −0.93–0.99 −0.11 (−0.5–0.27) - - -

MO: Loss −1.73 (0.33) −2.38–−1.09 −1 (−1.4–−0.61) −1.58 (0.25) −2.09–−1.08 −1.17
(−1.56–−0.77) - - -

MO: Draw 1.42 (0.78) −0.14–2.97 0.35 (−0.03–0.73) 1.16 (0.56) 0.06–2.26 0.4 (0.02–0.78) - - -
ML: Home - - - - - - - - -

OQ - - - - - - - - -
BP 0.36 (0.07) 0.21–0.5 0.94 (0.54–1.33) 0.35 (0.05) 0.25–0.45 1.28 (0.87–1.69) - - -

RC: No 2.55 (0.83) 0.9–4.21 0.6 (0.21–1) 1.82 (0.59) 0.65–2.99 0.6 (0.21–0.99) - - -

Random effects Coef (SE) 95%CI p Coef (SE) 95%CI p Coef
(SE) 95%CI p

Match 8.3 (1.49) 5.84–11.81 <0.001 3.92 (0.73) 2.72–5.65 <0.001 - - -
Team 8.5 (2.48) 4.79–15.05 0.001 2.65 (0.83) 1.44–4.89 0.001 - - -

Residuals 3.17 (0.47) 2.38–4.23 <0.001 2.04 (0.29) 1.54–2.7 <0.001 - - -
R2

marginal 0.22 0.56 -
R2

conditional 0.95 0.95 -
AIC 1268 1116 -

Coef: coefficient, SE: standard error, CI: confidence interval, TEMP: temperature, MO: match outcome, ML: match
location, OQ: opponent quality, BP: ball in play, RC: red cards, AIC: Akaike information criterion; * denotes
inadequate model fit.
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Table 3. The effect of ambient temperature on the distance covered at higher speeds while controlling
for situational factors.

High-Speed Running (Model 4) Sprinting (Model 5) High-Intensity Running (Model 6)

Fixed Effects Coef (SE) 95%CI Effect Size Coef (SE) 95% CI Effect Size Coef (SE) 95%CI Effect Size

Intercept 6.37 (0.13) 6.11–6.64 2.24 (0.07) 2.11–2.38 8.56 (0.19) 8.19–8.94

TEMP: ≤5 ◦C 1.03 (0.32) 0.39–1.67 0.62
(0.23–1.01) 0.33 (0.18) −0.04–0.7 0.34

(−0.04–0.73) 1.36 (0.46) 0.44–2.28 0.57
(0.18–0.96)

TEMP: 6–10 ◦C 0.92 (0.2) 0.52–1.32 0.89
(0.49–1.29) 0.27 (0.12) 0.05–0.5 0.22

(0.04–0.4) 1.2 (0.29) 0.62–1.77 0.8 (0.4–1.19)

TEMP: 11–20 ◦C 0.35 (0.13) 0.1–0.61 0.54
(0.15–0.93) 0.08 (0.07) −0.07–0.22 0.2

(−0.18–0.58) 0.43 (0.18) 0.07–0.8 0.45
(0.07–0.84)

MO: Loss - - - - - - - - -
MO: Draw - - - - - - - - -

ML: Home - - - 0.1 (0.02) 0.06–0.15 0.93
(0.52–1.34) 0.21 (0.06) 0.1–0.32 0.74

(0.33–1.15)
OQ - - - - - - - -
BP - - - - - - - -

RC: No - - - - - - - -

Random effects Coef (SE) 95%CI p Coef (SE) 95%CI p Coef (SE) 95%CI p

Match 0.28 (0.05) 0.19–0.4 <0.001 0.1 (0.02) 0.08–0.14 <0.001 0.19 (0.03) 0.14–0.25 <0.001
Team 0.23 (0.07) 0.13–0.41 0.001 0.03 (0.01) 0.02–0.06 0.002 0.65 (0.11) 0.47–0.89 0.001

Residuals 0.14 (0.02) 0.11–0.19 <0.001 0.03 (0) 0.02–0.04 <0.001 0.36 (0.11) 0.2–0.66 <0.001
R2

marginal 0.09 0.08 0.10
R2

conditional 0.90 0.92 0.94
AIC 487 157 614

Coef: coefficient, SE: standard error, CI: confidence interval, TEMP: temperature, MO: match outcome, ML: match
location, OQ: opponent quality, BP: ball in play, RC: red cards, AIC: Akaike information criterion.

4. Discussion

The aim of this study was to examine differences in MRP according to the ambient
temperature during UCL matches while controlling statistically for the influence of situa-
tional factors. The results revealed decreased TD, HSR, SPR, and HIR in matches played in
a warm environment. On the other hand, a similar distance covered at a lower speed was
found irrespective of the ambient temperature. These findings may be of great interest to
support practitioners entrusted with safeguarding the players’ well-being.

Previous studies examining the differences in MRP according to the ambient tempera-
ture in soccer mostly examined findings from a single country [27,34] or a single team [24].
Such findings were undoubtedly influenced by the specificities (i.e., geographical, cultural,
historical, and/or social) of observed competitions and teams [35]. There are also several
studies using limited samples [24] or data that can be currently considered outdated [26]
due to the tremendous increases in MRP in the last decade [36]. Finally, studies have rarely
controlled for the situational factors that have been repeatedly demonstrated to influence
physical performance during soccer matches [8]. Consequently, it has been difficult to
determine the actual differences in MRP according to the ambient temperature. To address
the relevant literature gaps, the current study examined these differences by investigating
teams playing in multiple countries while also controlling for several potential situational
factors. The results showed that less TD was covered in UCL matches played at ≥21 ◦C
compared to the matches played at 6–10 ◦C (medium ES). In addition, less HSR and HIR
were covered in matches played at ≥21 ◦C compared to the matches played at 11–20 ◦C
(medium and small ES, respectively), 6–10 ◦C (both large ES), and ≤5 ◦C (both medium
ES). Also, less SPR was covered in matches played at ≥21 ◦C compared to the matches
played at 6–10 ◦C (medium ES).

These findings clearly indicated a decrease in overall and intensive efforts in warm
compared to cold environments. It has been speculated that this may be the result of
pacing strategies for players to preserve their technical skills and peak running speed [25].
However, we are of the opinion that the unique feature of the observed competition (i.e.,
UCL) has affected our findings. As a top soccer club tournament involving the world’s best
players, the UCL is distinguished by highly professional and driven athletes who maintain
consistently high running performance regardless of opponent or match outcome [12]. This
may indicate a low reliance on pacing tactics. Therefore, decreased overall and intensive
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efforts in warm compared to cold environments may rather be a consequence of the body’s
efforts to dissipate the heat.

Specifically, when exposed to high temperatures, the body’s thermoregulatory systems
activate, causing reactions such as increased perspiration to aid heat [18]. Excessive
sweating can cause dehydration and electrolyte imbalances, impairing cardiovascular
homeostasis [19]. This might reduce the capacity for prolonged physical exertion, resulting
in reduced overall efforts. Increased temperatures, on the other hand, worsen metabolic
strain during exercise, resulting in rapid glycogen depletion and increased dependence on
anaerobic energy pathways, ultimately leading to early exhaustion [20,21]. As the anaerobic
system is associated with high-intensity efforts [37], such overload most likely resulted in
reduced intensive efforts.

Our findings are generally consistent with previous studies investigating the French
League 1, Russian Premier League, and German Bundesliga 1 [26,27,34,38]. However, these
studies lacked data related to situational variables that have been repeatedly demonstrated
to affect MRP in soccer [8]. Failure to do so brings into question any conclusions drawn
from the data. Therefore, in the current study, the differences in MRP according to the
ambient temperature were investigated while accounting for match outcome and location,
quality of opposition, ball-in-play time, and red cards. This approach strengthens the
true impact of ambient temperature on MRP in elite soccer players while eliminating
the likelihood that the findings are merely due to natural match-to-match variability [39].
Indeed, our results demonstrated a substantial impact of match outcome, effective playing
time, and red cards on TD, whereas match location had an influence on SPR and HIR.

It is particularly important to highlight that high-intensity efforts (i.e., HSR, SPR,
and HIR), a metric commonly deemed critical to match outcome [40,41], in UCL matches
played in warm environments were reduced by approximately 15%. Therefore, when
confronted with high ambient temperature (over 20 ◦C), (i) coaches should consider adopt-
ing alternative strategies rather than striving to maintain HIR levels equivalent to those
in colder environments, and (ii) practitioners entrusted with safeguarding the players’
well-being should consider implementing structured hydration plans before, during, and
after matches. When competing in the UCL, this is paramount for sustaining players’
performance throughout a match and reducing the risk of injury or heat-related illnesses.
The practical relevance of these conclusions is confirmed by the medium-to-large effect
sizes [40].

Several limitations should be noted when interpreting the findings of this study. Firstly,
the potential temperature variations throughout the matches were not taken into account,
which would have affected the results. Secondly, match observations were classified
into four groups according to the ambient temperature at which matches were played.
However, groups were unequal in their sample sizes and such discrepancy likely influenced
the findings. Thirdly, although the most influential factors that can affect MRP were
considered, future studies should control for other match-related factors that may be
impact results such as stage effect (i.e., group vs. knockout), playing position or team
formation. For a more comprehensive understanding of environmental conditions effects,
additional environmental factors such as relative humidity, atmospheric pressure, wind,
and precipitation should be investigated in future studies. Also, there should be some
attempt to account for differences in accelerations and decelerations according to ambient
temperature. This may enable a more detailed understating of the physical demands
required when playing in specific environmental conditions.

5. Conclusions

As far as we know, this study represents the inaugural large-scale investigation aimed
at examining how the ambient temperature impacts the MRP of elite soccer teams, enhanc-
ing the generalizability of evidence while providing a benchmark for elite practitioners
competing in UCL. The results indicated significant differences in MRP when matches
were played at different ambient temperatures, with significant reductions in overall (e.g.,
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TD) and high-intensity efforts (e.g., HSR, SPR, HIR) in warmer conditions (≥21 ◦C). It is
therefore imperative for practitioners to account for ambient temperature when preparing
for UCL matches. Specifically, when ambient temperature is forecasted to be over 20 ◦C,
(i) soccer coaches could explore using different playing styles to achieve tactical goals while
reducing physical strain, (ii) medical staff could consider structured hydration before the
match and cooling techniques during half-time, and (iii) strength and conditioning coaches
could reduce external training loads in the trainings preceding such matches. This is espe-
cially important for teams from northern Europe accustomed to cooler temperatures, which
might experience more significant MRP declines when playing in warmer conditions.
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Abstract: (1) Background: Soccer accounts for 30% of all sports injuries. Muscle injuries in soccer, not
caused by trauma or contact, are the most common. The objective was to assess the risk of injury
based on the footwear used by soccer players and the playing field and to identify the best predictive
model of muscle injuries; (2) Methods: An ambispective cohort study. The primary variable was
the number of muscle injuries in the last three seasons. The secondary variables were age, body
mass index, type of soccer shoes and turf, training load and position on the field. The possible
confounding variables were motivation for the choice of footwear, date of injuries, time playing and
regular first-team player status; (3) Results: 156 players were recruited. The risk of injury is 1.03
(95% CI: 0.83; 1.27) times more frequent in players competing on artificial turf. The risk of injury is
slightly higher in first-team players than in substitutes (RR = 1.02; 95% CI: 0.79; 1.32). There was
no statistically significant relationship between the position on the field (p = 0.91), the type of shoe
(p = 0.69) and the motivation to buy the shoes (p = 0.82), regarding the risk of muscle injury in these
athletes. The best model to estimate risk of injury includes age, training load and soccer shoe type
as confounding variables (AIC = 190.5; p = 0.10; χ2

(3) = 10.14; p = 0.02); (4) Conclusions: The risk of
muscle injury is higher in non-professional soccer players competing on artificial pitches and in those
who are regular starters on their teams. Field position, soccer shoe and motivation to purchase the
soccer shoe are variables that do not increase the risk of muscle injury in these athletes. The best
predictive model of injury includes age, training load and shoe type.

Keywords: soccer; muscle injury; risk; secondary prevention; physiotherapy

1. Introduction

Both professional and amateur soccer subject players to physical demands that increase
the risk of musculoskeletal injuries [1]. The injury rates are varied in the literature, showing
a fluctuation, during matches, from 12 to 66 injuries per 1000 h of play. During the workouts,
the described rates vary from 1.5 to 7.6 injuries per 1000 h [2,3]. The incidence of injuries
during competition is significantly higher, being approximately 4–6 times higher than
during training [4].

Ankle, knee, hamstring, and groin injuries are the most common, accounting for more
than 50% of all injuries in soccer, although more than 65% are classified as minor [5,6].

The biomechanics of soccer and its interaction with the pitch are crucial aspects that
can influence the incidence of injuries in these athletes. Muscle and tendon injuries are
more prevalent in amateur soccer players than in professionals (4.78%). Likewise, moderate,
and serious injuries are more frequent in amateur players than in professional athletes, by
9.60% [5,6]. The maintenance of soccer pitches, which varies between professional and am-
ateur sport mainly for reasons of financial resources, must be taken into account. This may
suggest that different playing surfaces may have a significant impact on the biomechanical
load experienced by players. In this regard, artificial turf, despite its technological improve-
ments, is still associated with an increased risk of musculoskeletal injuries, such as sprains
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and strains [7]. A recent study [8] has described the relationship between players’ positions
on the field and knee pain, with forwards experiencing more pain, and found no associ-
ation between players’ body mass index and the occurrence of sports injuries. Variables
such as age, time spent in strenuous activity, timing of puberty and overweight/obesity
have been associated with an increased risk of anterior cruciate ligament injury in young
adults and adolescents [9]. However, in non-professional soccer players, the variables that
affect the risk of muscle injury have not yet been described beyond fatigue, overload, and
intensity variables.

A proper choice of footwear is essential to prevent injuries in soccer players and
improve their performance on the pitch [10]. The type of footwear, including the design of
the cleats and the sole, can influence the biomechanics of the players and their susceptibility
to the development of injuries [11]. In this regard, shoes with round cleats have been shown
to be safer than blade-type cleats with respect to the development of torsion injuries [12].
However, in non-professional soccer players, the choice of footwear is not determined by
sponsors, as the cost is borne by the player himself, and often the choice of footwear is
based on price, comfort or the model of boot. It has been described how the incidence of
injuries on natural grass is 57.78%, higher than the 42.22% registered on artificial turf [13].
However, despite the relevance of this choice, players may not adequately consider these
factors when selecting their footwear, which may increase the risk of muscle injuries.

The aim of this study was to evaluate the risk of muscle injuries in non-professional
soccer players and identify the best predictive model of muscle injuries based on anthropo-
metric and sports variables.

2. Materials and Methods

2.1. Study Design

An ambispective cohort study.

2.2. Participants

The inclusion criteria were soccer players that (i) were non-professional, who com-
peted in a regional territorial area (Principality of Asturias, Spain); (ii) had not undergone
musculoskeletal surgery in the three seasons prior to the study; and (iii) had federated
at least one year before the study period. The exclusion criteria were (i) those who had
not competed, during the study seasons, for a period of more than 6 months due to a
musculoskeletal injury.

2.3. Ethical Considerations

This study took into account the ethical aspects contained in the Declaration of
Helsinki. The research project was approved by the Research Ethics Committee of the Prin-
cipality of Asturias (CEImPA code 2024.107). The study was registered in the international
database of clinical records, www.clinicaltrials.gov (NCT06425809).

2.4. Study Variables

Data collection was carried out in May 2024. This was conducted through a closed-
question format interview. Data collection was carried out at the regional soccer federation
using a self-reported closed-response survey model, with all interviews taking place in the
same week. The primary variable was the number of lower limb muscle injuries in the last
three seasons.

The secondary and modifying variables were age (years), body mass index (kg/m2),
type of training and competition shoe (rubber/metal cleat), training and competition play-
ing field (sand/artificial turf/natural turf), type of muscle injury (fibrillar rupture/tendon
muscle/strain), weekly training load (hours) and position on the field (goalkeeper/defender/
midfielder/forward). The possible confounding variables were the motivation for the
choice of footwear (comfort/aesthetics/price/other), the date of muscle injuries, the time
competing in the category (in completed months) and the usual presence on the starting
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team (yes/no). These confounding variables were selected because of their influence on a
possible misinterpretation of the results due to a false association between injury risk and
possible modifying variables

2.5. Sample Size

The calculation of the sample size was carried out using the statistical program Stata
IC16 (StataCorp LLC, College Station, TX, USA). This analysis estimated a prevalence of
muscle injuries of 0.05 (5%). By calculating for amplitudes from 0.05 to 0.80 (delta = 0.02), a
percentage of 5% of injury cases was expected. Using the proportion 0.05 (SD = 0.50),
the sample size was calculated for effects between 0.01 and 0.8 (delta = 0.02). With
these criteria, the sample size to estimate this prevalence with an accuracy of ±2% was
97 non-professional soccer players from the Principality of Asturias. The estimation of the
external validity of the predictive model required a 40% larger sample. Thus, a sample size
of at least 137 soccer players was estimated.

2.6. Statistical Analysis

The statistical analysis was performed with the statistical program Stata IC16 (Stat-
aCorp LLC). The statistical significance was estimated at α = 0.05. Using a double-entry
table (2 × 2), the prevalence of adverse effects in soccer players with muscle injuries in the
study period was calculated. The relative risk (RR), the risk difference (RD) and the risk
difference in the population (RDp) of muscle injuries in these athletes were also calculated.

The influence of possible confounding factors was also calculated by discarding those
whose RR was in the range 0.67–1.50. Any variable that, when adjusted, caused changes in
RR > 10% was considered a confounding factor.

Through a logistic regression analysis, the best predictive model was selected based
on the AIC index and the reclassification indices, selecting the most parsimonious model,
calculating the Mantel–Haenszel weighting (RRMH). The multicollinearity of the predic-
tor variables was calculated using the variance inflation factor (VIF). The Wald test was
used to check if the estimated RRs in the strata of the possible confounding factors were
homogeneous.

The predictive capacity was calculated with the validity indices (area under the
curve—AUC, sensitivity and specificity). With the probability of suffering a muscle injury,
calculated with the logistic regression model for the athletes included in the study, the risk
of injury for four athletes was calculated from the OR of the estimated model.

3. Results

3.1. Descriptive Analysis

The study included 156 soccer players. The mean age was 24.03 (SD: 4.29) years,
referring to an average of 1.46 (SD: 1.66) muscle injuries throughout the three evaluation
seasons. Most of the players had suffered a previous muscle injury (68.59%). Artificial
turf soccer fields were the most common in training (90.38%) and in competition (52.56%).
Rubber cleats were the most used (76.92%) by the players. Table 1 shows all the results of
the descriptive analysis of the sociodemographic, anthropometric and sports variables of
the players included in the study.

3.2. Analysis of the Risk of Muscle Injury

The risk of injury is 1.03 times more frequent in players who compete on an artificial
field than in those who train on natural turf fields (RR = 1.03 [0.83; 1.27]). Players who
compete on artificial fields exhibit 2% more injuries than those who usually play on natural
grass (RD = 0.02). For every 1000 injuries in federated soccer players, 10 injuries occur due
to competing on artificial turf fields (RDp = 0.01). Three percent of all injuries of soccer
players playing on artificial turf are due to this circumstance (AFe = 0.03). One percent of
the total muscle injuries that occur in federated soccer players are caused by competing on
artificial fields on a regular basis (AFp = 0.01).
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Table 1. Descriptive analysis (mean, standard deviation and 95% confidence interval) of the charac-
teristics of the soccer players included in the study.

Variables Mean (Standard Deviation) [95% CI]

Age (years) 24.03 (4.29) [23.35; 23.47]

Anthropometrics
Weight (kg) 73.73 (8.05) [72.46; 75.01]
Height (cm) 177.96 (7.06) [176.84; 179.08]

Body mass index (kg/m2) 23.22 (1.56) [22.98; 23.47]

Injuries

Total injuries (number) 1.46 (1.66) [1.20; 1.72]
Quadriceps (number) 0.33 (0.61) [0.23; 0.42]
Hamstrings (number) 0.70 (1.04) [0.53; 0.86]

Gastrocnemius (number) 0.16 (0.43) [0.09; 0.23]

Sports
Weekly training (hours) 6.75 (2.17) [6.41; 7.10]

Individual training (hours) 3.10 (2.76) [2.64; 3.52]
Time competing in the category (months) 14.39 (4.56) [13.67; 15.11]

n (%)

Previous muscle injuries Yes 107 (68.59)
No 49 (31.41)

Type of muscle injury
Fibrillar rupture 99 (63.46)
Tendon muscle 51 (32.69)

Strain 6 (3.85)

Usual presence on the
starting team

Yes 123 (78.85)
No 33 (21.15)

Position on the field

Goalkeeper 12 (7.69)
Defender 63 (40.38)

Midfielder 53 (33.97)
Forward 28 (17.95)

Training playing field Natural turf 15 (9.62)
Artificial turf 141 (90.38)

Competition playing field Natural turf 74 (47.44)
Artificial turf 82 (52.56)

Type of training and
competition shoe

Rubber cleat 120 (76.92)
Multi-cleat 34 (21.79)
Metal cleat 2 (1.28)

Motivation for choosing a
football boot

Comfort 87 (55.77)
Price 24 (15.38)

Playing field 45 (28.85)

The risk of injury is 1.02 times higher in starting players than in substitutes (RR = 1.02
[0.79; 1.32]). There are 1.4% more injuries in first-team players than in those who do not
usually play (RD = 0.014). For every 1000 injuries in federated soccer players, there are
four injuries due to playing as first-team players (RDp = 0.004). Two percent of all injuries
of regular starting soccer players are due to this circumstance (AFe = 0.02). Only 0.6% of
the total muscle injuries in federated soccer players are due to the presence on the starting
team on a regular basis (AFp = 0.006).

Lastly, there was no statistically significant relationship between the position on the
field (p = 0.91), the type of shoe (p = 0.69) and the motivation to buy the shoes (p = 0.82),
regarding the risk of muscle injury in these athletes. Table 2 shows the results of the risk
analysis depending on the training and competition field, regular presence as first-team
player and the nominal qualitative variables.
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Table 2. Injury risk analysis in the soccer players included in the study.

Variables
Injury

R [95% CI] RR RD RDp AFe AFp
Yes No

Usual presence on
the starting team

Starting players 84 39 0.70 [0.54; 0.85]
1.02 [0.79; 1.32] −0.014 −0.004 0.02 0.006Substitutes 23 10 0.68 [0.60; 0.76]

Training playing
field

Natural turf 12 3 0.80 [0.60;1.00]
0.84 [0.64; 1.11] 0.13 0.04 0.16 0.05Artificial turf 95 46 0.67 [0.59; 0.75]

Competition
playing field

Natural turf 50 24 0.68 [0.56; 0.77]
1.03 [0.83; 1.27] −0.02 −0.006 0.03 0.01Artificial turf 57 25 0.70 [0.58; 0.78]

Position on
the field

Goalkeeper 8 4 0.67 [0.39; 0.86]

z = 0.12; p = 0.91Defender 43 20 0.68 [0.56; 0.78]
Midfielder 35 18 0.66 [0.53; 0.77]
Forward 21 7 0.75 [0.57; 0.87]

Type of training
and

competition shoe

Rubber cleat 84 36 0.70 [0.61; 0.77]
z = −0.40; p = 0.69Multi-cleat 21 13 0.61 [0.45; 0.76]

Metal cleat 2 0 1.00 [0.34; 1.00]

Motivation for
choosing a

football boot

Comfort 59 28 0.68 [0.57; 0.77]
z = −0.23; p = 0.82Price 19 5 0.79 [0.60; 0.91]

Playing field 29 16 0.64 [0.50; 0.77]

R: risk; 95% CI: 95% confidence interval; RR: relative risk; RD: risk difference; RDp: risk difference in the
population; AFe: attributable fraction to the exposed; AFp: attributable fraction in the population.

3.3. Analysis of the Association Between the Type of Turf and First-Team Player Status

The association analysis shows that first-team player status is not a modifier of the
effect of the type of soccer pitch (natural or artificial) on the development of muscle injuries.
There are no statistically significant differences for the type of training turf (χ2

(1) = 2.75;
p = 0.09) and competition turf (χ2

(1) = 0.50; p = 0.48), depending on whether or not the
athlete is a regular first-team player. Thus, first-team player status in the soccer team is
not a modifier of the effect. Table 3 shows the analysis of the association between the
development of injuries and first-team player status, stratified by the regular presence on
the team.

Table 3. Association between the development of muscle injuries and the playing field in training
and competition, stratified by presence on the regular team.

Action
Usual Presence on
the Starting Team

R [95% CI] RR IS ES RRwV RRM-H

Training Yes 0.85 [0.63; 1.15]
0.84 0.81 0.84 0.74 0.84No 0.69 [0.54; 0.87]

Competition Yes 1.07 [0.84; 1.36]
1.03 1.02 1.03 1.02 1.03No 0.89 [0.57; 1.39]

R: risk; 95% CI: 95% confidence interval; RR: relative risk; IS: internal standardization; ES: external standardization;
RRwV: weighting by the inverse of the variance; RRM-H: weighting of Mantel–Haenszel.

3.4. Building the Best Predictive Model

The selected model (AIC = 190.5) contains three predictors of muscle injury in soc-
cer players: age, training load and shoe type. The predictive capacity of this model was
compared with the following model that included one more predictor by means of reclas-
sification indices (IDI = 0.02%; p = 0.10; NRI = 0.04%; p = 0.11). The analysis showed no
differences in the results, choosing the selected model, being more parsimonious, as the
best predictive model of risk of injury.

The capacity of the predictive model was estimated (χ2
(3) = 10.14; p = 0.02). When

performing the multicollinearity analysis of the predictor variables, we observed how the
variables are moderately correlated with each other (mean VIF = 1.12). The odds ratios
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obtained in the predictive model reflect that the risk of injury increases with age (OR = 1.11).
As for the type of soccer shoe used, the use of rubber cleats presents the greatest risk, as
well as aluminum cleats (OR = 1), while the use of multi-cleat boots presents a protective
effect against suffering muscle injury (OR = 0.44; 95% CI = 0.08; 1.10). The training load
does not increase the risk of injury (OR = 0.85; 95% CI = 0.72; 1.00). The results of the
analysis of the predictive model with a linear regression model are shown in Table 4.

Table 4. Analysis of the predictive model with a linear regression model.

Injury OR SE z p 95% CI

Age 1.11 0.06 2.06 0.04 1.01; 1.23
Weekly training 0.85 0.07 −1.91 0.06 0.72; 1.00

Soccer shoe
Multi-cleat 0.44 0.20 −1.77 0.08 0.18; 1.10
Metal cleat 1

_const 0.65 0.87 −0.32 0.75 0.05; 8.81

OR: odds ratio; SE: standard error; 95% CI: 95% confidence interval.

3.5. Validity Indices of the Selected Model

After calculating the validity indices of the model, a moderate overall predictive
capacity was revealed (AUC = 0.66). For the cut-off point p = 0.5, it has a high predictive
capacity to detect athletes with muscle injury (sensitivity [Se] of 94.3%), but a low capacity
to detect subjects without injury (specificity [Sp] = 14.3%). To obtain a given sensitivity
and specificity of the model, the most indicated cut-off point was estimated as closely as
possible (p = 0.66; Se = 73.33%; Sp = 55.10%). Figure 1 shows the area under the curve
calculated in the selected predictive model.

 

Figure 1. Area under the curve calculated in the predictive model.

3.6. Assessment of Interaction and Confusion

Evaluation of the interaction was carried out to quantify the effect of the type of
training turf on the risk of injury, with the three predictors of the model (age, training load
and type of soccer shoe), using the likelihood ratio test. There was statistical significance of
the set of interactions (−2ln LR = 11.83; p = 0.003). The result indicates that the interactions
between the type of training turf and the type of soccer shoe and the training load are
statistically significant (p < 0.01). When assessing confusion, there are changes of more
than 10% in all the reduced models. When analyzing the interaction to quantify the effect
of the type of competition turf on the risk of injury, with the three predictors of the model
(age, training load and type of soccer shoe), there was no statistical significance of the set of
interactions (−2ln LR = 2.17; p = 0.54). Thus, the best model to estimate the effect of the
competition turf on the development of injuries includes age, training load and shoe type
as confounding variables.
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4. Discussion

The present study aimed to evaluate the risk of muscle injuries in non-professional
soccer players and identify the best predictive model of muscle injuries. Likewise, the risk
of developing muscle injuries in soccer players was analyzed depending on the footwear,
the playing field, age, body mass index, weekly training load and position on the field.

Although the risk of muscle injury is more frequent in players who train on artificial
turf and those who are usually starters in their respective teams, there are hardly any
statistically significant differences. The best predictive model of muscle injuries in these
athletes determined how age, weekly training load and shoe type are the most significant
predictive variables of risk of injury. These findings underline the complexity of the
factors that contribute to injuries in soccer, suggesting that both environmental conditions
and the individual characteristics of players should be considered when designing injury
prevention programs.

The analysis of the risk of injury depending on the type of turf showed how players
competing on artificial turf have 13% fewer injuries compared to those playing on natural
grass. This finding could be explained by the uniformity and consistency of artificial turf,
thereby being able to reduce unexpected variations of the surface. This could justify the
decrease in injuries resulting from sudden changes in the terrain. Artificial surfaces provide
more constant traction and cushioning, which can reduce joint and muscle stress during
the execution of rapid movements and changes of direction. These results coincide with
previous studies where a lower incidence of injuries has been reported in sports practice on
artificial turf due to its uniform design and greater durability [14,15]. However, the results
of other studies should be considered [16–18] where an association has been observed
between playing on artificial turf and certain types of injuries, such as skin abrasions and
specific muscle problems.

Our results found no association between the risk of muscle injuries and regular
first-team player status. The training load and exposure to risk during matches is similar in
starters and substitutes, regardless of how frequently they play [19]. Our results are consis-
tent with what was observed in previous studies [15,20] reporting that first-team player
status is not a determining factor in the incidence of injuries in soccer players. In addition,
other factors such as adequate post-match recovery, fatigue management and player rota-
tion strategies can play a relevant role that helps mitigate the risk of injuries [21–23]. Team
management and training tactics must be optimized to protect players equally, regardless
of the first-team player status of athletes.

The absence of an association between injuries and the motivation for buying the
footwear, the position on the field or the type of soccer shoe revealed how these variables
do not significantly influence the risk of injury. This may suggest how intrinsic factors such
as physical preparation, general health status and playing technique have a greater impact
on injury prevention than the specific equipment used. These results have been described
previously [15,24,25], indicating how individual characteristics and general preparation
are more crucial for injury prevention than other extrinsic variables, such as the type of
soccer shoe used or the position on the pitch. In addition, personal preferences and comfort
with equipment can vary considerably between players, making it difficult to establish a
direct relationship between the type of soccer shoe and the risk of injury. It is possible that
other factors, such as individual biomechanics and adaptation to the type of shoe, play a
more important role in the incidence of injuries [26–28]. In this way, coaches, trainers and
health personnel of the teams should focus on evaluating and optimizing the physical and
technical condition of each player, instead of focusing excessively on the type of equipment.

We have observed in our predictive model how the training load is a predictive factor
of risk of injury. The more players train, the lower is their risk of injury. This relationship
may indicate how better physical conditioning and progressive adaptation of the body to
exertion prevents the development of injuries [29]. Therefore, a well-planned training load
can allow a gradual progression in the intensity and volume of the sessions, increasing
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the effectiveness in muscle strengthening and endurance, thus reducing the susceptibility
to injuries [30].

The predictive model also showed that younger players have a lower risk of injury.
This protective effect may be due to the greater recovery capacity and the lower accumu-
lated wear of younger athletes [31]. Younger age is associated with greater muscle plasticity
and a faster ability to adapt to the physical demands of sport [32]. However, looking at
the age range of the athletes included in the study, this variability could be because older
players do less exercise due to their status on the team, where they may be more established
due to their experience.

Finally, the use of multi-cleat boots was associated with a lower risk of injury. This
can probably be due to offering a better pressure distribution and greater stability [33].
These types of boots can reduce the risk of sprains and other joint problems by providing
a more solid and secure grounding during rapid movements and changes of direction.
The inclusion of the type of soccer shoe in the predictive model of the risk of developing
muscle injury is in agreement with previous studies where the importance of using specially
designed equipment to reduce the risk of injuries is underlined [34,35].

The findings of this study may be relevant to sports professionals. The identification
of the most relevant risk factors as well as the predictive model of injury in this population
of football players may help in the implementation of more effective and personalized
prevention strategies. In this way, it could contribute to reduce the incidence of injuries and
improve the performance of these players. These results are also in line with the importance
of conducting regular assessments and adjusting prevention strategies according to the
individual needs of the players, which could include changes in equipment, modification
of training regimes and incorporation of advanced recovery techniques.

Limitations of the Study

The collection of data through self-reported surveys can introduce a bias in the collec-
tion of information. The tendency of players to minimize or exaggerate their injury and
training experiences can modify the analyzed data. The absence of a thorough control in
the evaluation of variables such as intensity and the specific type of training can affect the
results and the accuracy of the conclusions. Similarly, a relevant limitation of this study
is the non-inclusion of variables such as the weekly competition load (in hours), muscle
overload and fatigue, or the intensity of the training or competition (distance covered, heart
rate, etc.). This limits the interpretation and generalization of the results of this study. It is
possible that different training programs, with variations in intensity, duration, and type of
exercise, may significantly affect the results, something that could not be controlled in this
study. Therefore, future studies should collect data through direct monitoring of training.
Similarly, as only male soccer players were included, these results cannot be generalized to
female amateur soccer players. Although female professional soccer players show injury
incidence rates and patterns comparable to those of male players [36], in non-professional
female soccer players, these data need to be confirmed. Specific studies on female soccer
players or comparing both sexes could help to identify risk factors more globally and
whether sex influences the risk of muscle injury in these non-professional athletes.

5. Conclusions

The risk of injury is higher for non-professional players competing on artificial turf.
This risk of muscle injury is also higher in players who are regular starters in their football
teams than in substitutes. Field position, boot type and motivation to buy the boot are not
related to an increased risk of muscle injury in these non-professional soccer players.

The best predictive model of risk of injury in non-professional soccer players includes
age, training load and shoe type.
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Abstract: It is essential for physical sports therapists to use reliable field-based tests to identify
potential injury risk factors in athletes. The purpose of this study was to compare the inter- and
intra-rater reliability of experienced and novice raters during use of the Landing Error Scoring
System (LESS) in a field-based examination of professional football athletes. Thirty-seven male
football athletes underwent pre-season LESS assessment. Two raters independently evaluated the
recorded landing techniques at two separate intervals, two months apart, following the LESS standard
protocol. Inter-and intra-rater values were calculated for the LESS total scores and individual scoring
items. The overall LESS scores had excellent intra-rater reliability values for both the experienced
(interclass correlation coefficient (ICC) = 0.95, 95% CI, 0.89–0.97; p < 0.001) and novice rater (ICC = 0.95,
95% CI, 0.90–0.97; p < 0.001), and very good to excellent inter-rater values for the first (ICC = 0.90,
95% CI, 0.77–0.95; p < 0.001) and second (ICC = 0.86, 95% CI, 0.71–0.93; p < 0.001) evaluation. Most
of the individual scoring items ranged from moderate to perfect agreement. In conclusion, sports
physical therapists, regardless of experience, can reliably use the LESS’s total score, through video
analysis of the regime. Individual scoring items can inform clinicians about impairments in the
landing mechanism but data should be interpreted cautiously.

Keywords: pre-season screening; reliability; field-based examination; landing; risk factors

1. Introduction

Athletes’ screening is considered an essential first step in order to identify potential
risk factors that may increase the likelihood of injury. The information gained by the appli-
cation of screening tests can guide sports physical therapists to apply targeted preventive
interventions that may reduce the risk of injury [1,2]. Despite pre-season screening being
a standard procedure for football teams, sports injuries remain a substantial problem for
teams’ performance and financial integrity [3]. The multifactorial and complex nature of
injuries as well as the questionable validity of many screening tests make the prevention of
injuries a challenging task [4,5]. Biomechanical predisposing factors, such as kinematic and
kinetic parameters of landing and cutting movements, play a key role in the injury mecha-
nism [6,7]. Laboratory-based examination using sophisticated motion analysis systems can
identify kinematic and kinetic impairments during jumping or cutting tasks [6,8]. These
systems are highly reliable; however, they are costly, time-consuming, and challenging
to use in a field-based setting [9]. Therefore, the availability of reliable, low-cost, and
time-efficient tools such as the Landing Error Scoring System (LESS) represents a crucial
initial step [1]. In addition, the predictive value of separate tests is ambiguous, and the
current trend is towards the use of test batteries, which approach athletes’ functionality in
a more holistic manner [4,10].
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The LESS, consisting of 17 separate items, has been suggested to suit this purpose [9,
10], as a tool that can be successfully applied during clinical or field-based examinations,
with minimal and low-cost equipment [9]. It can also be applied frequently during the
season to provide an updated assessment of athletes’ functional status [10]. This is funda-
mental, because the latter is susceptible to fluctuations during the season, due to injury,
illnesses, detraining, and various other factors [4]. In clinical practice, the consideration
of the individual scoring items in addition to total scores can provide valuable infor-
mation about specific deficiencies in landing mechanisms which are crucial for injury
prevention [11–13]. In addition, combined with other evaluation measures such as strength
asymmetries, ballistic function, previous injuries, and workload characteristics, LESS can
contribute to the targeted formulation of injury prevention programs and re-evaluate the
impact of prevention programs on athletes during the season [10,12].

The reliability of LESS depends heavily on examiners paying the appropriate attention
to the guidelines while scoring each item. The results of previous studies [9,11,14,15]
have indicated good to excellent reliability values of LESS total scores using standard
LESS scoring instructions [9]. From these investigations, two reported the inter-rater
reliability of the overall instrument, including specific scoring items. Regarding intra-
rater reliability, only Everard et al. [15] reported reliability values of a single rater for the
individual scoring items except for the total scores. According to these investigations [14,15],
despite the range of reliability values of LESS’s specific scoring items, these items provide
acceptable reliability.

The need for additional investigation is dictated by methodological constraints. Earlier
research has explored LESS’s reliability in scoring either freshman military subjects or
various sports athletes in controlled laboratory settings [14,15]. Expanding the analysis
of its reliability in particular groups, such as professional football players or individuals
with injuries, would enhance the generalizability of the outcomes [11]. Moreover, it is
questionable whether the reliability is similar during in field-based testing, and this has
not been tried before. In contrast to evaluations conducted in controlled indoor laboratory
settings, outdoor field assessments may be subject to fluctuations in environmental factors
and surface conditions, which could impact the assessment of LESS by evaluators. It is also
vital to establish reliability among raters with different levels of experience, using solely
baseline LESS instructions [9] without further training. In the study by Onate et al. [14], the
novice rater had training by the founders of the instrument in the proper scoring technique
before the examination of LESS reliability. In case of no requirement for additional training,
its use would be expanded.

Therefore, the main aim of the present study was to examine the inter- and intra-rater
reliability of LESS in comparing between experienced and novice raters using the standard
scoring guidelines proposed by Padua et al. [9]. A secondary aim was to conduct the
aforementioned examination on field, since it has been carried out indoors only so far. In
this way, this study will provide valuable information for the medical and training staff of
football teams for the reliable use of the LESS standard version as part of a team’s injury
risk screening protocol, regardless of the venue.

2. Materials and Methods

2.1. Participants

Thirty-seven male professional football players from two Greek second-division teams
voluntarily participated in this study. The participants’ characteristics are presented in
Table 1. The sample of this study was involved in a more extensive prospective cohort
investigation examining the risk factors for lower-limb injuries. To assess LESS reliability,
participants were chosen randomly from a larger sample. The football athletes involved
in this study were free of injury or fully rehabilitated from a previous one, and they
participated in their teams’ activities without restrictions. All volunteers were informed
of the study’s aim and signed a consent form. Ethical approval was obtained from the
Committee of the University of Patras (ID: 12126).
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Table 1. Samples’ demographic characteristics.

Minimum Maximum Mean ± SD

Age 17 32 21.49 ± 4.06
Weight (kg) 63.68 93.13 74.92 ± 7.25
Height (m) 1.66 1.92 1.81 ± 0.07

BMI 20.47 25.77 22.92 ± 1.37

2.2. Procedure

During the pre-season period, 37 athletes participated in a field-based drop jump
assessment to identify potential risk factors for lower limb injuries. Initially, they were
informed of the purpose of the evaluation and signed a consent form. Demographic
characteristics, previous season’s training exposure, and injury history were also recorded
using a structured questionnaire. Subsequently, after a ten-minute sports-specific warm-up,
including running and stretching, athletes performed a bilateral drop-jump task assessment
using the LESS guidelines [9].

LESS assessment was conducted in accordance with the instructions provided by
Padua et al. [9]. Following the instructions for the appropriate test setup [9], the participants
jumped from a 30 cm box at a distance equal to 50% of their height and immediately
performed a vertical jump (Figure 1). The athletes were instructed on the proper execution
of the task and performed two familiarization trials. Three successful attempts were
recorded for analysis. Each athlete spent two to three minutes to complete the test. No
instructions regarding the proper landing technique were provided. Two conventional
cameras (Sony HDR-CX625 and Panasonic HC-V770) recorded the landing tasks in the
sagittal and frontal planes. The recorded videos were stored on the personal computers of
two raters for analysis.

Figure 1. Test setup. Landing area and camera placement.

2.3. Data Collection

Two raters evaluated the recorded videos of the landings based on published guide-
lines [9]. To calculate the intra-rater reliability, both raters performed two evaluations of
the videos, separated by approximately two months. The videos were evaluated randomly
during the second assessment to prevent recall bias. The two raters had different expe-
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rience levels. The first one had previously used the instructions of Padua et al. [9] when
performing approximately 150 LESS evaluations for the purpose of other studies [10,16,17].
The novice rater used the LESS for the first time. Both raters applied the recommended
guidelines [9] without further education regarding proper LESS evaluation. The reliability
results of the experienced and a novice rater were compared to cover a broad spectrum
of raters’ familiarization, since clinical or sports physical therapists usually have little or
no respective experience. It is essential to identify the degree to which novice examiners
can be trusted when they report LESS values. The experienced rater was a Ph.D. student
in sports physical therapy with 10 years of experience in clinical practice, and the novice
rater was an M.Sc. student in physical therapy and therapeutic exercise without previous
experience in LESS use but with 6 years of experience in clinical practice.

The investigators analyzed the recorded videos of the three bilateral drop-jumps
using the scoring sheet that included 17 scoring items [9]. This scoring form focused
on the assessment of trunk position, knee (flexion angles, valgus), and hip flexion angle
at the initial contact (IC) and the maximum knee flexion during landing (Figure 2). In
addition, foot rotation, symmetrical foot initial contact, and base of support width were
also considered. Finally, items 16 and 17 reflected the rater’s subjective view of the sagittal
plane joint displacement during landing and the overall impression of the landing. For
items 1–15, if an error in the landing mechanism existed, the rater scored “1”. For items
16 and 17, the rater scored “0” for soft or excellent landing, “1” for average, and “2” for
stiff or poor landing mechanisms. The total LESS score was calculated as the average of
the LESS scores of the three trials [12]. Specific errors were recorded if an error existed in
at least two of the three trials for items 1–15. For items 16–17, average scoring of “1” is
considered when it has been recorded in at least two of the three trials, and for poor/stiff
landing scoring, “2” is recorded when it has been recorded in at least in one of three trials.
Higher total LESS scores indicate more landing errors. To increase the objectivity of the
landing assessment, the videos were evaluated using the two-dimensional video analysis
software of Kinovea (Version 0.9.5).

Figure 2. Evaluation of landing mechanism during initial contact (A) and maximum knee flexion (B)
from sagittal and frontal view.

2.4. Statistical Analysis

The SPSS software, version 28, was used for the statistical analysis. The inter- and
intra-rater reliability of the total LESS scores were assessed using the average interclass
correlation coefficient (ICC) measures for 2-way mixed modes with 95% confidence in-
tervals (CIs). The type of absolute agreement for ICC was used. The kappa statistic was

117



Sports 2024, 12, 242

used to evaluate the reliability of the individual scoring items of the LESS, which were
categorical/dichotomous (0–1) variables. The kappa statistic has proven to be a more
suitable measurement than the percentage agreement [14]. The inter-rater reliability values
for the total LESS scores and individual scoring items were calculated for the first and
second LESS assessments. For the interpretation of kappa statistics, values of 0 repre-
sent poor agreement, 0.01–0.20 represents a slight agreement, 0.21–0.40 represents a fair
agreement, 0.41–0.60 moderate agreement, 0.61–0.80 represents substantial agreement, and
0.81–1 almost perfect agreement [18]. Regarding the ICC values, agreement between raters
of less than 0.5 indicates weak reliability, 0.5 to 0.75 indicates moderate reliability, 0.75
to 0.90 indicates good reliability, and greater than 0.90 indicates excellent reliability [19].
According to the recommendations of Koo and Li [19], the range of 95% CIs was also
considered to provide a more thorough analysis of ICC outcomes.

3. Results

The intra-rater reliability of the LESS total scores was excellent for both the experienced
and novice raters, with average ICC values of 0.95 (95% CI, 0.89–0.97; p < 0.001) and
0.95 (95% CI, 0.90–0.97; p < 0.001), respectively. Regarding the inter-rater reliability, the
results indicated a good to excellent agreement among raters in the first and second LESS
evaluations, with average ICC values of 0.90 (95% CI, 0.77–0.95; p < 0.001) and 0.86 (95%
CI, 0.71–0.93; p < 0.001), respectively. The findings demonstrated a slight variation when
examining the range of the 95% confidence intervals. According to the 95% CIs, the results
indicated good to excellent intra-rater reliability for both experienced and novice raters. The
findings from the inter-rater assessments demonstrated an acceptable level of agreement,
with values indicating good to excellent reliability in the initial evaluation and moderate
to excellent reliability in the subsequent evaluation. A comprehensive analysis of the
descriptive statistics for the raters’ total scores on the LESS scale is provided in Table 2.

Table 2. Descriptive statistics of LESS total scores.

Minimum Maximum Mean ± SD

Experience 1 1.67 11 5.65 ± 1.88
Experience 2 2.67 10 5.95 ± 1.69

Novice 1 1.67 10.67 5.12 ± 1.89
Novice 2 2.33 11 5.4 ± 2.1

The inter-rater agreement of the specific scoring items of the LESS ranged from mod-
erate to almost perfect for most individual scoring items in the first evaluation, and for
all scoring items in the second LESS evaluation (Table 3). Low inter-rater agreement was
observed in the assessment of the first evaluation for 13 (hip flexion displacement) and
17 (overall impression). However, these specific scoring items reached moderate kappa
values when the inter-rater reliability of the second LESS evaluation was assessed. In
addition, perfect agreement in both assessments was observed only for items 2 (hip flexion
at IC) and 9 (internal foot position). These scoring items presented constant values for
all observations. At the same time, we observed a range between substantial and almost
perfect agreement when comparing the two evaluations for items 1 (knee flexion at IC), 4
(ankle plantar flexion at IC), 7 (wide stance), 8 (narrow stance), 10 (external foot position),
and 12 (knee flexion displacement). Further, there was a moderate inter-rater agreement
for item 11 (symmetric foot contact at IC) and a substantial agreement for items 3 (trunk
flexion at IC) and 15 (knee valgus displacement) in both evaluations. Finally, we observed
moderate to substantial agreement for items 5 (knee valgus at IC), 6 (lateral trunk flexion at
IC), 14 (trunk flexion displacement), and 16 (overall joint displacement) when we compared
the two evaluations.
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Table 3. Inter- and intra-rater agreement of specific scoring items of the experienced and novice
raters.

Scoring Items
Inter-Rater Cohen’s

Kappa First
Evaluation *

Inter-Rater Cohen’s
Kappa Second
Evaluation *

Intra-Rater Cohen’s
Kappa Experienced

Rater *

Intra-Rater Cohen’s
Kappa Novice Rater *

1 Knee flexion at IC 0.92 0.62 0.71 1.00
2 Hip flexion at IC 1.00 (constant) 1.00 (constant) 1.00 (constant) 1.00 (constant)
3 Trunk flexion at IC 0.65 0.64 1.00 1.00
4 Ankle plantar flexion at IC 0.80 0.87 0.93 1.00
5 Knee valgus at IC 0.59 0.68 0.80 0.65
6 Lateral trunk flexion at IC 0.72 0.53 0.65 0.80
7 Wide stance 0.65 1.00 0.65 1.00
8 Narrow stance 0.89 0.74 0.79 0.95

9 Internal foot
position 1.00 (constant) 1.00 (constant) 1.00 (constant) 1.00 (constant)

10 External foot
position 0.92 0.71 0.77 0.85

11 Symmetric foot contact at IC 0.60 0.60 0.80 0.80

12 Knee flexion
displacement 1.00 0.68 0.68 1.00

13 Hip flexion
displacement 0.36 0.53 0.64 0.64

14 Trunk flexion displacement 0.54 0.63 0.94 0.83

15 Knee valgus
displacement 0.63 0.72 0.68 0.89

16 Overall joint
displacement 0.66 0.62 0.71 0.83

17 Overall
impression 0.20 ** 0.44 0.51 0.43

* Statistically significant < 0.05; ** not statistically significant = 0.12; constant—all rates have the same value.

The intra-rater values of the experienced and novice raters ranged from moderate to
almost perfect agreement (Table 3). Almost perfect intra-rater reliability for both raters was
observed for items 2 (hip flexion at IC), 3 (trunk flexion at IC), 4 (ankle plantar flexion at IC),
9 (internal foot position), and 14 (trunk flexion displacement). In addition, raters achieved
substantial intra-rater kappa values for items 11 (symmetric foot contact at the IC) and 13
(hip flexion displacement). The remaining items had substantial and almost perfect intra-
rater agreement for both raters. Finally, there was moderate intra-rater agreement for both
raters on item 17 regarding the overall impression of the landing technique, representing
the lowest intra-rater values for both raters.

A final outcome revealed that determining an athlete’s performance using the LESS
necessitates diverse scoring durations among evaluators. A novice rater typically takes up
to 20 min, while experienced rater spends an average of 10 min.

4. Discussion

The current research examined the reliability of LESS in and between raters with
varying levels of experience in its application. Further, this study was conducted on field
during pre-season screening of professional football players. The outcomes of our research
showed that raters with varying backgrounds in LESS evaluation and without further
training achieved excellent intra-rater reliability and very good to excellent inter-rater
agreement in LESS total scores. These findings align with previous studies [14,15], which
reported similar ICC values for LESS total scores. In addition, our study provides inter- and
intra-rater reliability values for the individual scoring items. To the best of our knowledge,
this is the first study to examine the reliability of LESS among professional football players
in field-based situations. We chose to investigate the intra- and inter-rater reliability among
raters with no previous training in adequately using the LESS instrument and following
only the standard instruction and scoring sheets of Padua et al. [9]. Our purpose was to
assess whether the LESS has the appropriate reliability to be adequately used by the football
team’s medical staff, using only the instructions given by the founders of the instrument as
a guide [9].
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According to the results, the LESS total scores had excellent intra-rater and very
good to excellent inter-rater reliability values. These results agree with previous studies
that examined the reliability of the LESS total scores in various sports athletes under
laboratory conditions [11,14,15]. The total scores provide an overall impression of the
landing technique, with lower values indicating a safer landing mechanism, with a lower
risk of injury [9,12]. Athletes who score over five [12] or six [13] are categorized as having
high-risk landing performance. Using these cutoff points, the team’s medical and coaching
staff can classify athletes as high- or low-risk for injury in combination with holistic
field-based screening measurements, including isometric strength parameters, triple-hop
landing, flexibility, and core stability measurements [10]. Subsequently, the team’s staff
can implement appropriate injury-prevention exercise programs for at-risk athletes [2,10,
11]. However, the total LESS score results may be similar on different occasions despite
differences in the scores of individual scoring items [15].

The individual scoring items can provide insight into specific deficits of landing. In
contrast to the good to excellent reliability values of the LESS total scores, the reliability
values of individual scoring items should be considered more cautiously. Our findings
indicate a degree of inconsistency in the reliability scores of the individual scoring items.
Specifically, the results of some individual items, such as knee flexion at IC, hip flexion
displacement, and wide stance, revealed a certain degree of variability in the inter-rater
reliability values across the first and second evaluations. Furthermore, the overall im-
pression (item 17) demonstrated low reliability values. Consequently, sports physical
therapists must thoughtfully assess the outcomes of these specific items when assessing
for possible risk factors or the efficacy of preventive measures based on individual LESS
items. However, in agreement with previous studies [14,15], the inter- and intra-rater
reliability for most of the scoring items in our research ranged from moderate to almost
perfect agreement.

It is important to mention differences between our study and previous investigations,
because these may affect the comparison of the results. Particularly, the study of Onate
et al. [14] used only the first trial to calculate inter-rater reliability values and not the
average results of the three trials proposed by Padua et al. [9]. On the other hand, the study
of Everard et al. [15] reported that while raters had no experience using the LESS, they
had significant experience with the Functional Movement Screen (FMS), which may have
affected the results, as the authors mentioned in their paper. Finally, as Everard et al. [15]
noted, the influence of rater background on LESS results requires further examination.

Specifically, regarding the inter-rater reliability values of individual scoring items,
substantial and moderate agreement in the repeated evaluation of the videos was observed
for most scoring items, which agrees with previous studies [14,15]. Nevertheless, in contrast
with the relevant literature [14,15], low inter-rater kappa values (<0.40) were observed in
the first evaluation of the videos regarding the hip flexion displacement between the IC and
peak knee flexion (item 13). However, Everard et al. [15] reported an inter-rater agreement
of 0.53, which was slightly different from the inter-rater agreement of item 13 (0.36) in this
study. At the same time, lower inter-rater values than those reported in the literature [15]
were observed in the evaluation of item 17 and, more precisely, in the first assessment. This
can be attributed to the scoring of the overall impression of the landing technique (item
17), which is strongly subjective, despite instructions, and it is influenced by the level of
the rater’s experience as well as their specific training on the LESS or other relative tests
such as the FMS [14,15]. However, we observed moderate kappa values for the 13 and 17
scoring items in the second inter-rater evaluation. As previously mentioned, our study
raters had different experiences using LESS, but neither had received education about the
proper technique of rating, which may have influenced the low inter-rater reliability values
of items 13 and, more importantly, item 17.

In clinical practice, different clinicians may assess the landing technique of an individ-
ual before and after the implementation of injury prevention programs. Considering the
subjective nature of individual scoring of some items, we calculated the inter-rater reliabil-
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ity of scoring items at two different time points to evaluate the stability of the reliability
results. The results indicated that the inter-rater reliability values of most scoring items
ranged between the two video assessments. A possible explanation for this phenomenon
is that, because the scoring follows a dichotomous strategy (score 0 or 1) when a landing
impairment is near the cutoff point, the score given by a rater may change at different
scoring times. For instance, this may explain the low inter-rater reliability values for hip
flexion displacement (item 13). Despite these variations in values, the scoring form seems to
have an acceptable inter-rater agreement, and clinicians can be informed about the possible
specific landing impairments of their athletes. In addition, clinicians should be aware
that because of the dichotomous process of scoring each impairment, observation is not
very sensitive. For instance, whereas we rated the existence of valgus during landing, the
instrument does not inform us about the magnitude of the valgus presented in a participant.
These observations can be added to the total score only when the rater scores item 17
regarding the overall impression of landing, which is clearly a subjective scoring criterion,
as we have already mentioned.

To our knowledge, there is limited evidence in the literature regarding the intra-rater
reliability of two raters with different experiences using the LESS instrument. Onate
et al. [14] examined only the inter-rater agreement among an expert and novice rater,
whereas the study of Everard et al. [15] provides intra-rater values only from the one rater.
Similar to Everard et al. [15], our results indicate that the kappa values showed substantial
and almost perfect agreement for most scoring items. Furthermore, both raters showed
moderate agreement in overall landing impressions and substantial agreement in general
joint displacement.

In addition, a side finding of the study revealed that the two raters differed in the time
required to complete the scoring. Specifically, the novice rater spent up to 20 min rating
each participant’s three attempts, whereas the experienced rater spent 10 min on average.
This may be because the novice rater usually spent more time scrutinizing and reading the
scoring instructions. The control of scoring time, in future studies, will provide valuable
information about the aforementioned observation. Finally, future attempts could add a
specifically trained rater in LESS.

In conclusion, sports physical therapists can reliably use the LESS total scores to assess
the landing technique of football players, following only the published instructions of the
standard version of the instrument [9]. LESS is a valuable tool for medical teams, regardless
of the examiners’ level of experience, for field-based screening of football players. However,
the individual scoring items should be viewed with caution since there was a considerable
range in reliability. In any case, information of this assessment tool can draw attention
to specific landing impairments of each individual, and along with additional testing, an
individualized exercise prevention program can be planned. However, its direct connection
to injuries remains to be further investigated.
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Abstract: The association between movement screening and physical fitness testing in athletes is
conflicting, and therefore, this study aimed to examine the relationship between Functional Movement
Screen (FMS) performance and physical performance in elite female youth football players. Twenty-
two players from the national U16 team of Bosnia and Herzegovina underwent FMS and physical
performance tests, including speed, agility, and jump assessments. Jump and speed performance
score correlated well with ASLR, while the overall FMS score was not associated with any of the
performance variables. These findings suggest that while certain movement patterns may impact
athletic performance, the relationship between movement screening and physical performance is
delicate. Coaches and practitioners should consider individual variations and sport-specific demands
when interpreting FMS results in order to optimize and maximize athlete performance and reduce
injury risks.

Keywords: FMS; mobility; stability; athletic performance; female football; soccer

1. Introduction

Football is an immensely popular and an intense sport that involves high-demand
tasks such as landing, cutting, and rapid change of direction. Players are also expected to
have higher performance in strength, speed, endurance, and power [1]. This necessitates a
holistic approach to training and assessment.

The screening tests that can detect modifiable intrinsic risk factors for musculoskeletal
injury have always been of interest to the practitioners of sport and exercise medicine. It
has been documented previously that football players’ performance is affected by their
ability to execute movements correctly, which is emphasized in the literature as crucial for
long-term safety and effectiveness [2,3].

The variety of tests used to evaluate different sport-specific parameters do not directly
implicate any information on the efficient movement proficiency of the player. For resolving
this, a battery of assessment tools was developed with Functional Movement Screening
(FMS). Pre-participation screening and sports performance can be linked together with the
use of FMS, the most popular movement screening technique used by specialists to evaluate
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an individual’s fundamental movement patterns [4]. By assessing any asymmetries, the
dysfunctional patterns and higher musculoskeletal injury risks can be identified with FMS.
A score of <14 on FMS has been linked to greater chances of injury [5,6]. However, this
cutoff score can be influenced by multiple factors, like gender, age, body composition, type
of sport, training state, and diet, among others. Through such stratification, targeted inter-
ventions can be delivered to groups considered “at-risk” in order to reduce the likelihood
of injury, thereby enhancing the performance.

FMS has gained popularity as a comprehensive assessment tool in sports science [4].
However, its relationship to sport-specific performance metrics remains a subject of debate
among researchers and practitioners [7,8]. While FMS aims to evaluate fundamental
movement patterns, it is essential to consider how these patterns translate into actual
athletic performance. The correlation between FMS scores and various sport-specific
parameters, such as speed, agility, and power, has yielded inconsistent results across
different studies and sports disciplines [9,10]. This variability in findings highlights the
need for sport-specific investigations to determine the true value of FMS in predicting and
enhancing athletic performance.

The relationship of movement screening with physical fitness testing in athletes is
conflicting in the available literature for different sports. Zhang et al. [11] have reported
the inaccuracy of FMS in predicting jump and sprint performance, while few studies
found FMS to correlate significantly with vertical jump [10], agility [2,10], and lower limb
strength [9]. However, such an association in young female football players, per se, is so
far under-explored.

This study is therefore an effort to provide a clear picture of the strength and con-
ditioning coaches and the treating physical therapists of whether any association exists
between physical performance and efficient movement (FMS) in young female football
players. Therefore, the present study aimed to investigate the correlations between func-
tional movement quality (FMS) and speed, agility, and jump performance in elite female
youth football players.

2. Materials and Methods

2.1. Experimental Approach to the Problem

This was a transversal observational and descriptive study. This study obtained pre-
season measures of physical performance (speed, planned agility, and vertical jump) and
movement quality (FMS) in elite junior football athletes in Bosnia and Herzegovina. A
cross-sectional analysis was conducted on each participant to examine the relationship
between their movement quality and physical performance metrics. To address the research
questions, this study employed a multivariate correlation analysis approach.

2.2. Participants

Twenty-two elite female youth football players (age: 15.59 ± 0.57) from the national
U16 team of Bosnia and Herzegovina participated in this study. All participants had a
minimum of 5 years training experience. Before this study, all athletes were provided
information about the procedures and study objectives. Subjects with a history of recent
(previous 30 days) injury or surgery prohibiting full participation in the regular training
schedule were excluded. Participants were excluded if they were in their menstrual cycle.
The study was approved by the Ethics Committee of the Faculty of Sports and Physical
Education, University of Sarajevo (No: 01−2603/22; 1 July 2022) and was carried out in
accordance with the Declaration of Helsinki. After the procedures were fully explained,
parents provided written consent for their minor children to participate in the study, ensur-
ing complete ethical compliance and explicitly stating that participants could withdraw
from the study at any time without consequence.
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2.3. Measurement Procedure

All the tests/measurements were performed at the Institute of Sport at the Faculty
of Sports and Physical Education, University of Sarajevo. For this study, an appropriate
training/testing cycle was developed, consisting of a single day of testing. The testing
session was performed on the last day of 5 days of national training camp in the morning
between 09:00 and 12:00. The research procedure started with the evaluation of body
composition (body height, body mass, percentage of body fat (PBF), body mass index
(BMI), and fat free mass (FFM)) by digital stadiometer (InBody BSM 370; Biospace Co.,
Ltd., Seoul, Republic of Korea) [12], and a direct segmental high-frequency bioelectrical
impedance scale (InBody 720; Biospace Co., Ltd., Seoul, Republic of Korea). A general
independent warm-up was provided by the national selection strength and conditioning
coach. After warming up, subjects completed the FMS movement assessment and a battery
of physical performance tests. The physical performance tests included a 5, 10, 20, and
30 m sprint, countermovement jump—free arms (CMJ free arms) height, zig-zag agility test,
and t-test. All physical performance testing was conducted by trained staff with previous
experience in physical performance assessment.

2.4. Functional Movement Screen (FMS)

Participants were screened using the functional movement screen protocol (FMS) that
used 7 movement patterns [4,13]. FMS reliability has been previously established [14].
Each participant performed three trials of every movement pattern. An experienced rater,
with two years of screening experience, evaluated these trials in real time using a 4-point
scale (Table 1), adhering to the FMS rater manual and established research protocols [4].
The testing procedure incorporated rest periods of approximately 5 s between trials, 1 min
between different tests, and participants returned to the starting position after each trial. In
line with FMS criteria, the highest score from the three trials was recorded for subsequent
analysis. For bilateral tests, the lower of the two scores was documented.

Table 1. FMS criteria.

Score Criteria

0 The participant experiences pain in any part of the body at any point during the test.

1 The participant either fails to finish the movement pattern or is unable to acquire the
position required to conduct the movement.

2 The participant may finish the exercise but does so with compensation(s).
3 The participant can complete the activity accurately without any assistance.

2.5. Speed

The assessment of running speed involved participants performing 30 m maximal
sprints. Each sprint began from a stationary standing position, with the athlete’s lead
foot positioned 20 cm behind the initial photocell. Four photocells (Witty, Microgate,
Bolzano, Italy) were used to measure 5 m, 10 m, 20 m, and 30 m maximal sprint times (in
seconds) [15,16]. Each player performed two trials (ICC > 0.81) with a 3 min rest in between,
and the best of the two was analyzed. Photocells were placed at a height of 120 cm [17].

2.6. Agility

Agility was evaluated using the same photocells (Microgate, Bolzano, Italy) through
the zig-zag and t-test, as recommended by previous studies [18–20].

The zig-zag agility test was selected for its ability to assess multiple facets of agility,
including short acceleration, deceleration, and balance control. Conducted on an outdoor
football field, the test comprised four 5 m sections totaling 20 m of linear sprinting. Cones
were positioned at 100◦ angles to mark the course, following established protocols from
previous research [20]. Each participant completed the test twice (ICC > 0.84), with the best
score being recorded for analysis.
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The T-test assessed athletes’ agility through a series of movements. Participants began
with their lead foot 20 cm behind the initial photocell, then sprinted 9.14 m forward to touch
a center cone with their right hand. They then shuffled 4.57 m left to touch a second cone,
followed by a 9.50 m right shuffle to a third cone, before shuffling back 4.75 m to touch the
center cone with their left hand. Finally, they ran backward to the starting point [20]. The
timing was recorded in seconds using photocells (Microgate, Bolzano, Italy) at the starting
line. Each athlete completed two trials (ICC > 0.79) with a 3 min rest between attempts,
and the best time was recorded.

2.7. Jumping Performance

For assessment of the jumping performance, the countermovement jump with free
arms (CMJ free arms), which was found to be reliable previously [21], was performed [15].
Protocols included two data collection trials and were performed using Optojump Next
system (Microgate, Bolzano, Italy). At the beginning, players started from an upright
standing position with feet shoulder-width apart and hands next to the body for arm swing.
They performed a preliminary downward countermovement to a self-selected depth by
flexing the hips and knees. Players then immediately extended their hips and knees to
execute a vertical jump. After the jump, the player returned to the starting position. This
procedure was repeated twice (ICC > 0.91), and the best of the two attempts was used for
analysis. The trial was considered invalid if knee flexion occurred upon landing.

2.8. Statistics

The results were presented as mean ± standard deviation (SD). Spearman’s rank
correlation analysis was used to quantify associations between FMS—tests and sprint,
agility, and jump performance variables. The strength of correlation was determined as
small (<0.29), moderate (0.3–0.49), large (0.5–0.69), or very large (>0.7) [22]. The statistical
analysis was performed using SPSS (Version 22. For Windows, Armonk, NY, USA. IBM
Corp.). Statistical significance was set at p < 0.05.

3. Results

Twenty-two players (four strikers, nine midfielders, seven fullbacks, and two goal-
keepers) completed the testing procedure and were included in a final analysis. Table 2
shows the descriptive statistics for the morphological, performance, and FMS variables.

Table 3 shows all the correlation coefficients between morphological, performance,
and FMS variables. Significant correlation was found between shoulder mobility and two
agility (−0.39 and −0.42) and two sprint (−0.42 and −0.38) tests and variables, respectively.
Furthermore, the active straight leg raise test correlated significantly to jump (0.45) and
speed (ranging −0.41 to −0.47) performance and the in-line lounge test correlated signif-
icantly to the zig-zag test (−0.44). It is interesting to note that no correlation was found
between the overall FMS score and any performance variable.

Table 2. Descriptive statistics and post hoc comparisons for body composition and physical fitness
tests.

Variables Total (n = 22) Striker (n = 4) Midfielder (n = 9) Fullback (n = 7) Goalkeeper (n = 2)

Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years) 15.59 0.57 15.90 0.27 15.42 0.66 15.55 0.51 15.90 0.84
Body height (cm) 168.30 6.43 167.05 9.98 167.64 6.79 169.24 4.30 170.45 7.99
Body mass (kg) 59.83 7.25 60.52 12.02 57.46 7.00 62.17 3.26 60.90 11.03
BMI (kg/m2) 21.06 1.57 21.52 2.14 20.38 1.46 21.71 1.26 20.90 1.83

PBF (%) 20.49 3.49 21.00 4.41 19.15 2.98 21.85 3.14 20.75 6.15
FFM (kg) 47.42 4.87 47.62 8.30 46.38 5.42 48.51 1.45 47.90 4.94
FMS score 16.50 2.22 17.25 1.50 15.88 3.05 17.28 1.11 15.00 0.00
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Table 2. Cont.

Variables Total (n = 22) Striker (n = 4) Midfielder (n = 9) Fullback (n = 7) Goalkeeper (n = 2)

Mean SD Mean SD Mean SD Mean SD Mean SD

Deep squat 2.45 0.59 2.50 0.58 2.33 0.70 2.71 0.48 2.00 0.00
Hurdle step 2.36 0.66 2.75 0.50 2.33 0.70 2.28 0.75 2.00 0.00
In-line lunge 2.59 0.59 3.00 0.00 2.44 0.72 2.71 0.48 2.00 0.00

Shoulder mobility 2.59 0.66 2.50 1.00 2.33 0.70 2.85 0.37 3.00 0.00
ASLR 2.59 0.50 2.25 0.50 2.55 0.52 2.71 0.48 3.00 0.00
TSPU 1.86 0.83 2.00 0.52 1.88 0.93 2.00 0.81 1.00 0.00

Rotary stability 2.04 0.21 2.25 0.50 2.00 0.00 2.00 0.00 2.00 0.00
CMJ free arms (cm) 28.88 4.01 28.47 2.80 29.95 3.86 27.70 5.19 29.00 3.39

Zig-zag (s) 6.29 0.29 6.41 0.26 6.24 0.24 6.22 0.39 6.49 0.91
T-test (s) 11.37 0.54 11.91 0.54 11.12 0.38 11.31 0.56 11.61 0.53

5 m sprint (s) 1.12 0.06 1.17 0.09 1.12 0.06 1.08 0.05 1.13 0.14
10 m sprint (s) 1.94 0.08 2.00 0.10 1.95 0.07 1.90 0.09 1.93 0.14
20 m sprint (s) 3.38 0.15 3.48 0.16 3.40 0.13 3.31 0.16 3.36 0.03
30 m sprint (s) 4.78 0.22 4.92 0.23 4.80 0.20 4.67 0.24 4.79 0.04

BMI: Body mass index; PBF: Percentage of body fat; FFM: Fat-free mass; FMS: Functional movement screen; ASLR:
Active straight leg raise; TSPU: Trunk stability push-up; CMJ: Countermovement jump.

Table 3. Correlation between FMS tests and sprint, agility, and jump performance variables.

Variables CMJ Free Arms Zig-Zag T-Test 5 m 10 m 20 m 30 m

FMS score 0.17
(−0.27, 0.55)

−0.13
(−0.52, 0.31)

−0.18
(−0.56, 0.26)

−0.27
(−0.62, 0.17)

−0.14
(−0.53, 0.30)

−0.18
(−0.56, 0.26)

−0.21
(−0.58, 0.23)

Deep squat 0.22
(−0.22, 0.59)

−0.17
(−0.55, 0.27)

−0.15
(−0.54, 0.29)

−0.11
(−0.51, 0.33)

0.17
(−0.27, 0.55)

−0.17
(−0.55, 0.27)

0.09
(−0.34, 0.49)

Hurdle
step

0.13
(−0.31, 0.52)

−0.15
(−0.54, 0.29)

−0.14
(−0.53, 0.29)

−0.19
(−0.57, 0.25)

−0.08
(−0.49, 0.35)

−0.11
(−0.51, 0.33)

−0.17
(−0.55, 0.27)

In-line
lunge

0.28
(−0.16, 0.62)

−0.44 *
(−0.72, −0.02)

−0.19
(−0.57, 0.25)

−0.10
(−0.50, 0.34)

−0.06
(−0.47, 0.37)

−0.10
(−0.50, 0.34)

−0.09
(−0.49, 0.34)

Shoulder
mobility

0.20
(−0.24, 0.57)

−0.39 *
(−0.70, 0.03)

−0.39 *
(−0.70, 0.04)

−0.42 *
(−0.72, 0.00)

−0.38 *
(−0.69,0.05)

−0.29
(−0.63, 0.15)

−0.28
(−0.63, 0.16)

ASLR 0.45 *
(0.03, 0.73)

−0.30
(−0.64, 0.14)

−0.30
(−0.64, 0.14)

−0.35
(−0.67, 0.08)

−0.41 *
(−0.71, 0.01)

−0.47 *
(−0.74, −0.06)

−0.46 *
(−0.73, −0.05)

TSPU 0.06
(−0.38, 0.47)

−0.24
(−0.60, 0.20)

−0.17
(−0.55, 0.27)

−0.22
(−0.59, 0.22)

−0.16
(−0.54, 0.28)

−0.05
(−0.46, 0.38)

−0.07
(−0.48, 0.36)

Rotary
stability

0.25
(−0.19, 0.61)

−0.02
(−0.44, 0.40)

−0.13
(−0.52, 0.31)

−0.18
(−0.56, 0.26)

−0.27
(−0.62, 0.17)

−0.23
(−0.59, 0.21)

−0.25
(−0.61, 0.19)

FMS: Functional movement screen; ASLR: Active straight leg raise; TSPU: Trunk stability push-up; CMJ: Counter-
movement jump. * Correlation is significant at the p < 0.05 level.

4. Discussion

This study aimed to elucidate whether a relationship exists between physical perfor-
mance and efficient movement (FMS) in young female football players. Results suggested
that the FMS score, surpassing the cutoff of 14.5 as proposed by Zhang et al. [11], was
sufficient to indicate good sensitivity and a lower false-positive rate of FMS in female
football players.

Overall, the FMS score had a very weak positive influence on zig-zag and T-test agility
and 5 m, 10 m, 20 m, and 30 m sprint times along with CMJ free arms performance. These
findings contrast with those of Zhang et al. [11] for elite young female players, who re-
ported a moderate correlation between FMS score and 10 m and 20 m sprint times. Prior
studies examining this association have yielded ambiguous outcomes. Several investi-
gations have identified slight to moderate correlations between FMS scores and diverse
physical performance metrics, such as jumping, agility, or speed assessments, specifically
in female populations [2,8,11,23,24]. The inconclusive results could likely be attributed to
the participants’ level of maturity, as it is widely acknowledged that rapid growth during
adolescence can impact performance in young athletes. Despite the lack of significant
difference in the total FMS score between playing position groups, this factor could still
provide a plausible explanation for the variability in results. Moreover, in our study, par-
ticipants exhibited notably higher body size (21 vs. 19 kg/m2) and had better sprint and
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FMS scores but lower jump performance when compared to the participants in a previous
study [11]. This difference in performance could potentially be attributed to higher muscle
mass among our study participants, who were approximately 9 months older and had more
training experience. Our findings suggest that in young athletes, functional movements
may play a more significant role in performance, whereas in more mature players, perfor-
mance may rely more on power and strength. Moreover, Bennett et al. [25] demonstrated
the potential of FMS during athletic performance optimization since FMS can determine
acceptable movement capabilities. They found a significant, albeit slight, association of
FMS score to the 5 m sprint time as well as the agility performance. Additionally, they
observed a significant increase in both FMS score and speed performance after one year,
although no significant relationships were found between these improvements, supporting
the importance of our assumption previously explained. These findings underscore the
significance of adequate movement ability to enhance physical performance, but it should
not be underestimated since this potentially can reduce the risk of injuries [26]. As stated by
Bennet et al. [25] “If movement quality does play a role in physical performance capacity, it
is likely to be only one small part of the puzzle”.

Observing relations between each test, it was evident that a higher in-line lunge score
was associated with better zig-zag results, higher shoulder mobility with better agility (zig-zag
and T-test), and acceleration capabilities (5 and 10 m), with small but significant correlations,
respectfully. These results align with those presented by Zhang et al. [11]. Higher active
straight leg raise score contributed to better CMJ and maximal speed (10 m, 20 m, and 30 m)
test performance. As far as athletic performance goes, movement quality has a limited impact.
Although the FMS evaluates specific isolated fundamental movement patterns, it cannot
predict abilities like agility and execution speed [27]. Moreover, the precise technical skill of
force application significantly impacts sprint performance, highlighting the inadequacy of
fundamental movement alone.

Moreover, the present study further demonstrated that increased range of motion
(ROM) in shoulders and dorsal lower body did correlate with enhanced agility and acceler-
ation physical performance. Such findings could be the result of increased ROM ability to
facilitate a more extensive arm swing during sprinting, leading to increased propulsion
and higher speed, and enabling better coordination between upper and lower body move-
ments, enhancing the transfer of force and thus improving power production. Additionally,
increased shoulder mobility contributes to better balance and stability, crucial for maintain-
ing proper body position [28]. Optimal shoulder and lower limb ROM are essential for
proper body mechanics and posture, which can enhance movement efficiency. However,
individual responses may vary, highlighting the importance of tailored training programs
focusing on flexibility, mobility, and strength to maximize the benefits of increased shoulder
ROM on athletic performance. Consequently, strength and conditioning coaches should
recognize that ROM assessments may offer good insights into the possible issues regarding
low basic performance of female athletes [29].

As observed in a study by Alicea-Kulian et al. [30] using stepwise multiple regres-
sion analysis, deep squats predicted vertical jump height (in centimeters) most effectively
(r = 0.416). Our results indicate that active straight leg raises correlate to vertical jump
performance. These findings emphasize the significance of hamstring flexibility and hip
functionality as potential predictors of performance variables, especially for power move-
ments such as the vertical jump.

These results suggest that there are associations between FMS scores and certain phys-
ical performance measures in elite female youth football players, indicating the importance
of functional movement quality in athletic performance.

The investigations of Functional Movement Screening (FMS) and its relationship with
physical performance in young female football players have several potential reasons for
variations in correlations between FMS and tests of strength, speed, and agility. Objective
limitations arise when comparing outcomes across different studies in this population.
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While football is played similarly worldwide, variations in training approaches and
regimes can influence the development of diverse movement patterns and aspects of
strength, speed, and agility. Moreover, identical, or similar movements may be cultivated
using different training methods, impacting test results. Even slight differences in testing
methodologies can lead to varying outcomes and levels of correlation. Our results align
well with a series of studies that focused on the interrelationship between the components of
agility, strength, explosive power, reaction time, and balance which highlighted that sports
performance in team sports is conditioned by the level of development of all components
of motor capacity [22,31].

Furthermore, young athletes with differing levels of experience may demonstrate
varying correlation levels between functional movement tests and assessments of strength,
speed, and agility. Those with greater experience may exhibit superior movement tech-
niques, resulting in heightened correlations between tests. Genetic factors, body morphol-
ogy, and anthropometric measures can also influence the levels of strength, speed, and
agility, consequently affecting correlations with functional movement tests.

The current physical condition of players, including factors such as injuries or fatigue,
can also significantly influence test outcomes and correlations between tests. Variations
in measurement error or uncertainty can further impact correlations between tests. There-
fore, for future studies, it is imperative to clearly state measurement errors to allow for
comparison and interpretation of results.

This study has a few limitations. The study’s conclusions and statistical strength
may be constrained by its limited participant pool of only 22 subjects. Larger sample
sizes in future studies could provide more generalizable results. Additionally, the study
employed a single day of testing, which might not capture the variability in performance
that could occur over multiple testing sessions. Furthermore, the young athletes with
differing levels of training experience may demonstrate varying correlation levels between
functional movement tests and assessments of strength, speed, and agility. Those with
greater experience might exhibit superior movement techniques, leading to heightened
correlations between tests.

5. Conclusions

The findings of this study underline the importance and significance of a holistic
approach. Furthermore, FMS assessment can be a valuable tool in injury prevention
and its results do not influence physical performance since the correlation coefficients
we found were, at most, moderate in elite female youth football players. Additionally,
individual variations and factors such as training background, fitness level, and sport-
specific demands should always be considered. A clear limitation of this study arose,
namely, in the population studied. Considering that this is the national team, which has
already undergone a detailed selection process, future studies should focus on lower-league
female footballers.
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Abstract: Performance analysis in sports is a rapidly evolving field, where academics and applied
performance analysts work together to improve coaches’ decision making through the use of perfor-
mance indicators (PIs). This study aimed to provide a comprehensive analysis of factors affecting
running performance (RP) in soccer teams, focusing on low (LI), medium (MI), and high-speed
distances (HI) and the number of high-speed runs (NHI). Data were collected from 185 matches in
the Turkish first division’s 2021–2022 season using InStat Fitness’s optical tracking technology. Four
linear mixed-model analyses were conducted on the RP metrics with fixed factors, including loca-
tion, team quality, opponent quality, ball possession, high-press, counterattacks, number of central
defenders, and number of central forwards. The findings indicate that high-press and opponent
team quality affect MI (d = 0.311, d = 0.214) and HI (d = 0.303, d = 0.207); team quality influences
MI (d = 0.632); location and counterattacks impact HI (d = 0.228, d = 0.450); high-press and the
number of central defenders affects NHI (d = 0.404, d = 0.319); and ball possession affects LI
(d = 0.287). The number of central forwards did not influence any RP metrics. This study provides
valuable insights into the factors influencing RP in soccer, highlighting the complex interactions
between formations and physical, technical–tactical, and contextual variables. Understanding these
dynamics can help coaches and analysts optimize team performance and strategic decision making.

Keywords: football; performance analysis; tactics; formations; running performance metrics; contextual
variables

1. Introduction

Performance analysis in sports is a great and rapidly evolving field [1]. On one hand,
academics continually provide new research data, while on the other, applied performance
analysts (PAs) join the coaching staff of teams, assisting in improving coaches’ decision
making [2–4]. PAs use performance indicators (PIs) to draw conclusions [5]. PIs can be
categorized based on whether their data originate from event or positional-tracking data [6],
while to strengthen the meaningfulness of these, the importance of contextual variables has
been highlighted [7]. Event data provide information on technical and tactical issues [8],
tracking data are useful for analyzing running performance (RP) and tactics [9], while
contextual variables enhance the quality of both [10]. Running performance (RP) is a crucial
element of the overall performance of soccer players, contributing along with technical,
tactical, and mental components [11]. However, on its own, it is not sufficient to interpret
match outcomes [12,13], and it can be influenced by many factors [14]. Therefore, when
interpreting RP in soccer, one should include contextual variables that may also explain
part of the mental components [15,16], as well as technical–tactical variables. Such a holistic
approach can provide genuinely useful information to team coaches.

The role of contextual variables in the RP of teams has been documented by research
for many years, as Lago-Peñas [17] states in his review article. Regarding the most recent
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research, several contradictory findings have emerged. Modric et al. [18] found that away
matches were associated with increased total distance (TD) and low-intensity (<4 m/s)
running. Jerkovic et al. [19] found a greater amount of distance covered in the running zone
(4–5.48 m/s) for away matches, while Gonçalves et al. [20] observed higher values of high-
intensity running (60–100% of the individual maximum running speed) in home matches
compared to away matches. Additionally, Modric et al. [18] found that team quality was not
associated with RP, whereas Aquino et al. [21] reported that the top-ranked team covered
greater total distance with high acceleration compared to the bottom-ranked team. Finally,
regarding opponent quality, Modric et al. [18] and Jerkovic et al. [19] concluded that the
quality of the opponent team was not associated with RP. Conversely, Gonçalves et al. [22]
found that starters playing against strong opponents exhibited higher values of distance
in high-speed running (5.5–7 m/s), and Gonçalves et al. [20] found that matches against
strong opponents resulted in greater total distance covered.

However, analyzing situational variables in isolation seems to offer only a limited
understanding of the complicated nature of team sports performance, since research
has shown that ball possession, as well as other technical and tactical actions, is also
affected by the location of the match and the opponents’ strength [17]. In examining the
effects of tactical behavior, several researchers have studied the impact of ball posses-
sion on RP. For example, Modric et al. [23] found that in the UEFA Champions League
2020–2021, teams with high ball possession covered more distance in high-speed running
(5.5–7 m/s) and sprinting (>7 m/s) than teams with low ball possession. In contrast, da
Mota et al. [24] found that in the 2014 FIFA World Cup, teams with high ball possession
covered similar distances at medium (3–3.9 m/s) and high speeds (>3.9 m/s) but cov-
ered greater distances in total and at low speed (≤3 m/s) compared to teams with low
ball possession. Additionally, Modric et al. [23] found no differences in counterattacks
and high-pressing regardless of whether teams covered greater or smaller distances both
overall and at high intensities. Conversely, Forcher et al. [25] identified differences in RP
between teams that adopt a counterattacking style compared to those that favor a ball
possession style, and Low et al. [26] found differences in RP between teams employing
deep-defending and high-press strategies. These studies highlight the complex and varied
effects of tactical behaviors on RP in soccer, indicating that different styles of play can
significantly influence physical demands on players, something that also emerged in the
research of Plakias et al. [27], who made a direct comparison between two opposite styles
in 19 tactical situations.

Finally, regarding formations, which constitute another tactical aspect of soccer [28],
Modric et al. [29] demonstrated that the values for almost all of the RP metrics are
greater with three central defenders than with two central defenders. This conclusion
was also reached by Tierney et al. [30], who found greater distances covered at high speeds
(≥5.5 m/s) with three central defenders. Additionally, Borghi et al. [31] found that forma-
tions with two central forwards cover greater distances at high intensities (>5.5 m/s) than
those with one central forward (3-5-2 > 4-4-2 > 4-3-3). This finding aligns with the results
of Bradley et al. [32] (4-4-2 > 4-3-3 > 4-5-1) and Arjol-Serrano et al. [33] (4-4-2 > 4-2-3-1), but
not with those of Aquino et al. [34] and Vieira et al. [35], who found that mean speed and
high-intensity activities are greater in the 4-3-3 formation compared to the 4-4-2. It is worth
noting that all the aforementioned studies on formations had sample sizes ranging from
20 to 59 matches, limiting the generalizability of the conclusions regarding formations. For
this reason, the authors focused more on the differences between player positions.

All the aforementioned conflicting findings indicate that RP may be influenced differ-
ently in each competition, depending on the level and type of competition. Additionally,
examining factors in isolation may yield some results, but it cannot explain the complex
nature of soccer, where physical, technical–tactical, and contextual factors interact with
each other. Building on the existing literature, we hypothesized that a combination of eight
factors, including location, team quality, opponent team quality, ball possession, high-press,
counterattacks, number of central defenders, and number of central forwards, significantly
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affect various aspects of running performance. Specifically, we anticipate that these factors
will differentially impact low-speed distance (LI), medium-speed distance (MI), high-speed
distance (HI), and the number of high-speed runs (NHI).

Using a large sample of matches that included all teams from the first Turkish league
in the 2021–2022 season, we aimed to address an additional gap in the existing literature.
Specifically, most studies examining factors affecting team RP often rely on samples from
a single team with GPS data access or a limited number of matches from international
competitions like the UEFA Champions League or the FIFA World Cup. Therefore, the purpose
of this study is to provide a comprehensive analysis of the factors (including formations,
technical–tactical variables, and contextual factors) that affect the RP of soccer teams, focusing
on LI, MI, HI, and NHI. This holistic approach aims to enhance the understanding of how
different elements interact to affect RP in soccer. By doing so, it seeks to fill the existing gaps
in the literature and offer practical insights for optimizing team performance at a competitive
level. Understanding these dynamics can help coaches and analysts design better training
and game strategies, ultimately improving team performance and success in matches.

2. Material and Methods

2.1. Sample

This study analyzed data from the Turkish first division’s 2021–2022 season, encom-
passing 20 teams over 38 matchdays, with each matchday featuring 10 games. Instatscout
supplied data for the first 24 matchdays, covering 240 matches. Due to missing data for
two matches and the exclusion of 53 matches because of red card incidents, the final sample
included 185 matches, resulting in 370 (i.e., 2 × 185) observations, with each team in a
match providing one observation.

2.2. Procedure

Data collection of the running variables was performed using InStat Fitness’s optical
tracking technology (https://football.instatscout.com/, accessed on 1 May 2024), a FIFA-
certified system known for its high precision and reliability, as confirmed on the FIFA
website [36] and referenced in previous studies [37,38]. For the 2021–2022 season, InStat’s
system was designated as the official Electronic Performance and Tracking System (EPTS)
for the league [27]. For the technical–tactical variables the data were obtained from the
Instatscout platform. As reported in previous studies, the reliability of Instatscout data is
very high (K values 0.90 to 0.98) [39–41].

2.3. Ethics

Ethics committee approval of the current study was gained from the University of
Thessaly (No. 1973, 12 October 2022). Additionally, InStat Ltd. granted written consent on
8 November 2022, for the utilization of the data in this research, ensuring adherence to all
ethical standards for research and publication.

2.4. Statistical Analyses

Initially, cluster analysis was applied to create categorical variables concerning:
(a) the quality of the teams and the opponents as strong or weak (based on the num-
ber of points each team collected in the final championship standings), (b) ball possession
as high or low (based on the team’s possession percentage in each observation), (c) the
counterattacks of the match as many or few (based on the total number of counterattacks
for both teams in the match for each observation), and (d) the high-pressing actions as many
or few (based on the number of high-pressing actions of the team in each observation).

Next, after checking the normality of the distribution of the four dependent variables
shown in Table 1, a linear mixed-model analysis was performed four times, correspond-
ingly. In all cases, the eight independent variables shown in Table 1 were used as fixed
factors, and the variable TEAM was used as a random factor. The definitions in Table 1 for
high press, counterattacks, and ball possession are derived from the glossary of Instatscout,
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the platform from which the data for the respective variables were obtained. The vari-
able TEAM represented the 20 different teams participating in the Turkish league in the
2021–2022 season. The thresholds for creating the running variables are those used in
previous research [27,29,42]. However, in this study, the intensities of standing (<0.2 m/s),
walking (0.21–2 m/s), and jogging (2.01–4 m/s) were combined as low-intensity, the inten-
sity of running (4.01–5.5 m/s) was named medium-intensity, and the intensities of high
speed (5.51–7 m/s) and sprint (>7 m/s) were combined as high-intensity. All statistical
analyses were conducted using the IBM SPSS statistical package (version 29.00, IBM Corpo-
ration, Armonk, NY, USA), with a significance level set at p < 0.05. Cohen’s d was utilized
to measure the effect size. The effect sizes were defined as follows: trivial (d = 0.0 to 0.19),
small (d = 0.2 to 0.49), medium (d = 0.5 to 0.79), and large (d ≥ 0.8) [43].

Table 1. The variables used when performing the four linear mixed-model analyses.

Type Abbreviation Definition

Dependent variables

LI Low-intensity (0–4 m/s) distance

MI Medium-intensity (4.01–5.5 m/s) distance

HI High-intensity (>5.51 m/s) distance

NHI Number of high-intensity runs (>5.51 m/s)

Independent variables (fixed factors)

LC Location (home/away)

TQ Team’s quality (strong/weak)

OQ Opponent’s quality (strong/weak)

CD Number of central defenders (two/three)

CF Number of central forwards (one/two)

HP

High-press (many/few): Pressing until 30 m
from the opponent’s goal. Pressing, in its

turn, is counted for the opponents of a team
that is building its attack when players are

actively trying to get the ball back.

BP

Ball possession (high/low): Percentage share
of one team’s ball possession in the total

ball-in-play time. Ball possession is the sum
of all time periods between the start of

possession to the moment of transition or to
the moment the ball went out.

CA

Counterattacks (many/few): Attack from the
open play that starts with winning the ball
from a defensive position and then quickly

transitioning to offense while the prior
attacking team is caught in an offensive

formation; the length of possession during the
attack cannot exceed 8 s before the possession
transitions or ends; alternatively, the length of
possession can last between 8 and 30 s, but

the speed of attack cannot be less than
2.6 m/s. A counterattack cannot begin with a

pass from a goalkeeper if he controlled the
ball for more than 4 s before the action.

Independent variable (random
factor) TEAM The 20 teams that participated in the Turkish

first division 2021–2022 season.

135



Sports 2024, 12, 196

3. Results

3.1. Cluster Analyses

Based on the number of points they accumulated in the championship, the teams
were classified into two categories (strong/weak). The strong category included teams that
ranked 1st–13th with points ranging from 52 to 81 (cluster center 61.00), while the weak
category included teams that ranked 14th–20th with points ranging from 20 to 47 (cluster
center 36.57).

Based on the number of high-pressing actions performed by the teams in each match,
the observations were classified into two categories (many/few). The many category
included observations where the team had 10 to 21 high-pressing actions (cluster center
12.50), while the few category included observations where the team had 0 to 9 high-
pressing actions (cluster center 5.96).

Based on ball possession percentage, the observations were classified into two cate-
gories (high/low). The high category included observations where the team had 50.01% to
80% possession (cluster center 56.54), while the low category included observations where
the team had 20% to 49.99% possession (cluster center 42.67).

Finally, based on the number of counterattacks performed by both teams combined
in each match, the observations were classified into two categories (many/few). The
many category included observations where the match had 30 to 53 counterattacks (clus-
ter center 34.76), while the few category included observations where the match had
13 to 29 counterattacks (cluster center 23.74).

3.2. Linear Mixed Models

Table 2 shows the means of the dependent variables across the categories of the
independent variables. Table 3 shows F and p values of the type III tests of fixed effects for
the four models that were generated for the corresponding four dependent variables.

Table 2. The mean of the dependent variables across the categories of the independent variables.

Independent
Variables

Independent
Variables’
Categories

Dependent Variables

LI MI HI NHI

CD
Two CDs 85,192.247 18,740.194 9780.509 632.877

Three CDs 85,224.288 19,181.388 10,078.614 652.853

CF
One CF 85,132.495 18,919.433 9969.323 645.492
Two CFs 85,284.040 19,002.149 9889.800 640.238

TQ Strong 85,489.889 19,456.661 10,089.752 650.853
Weak 84,926.646 18,464.921 9769.370 634.877

OQ Strong 85,239.146 19,129.081 10,043.755 648.218
Weak 85,177.389 18,792.501 9815.367 637.512

HP
Many 85,117.847 19,205.067 10,096.827 655.501
Few 85,298.688 18,716.515 9762.295 630.228

BP
High 84,801.273 18,967.825 9991.655 644.705
Low 85,615.262 18,953.757 9867.467 641.024

CA
Few 85,304.201 18,946.646 9680.661 640.152

Many 85,112.334 18,974.936 10,178.46 645.578

LC
Home 85,320.289 19,026.764 10,055.527 647.732
Away 85,096.246 18,894.818 9803.596 637.998
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Table 3. F and p values of the type III tests of fixed effects for the four models that were generated for
the corresponding four dependent variables.

LI MI HI NHI

F Sig. F Sig. F Sig. F Sig.

Intercept 63,670.426 0.000 6240.045 0.000 4245.507 0.000 5562.454 0.000
CD 0.005 0.943 3.717 0.055 3.108 0.079 4.350 0.038
CF 0.120 0.729 0.146 0.703 0.241 0.624 0.328 0.567
TQ 0.925 0.348 4.878 0.040 1.333 0.262 1.037 0.321
OQ 0.042 0.839 5.129 0.024 4.195 0.041 2.872 0.091
HP 0.338 0.561 10.213 0.002 8.521 0.004 15.153 0.000
BP 6.855 0.009 0.008 0.927 1.160 0.282 0.318 0.573
CA 0.435 0.510 0.039 0.844 21.412 0.000 0.793 0.374
LC 0.652 0.420 0.940 0.333 6.085 0.014 2.830 0.093

From Tables 2 and 3 it appears that:

• LI is greater for the high BP group compared to the low BP group (p = 0.009, d = 0.287).
• MI is greater for the many HP group compared to the few HP group (p = 0.002, d = 0.311).
• MI is greater for teams when facing strong opponents compared to when facing weak

opponents (p = 0.024, d = 0.214).
• MI is greater for strong group compared to weak (p = 0.04, d = 0.632).
• HI is greater for home matches compared to away matches (p = 0.014, d = 0.228).
• HI is greater for teams in matches with many CA compared to matches with few CA

(p < 0.001, d = 0.450).
• HI is greater for the many HP group compared to the few HP group (p = 0.004, d = 0.303).
• HI is greater for teams when facing strong opponents compared to when facing weak

opponents (p = 0.041, d = 0.207).
• NHI is greater for the many HP group compared to the few HP group (p < 0.001, d = 0.404).
• NHI is greater for teams playing with three central defenders compared to teams

playing with two central defenders (p = 0.038, d = 0.319).

4. Discussion

The purpose of this study was to investigate the factors influencing the distances
covered by soccer players at three different intensity levels, as well as the number of high-
intensity runs. Our findings indicate that high-press and opponent team quality affect MI,
HI, and NHI; team quality affects MI; location and counterattacks influence HI; the number
of central defenders affects NHI; and ball possession impacts LI. Conversely, the number of
central forwards does not appear to influence any of the RP metrics. These findings can
inform tactical decision making by coaches, taking into account the physical condition of
their team and the context of the match.

4.1. Contextual Variables

In this study, we found that location has a statistically significant effect on high-
intensity running, with home matches displaying higher HI values. This finding aligns
with Gonçalves et al. [20], who observed higher values of high-intensity running in home
matches compared to away matches. It appears that the psychological boost from the
home crowd motivates players to exert more effort, engaging in more high-intensity
actions [15,44]. Other studies have found that in the UEFA Champions League, away
matches were associated with increased low-intensity running [18], and in the Croatian first
division, higher medium-intensity values were found for away matches [19], differences
that do not seem to apply to the Turkish league.

Additionally, our research found that strong teams exhibit higher MI values, which
contradicts the findings of Modric et al. [18], who found that team quality was not associated
with running performance in the UEFA Champions League. However, a year earlier,
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another study by Aquino et al. [21] found that the top-ranked teams covered greater total
distance and higher acceleration than the bottom-ranked teams in a national league setting
(Brazilian 2nd Division League).

Finally, our study found that facing a strong opponent increases the values of MI, HI,
and NHI, compared to facing a weak opponent. This finding is consistent with the research
by Gonçalves et al. [20] and Gonçalves et al. [22] for the first division of the Brazilian
championship and the U20 Brazilian National League, respectively. The former study
showed that matches against strong opponents resulted in greater total distance covered,
while the latter found that starters playing against strong opponents exhibited higher
values of distance in high-speed running. It seems that facing a strong opponent is a factor
that increases intrinsic motivation [45].

4.2. Technical–Tactical Variables

In our study, we found that teams with high ball possession percentages exhibit higher
LI compared to teams with low ball possession percentages, without statistically significant
differences in other RP variables. This finding aligns with da Mota et al. [24], who found
that teams with high ball possession covered greater total distances and distances at low
intensities compared to teams with low ball possession. Additionally, we discovered
that teams involved in matches with many counterattacks (regardless of whether they are
performed by themselves or their opponents) have higher values in HI. The results of Külah
and Alemdar [46], where the authors found that teams focused on ball possession had a
lower average sprint value than teams playing a counterattacking style, agree with our
findings. Counterattacks are, indeed, high-intensity actions [47], and high-speed training
can be performed within the specific context of counterattacks [48].

Finally, we found that teams engaging in many high-pressing actions exhibit higher
values in MI, HI, and NHI compared to teams with fewer high-pressing actions. These
findings align with the assertion of Morgans et al. [49] that a defensive tactical strategy
that does not promote a “high-press” but maintains a compact defensive shape reduces
high metabolic load distance (HMLD), which provides overall information about the soccer
players’ high-intensity activities (>25.5 W/kg) [50–52]. Additionally, Low et al. [53] showed
that using a high-press defending strategy leads to larger dispersion, due to a longer
team length and larger interline distances between defenders, midfielders, and forwards.
Consequently, covering these larger distances requires greater physical effort. This is
further supported by Abreu et al. [54], who found that high-press games in soccer training
elicited higher physiological and physical responses than free play.

4.3. Formations

In our study, we found that NHI increases when teams play with three central defend-
ers compared to when they play with two. This finding is consistent with those of Tierney
et al. [30] and Modric et al. [29], who also reported greater distances covered at high speeds
for teams using three central defenders. These results align with the conclusions drawn
from the systematic review of Forcher et al. [55], who found that physical match perfor-
mance was higher in formations with three defenders (e.g., 3-5-2) compared to formations
with four defenders (e.g., 4-4-2).

Additionally, our research did not find any effect of the number of central forwards
on RP metrics. This specific aspect has not been directly investigated in previous studies.
Indirect conclusions from research that studied overall formations are contradictory; some
studies suggest that formations with two central forwards cover greater distances at high
intensities [31–33], while others indicate that mean speed and high-intensity activities are
greater in the 4-3-3 formation compared to the 4-4-2 formation [34,35].

138



Sports 2024, 12, 196

4.4. Limitations

This study has some limitations that should be acknowledged. Firstly, the sample
is exclusively drawn from the Turkish first division during the 2021–2022 season. This
geographical and competitive context limits the generalizability of our findings to other
leagues or levels of play, where different styles of play [56–58] may influence running
performance differently. Secondly, the data collection method used in this study was static,
meaning that data were obtained after the completion of matches [59]. This contrasts with
a dynamic method, which would involve real-time data acquisition and could account
for changes in match status (e.g., goals scored, red cards, substitutions) as they occur [60].
Moreover, while this study included several important factors influencing RP, there are
other potential variables (such as weather conditions, playing surface, seasonal variations,
mid-season coach change, and fatigue) that were not considered and could also impact
running metrics [61–66]. However, to the best of our knowledge, no other study has investi-
gated the effect of so many factors, including formations, technical–tactical, and contextual
variables, by simultaneously studying them in multivariate models and using a large
sample of 185 high-level matches. In addition, the static method, despite its drawbacks, has
been widely used in performance analysis and has provided useful information [37,59].

5. Conclusions

In summary, our study aimed to investigate the factors influencing RP in Turkish
soccer teams, focusing on different intensity levels and the number of high-intensity runs.
By analyzing a large sample of matches from the Turkish first division during the 2021–2022
season, we identified several key factors that significantly impact RP, including location,
team quality, opponent team quality, ball possession, high-press, counterattacks, and the
number of central defenders. These findings offer a comprehensive understanding of
how various elements interact to affect physical performance in Turkish soccer, providing
valuable insights for optimizing team performance.

The primary strengths of our research include the extensive dataset of 185 high-level
matches and the multivariate approach that simultaneously examined multiple factors.
This holistic methodology allows for a more nuanced analysis of the interactions between
different variables influencing RP. However, the study is limited by its focus on a single
league, which may restrict the generalizability of the findings. Additionally, the static
method of data collection used, while common in performance analysis, does not account
for dynamic changes during the match, such as shifts in match status.

The importance of our research lies in its potential impact on both the specialized
scientific community and the broader public. For sports scientists and PAs, our findings
contribute to the ongoing discourse on the determinants of RP in soccer. For coaches and
team managers, understanding these dynamics can inform strategic decisions and training
programs, ultimately enhancing team performance and competitive success.

Practically, our results can be applied to improve tactical decision making in soccer. For
instance, recognizing that high-pressing actions lead to higher RP metrics can help coaches
design training sessions that mimic match conditions and prepare players for the physical
demands of competitive play. This can involve specific exercises where players are required
to press the opposition in defined zones of the field, followed by rapid counterattacks.
Additionally, insights into the effects of opponent quality and match location can guide
prematch preparations and in-game adjustments to optimize performance. For example, if a
team is playing at home against a strong opponent, the coach might prioritize high-intensity
training sessions to boost players’ physical readiness and employ strategies to exploit the
psychological advantage of the home crowd. Conversely, for away matches against weaker
opponents, the focus might shift towards maintaining possession and managing the game’s
tempo to conserve energy and minimize the physical load on players.
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Future research should aim to expand on our findings by incorporating data from
multiple leagues and varying levels of play to enhance the generalizability of the results.
Furthermore, adopting dynamic data collection methods could provide a more accurate de-
piction of RP by accounting for real-time changes during matches. Investigating additional
variables, such as weather conditions, playing surface, and seasonal variations, could also
offer a more comprehensive understanding of the factors affecting RP in soccer. Particular
emphasis should be placed by the authors on the players’ running under conditions of high
temperatures and humidity, as these can have negative consequences, even on the health
of the football players [67–69].

In conclusion, our study provides a detailed analysis of the factors influencing RP in
Turkish soccer, highlighting the complex interplay between physical, technical–tactical, and
contextual variables. By addressing the gaps in the existing literature and offering practical
applications, we hope to contribute to the advancement of performance analysis in soccer
and support the ongoing efforts to optimize team performance and success.
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Abstract: Background/Objectives: Various studies have investigated the importance of
perceptual–cognitive skills in decision-making and the expert performance of athletes.
However, bibliometric study has yet to identify research trends on this topic. The objective
of this study was to perform a bibliometric review to identify the research trends in the study
of soccer decision-making. Method. A total of 172 studies were included in the databases.
Results. The year 2021 was the year with the highest number of published studies (n = 23),
and 2016 was the year with the highest number of citations (n = 692). The average number
of citations per document was 19.79. The concepts that have the greatest occurrence in
the investigations are performance (n = 68), decision-making (n = 54), expertise (n = 32),
skill (n = 23), and anticipation (n = 22). The journals with the highest number of published
documents are the Journal of Sport Sciences (10 documents and 437 citations) and PLoS One
(11 documents and 349 citations). The countries with the highest number of published
documents and citations are England (n = 46 documents and 996 citations), Germany
(n = 32 documents and 749 citations), and Spain (n = 38 documents and 597 citations).
German Sport University Cologne is the organization that has the most publications and
citations (n = 19 and 531). Conclusions. Existing knowledge production on decision-making
in soccer has a preference for the study of two major categories: one related to the analysis
of the factors associated with perceptual–cognitive skills, mental fatigue, anticipation,
creativity, and memory, whereas the second is more related to the study that has decision-
making in the manifestations of specific game performance, between experts and novices,

Sports 2025, 13, 177 https://doi.org/10.3390/sports13060177
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in the precision of technical actions, such as the pass, as well as in a methodology for the
selection of athletes.

Keywords: assessment; perception; attention; performance; team sport

1. Introduction

Overall, sports are characterized by relationships and interactions between athletes [1],
which are manifested in the development of game-changing and unpredictable actions [2].
Soccer is a practice where interpersonal and group cooperation are fundamental in the
development of sport [3], so understanding individual and collective decision-making
could lead to competition [4]. Research in recent decades has made it possible to identify
the importance of the perceptual–cognitive skills associated with the expert performance of
athletes [5], including the exploration of the environment to understand the kinematic and
positional signals [6–8], the recognition of the game patterns that are specific to football [9],
and the perception and intention of deception toward the opponents that is carried out to
favor the actions of play [10,11].

Accordingly, players’ decision-making is affected by different factors, such as the com-
plexity of the task or action to be solved, the time available, and the contextual background
available in the various situations of the game [4]. Among them is understanding and
tactical understanding [12], where the player must understand, develop, and identify the
most significant amount of information to increase effectiveness [13], quickly restoring
his attention [14], and, therefore, cognitive effort is not demanding in the interaction of
declarative and procedural tactical knowledge during the game [15]. Likewise, the physical
demand of athletes produced by accelerations, decelerations, speeds, and rhythms can
increase or decrease according to the group organization and individual understanding [16],
so consolidating timely decisions in the total load of fatigue avoids injury levels [17] and in-
creases the capacity of effective passes [18], where it is necessary to implement appropriate
pedagogical strategies for the development and acquisition of skills [19]. The consolidation
of the sports process in children’s and youth stages is vital in developing players’ capacities
to carry out actions in decision-making [20]. Therefore, the implementation of didactics,
such as games in small spaces, has generated interest in the sports science community for
the evaluation and detection of talent [21], increasing scientific production to optimize
footballers’ sports performance [22].

On the other hand, understanding soccer as a sport with open skills [23] is subject to
complex challenges in mental fatigue [23,24] as a consequence of the different visual stimuli
of the unpredictable trajectory of the ball, the opponents, the equipment, and objects, and
limiting logic and understanding, which, as a consequence, constantly predisposes athletes
to a state of alertness [14], decreasing sports performance, as various investigations have
shown [25,26]. The evolution of the sporty human being and the same sport has increased
technological advancement. Technology is not usually useful on some occasions; since it
can impair performance, an example of this is that the use of social networks before a com-
petition negatively influences the constant decisions of the players [27], where demanding
mental loads must be reduced to establish a better relationship in the understanding of the
game [28]. In contrast, the behavior in the individual decisions of footballers has allowed
for the creation of instruments through video diagnostics that allow for the recognition of
specific actions of football [29], such as the TacticUP video test that comprises offensive
and defensive actions in football 11 vs. 11 [13] and tests of the speed of reaction in motor
development that are used by neuroscience [30]. This allows for the evaluation of different
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components, such as measurements of dribbling capacity, support for the dribbling player,
and the constant relationship between the ball and the player [31].

Other methods, such as artificial intelligence [32] and three-dimensional multiple
object tracking (3D-MOT), were created to develop fundamental and attentional dynamic
visualizations during sports to perceive relevant information adequately [33]. Their func-
tions have been associated with dynamic environments and decision-making; despite this,
these technologies are still under discussion, generating new challenges in the implemen-
tation of technologies in football [34]. For their part, they must consider the specificity of
the sport and the level of performance of the athletes [35]. Likewise, characterization and
individualization by game positions allow us to understand physical differences [36] and
technical–tactical actions [37], which are evident in the investigative interest in decision-
making in the goalkeeper, in actions of shots to goal [38], and trajectories from the penalty
spot [39,40]; however, in the literature, there is no clarity about the differences in decision-
making in the other game positions.

The analysis of the performance factors that influence decision-making is associated
with the specific restrictions of time, space, and existing relationships with the receiver
or adversary to promote the development of perceptual–cognitive skills, such as antici-
pation and choice of action [41,42], which help improve the execution carried out by the
athlete from complex dynamic motor tasks [43]. In another study, developed by McLough-
lin et al. [44] through a qualitative approach through the methodology discussion group,
which sought to explore decision-making processes in expert players and almost all expert
players, it was concluded that decision-making has four critical points: (1) context prior
to the game (coach tactics and instructions, opponent level, and importance of the match
or competition); (2) current context of the game (scoreboard and playing time); (3) visual
information; and (4) individual differences in the athletes (self-efficacy, perceived pressure,
morphofunctional characteristics, fatigue). In this sense, fatigue is a key element to consider
in the player’s decision-making produced by contextual or environmental variables [4].

With all the above, the scientific evidence continues to focus on different approaches
and the consideration of different perceptual–cognitive skills to better understand decision-
making. Thus, various studies have concluded that it is necessary to continue developing
research that integrates concepts and methodologies from the multiple perspectives with
which decision-making has been studied in team sports, such as soccer [4,45]. The same
scientific evidence suggests new methodologies to understand the interactions among the
different processes that contribute to the development of new research perspectives [46].
These research advances should be put into practice to improve training methods and
decision evaluation processes in response to the specificity of the sport and the individuality
of the player. To our knowledge, a bibliometric study evaluating decision-making in soccer
has not been previously reported in scientific literature. Therefore, the objective of this
study was to perform a bibliometric review to identify the trend of the research carried
out on decision-making from the use of bibliometrics as a research technique in the Web of
Science and PubMed databases, including the documents published between 1 January 2010
and 15 July 2024.

2. Materials and Methods

2.1. Design

This study was developed using bibliometrics as a research technique. Taking as a ref-
erence, the theoretical nature of the study and the classification established by Ato et al. [47],
a bibliometric analysis is considered a theoretical and retrospective study because it re-
sponds to the purpose of systematizing, analyzing, and condensing a large amount of data
related to the temporality of the studies and the evolution of the themes addressed over

146



Sports 2025, 13, 177

the years [48]. These types of studies analyze trends that are developed in a thematic area
to generalize the production of knowledge through specific criteria such as (i) authors;
(ii) countries; (iii) institutions; (iv) keywords; (v) document citations; (vi) citations between
cited references; and (vii) editorial groups [49].

2.2. Data Extraction

The search for documents was carried out on the Web of Science (WoS) database, espe-
cially in the WoS Core Collection. This database was selected because many bibliometric
football-related reviews have been conducted there [50–54]. This data platform allows
access to a large amount of information from the selected manuscripts and analyzes the
influence in the scientific field [48]. Similarly, a search was carried out in PubMed, Scopus
database, and SPORTDiscus. When screening the information, 88% of the documents were
duplicates. Therefore, it was decided to consider only WoS studies and proceed to add
documents that were not present in the other databases consulted, following the guidelines
of other bibliometric studies [55,56]. A review based on the WoS database was carried out
using the following terms and following the participants, interventions, and outcomes
(PIO) strategy: (soccer OR football OR “team sports”) AND (knowledge OR intelligence
OR “decision making” or “game performance”) AND (tactic* OR cognitive OR declarative).
Finally, the search equation used was decision-making AND soccer AND players. The
search was carried out on July 15 by two leading researchers (J.D.P.-U. and B.A.B.-P.). A
systematic process was developed for selecting the included documents based on biblio-
metric criteria, such as duplication and a direct relationship with the study’s objective [57].
Initially, the 1.868 documents submitted to the metadata regulation process were analyzed
to eliminate duplicates, lack full access, and no relationships to the study’s subject. After
searching for documents, 172 documents that met the eligibility criteria established for this
study remained (Figure 1).

Figure 1. Flow diagram for the selection of studies according to PRISMA guidelines.
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2.3. Eligibility Criteria

The inclusion criteria of the studies were as follows: (i) focused on the study of
decision-making in child soccer players, adolescents, or adults; (ii) focused on sports
samples that aimed to improve training or competition; (iii) were original full-text studies
reviewed by academic peers; (iv) focused on studies in soccer players or that included
both genders in the study; (v) had access to the complete document to complement the
first review; (vi) published between 1 January 2010 and 15 July 2024; and (vii) indexed the
journal in the Journal Citation Report (JCR) in the following quartiles: Q1, Q2, Q3, and
Q4. The exclusion criteria were as follows: (1) studies that considered the evaluation of
team sports where soccer was included; (2) studies that considered the evaluation of robot
soccer; (3) studies in sports; and (4) decision-making for the return after injury.

To select the documents, an analysis matrix was developed in Microsoft Excel based
on the following categories: (1) year of publication; (2) type of document; (3) most cited
articles; (4) name of authors; (5) number of authors by study; (6) keywords; (7) journals and
references cited; (8) publishing groups; (9) areas of knowledge; (10) language; (11) countries;
and (12) organizations.

2.4. Data Analysis

The identified data were extracted in two different formats: plain text and Excel. The
Excel document allows descriptive and percentage analysis of the results via a Microsoft
Excel spreadsheet (v. 2006, Microsoft Corporation, Redmond, WA, USA). The plain text
format allows the development of analysis by coauthorship for authors, coauthorship by
organizations, occurrence by keywords, citation by documents, citation by journals, citation
by countries, and citation by authors with the VOSviewer program (v.6.19., Center for
Science and Technology Studies, Netherlands). A fragmentation analysis was performed
with a value of 2 for attraction and 1 for repulsion. The VOSviewer program allows for the
creation of two-dimensional graphs [58] from nodes to establish the central relationships
developed from the scientific production stored in the different databases [59].

The following laws were considered to support the bibliometric analysis: (1) Price’s
law from the coefficient of determination (R2) coefficient to determine the strength of
the linear relationship between two variables [60]; in this case, the number of published
documents and citations over the years, as well as the number of citations. (2) Lotka’s law
allows for the identification of the authors who have published the most studies [61,62],
and (3) Zipf’s law is oriented to establish the occurrence of the most used keywords [63].

Similarly, the H-index was used, which determines academic productivity according
to the number of times a document has been cited at least a minimum number of times [64].

3. Results and Discussion

3.1. Evolution of the Number of Documents

The increase in scientific production related to the number of documents published
per year between 2010 and 2024 reveals a systematic increase in the number of published
studies, with 2023 being the year with the highest production. Similarly, Figure 2 shows
that in the middle of 2024, the trend reflects an increase in the number of documents. In
terms of the R2 coefficient of the sample obtained, a substantial increase of 633.33% was
identified between the first reference year (2010) and the last reference year (2024).

The number of citations per year slightly increased, and until 2016, there was a
significant change of 981.25% compared with the first year (2010). The trend reveals low
citation rates for 2017, 2019, and 2022, with decreases of −27.31%, −35.66%, and −55.00%,
respectively, compared with 2016, 2018, and 2021 (Figure 3).
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Figure 3. Evolution of the number of annual citations.

3.2. Types of Documents

Different types of documents have been published to socialize studies related to
decision-making in football. However, the trend reveals that the most significant number is
articles, which account for more than one-third of the total scientific production. In turn,
few review studies exist. Research related to the type of documents that are preferably
used for the socialization of the research results is empirical research. The low number of
review studies for bibliometric analysis is also associated with the scientific development
of specific topics (Table 1).
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Table 1. Types of documents published.

Type of Document Number of Documents Percentage, %

Article 154 89.53
Review 11 6.39

Meeting Abstract 5 2.90
Book Chapter 2 1.16

Total 172 100

3.3. Analysis of the Most Cited Documents

Figure 4 details the behavior of the total number of appointments over nine years.
Given the number of documents published per year, for 2016 and 2017, it is also determined
as the period that receives the most significant number of citations. The low level of
citations in 2018 and 2019 for this type of document is striking, with significant decreases
of −89.77 and −79.20 compared with 2016 and 2017, respectively.
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Figure 4. Evolution of the number of citations received per year for the most cited studies.

The analysis of the documents that have received at least 50 citations reveals ten studies
(Table 2), of which two are reviewed and the other eight are research articles. Among the ten
studies included, only two considered the analysis of physiological, physical, tactical, and
technical variables in the decision-making approach of soccer players. All the documents
date back to far less than 2017, and in turn, six of these studies were published in journals
indexed in the Journal Citation Report (JCR) in the first quartile (Q1). Within the effects
that are evaluated, two significant fields can be deduced: one related to the analysis of the
factors associated with perceptual–cognitive skills, mental fatigue, anticipation, creativity,
and memory, whereas the second is more related to the study that the decision-making
in the manifestations of specific performance of the game, between experts and novices,
in the precision of technical actions, such as the pass, as well as in a methodology for the
selection of athletes. Notably, of the most cited documents, two are reviews [65,66], one is
a randomized controlled trial [67], one is a cross-sectional study [68], and, finally, six are
experimental studies [7,69–73].
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One hundred seventy-two documents included in this study were identified; thus,
to analyze the citations by documents, it was established that each document was cited
at least 20 times. Only 48 documents exceeded the requested threshold; only 32 seemed
connected. There are seven nodes where the most cited documents are those developed by
Roca et al. [70], Romeas et al. [69], and Smith et al. [67] (Figure 5).

Figure 5. Citation of documents.

3.4. H-Index

The average number of citations per document was 19.79 (Figure 6).
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Figure 6. Number of citations as a function of the H-index.

3.5. Author Analysis

The academic cooperation evaluated in response to the number of authors shows that
the most significant number of documents, close to half of the total scientific production,
is between three and four authors. Moreover, the scientific production developed by six
authors is greater than that carried out by one or two authors, which demonstrates the
interest in favoring academic cooperation in search of the production of knowledge in the
study of decision-making in football (Table 3).
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Table 3. Total number of documents per author.

Number of Authors Number of Studies Percentage, %

1–2 28 16.27
3–4 77 44.76
5–6 44 25.58
7–8 17 9.88
≥9 6 3.48

Figure 7 shows the interactions produced between the citations by authors. Five
hundred eighty-one authors were established, and only thirty authors have developed
three studies with a minimum of 10 citations. The size of the nodes represents the number
of documents published, and the color corresponds to the connections established in
response to time. There was an intense concentration between the years 2018 and 2019 led
by Gonzalez-Víllora, S., while between the years 2020 and 2021, a more significant number
of networks were observed, with Teoldo, I., the one that received the highest number of
citations in recent years.

 

Figure 7. Citation by authors.

3.6. Keyword Analysis

For keyword occurrence, the word was included at least five times in each study. Thus,
of the 807 words identified, only 62 met the threshold. The analysis of the most recurrent
keywords refers to perceptual processes, anticipation, expertise, and performance. The
most referenced concepts were “Anticipation”, “Attention”,” “Knowledge”, “Decision
Making”, and “Skill”. Between 2019 and 2020, the concepts used were “performance”,
“sport”, and “decision-making” (Figure 8).

Finally, between 2020 and 2021, these most referenced concepts were “Talent Identifi-
cation”, “Mental Fatigue”, “Cognition”, “Visual Search”, and “Demands”. Thus, the most
recent concepts are associated with competition evaluation processes, the development of
programs related to game tactics, and the recognition of coaches’ perceptions (Figure 8).

Moreover, according to the density map in Figure 9, the concepts related to the number
of times that have been cited the most are “Performance” (n = 68), “Sport” (n = 55), “Decision-
Making” (n = 54), “Football” (n = 45), “Soccer” (n = 41), “Expertise” (n = 32), “Skill” (n = 23),
and “Anticipation” (n = 22).
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Figure 8. Occurrence by keywords in response to temporality.

 

Figure 9. Occurrences by keywords in response to density.
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3.7. Analysis of Cited Journals and References

Seventy-seven journals published the 172 documents found for this bibliometric
review. To analyze the citations by journals, the journal was considered to have published
at least two documents and received at least ten citations. Thus, only 21 magazines met the
threshold. Similarly, in the citation map by journal, the journals with the most significant
number of published documents are the Journal of Sport Sciences (ten documents and
437 citations), PLoS ONE (eleven documents and 349 citations), and Psychology of Sport and
Exercise (seven documents and 259 citations) (Figure 10).

 

Figure 10. Citations by journal.

Similarly, for the analysis of the cocitations between the journals, 1921 sources were
found, where it was established that the minimum number of citations for each journal was
20. Only 49 journals met the requested threshold (Figure 11). The journals with the highest
number of citations are the Journal of Sport Sciences (n = 615), the Journal of Sport and Exercise
Psychology (n = 220), Psychology of Sport and Exercise (n = 206), and Sports Medicine (n = 189).

Figure 11. Cocitations by journals.
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The analysis of the cited references reveals that there are 5251, 45 of which have
been cited at least ten times. These methods were developed by Mann et al. [74],
Vaeyens et al. [75], and Roca et al. [76] (Figure 12).

 

Figure 12. Nodes by cited references.

3.8. Analysis of Publishing Groups

The scientific production by the publishers that publish scientific knowledge on the
study of decision-making in football reveals how Taylor & Francis is the publishing group
that publishes the most significant number of documents and, in turn, receives the most
significant number of citations. It also details how five publishers have received more than
300 citations (Taylor & Francis, Elsevier, Springer, Public Library Science, Human Kinetics).
The first four publishers represent half of the total scientific production (51.74%), and in
turn, four publishers have received more than 1000 citations (Table 4).

Table 4. Total number of documents published by the editorial groups.

Name Number of Documents Number of Citations

Taylor & Francis 42 926

Elsevier 19 454

Frontiers Media SA 15 140

Multidisciplinary Digital Publishing Institute
(MDPI) 13 65

Springer 11 407

Public Library Science 11 349

Sage Publications Ltd.a. 11 164

Human Kinetics Publ INC 8 325

Federación Española Asociación Docentes
Educación Física 6 7

Termedia Publishing House Ltd.a. 3 24

Total: 10 editorials 139/172 2861
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3.9. Areas of Knowledge

The analysis of the areas of knowledge where the documents on the study of decision-
making in football are published reveals that the most prolific and cited areas are hospitality,
leisure, sport, and tourism, with an average of 15.40; sport sciences, with 21.89; and
multidisciplinary sciences, with 50.33 citations per published document. Similarly, the first
two areas cover more than half of the published documents (55.81%), which reflects the
scientific community’s interest in developing this type of study associated with specific
areas (Table 5).

Table 5. Areas of knowledge according to Web of Science categories.

Areas * Number of Publications Number of Citations

Hospitality, Leisure, Sport, and Tourism 49 755
Sport Sciences 47 1029

Psychology 23 403
Multidisciplinary Sciences 12 604

Neurosciences 10 96
5 Areas 141/172 2887

Note: * The same item may be considered in more than one area.

3.10. Language and Country Analysis

The analysis by language shows that the most significant production is generated
in English (n = 166), with 96.51% of the total scientific production, followed by Spanish
(n = 5), with 2.90%, and Portuguese. In addition, among the 172 documents reviewed
and included in this bibliometric study, only one study that was different from English
and Spanish (Portuguese) was found. Figure 13 establishes the citations of documents by
country. Only 40 countries have contributed to the knowledge of decision-making. To
establish the threshold, each country was determined to have published at least two studies
and received ten citations.

 

Figure 13. Citation by country.
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Thus, only 22 countries met the threshold. The countries that receive the greatest
number of documents and citations are England (n = 46 documents and 996 citations),
Germany (n = 32 documents and 749 citations), Spain (n = 38 documents and 597 cita-
tions), Portugal (n = 27 documents and 481 citations), and Brazil (n = 34 documents and
395 appointments). Specifically, several European countries (Poland, Switzerland, Turkey,
Netherlands), Asian countries (China, Malaysia, Iran, Qatar), Africa (South Africa), South
America (Chile), North America (Canada, United States), and Oceania (Australia) are
increasing their scientific production in the study of decision-making in football. Finally,
there are countries on each of the continents, which highlights the importance of this theme
among the scientific–academic community.

3.11. Organizations

It is recognized that 313 organizations have been studying decision-making in football.
Only 60 organizations have published at least two studies and have received at least ten
citations. Specifically, German Sport University Cologne is the organization that has the
most publications and citations (n = 19 and 531). Owing to the weather (2016–2018), there
is a strong trend among European universities, among which German Sport University
Cologne and Liverpool John Moores University stand out. Between 2020 and 2022, there
was a strong trend of Brazilian and Portuguese universities, of which the following stand
out: the Federal University of Viçosa, the University of São Paulo, the University of
Coimbra, and Juiz de Fora Federal University (Figure 14).

Figure 14. Coauthorship by organizations.

4. Discussion

4.1. Main Findings by Bibliometric Criteria

To our knowledge, this is the first study that performs a bibliometric analysis on
scientific publications related to decision-making in soccer. Therefore, by analyzing the
evolution and trend of the number of studies related to decision-making in soccer in the
last 15 years, the following findings were determined. (1) A total of 172 documents related
to the study of decision-making were published between 2010 and July 2024. (2) The
number of studies increased by 633.33% between 2010 and 2024, and, in turn, the years
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with the highest production were between 2021 and 2024. (3) There is a preference for
developing research articles (89.53%), with a small percentage of review studies. The
years 2016 and 2017 received the most appointments. Documents that have received at
least 50 citations are preferably research articles and have been published in Q1 journals.
From 2010 to 2024, only two review studies were reported, and no meta-analytical study,
scoping review, or bibliometric analysis was reported. At least ten studies have received 50
appointments. (4) The average number of citations per document was 19.79. (5) Half of
the total scientific production was carried out by between three and four authors (44.76%).
Five hundred eighty-one authors were established; only thirty authors have developed
three studies and have a minimum of 10 citations. Between 2018 and 2019, scientific
production was led by Gonzalez-Villora, S., whereas between the years 2020 and 2021,
there was a greater number of networks. Teoldo, I. is the one who has received the highest
number of citations in recent times. (6) The most recent concepts are associated with
competition evaluation processes, the development of programs related to game tactics,
and the recognition of coaches’ perceptions. These are performance, sport, decision-making,
football, soccer, expertise, skill, and anticipation. (7) A total of 77 journals published the
172 documents identified in this bibliometric review. The journals that have published the
greatest number of documents are the Journal of Sport Sciences, PLoS One, and Psychology
of Sport and Exercise. For the analysis of the cocitations between the journals, 1921 sources
were found, so the journals with the highest number of citations are the Journal of Sport
Sciences, the Journal of Sport and Exercise Psychology, Psychology of Sport and Exercise, and
Sports Medicine. (8) Taylor & Francis is the publishing group that has published the most
documents and received the most citations. (9) The most developed areas, according to
the WoS Core, are first, hospitality, leisure, sport, and tourism, and second, sport sciences.
(10) Studies on decision-making in soccer have been published in three different languages,
with English being the predominant language. (11) A total of 313 organizations have been
studying decision-making in football. Only 60 organizations have published at least two
studies and have received at least ten citations. The leading institutions are the German
Sport University Cologne, Liverpool John Moores University, the Federal University of
Viçosa, the University of São Paulo, the University of Coimbra, and the Juiz de Fora Federal
University. (12) The evaluated sample mainly consists of studies of professional players,
with a low percentage of studies of children (6–12 years) and women’s soccer.

4.2. Some Considerations from Major Studies

The increase in studies in specific time windows that study football via bibliometric
analyses reveals a preference for the study of research articles over review studies. This is
what is detailed in the study developed by García-Angulo and Ortega [77] when studying
the scientific production of the soccer goalkeeper. These results are associated with other
bibliometric studies that demonstrate similar findings in the studies of small-sided games
(SSGs) in soccer [54], youth soccer [52], biomechanics in soccer [78], and research trends
and future directions of women’s football [79] when the studies between 2010 and 2023 are
analyzed. This demonstrates the interest of different professionals in producing knowledge
about the study of soccer.

Another of the main findings shows that the number of publications has gradually
increased, especially in empirical research studies. In contrast, the number of review
studies does not exceed 10% of the total production, like those found in other bibliometric
studies on plyometrics in sport [80] and relative age [81]. In this way, the results reported
by this bibliometric analysis can be used by different researchers to develop research in less
explored themes and fields of study, even more so when the existence of any study related
to the development of meta-analytical reviews or scoping reviews on decision-making in
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football is reported. In contrast, there are different scoping reviews on existing tests to
evaluate knowledge and tactical performance in soccer players [82], revealing that there
are approximately 29 tests/instruments that allow for the evaluation of the tactical domain
beyond the investigative approach and the method of information collection.

A bibliometric study analyzing the 100 most cited articles on sports medicine and
exercise revealed that the two most studied anatomical areas were the knee and the brain.
At the same time, a narrative review was the most common study [55]. This demonstrates
the importance of specificity when studying different areas of knowledge since, for the
analysis of decision-making in soccer, the two most studied themes are performance,
expertise, and skill. The contribution of bibliometric analyses implies the importance of the
findings presented in this type of study because they offer a global overview of the state of
the scientific evidence [83].

The studies of the most cited articles also reveal the use of technology [13] for monitor-
ing, and the results are associated with determining the influence of physical, physiological,
technical, and tactical variables [71,84]. Among these relationships, game performance is
associated with technical–tactical skills (e.g., passing, ball driving, marking, tackling, and in-
tercepting) and decision-making adapted to the context of the game situation [68]. Likewise,
the two investigative tendencies found in the study of decision-making in football establish,
on the one hand, the study of perceptual–cognitive skills [85], such as mental fatigue,
creativity, work memory, and anticipation; on the other hand, the study of decision-making
in the technical–tactical performance of athletes is evident, through precision, the factors
that condition the pass [86], tactical awareness [87], and tactical decision-making [88].

In the same way as the two investigative trends identified, the study developed by
Teoldo et al. [89] relates to fatigue and visual peripheral perception, demonstrating that
physical fatigue is conditioning when making faster decisions in association with the tactical
actions that players must execute and that, in essence, physical fatigue influences only
the response time to make decisions. In this sense, the influence of peripheral perception,
physical performance, and tactical behavior in soccer players has been defined so that
acute physical fatigue does not influence peripheral perception; however, both physical
performance and tactical behaviors are diminished, causing errors in defensive movements
and a decrease in offensive tactical actions close to the ball [90]. Moreover, a study by de
Souza Fortes et al. [91] revealed that the mental fatigue produced by playing video games
before competition affects decision-making in professional players.

By this, studies on the effects of fatigue on performance [92] demonstrate a tendency
toward the use of objective indicators for its evaluation, demonstrating that stressful
environments produced by heat or stress tend to increase the likelihood that athletes make
mistakes in decision-making in situations where they commonly do not perform them [93].
Another systematic and meta-analytical review on the effects of mental fatigue on career
performance and tactical behavior concluded that mental fatigue has no effect on the total
running distance and tactical behavior expressed by players in the SSG [94]. This is perhaps
one of the main contributions of this bibliometric review study because it helps to favor
the current panorama of research trends from keywords, the analysis of the most cited
studies, the countries that develop the most studies, and the organizations/institutions
and authors that have been leading scientific production. With this, it is concluded that
there are physical capacities (asymmetries, changes in direction, jumps, accelerations,
decelerations), sex (female), population groups (children’s soccer, youth soccer), countries
of the continents (South American, Asian, African), and concepts that need more excellent
research development. All of this is because sports performance is a process through which
athletes develop specific psychological behaviors and activities [95,96].
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These results highlight the importance of understanding decision-making from dif-
ferent perspectives, so more research is needed to determine the effect and influence of
the moment of the competition, the result, the local or visitor play, the title or emergence,
age, and sex, among other factors. However, this type of specific knowledge provided by
different studies must be adapted to the specific needs of those who guide the preparation
process and the transfer of this scientific knowledge to a practical and daily task of the
coach and the athlete [97]. Thus, the main gaps in the literature such as greater international
cooperation and further development of studies on women’s soccer, youth soccer, and
children’s soccer will allow the establishment of lines of research that focus on the study
of decision-making in different contexts of training and competition from observational
studies, case studies, and longitudinal studies. It is also necessary to further develop
qualitative studies that help us to understand the perceptions of decision-making from the
perspective of the coach–athlete.

4.3. Emerging Concepts and Instruments Used for the Evaluation of Decision-Making

Finally, it has been confirmed that a study that deepens a theme can expand the
research horizons, revealing that there are emerging concepts associated with decision-
making and the identification and selection of sports talent. Among them are “Constraints”,
“Acquisition”, “Visual-Search”, “Program”, “Cognitive performance”, and “Tactics”. To carry out
different studies related to the evaluation of decision-making in soccer players of different
ages, there are scientifically validated technological tools that allow for the evaluation of
performance. Among them is the soccer tactical evaluation system (FUT-SAT) that allows
for the analysis of the fundamental principles of the game [98]. Other instruments that
can be used are the Game Performance Assessment Instrument (GPAI) that allows for
the evaluation of four specific domains (game performance, support, decision-making,
skill execution) [99], the Performance Assessment in Team Sports (TSAP) [100], the Game
Performance Evaluation Tool (GPET) [101], and the TacticUP Video Test for Soccer [13].

4.4. Future Perspectives

The consideration of decision-making as a study theme has increased the research
that has been developed to understand soccer’s technical–tactical behavior. However, very
few studies with multivariate designs allow us to understand the relationships established
between decision-making and other skills, characteristics, and processes. Thus, future
studies could explore this panorama and provide more significant contributions to the
influence that decision-making has on players’ sports performance, health, and well being.

Given the future perspectives of studies focused on evaluating, identifying, and recog-
nizing the contributions of the study of decision-making, specifically on perceptual–cognitive
skills and technical–tactical components in different population samples, the need arises to
carry out a more significant number of review studies, including meta-analyses, scoping
reviews, and more specific bibliometric analyses. Similarly, in evaluating athletes, it is neces-
sary to develop a greater number of randomized controlled trials, longitudinal designs, and
case studies that provide a greater understanding of the effects of decision-making on other
physical, technical, tactical, physiological, psychological capacities, etc.

4.5. Limitations

This study presents different limitations associated with the heterogeneity of popula-
tion samples and evaluated characteristics, the denomination with which decision-making
is studied, and the variables that are related. Another bias of the present study was that
only the review of documents in primary databases such as WoS, PubMed, Scopus, and
SPORTDiscus were considered; therefore, it is recommended that future bibliometric stud-
ies on this topic review the information in other databases to obtain a deeper understanding
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of the topic under study. In addition, other limitations arise, and to reduce bias, future re-
search should consider the analysis of the language of publication, open-access documents,
searching in other databases, and using other search concepts to study decision-making.

5. Conclusions

Literature specializing in the study of decision-making in football prefers the study
of technical and tactical variables and, to a lesser extent, physical and physiological vari-
ables. By studying the most cited studies, it is confirmed that empirical studies and very
few review studies prevail. There is a strong tendency of South American authors and
organizations/institutions, mainly Brazilians, to study decision-making. Two critical ap-
proaches have been carried out in the study of decision-making: one is related to the
perceptual–cognitive skills evaluated in the laboratory and the field through working
memory, creativity, and mental fatigue, whereas the second approach is more associated
with the manifestation of the technical–tactical behaviors of the players, which are evalu-
ated from the use of video or tests on tactical knowledge. By studying the terms used for
the study of decision-making, the investigative trends related to sports performance are
oriented as follows: “Talent identification”, “Youth Soccer”, “Games”, “Coaches”, “Cognition”,
“Speed”, “Validation”, “Reliability”, and “Program”. Research trends suggest that the study of
decision-making should be addressed through interdisciplinary approaches or applied in
sport training contexts. On the other hand, the central countries that have been leading in
scientific production are also the countries with the most important leagues, among which
the following stand out: “England”, “Spain”, “Germany”, “Portugal”, and “Brazil”. This
highlights the importance of interdisciplinary and transdisciplinary research in the study
of decision-making in soccer.

The scientific evidence must allow us to glimpse the effects of different training proto-
cols on the induced adaptations for samples identified in the present study as female soccer
athletes. In the context of soccer, this type of study could help determine how decision-
making helps us to understand the relationship with other variables associated with the
physical and mental health of athletes at different ages and levels. The control of training
load from the study of decision-making is an essential component in any training process to
promote the health and well-being of all athletes. With this, the analysis of decision-making
would help coaches and technical staff to consider individualized follow-ups to reduce the
stress produced in competition and to think about interdisciplinary support to promote
healthy habits and active lifestyles outside the training–competition spaces.
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Abstract: To enhance athletic performance and reduce the risk of injury, load quantification
has allowed for a better understanding of the individual characteristics of the physical
demands on soccer players during training or competition. In this regard, it appears
crucial to summarize scientific evidence to provide useful information and future directions
related to the speed and acceleration profiles of male soccer players. This review aims
to evaluate the findings reflected in the available literature on both profiles in football,
synthesizing and discussing data from scientific articles, while providing insights into
quantification methods, employed thresholds, tracking systems, terminology, playing
position, and microcycle day. Therefore, it is hoped that this narrative review can support
objective decision-making in practice for coaches, sports scientists, and medical teams
regarding individualized load management and the appropriate selection of metrics, to
explore current trends in soccer player profiles.

Keywords: GPS technology; initial speed; playing positions; acceleration profile; speed
running

1. Introduction

1.1. Characteristics and Evolution of Physical Demands in Soccer, Technology

Soccer is a complex team sport influenced by a multitude of contextual variables that
interact at both the player and team levels [1]. Due to this complexity, the assessment of players’
and teams’ physical, technical, and tactical abilities cannot be understood in isolation [2,3].
From a physical demand’s perspective, soccer is primarily an intermittent aerobic sport, where
players alternate between high-intensity, multidirectional efforts and numerous low-intensity
rest periods [4,5]. During competition, while most efforts occur at low speeds, several critical
aspects of successful performance outcomes require high-speed actions [5].

The literature over the last decade provides consensus on the significant increase
in high-intensity actions in soccer without an accompanying rise in the total distance
covered [6–9]. Longitudinal studies over several seasons in the English and Spanish leagues
show notable increases in high-intensity and sprint distances. This change in the game’s
intensity is partly attributed to evolving tactical strategies that prioritize quick transitions,
high pressing, and rapid counterattacks. These strategies demand more frequent high-
intensity accelerations, which allow players to cover shorter distances at higher speeds.

Sports 2025, 13, 18 https://doi.org/10.3390/sports13010018
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Alongside this, there are longer rest periods between actions, enabling greater recovery
and sustaining a more intense style of play. This shift highlights the importance of players’
ability to perform high-intensity actions intermittently and repeatedly, a critical factor for
physical performance in soccer [10–13].

1.2. Load Monitoring and Technology

Monitoring athletes in team sports is increasingly important to understand individual
responses to load, with the goal of optimizing physical performance and minimizing injury
risk (Figure 1) [14,15]. Individual adaptations to physical exercise can vary significantly
among players and are related to individual fitness levels, as well as the intensity and
duration of training loads. Therefore, it is essential to tailor training programs in an
individualized manner [14,16–19]. There are various methods for load individualization,
and studies show a strong interest in investigating these methods [14,20,21].

Figure 1. Objective of Load Quantification in Football.

In contemporary soccer, load indicators need to be interpretable in real time so that coaches
can make decisions without sacrificing training time for assessments or load monitoring [22,23].

The three most commonly used analysis devices in soccer are multi-camera optical
sensor video systems, local positioning systems (LPS) based on radar, and global position-
ing systems (GPS) (Table 1) [18,24–27]. One of the major drawbacks, apart from the fixed
and costly installation like LPS, is the inability to use these systems for real-time training
monitoring. This limitation arises because LPS typically require a controlled environment
with a fixed setup, making them impractical for dynamic training conditions where mo-
bility is essential [28,29]. In the past decade, there has been an increase in the use of GPS
technology, making it the most widely used system in current soccer (Table 1) [12,30–32].
GPS offers the possibility of objectively measuring a wide range of variables, allowing
coaches to understand players’ conditioning needs according to playing position during
training sessions or competitions [4,10,20,33].

Table 1. An Overview of Tracking Systems in Soccer: Technologies, Models, and Applications in
Performance Monitoring.

TRACKING SYSTEMS

Instrument Model Frequency Nº of Papers

GPS

WIMU PRO™ 18 Hz 1
WIMU PRO™ 10 Hz 2

Catapult OptimEye S5 10 Hz 2
Catapult Vector S7 10 Hz 4

Catapult Player Tek 10 Hz 1
GPSports SPI PRO X 15 Hz 3

GPSports SPI PRO X II 15 Hz 2
GPSports SPI HPU 15 Hz 1
GPSports SPI Elite 1 Hz 1
STATSports Apex 18 Hz 2

STATSports Apex ProSeries 10 Hz 2
STATSports Viper 10 Hz 4

GPEXE Pro 18 Hz 1

169



Sports 2025, 13, 18

Table 1. Cont.

TRACKING SYSTEMS

Instrument Model Frequency Nº of Papers

LPM Inmotiotec GmbH 45 Hz 1

OTS

Second Spectrum® 25 Hz 2
Mediacoach ND 1

TRACAB ND 1
InStat Fitness 25 Hz 1

RFID RadioEye™ 40 Hz 1

Video Analysis ProZone Version 3.0 - 2

GPS global positioning system, LPM local position measurement, OTS optical tracking system, RFID radio
frequency identification.

1.3. External Load Monitoring

External load monitoring is valuable in selecting the appropriate load indicators.
However, given the complexity of soccer, it is not possible to assess the impact of a single
performance indicator when analyzing external load [4,34]. The most commonly used
indicators for quantifying external load in soccer include total distance, distances covered
in specific speed zones, number of sprints, maximum speed, number of accelerations-
decelerations, and exposure time during training and matches, as we can observe in
Figure 2 [4,15,20,35,36]. Several authors link these variables to session duration in minutes,
which becomes significant when different exposure times exist, such as in a match or a
post-match session. Consequently, it is necessary to prorate this load to the exposure time
to account for session density [4,37].

Figure 2. Variables of the Speed and Acceleration Profile in Football.
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1.4. Load Distribution and Injuries

In the updated model of injury etiology, training and match loads contribute, along
with intrinsic and extrinsic factors, to the multifactorial model of injury etiology [38].
Research on injury prevention in soccer has focused on the relationships between external
and internal load indicators to better understand how to prevent them [39]. It has been
demonstrated that training load is a modifiable risk factor for overuse injuries [40]. This
information becomes even more relevant considering that overuse injuries, which are
prevalent in soccer, are often due to errors in load perception and programming [39].

From a preventive perspective, the current literature has established that the injury
rate in soccer is higher during competition, with a greater impact on the lower limb
due to overuse injuries (66%), particularly muscle injuries, with hamstrings being the
most frequently affected [41,42]. Analyzing injury load and economic cost in professional
players from European clubs, hamstring injuries had an injury load of 15.4 days/1000 h
with an economic cost of €90,367/1000 h, figures that are significant in terms of club
performance [43].

In a recent study, Perez et al. demonstrated the impact of weekly external training
load and matches as risk factors for muscle overuse injuries. Current data suggest that the
combination of a high external training load during the week and a short high-intensity
running period during the match could increase the risk of muscle injuries in professional
soccer players [44].

Similar to training load, playing position could substantially influence football players’
injury rates [45]. According to Swart et al., midfielders experienced the highest absolute
number of injuries (50%), followed by defenders (33%) and forwards (17%) [46]. Likewise,
Leventer et al. found that midfielders suffer the highest number of injuries (38%), followed
by defenders (30%) and forwards (21%) [45].

2. Speed Profile

2.1. Maximum Velocity

Among load indicators, the maximum running speed or peak velocity that a soccer
player can reach during a match has become one of the most popular variables for assessing
a player’s physical talent [30]. Additionally, optimizing maximum speed enables players
to respond more effectively to the demands of the game [4]. It is essential to consider each
player’s position, as faster players tend to reach a lower percentage of their Vmax during
matches compared to slower players [47,48]. Generally, forwards are faster than defenders,
and both are faster than midfielders. Many contextual variables can influence the analysis
of individual speed reached in matches, and caution is needed when making inter- or
intra-player comparisons [20,30,49].

The average maximum speeds reached throughout the season tend to remain sta-
ble around 30.7 km/h. Therefore, all teams have players capable of reaching top
speeds > 30 km/h, which limits the discriminatory usefulness of maximum speeds to
distinguish between higher- and lower-ranked teams. Most players (56%) reached a max-
imum speed between 32.0 and 33.9 km/h, and only 0.6% of players (three individuals)
reached speeds above 35 km/h [30,50]. Besides categorizing players as fast, moderate, or
slow with maximum speeds > 32.70 km/h, between 31.70–32.69 km/h, and <31.69 km/h,
respectively, another major advantage of maximum speed is its use in defining intensity
zones (Figure 3) [20,51].
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Figure 3. Speed and Intensity Zones: Colored Segments Represent Commonly Used Speed Zones;
Arrows Indicate Intensity Zones.

2.2. Absolute Threshold

As shown in Figure 3, player activity is classified into different speed or intensity zones
ranging from 0 to 36 km/h, but there are no standardized speed zones. The lack of a univer-
sal definition leads to confusion about speed-level thresholds, which can result in erroneous
conclusions based on a fixed speed threshold [24,52]. Using a fixed threshold determines
absolute speed ranges, that is, arbitrary speed zones independent of players’ fitness levels.
Absolute ranges appear to be commonly adopted in soccer; however, interpreting arbitrary
speed zones has the disadvantage of masking individual capabilities [20,35,53]. Intensity
zones based on absolute ranges are typically divided into six zones, measuring the distance
covered according to the speed attained.

- Standing 0–0.6 km/h [34]
- Walking > 0.7–7.2 km/h [34]
- Running > 7.2–14.3 km/h [34]
- Medium-speed running (MSR) 14.4–19.8 km/h [34,49]
- High-speed running (HSR) 19.8–25.1 km/h [10,33,34,49,54–58]
- Sprint or very-high-speed running (VHSR) > 25.2 km/h [10,33,34,49,55–57,59]

The lack of consensus in defining absolute thresholds leads to the use of five other
predetermined thresholds [52]:

- Walking 0–7 km/h [5,52]
- Running 7–13 km/h [5,52]
- MSR > 13–18 km/h [5,52,60]
- HSR > 18–21 km/h [5,52,60]
- Sprint > 21 km/h [5,52,60]

In a more isolated manner, some authors describe only four zones, using the following
thresholds: <6 km/h (low), 6–18 km/h (moderate), 18–24 km/h (high), and >24 km/h
(very high). In addition to the described ranges, it is important to analyze the terminology
used; some authors employ the term HSR to denote speeds > 14.4 km/h (MSR) and VHSR
for speeds > 20 km/h (HSR) [51,61,62].
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In soccer, research often focuses on the distance covered at high intensity, and sev-
eral authors assert that high-intensity actions are considered the best indicator of perfor-
mance [24,52,54]. Although some studies consider an absolute threshold around 18 km/h
to determine the distance covered at high speed, others use a threshold of 19.8 km/h,
indicating a clear lack of consensus in the current literature regarding the categorization of
these actions [4,10,63–66]. Some researchers use the term “high intensity” to encompass
both high-intensity and sprint segments, combining the distances covered in both ranges,
which further complicates potential comparisons among authors [55]. Within high intensity,
the distance covered during sprints is even less defined, with differences of more than
4 km/h in the two most commonly used fixed thresholds of 21 and 25.2 km/h; some
authors even use a threshold of 24 km/h [8,9,12,64,66–69]. The lack of clarity in sprint
thresholds arises from how they are recorded; they can be counted numerically or by the
distance covered. Generally, a sprint is recorded as an effort that involves a minimum
movement of 1 m, maintained for at least 1 s, and reaching a defined speed [66]. Therefore,
when sprints are recorded numerically, an action can fall into the high-intensity zone
(speed > 21 km/h) or very-high-intensity zone (>24 or 25 km/h, depending on the
authors) [55]. Confusion arises when a high-intensity threshold is defined as distance
covered during a sprint, as it would actually refer to the distance covered at very high
intensity [12]. When comparing results across various studies, it is essential to differ-
entiate between the number of sprints at high or very high intensity and the distance
covered during sprints, which would be equivalent to the distance covered at very high
intensity [70].

2.3. RSE and RSA

In the context of speed profiles, performing high-intensity actions intermittently and
repeatedly is a key factor for physical performance [71]. The ability to repeat efforts,
referred to as “repeated sprint ability” (RSA), is a fitness requirement that quantifies
maximal or near-maximal efforts such as sprinting or accelerating, interspersed with
brief recovery intervals consisting of either complete rest or low- to moderate-intensity
activity [72,73]. Repeated sprint exercise (RSE) and intermittent sprinting differ in recovery
times, with almost complete recovery of 60 to 300 s for intermittent sprints and recovery
periods of less than 60 s for RSE [74,75]. Buchheit et al. classified high-intensity actions
based on recovery duration between repeated efforts, with times of 30 s, 31 to 60 s, and
>61 s [76]. Recovery time is a critical factor in the onset of fatigue and has been linked to
the ability to reproduce sprints [71,72]. Moreover, the energy cost of intermittent activities
is 3.1 to 6.3 times greater than that of running at a constant speed, resulting in increased
internal load during intermittent running exercises, such as shuttle runs or near-maximal
accelerations [77]. The physiological demands during repeated sprint exercise are primarily
affected by the intensity of accelerations [78,79].

Significant differences were found between field positions, with forwards exhibiting
significantly better RSA compared to defenders and midfielders. However, no differences
were observed in high-intensity activity across positions [80]. Conversely, Carling et al.
reported that midfielders performed more high-intensity actions separated by short recov-
ery times (20 s), and running intensity was higher during recovery periods. Regarding
full-backs (FB), the number of high-intensity RSEs was statistically greater than in other
playing positions [71].

2.4. Relative Threshold of Velocity

When the importance and relevance of high-intensity actions in match outcomes have
been described, the use of relative speed ranges could address this issue [51,81]. The
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arbitrary method is commonly employed in professional football to quantify external load
data, while the use of individualized methods is on the rise [20]. Utilizing absolute thresh-
olds may underestimate or overestimate the intensity of actions during matches [54,82].
Although activity profiles have been extensively studied, a common methodological lim-
itation is the exclusive use of absolute values. Recent findings suggest that the specific
demands of each player should be considered individually [51]. An individualized thresh-
old based on a player’s maximum speed allows for the evaluation of each player’s specific
demands, reducing error in quantifying physical performance at different intensities [52].

Given the significant variability in running capacity among different players, it is
logical to individualize sprint thresholds, high-speed runs, and moderate speeds [51]. This
approach of using a relative threshold compared to an absolute threshold could reduce
the risk of underestimating or overestimating the players’ effort, as it has been shown
that the distance covered can be misinterpreted based on the maximum speed each player
is capable of achieving [51,52]. To establish relative thresholds, it is essential to consider
each player’s maximum speed, enabling the calculation of thresholds as percentages based
on their attained Vmax (Table 2) [68,83,84]. In 2015, Reardon et al. set a value of 60% of
maximum speed to define a high-intensity threshold [48]. This was further supported
and expanded in 2016 by Castellano et al., who described three relative thresholds: >40%
of maximum speed for low intensity, 40-60% for moderate intensity, and >60% for high
intensity [85]. Subsequently, even more refined relative thresholds were defined based on
intensity: low (0% to 19.99%), moderate (20% to 54.99%), high (55% to 74.99%), and sprint
(>75%). These relative zones correspond to the previously defined absolute intensity zones:
low (<6 km/h), moderate (6–18 km/h), high intensity (18–24 km/h), and sprint (>24 km/h),
thereby adapting to each player’s individual capabilities [51]. Similar thresholds were
used for youth football players to define speed and intensity zones: low < 34%, moderate
34–61%, and high > 61% [86].

Table 2. Speed and Intensity Zones in Football: Absolute and Relative Threshold with Corresponding
Literature Frequency.

SPEED PROFILE

Absolute Relative
Nº of

Papers

Very-Low-Speed Walking 0–5.9 km/h 1

Standing 0–0.7 km/h 1
0–0.6 km/h 3

Walking
<7.1 km/h 2

0.7–7.2 km/h 4
0.1–8 km/h 1

Low-Speed Walking 6–11.9 km/h 1

Jogging 7.2–14.3 km/h 6
8.1–13 km/h 1

Low-Speed Jogging 12–13.9 km/h 1

Low-Speed Running
0–10.8 km/h 1

13.1–16 km/h 1
<14 km/h 1

Medium-Speed Running 14–17.9 km/h 2

Moderate-Speed Running >14.4 km/h 1

Intermediate-Speed Running >10.8–19.8 km/h 1
16.1–19 km/h 1
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Table 2. Cont.

SPEED PROFILE

Absolute Relative
Nº of

Papers

Running 14.4–19.8 km/h 10

High-Speed Running

4–5.5 m/s 70% Peak Match Speed 1 + 1
>5.5 m/s 75% Peak Match Speed 2 + 1
5.5–7 m/s >Maximal Aerobic Speed 1 + 2

18–23.9 km/h >30% Anaerobic Reserve 1 + 2
18–21 km/h 1

19.8–25.2 km/h 11
19.1–22 km/h 1
>19.8 km/h 4

Very-High-Speed Running
5.5–7 m/s 1

21–24 km/h 1
>25.2 km/h 1

Maximum-Speed Running >22.1 km/h 1

Sprint

>24 km/h 80% Peak Match Speed 5 + 1
>25.2 km/h 85% Peak Match Speed 14 + 1

>7 m/s 90% Peak Match Speed 4 + 1
>85% Peak Speed 1

Very-Low-Intensity Running 0–7 km/h <10–20% Peak of velocity 1 + 1

Low-Intensity Running
<14.3 km/h <40% Maximum Speed 2 + 1

7–13 km/h 20–40% Peak of velocity 1 + 1

Moderate-Intensity Running <19.8 km/h 40–60% Maximum Speed 1 + 2
13–18 km/h 1

High-Intensity Running

>5.5 m/s >60–75% Maximum Speed 2 + 1
5.5–7 m/s 60–80% Peak of velocity 1 + 1

>14.4 km/h 3
17–23.99 km/h 1

18–21 km/h 1
>19.8 km/h 2

Very-High-Intensity Running >19.8 km/h >75% Maximum Speed 2 + 1
>21 km/h >80% Peak of velocity 1 + 1

2.5. Comparison Relative and Absolute Threshold

The high-intensity running distance is significantly overestimated in faster players
when compared with their relative thresholds. Similarly, in slower players, the high-
intensity distance is underestimated relative to their own thresholds [51,87]. Faster players
can operate at a relatively lower percentage of their maximum capacity compared to slower
players, who may be performing at a relatively higher percentage of their maximum.
Likewise, sprint distance is overestimated for faster players, while it is underestimated for
slower players [51]. This is because, for a very fast player capable of reaching a maximum
speed of 36 km/h, attaining a speed of 24 km/h is less demanding than for a player
with a maximum speed of 31 km/h. Thus, it is easier for the faster player to accumulate
distance above that speed than for a slower player, a discrepancy not present with a
relative threshold, as it adapts to each player’s individual capability. According to Gabbett
et al., comparing positions using an absolute HSR threshold (>21 km/h) versus a relative
threshold (>60% Vmax), forwards can cover a distance of 269 m or 354 m, respectively.
In contrast, defenders cover 697 m or 570 m, respectively [87]. Therefore, high-intensity
distance can vary between 3% and 5% of the total distance covered, depending on the
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chosen threshold, which is an important consideration when high intensity represents 2%
to 15% of total distance [48,51,87].

If there is a discrepancy between the absolute and relative quantification of workload,
such a discrepancy will have significant implications for planning individualized training
programs. It is essential to accurately quantify each individual’s workload, relative stress,
and recovery status to achieve an effective training program [51]. So far, studies have not
provided a rationale for the use of an absolute threshold over a relative threshold [52]. In
conclusion, for any intensity range, an individualized threshold based on the maximum
speed a player can reach could be more specific and precise for assessing physical de-
mands than an absolute threshold [47,52,54]. In addition to the chosen threshold, a soccer
player’s workload indicators may vary according to age [76], position [13,67,76,88] and the
accumulated fatigue during the match [63,89].

2.6. According to Playing Position

It is important to remember that soccer players have individual roles within the team,
as each has specific tactical tasks and distinct physical needs during matches [10,47]. There
are countless positional possibilities depending on the tactical model adopted by the coach.
However, positions are generally grouped for programming purposes into goalkeepers
(GK), central defenders (CD), full-backs (FB), central midfielders (MF), wide midfielders
(WMF), and forwards (FW) (Table 3) [8,31,67,90,91].

Table 3. Distribution of Playing Positions, Abbreviations, and Frequency in the Literature.

PLAYING POSITION

Position Abbreviation Nº of Papers

Defender

Center Back CB 6
Central Defender CD 24

Full-Back FB 24
Extreme Defender ED 1

Wide Defender WD 7
Wing Back WB 1

Midfielder

Central Midfielder CM 18
Midfielder MF/MD 12/4

Wide Midfielder WMF/WMD/WM 7/2/15
Offensive Midfielder OM/OMF 1/3

Forward

Forward FW/F/FO 17/4/1
Stricker S/ST 3/1
Attacker A/ATT/AT 1/1/3

Wide Attacker WA/W 1/2
Offensive Attacker OA 1

Center Forward CF 3

Currently, there are divergences regarding the influence of the tactical system and the
individual demands of each playing position. Recent studies have shown that FW and
MF experienced greater physical demands when playing in a 1-4-2-3-1 tactical formation
compared to a 1-4-4-2 formation [92]. In a comparison of eight different formations, the
results revealed that the extent to which tactical formation affects match performance
depends on the position. In terms of physical performance, CDs and FBs showed greater
sprint distances when playing in a formation with only three defenders at the back (1-3-4-3,
1-3-5-2) compared to all other formations [93].

Conversely, Bradley et al. found no significant differences in high-intensity distance
covered between the 1-4-4-2, 1-4-3-3, and 1-4-5-1 formations. However, an interesting
finding was that FW performed 30% more high-intensity running in a 1-4-3-3 tactical
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formation compared to the 1-4-4-2 and 1-4-5-1 formations [94]. Higher high-speed distance
was observed when the match was tied for midfielders, when losing for defenders, and
when winning for attackers [85]. Bradley and Noakes similarly reported 17% less high-
intensity running for defenders and 15% more for FW in won matches compared to lost
ones [95]. Additionally, a Bundesliga study found that the likelihood of winning a match
increased by 31.7% when midfielders increased their sprint distance by 100 m (>24 km/h).
For FB, increasing the number of sprints improved the probability of winning a match by
8.6% [96]. While this is a reductionist approach that does not reflect the complexity of all
game characteristics, it highlights the influence of playing position on multiple physical
and technical variables for players [97–99].

Regarding high-speed performance across different playing positions, research indi-
cates that CDs engage in considerably less high-speed activity compared to other positional
roles (excluding goalkeepers) [70]. Numerous authors support these findings, report-
ing that CDs perform fewer sprints than any other position [70,100–103]. In addition to
performing fewer high-intensity actions, CDs generally accumulate the lowest total dis-
tance [10,25,70,104,105]. Using relative thresholds, Javier et al. found similar results, with
distances between 30–60% and 70–80% of Vmax lower than other positions [52]. In terms
of low-intensity time, it accounts for 74.9% to 79.6% of total time based on playing position,
with CDs and FWs spending the most time walking or jogging [67,100].

Similarities exist between CD and FW profiles, with FWs running less frequently
than CDs [70,100–103] yet often covering 10% more distance between 60–80% of Vmax
than other positions [52]. Redwood-Brown et al. reported that FWs typically cover more
high-intensity or sprint distances than defenders and, in some cases, midfielders. However,
no significant differences were found between playing positions for high-intensity or sprint
distance [106]. Thus, there is evidence that FWs cover less distance in low- or medium-
intensity actions, although some authors found no significant differences in high-intensity
match demands [105,106]. Considering total weekly load, FWs cover a total distance of
20,330 m and FB 17,862 m, with no significant differences between positions in terms of
weekly total distance covered [107].

During training sessions, wide players (FB and WMF) and FW cover the most high-
intensity distance, which is consistent with match patterns [107]. It is well-documented
that wide players, whether defenders or midfielders, accumulate greater high-intensity and
sprint distances than central players [47,48,56,67,70,100–104,108]. Recent studies reveal
that WMFs spend more time in high-intensity zones, covering greater distances between
18–21 km/h and >21 km/h than all other positions [52,109]. Many other authors define FB
as the position that covers the most sprint and high-speed distance (>19.6 km/h), whereas
MF is the position that accumulates the least distance at these intensities [47,64,67,100,104].

Overall, MFs cover the highest absolute and relative total distances, achieving greater
low-intensity activities and a higher number of efforts, yet accumulating less high-speed
and sprint distances compared to other positions [25,34,47,48,52,109]. In terms of total
distance covered, the literature is consistent in identifying MFs as those who cover the
greatest distance [70,100–103,105]. They cover double the distance of CDs [10,25,104] and
cover more meters per minute than FWs or defenders, both at home and away matches [106].
Their performance is characterized by high total distance, particularly at moderate speeds
such as jogging and running [67,100,110].

Regarding maximum speed, offensive players were the fastest, with maximum speeds
of 30.6 km/h for FW and WMF [70]. Recent studies have found similar results, with higher
speed peaks for WMFs, but the attained speed was higher, between 8.82 and 8.88 m·s−1

(31.75 km/h and 31.96 km/h). The slowest players were MFs, with a maximum speed of
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7.96 m·s−1 (28.65 km/h) [90,111]. Regarding average speed during matches, MFs or WMFs
showed significantly higher values [56].

Physical requirements are specific to each playing position, and players develop
their profiles according to these positional demands, which may explain the variability in
speed profiles by position [90,112]. This implies that improving team success requires a
higher level of physical activity in certain positions and greater technical activity in others.
Furthermore, the interpretation of speed profile variables during matches must consider
the influence of contextual, environmental, or situational factors, such as match location,
opponent quality, and match result [98,113–117].

3. Acceleration Profile

Interest in accelerometry variables has been growing over the years, and in professional
football, they are now considered some of the most commonly used metrics for monitoring
players [35,118,119]. This shift in focus may be explained by the fact that players rarely
have the time and space to reach maximum speeds and therefore rely heavily on their
ability to accelerate maximally [120]. For a more valid measurement of workload, it is
essential to include accelerometry-related parameters, such as distance, time, or the number
of actions across various zones, as these provide complementary information to the more
commonly used speed profile variables [121,122].

The incorporation of accelerometry-related factors into workload monitoring has high-
lighted a 6% to 10% difference in workload estimation compared to monitoring techniques
that rely solely on speed-based metrics [123–126].

In football, having a greater acceleration capacity can be decisive in critical moments,
and it is estimated that during a match, a player performs between 1000 and 1400 short
actions, including changes in direction and intensity, approximately every 60 s. This
represents about 7% to 10% of the player’s total workload [101,118,127,128]. During
matches, English players perform around 656 accelerations, Croatian players around 600,
while Spanish players accumulate 581 [31,67,121]. Other studies have found a total of
76 accelerations [126] and 115 accelerations [118]. The variation in methods, tracking sys-
tems, and the classification of accelerations makes it challenging to conclude the potential
reasons behind these differences [126].

3.1. Absolute Threshold and Initial Velocity

To account for the total number of accelerations performed by a player, changes in
speed greater than 0.5 m·s−2 are generally quantified without differentiating the intensity
of each effort [31,100,121]. One of the methods for classifying accelerometry is the absolute
method, which categorizes the intensity of the effort based on a predetermined fixed
threshold (Table 4).

Varley et al. defined a single threshold > 2.78 m·s−2 to classify accelerations as maxi-
mum [118]. Other authors used a similar threshold (>3 m·s−2) to classify both high-intensity
accelerations and decelerations, expanding the terminology with a low threshold for accel-
erations between 1 and 2 m·s−2 and a moderate threshold for accelerations between 2 and
3 m·s−2 [34,70,101,121,123,128–130]. Isolated studies have reported other thresholds for
high-intensity accelerations above 3.5 m·s−2 [65]. Lastly, Bradley et al. used two thresholds,
considering moderate accelerations between 2.5 and 4 m·s−2 and high-acceleration efforts
with a threshold > 4 m·s−2 [60,64,131]. Ultimately, there is no consensus on defining the
absolute threshold for high-intensity accelerations, with data ranging from 2.78, 3, 3.5, and
even 4 m·s−2 [31,55,56,60,64,65,123,128].
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Table 4. Acceleration Zones in Football: Absolute and Relative Thresholds with Corresponding
Literature Frequency.

ACCELERATION PROFILE

Absolute Relative Nº of Papers

Total Accelerations >0.5 m·s−2 3 + 0

Very-Low-Intensity Accelerations <1.0 m·s−2 <25% ACCmax 1 + 1

Low-Intensity Accelerations

0–1 m·s−2 <50% ACCmax 1 + 1
1.1–1.5 m·s−2 1

1–2 m·s−2 2
>1.5 m·s−2 1
<3 m·s−2 1

Moderate-Intensity Accelerations

1.6–2 m·s−2 <75% ACCmax 1 + 1
>2 m·s−2 2

2.1–2.5 m·s−2 1
>2–3 m·s−2 2
2–4 m·s−2 4
>2.5 m·s−2 1

Intermediate-Intensity
Accelerations 1–2 m·s−2 1

High-Intensity Accelerations

>2.78 m·s−2 >75% ACCmax 1 + 2
2–3 m·s−2 1
>3 m·s−2 9
3–4 m·s−2 1
>4 m·s−2 4

Maximal Accelerationns >3 m·s−2 1

Total Decelerations >(−) 0.5 m·s−2 3

Low-Intensity Decelerations
(−) 0–1 m·s−2 1
<(−) 3 m·s−2 2

(−) 1–1.9 m·s−2 1

Moderate-Intensity Decelerations
>(−) 2 m·s−2 1

(−) 2–2.9 m·s−2 1
(−) 2–4 m·s−2 4

Intermediate-Intensity
Decelerations (−) 1–2 m·s−2 1

High-Intensity Decelerations

>(−) 3 m·s−2 7
(−) 2–3 m·s−2 1
(−) 3–4 m·s−2 1
>(−) 4 m·s−2 3

Maximal Decelerations >(−) 3 m·s−2 1

Initial Running

ND ND 1
0–7 km/h 2

7.1–14 km/h 2
>14.1 km/h 2

3.2. Initial Velocity

However, this approach does not consider that the ability to accelerate largely depends
on the player’s initial velocity (Vini), with a correlation coefficient of 0.98 between the two
variables [34]. As illustrated in Figure 4, the maximum possible acceleration for each player
progressively decreases as the initial running speed increases [111,132] and most efforts
involving high accelerations reach low or moderate peak speeds [34]. Similarly, Aughey
and Varley demonstrated that 85% of accelerations do not exceed speeds of 15.84 km/h,
and 98% of maximum accelerations (ACCmax) occur from a standstill or at speeds below

179



Sports 2025, 13, 18

14.4 km/h [118]. De Hoyo et al. found that over two-thirds of high-intensity accelerations
reach peak speeds below 19.8 km/h, while previous research reported that 40% reach
speeds between 7 and 15 km/h, and high-intensity accelerations that end at sprint speeds
account for 19% [133].

Figure 4. Acceleration Intensity Based on Initial Velocity.

It is common to mistakenly categorize acceleration as low or high intensity based solely
on an absolute numerical value, without considering the initial velocity, which does not
always accurately reflect the actual intensity of the effort. When using absolute acceleration
thresholds, accelerations starting at higher running speeds can be misclassified [132].
Energy and muscle loads are underestimated when efforts begin at a relatively high
initial running speed, classifying an acceleration as low intensity when it is actually high
intensity [134]. For example, efforts starting from 16.7 km/h have maximum accelerations
of 2.29 m·s−2 and would therefore be classified with an absolute threshold of 3 m·s−2 as
a submaximal effort, despite being very demanding. Indeed, when starting a running
effort, few players can reach accelerations of 3 m·s−2 [111,132]. Conversely, actions with a
low starting speed are overestimated, as an acceleration of 3 m·s−2 represents only 50% of
the maximum acceleration when starting from a standstill [124]. Ultimately, it is correct
to consider the initial speed when categorizing an acceleration as high or low intensity,
but it is necessary to go further by using different absolute thresholds based on the initial
speed [34,132]. Subsequently, absolute thresholds for high-intensity accelerations based
on initial running speed were defined: above 4.51 m·s−2 from a standstill, >3.25 m·s−2

from walking, >2.4 m·s−2 from jogging, >1.72 m·s−2 from running [132]. As soccer players
are often in motion before initiating an acceleration effort, to anticipate a game situation
or follow an opponent, it seems logical to find a significant number of efforts starting
from a speed that exceeds being stationary or walking [34]. All of this indicates that the
ability to accelerate decreases as running speed increases, and maximum acceleration
occurs at the beginning of the action. For these reasons, it is important to use relative
thresholds that take into account the initial speed and each player’s individual acceleration
capabilities [132,133].

3.3. Relative Threshold of Acceleration

To date, the classification of acceleration data based on movement intensity has primar-
ily relied on previously cited absolute thresholds. While the use of these thresholds allows
for comparison of physical performance across different cross-sectional and longitudinal
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studies, their main disadvantage is that they do not take into account the player’s relative
individual capacity [120,124,135].

The percentage acceleration method classifies the intensity of an effort based on the
ratio of the measured acceleration of that specific effort to the maximum acceleration
the individual can achieve (Table 4) [132]. Sonderegger et al. propose four different
intensity zones: a high-intensity zone with accelerations > 75% of ACCmax, a moderate-
intensity zone with accelerations between 50–75% of ACCmax, a low-intensity zone with
accelerations between 25–50% of ACCmax, and a very-low-intensity zone with accelerations
below 25% of ACCmax [34]. Using an absolute threshold of >3 m·s−2, another of >4 m·s−2,
and finally a relative threshold of > 75% ACCmax, they found a number of high-intensity
accelerations of 120, 59, and 84, respectively [34]. Additionally, these relative thresholds
can be applied based on initial speed across three ranges: from walking (0–7 km/h), from
jogging (7.1–14.3 km/h), and from running (>14.4 km/h). According to initial speed, the
ACCmax values reached were 6.01 m·s−2 from a standstill, 4.33 m·s−2 while walking,
3.20 m·s−2 while jogging, and 2.29 m·s−2 while running [34,132,133].

Ultimately, the relative method could avoid the biases introduced by absolute methods,
and calculating intensity thresholds based on individual results would be more convenient
for counting and categorizing accelerations [132]. Additionally, the acceleration percentage
allows for the determination of individual intensity thresholds specific to a single player or
a playing position [34,133].

3.4. Position and Intensity

Analyzing the initial speed and acceleration intensity by playing position, Oliva-
Lozano et al. (2020) found that initial speed was significantly higher for low-intensity
accelerations compared to high-intensity accelerations only for WMF and FW positions.
No significant differences were found in initial speed and acceleration intensity for CD, FB,
and MF. Therefore, it is essential to evaluate the acceleration profile by playing position, as
it influences acceleration intensity and initial speed [111].

Previous studies have shown significant differences between playing positions and
maximum acceleration capacity [90,111,133,136]. In general, footballers with higher max-
imum acceleration rates can jump higher, run faster (over short distances), and achieve
changes of direction at higher speeds [137].

When total accelerations are counted, the most commonly used threshold in current
literature refers to an intensity > 0.5 m·s−2 [31,100]. During matches, the highest number of
accelerations was found for CDs with 743 total accelerations, while FWs recorded the lowest
with 610 accelerations. However, analysis of the total weekly number of accelerations in
training showed no differences between the different playing positions [100]. Using the
same threshold, Sekulic et al. found 517 accelerations for midfielders and 451 for FWs,
again the position with the fewest accelerations. The total number of accelerations does
not consider the intensity or initial speed of each acceleration, preventing an accurate
interpretation of the actual load represented by these accelerations [31].

CDs have more accelerations in low (1–2 m·s−2) and moderate (2–3 m·s−2) thresholds;
however, MFs covered the most distance accelerating within the low-intensity threshold
compared to CDs and FWs. FBs and WMFs had an acceleration density 10 to 20% higher
than central positions (MFs and CDs) [138].

Using an absolute high-intensity threshold of >2.78 m·s−2, Mallo et al. found that
CDs recorded the highest number of accelerations, while FWs had the fewest [67]. The
most commonly used threshold for high-intensity accelerations is an absolute value of
>3 m·s−2. FBs and FWs were the positions that recorded the highest number of accelera-
tions at this intensity, averaging seven and six accelerations per match, respectively. The
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position with the fewest high-intensity accelerations was midfielders, with an average of
1.9 accelerations [56,100]. Using the same threshold, Sekulic et al. found similar results,
with FWs performing the most accelerations, totaling 39. Other positions recorded around
20 maximum accelerations per match [31]. Alonso-Callejo et al. were the only authors to
find higher values for acceleration-related variables in CDs, while the lowest ACCmax
values on match day were observed for WMFs [90].

Oliva-Lozano et al. defined WMF as the most demanding position for acceleration
profiles, with 34.9 high-intensity accelerations (>3 m·s−2), 36 m covered while accelerating,
and a maximum acceleration of 4.7 m·s−2, WMF covered the most distance accelerating,
reached the highest maximum acceleration, and performed the greatest number of accel-
erations compared to other positions. On the other hand, MF covered the least distance
(260 m), had the lowest maximum acceleration (4.4 m·s−2), and performed the fewest
high-intensity accelerations. Regarding accelerations of intensity < 3 m·s−2 MF had the
highest number of actions [111].

By analyzing three acceleration-intensity thresholds (low, moderate, high) simultane-
ously, Barrera et al. suggest that the number of accelerations performed at different speeds
varies according to the positional demands. For game roles, the highest number of low-
intensity accelerations (1–1.9 m·s−2 was performed by MFs, who had substantially higher
values compared to all other positions. For moderate-intensity accelerations (2–2.9 m·s−2),
attacking players (OAs) performed the most actions, showing differences with all positions
except FBs, who also differed from CDs, FWs and MFs. For high-intensity accelerations
(3–4.0 m·s−2), OAs and FWs had the highest performance, significantly different from other
positions (MFs, CDs, and FBs) [70].

Using a relative threshold of 70% of maximum acceleration, CDs had fewer accel-
erations, while lateral positions (FBs and WMFs) accelerated more often than any other
position [126]. De Hoyo et al. took it a step further with a relative acceleration profile
based on initial speed. De Hoyo et al. went further by analyzing relative acceleration
profiles based on initial speed. With an intensity of 75% of maximum acceleration (high
intensity), CDs showed more accelerations from walking (0–7 km/h) compared to jogging
(7.1–14.3 km/h). FWs and WMFs accelerated more from running (>14.4 km/h) than from
walking or jogging. FBs completed more accelerations from walking and running than
from jogging. Finally, MFs performed a greater number of high-intensity accelerations from
walking, and their accelerations from running were greater than from jogging. Comparing
the total number of high-intensity accelerations regardless of initial speed, FW, WMF, and
FB performed more accelerations than CD and MF. Additionally, MF performed more
high-intensity accelerations than CD [133].

With an intensity threshold of >2 m·s−2, wide players accelerated significantly more
than central players, but these results were only found during the first half of the game,
with no differences in the second half or during a full match. Therefore, the ability to
accelerate depends on the position and the microcycle day [90,108].

The theoretical maximum acceleration ranged from 5.73 m·s−2 for FBs on the day
before the match to 8.68 m·s−2 for CDs on match day, while the recorded maximum
acceleration was 3.27 m·s−2 for MFs the day before the match and 5.35 m·s−2 for CDs on
match day. Both theoretical and recorded data agreed that the least intense day was the
day before the match, and the most intense was match day. Additionally, the recorded data
showed that the most intense training day in terms of acceleration throughout the week
was the first loading day (Wednesday), except for MFs, for whom it was Thursday [90].
Stevens et al. found similar data, with the most intense acceleration load occurring on
Wednesday, close to matching the game load, with a 90% overlap [122]. This highlights the
importance of recording accelerations during both matches and training [4].
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3.5. RAA and RHAA

The ability to repeat accelerations, known as “repeated acceleration ability” (RAA),
is defined as the capacity to accelerate repeatedly (three or more accelerations) with short
recovery times (less than 45 s) [139]. RAA has been proposed as an alternative physical
capability that may be more relevant to performance than repeated sprint ability (RSA),
since high-intensity accelerations require significant energy expenditure and are up to eight
times more frequent than sprints. The results showed that RAA profiles were relatively
homogeneous, with no significant differences between playing positions or between dif-
ferent parts of the game [140]. The use of absolute thresholds of 1.5 m·s−2 to define RAA
efforts might not accurately reflect what happens during matches, as this threshold could
be too low and might overestimate high-intensity runs. The ability to repeat submaximal
efforts may not be as critical for performance, and several authors have defined the ability
to repeat high-intensity accelerations (RHAA) [139–141]. RHAA is defined as a minimum
of three consecutive high-intensity actions with an average recovery duration of 20 s or less
between efforts [71]. High-intensity accelerations were measured using relative thresholds
of 70% and 80% of the ACCmax obtained during a 40-m sprint test. An average of eight
RHAA efforts were detected with a 70% threshold and 5.1 with an 80% threshold. The aver-
age number of efforts within each RHAA was four and 3.6 for the 70% and 80% thresholds,
respectively [139].

Regarding RHAA by playing position and game timing, there was a slight decrease in
the average number of RHAA efforts in the second half for all positions except midfielders
(MF), using a 70% ACCmax threshold. With a higher threshold (80% ACCmax), midfielders
showed a moderate decrease in RHAA in the second half, with no significant effects for
FWs, FBs, or WMFs. For wide players (FBs and WMFs), a longer RHAA effort duration
was recorded compared to other positions [139]. In conclusion, RHAA occurs frequently
in football, with small but significant differences between playing positions, as well as
between the first and second halves of the game [139,140].

4. Conclusions and Future Directions

There is no evident consensus due to the lack of homogeneity in intensity thresholds.
Furthermore, the relationships between the two profiles are unclear; faster players do not
necessarily achieve the maximum acceleration values [90,111,133]. Monitoring acceleration
and velocity profiles more comprehensively not only appears important from a training
load and injury-prevention perspective but also provides the coaching staff with specific in-
formation necessary to develop and prescribe training protocols that are replicable to match
demands [120]. The abundance of external load measures requires a thorough selection of
the most useful variables for the specific demands of each playing position. Standardizing
the classification of these various measures is of vital importance for organizing this task,
as well as when attempting to compare the results obtained in different studies [56].

The use of GPS devices in football players’ daily routines provides a virtually inex-
haustible source of individualized data. Their emergence is in response to the growing
need to monitor training loads, prevent overload and fatigue, and identify and combat
the most common muscular injuries among football players. GPS devices also allow for
the assessment of an individual player’s response in various positions on the field. These
results can assist sports scientists, medical staff, and coaches in understanding the variabil-
ity of relative speed and acceleration profiles, thereby aiding the design of individualized
training programs tailored to the positional demands of each player.

When referring to an “individualized” load quantification, a methodology based on
relative thresholds adapted to the player’s maximum physical capacities should be ap-
plied, rather than merely categorizing variables by playing position. Additionally, relative
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individualization uses percentages that could enable direct comparison of external load
variables across different devices. This data could be even more relevant for accelerometry
variables, given the variability that exists between devices or different brands.

The positional differences between the speed profile and acceleration profile are
distinct; therefore, it is recommended to collect variables from both profiles. In addition
to quantifying across various intensities, it is suggested to quantify at least the number
of actions performed and the distance covered for both profiles, as discrepancies exist
between these variables depending on the playing position. The initial speed should also
be taken into account when assessing the acceleration profile.

Quantifying these variables using relative thresholds in both profiles could also be
highly beneficial throughout the entire rehabilitation process of an injured player. During
the gradual return of the player to the field, physiotherapists and physical trainers alike
often question whether the player is ready to engage in group training sessions and
subsequently compete. Measuring external load in an individualized manner, based on the
player’s current maximum physical capacities, could optimize load quantification at each
stage of rehabilitation, aiming to ensure performance and minimize the risk of recurrence or
relapse. The initial group sessions are part of the reconditioning process, and the player’s
maximum acceleration or speed capacities are not yet fully restored. Therefore, each session
will be more demanding for the player, and the use of absolute thresholds or the lack of
consideration for the initial acceleration speeds could lead to erroneous load quantification,
underestimating the actual external load of the session and increasing the risk of recurrence.
Additionally, controlling training load and preventing injuries are essential components in
promoting public health and well-being. Maintaining an appropriate training load helps
to improve physical condition without overburdening the body, which reduces the risk
of injuries and contributes to both physical and mental well-being. This practice not only
protects athletes but also benefits anyone engaging in physical activity, from recreational
participants to those with specific health goals.

In the context of public health, preventing injuries through controlled training reduces
the incidence of musculoskeletal issues, which are a leading cause of work absenteeism and
medical expenses. This means that proper management of exercise load not only prevents
individual health problems but also optimizes healthcare resources, reducing the demand
for medical services and promoting a more active, healthy society.

Furthermore, focusing on injury prevention and load management fosters a culture of
safe and sustainable physical activity, which enhances overall population well-being by
making exercise accessible and safe. Our results could provide male football players with
reference information on the maximum physical capacities to achieve before returning to
training or competition.

Thus, the most relevant studies related to Variables and Playing Position for Velocity
and Acceleration Profiles in Football will be detailed in Table 5 for better understanding
and clarity.
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Abstract: Heading is a key skill in soccer, and it is few investigated in females. Research on heading
focused mostly on males and on young players. Data on females’ soccer players are sparse and it
is difficult to draw firm conclusions. Thus, little is known is known about heading in females. The
most investigated aspects of heading are the relationship between heading and play state, training
level and anthropometrics. The relationship between the frequency and intensity of headings and
long-time outcomes in terms of vigilance, and neuro-cognitive status is also a topic of interest. Aim of
this scoping review is to survey the available knowledge about heading in female football to identify
possible weaknesses and issues for future research direction in the field. A structured literature search
was performed in the main databases. Results show research on heading in female soccer is sparse
and to draw firm conclusion on the investigated aspects (effect of play position, occurrence, cognitive
impairment, influence of muscle strength, and player’s level) is difficult. It emerged mild intensity
heading is not dangerous, helmet does not help, play state and player position influences the heading
and that high rotational velocities are achieved. The survey identified new directions for research,
that should focus on how to ameliorate heading training and skills and develop a more effective and
safe heading technique.

Keywords: soccer; female; heading; kinematics; heading exposure; heading skills

1. Introduction

Women’s soccer is underrepresented in research, especially in biomechanics research [1].
Most of research investigating biomechanics has been performed in males. Despite the
increase in female soccer players, there is a dearth of research in biomechanics in female
soccer. Consequently most coaching advice provided to female athletes are solely based
on data collected from male players [2], despite Males and females being different for
range of motion and flexibility [3] body composition [4], and strength [5]. A large study on
over 400 subjects [3], concluded females present greater flexibility (greater hip flexion) and
balance than males while males showed higher isokinetic strength of lower limbs. Body
fat is also different distributed in females and males’ bodies, having the female athletes
more fat in the thigh [4]. Higher strength in man is more likely caused by larger muscle
fibers than cross-sectional area [5]. The most serious injuries (as consequences) in soccer
are those to the head. The general problem of uneven consideration of female injuries to
the head was recently highlighted by a paper studying head injuries in crash tests in the
automotive industries. This paper described the development of a dummy woman for
automotive crash tests [6]. Before this, no such device existed for females, despite more
than 50 years of research in crash injuries. For this purpose, was developed a 162 cm and
62 kg dummy, having the inertial characteristics of a mean western, middle aged, female
body [6]. Heading in football is a cause of major concussive events, and women are more
prone to concussive injuries than men [7]. Despite the high incidence of head injuries
and concussive and sub-concussive outcomes, heading in female has been poorly studied
from a biomechanical point of view. The microstructural and neurological changes that
occur in the brain after continued exposure to heading in soccer players, seems to cause a

Sports 2024, 12, 327. https://doi.org/10.3390/sports12120327 https://www.mdpi.com/journal/sports202



Sports 2024, 12, 327

more pronounced decline in the neurocognitive functions in females [8]. Another review
study found biomechanical models of the neck were biased toward males [9]. The same
study found female biomechanical research was biased in the height, weight, and BMI
distributions [9]. Given the differences in inertial characteristics the head and neck between
female and males, these factors influence the heading and its impacts [10].

Heading in soccer can be a frontal, lateral or by vertex impact. Lateral (rotational)
heading for goal usually begins with a pre-load stretch [11,12].

The most important muscular motors acting in the heading are the cervical rotator
muscles (scalene anterior, longus capitis and longus colli) which gives the highest contri-
bution to the development of the rotational acceleration of the head [13]. In the specific
task of lateral heading, before ball contact, there is also a pre-load rotation and a stretch
phase of neck muscles [13]. Different indexes can be used to rate the chance of injury after
an impact. One of the most accepted is the HIC, or head injury criterion.

The head injury criterion is commonly used and is described in the following equa-
tion [14]:

HIC =
max
t1, t2

{
(t2 − t1)·[ 1

t2 − t1

∫ t2

t1
a(t)dt]

}2.5

(1)

where t1 and t2 are the initial and final times (in seconds) chosen to maximize HIC, and
acceleration a is measured in gs (standard gravity acceleration units). The time duration,
t2 − t1, can be limited to a maximum value of 36 ms, where the mean impact value
is 15 ms [15]. This means that the HIC includes the effects of head acceleration and the
duration of the acceleration. Large accelerations can be tolerated for very short times. At
a HIC of 1000, there is a 18% probability of a severe head injury, a 55% probability of a
serious injury and a 90% probability of a moderate head injury to the average adult [16].
Concussions were found to occur at HIC = 250 in most athletes [17]. The mean HIC found
in soccer heading in males was 133.3, thus far away from the critical value [18]. The aim
of this scoping review is to analyze the existent literature about female head impact in
female’s soccer players to provide values for head accelerations and velocities. A second
aim is to explore the current directions of research in the field and to identify gaps to be
filled in future research.

2. Methods

A comprehensive computerized search was performed: in the following databases:
PubMed, Scopus, WoS, Sport Discus (Ebsco).

The following search strings were employed:
“heading in soccer” OR “heading in football” OR “heading in females soccer players”

OR “soccer and heading” OR “gender and heading” OR “head impact in soccer” OR
“female head impact in soccer” AND “team sport” OR football OR soccer OR futsal” OR
“heading biomechanics” AND “female” AND “soccer”. The search items were selected
for each database consulted. We consulted the MESH terms in PubMed, and searched
for the keywords in article type, abstract and keywords in the Scopus database. In Wos
we used the Descriptors, Gender, and Mesh headings to retrieve the papers. For Sport
Discus we used the thesaurus keywords provided by the database. We found that all
databases provided the same relevant keywords. Afterward, the search was performed by
substituting soccer with “football” and different combinations of these terms were used.

The reference lists of the studies retrieved were manually searched to identify poten-
tially eligible studies not captured by the electronic searches. Finally, an external expert
was contacted to verify the final list of references included in this review and to check if
there were any other relevant studies not detected through our search. As suggested by
Cochrane’s guidelines, the inclusion and exclusion criteria were also provided to the exter-
nal expert [19]. However, no information was provided about which databases to consult
or search strategies to avoid creating a bias in the expert. This process (a double-check by
an external expert) is recommended by PRISMA guidelines, to confirm the accuracy of the
initial search. The databases searches included papers from the last 15 years up to August
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2023. Only papers in scholarly journals indexed in SCIE. were considered. Paper older
than 15 years were excluded from the search because the obsolete technologies used in the
measurements cannot guarantee reliable data. The search was made in compliance with the
PRISMA Checklist (see Supplementary file). Outcomes for which data were sough included
head velocities and accelerations in different playing condition in experienced female soccer
players. The review was registered in the PROSPERO database with nr. 613726.

2.1. Eligibility Criteria

The inclusion criteria of the present study, were as follows: (i) only head impact in
females in soccer; (ii) study that included the mechanics of the heading in females, and
outcomes (acute or long term) and (iii) published in the last 15 years. Furthermore, all the
studies had to be peer-reviewed, written in English, and provide the full-text. Studies were
excluded if they: (i) focused on males; (ii) were narrative reviews, brief reviews, scoping
reviews or, methodological proposals; (iii) did not include relevant data in soccer headings;
(iv) were not fully written in English; or (v) consisted of abstracts without accompanying
full texts. Only studies on female subjects older than 14 years (to exclude pre-pubertal
children) and with a sample size greater than 6 were considered. We choose the age range
based on a previous study indicating this age is a discriminant in the onset of higher
frequency of heading occurrence [20].

The screening of the title, abstract and reference list of each study to locate potentially
relevant studies was independently performed by the two authors (AC and YS). Addition-
ally, they reviewed the full version of the included papers in detail to identify articles that
met the selection criteria.

2.2. Data Extraction

A data extraction sheet was prepared in Microsoft Excel (Microsoft Corporation,
Readmon, WA, USA) in accordance with the Cochrane Consumers and Communication
Review Group’s data extraction template [21,22]. The Excel sheet was used to assess
inclusion requirements and subsequently tested for all selected studies. The process was
independently conducted by the two authors. Full text articles excluded, with reasons,
were recorded. All the records were stored in the sheet. Data were retrieved and checked
by two authors. A specifically designed template for data extraction was developed. For
each included heading, the following items were extracted: study citation details, purpose
of the study, subject’s characteristics and anthropometrics, parameters measured and main
outcomes. Means and standard deviations were calculated and reported for the kinematics
parameters considered.

2.3. Data Items

The following information was extracted from the included heading studies: number
of subjects included (n), age group (>14 years old), sex (women), competitive level (if
available), and type of original articles included (experimental, observational analytic or
both); identification of the effects if any (acute or adaptations), dimension of analysis (game
situation, outcomes, kinematics) and main findings.

The methodological quality of the included studies was evaluated using the AXIS Tool
for the Critical Appraisal of Cross-sectional Studies [23]. This tool contains 20 questions,
used to assess the study design quality and risk of biases. Each question can be answered
as ‘Yes’, ‘No’ or ‘Unsure/comment’. This assessment was performed independently by
two reviewers. Where consensus could not be reached through discussion, a third reviewer
was consulted.

3. Results

Study Identification and Selection

The search produced a total of 118 papers. The references were then exported to
reference manager software (EndNoteTM X9, Clarivate Analytics, Philadelphia, PA, USA).
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Duplicates (48 references) were subsequently removed either manually or automatically.
The remaining 70 articles were screened for their relevance by reading the titles and the
abstracts, and this process resulted in the removal of a further 40 studies. Following the
screening procedure, 30 articles were selected for in depth reading and analysis. After
reading the full texts, a further 10 studies were excluded due to not being heading studies
(n = 3), not being written in English (n = 5), having fewer than six subjects (n1) and being
performed with subjects younger than 14 years old (n = 1). Of the 12 papers included in
this review, all were biomechanical and considered the outcomes. The AXIS analysis is
reported in Figure 1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. PRISMA flow chart.

In total, 12 studies that met the inclusion criteria were found. We classified the AXIS
quality scores according to the number of “Yes” responses for the 20 items for each study.
Studies achieving 80% “yes” responses indicated high quality, 60–80% indicated moderate
quality, and less than 60% indicated low quality. Thus, studies rated as high quality were
4/12 (36.6%), moderate quality were 5/12 (36.6%), and low quality were 3/12 (27.7%).
While the items relating specifically to reporting quality scored quite highly, the detail
relating to study design and possible biases are lower and more variable (Figure 2).
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Reporting Quality Study Design Possible biases 

Figure 2. AXIS analysis of the studies. Study characteristics and qualitative synthesis.

The type of study (O = observational, E = experimental) and subjects characteristics
are reported in Table 1.

Table 1. Type of Study and subjects characteristics.

Author Aim of the Study
Study
Type

Mean Age
(Years)

Weight
(kg)

Height
(cm)

Gender
Subject
Number

Qualification
Level

Filben et al. [24] Categorize head impacts O 19 62.3 170 F 16 NCAA div 1
Reynolds et al. [25] Quantify head impactt O 20.43 n.r. n.r. F 7 NCAA div 1

Lynall et al. [26] Frequency and
magnitude O 19.1 63.7 168 F 22 NCAA

of impact

Filben et al. [27] Difference between
younger E 15.27 61.8 n.r. F 6 U15

and experienced E 20.19 63.08 n.r. F 13 NCAA div 1
Caccese et al. [28] Differences in PLA, RV 19.6 60.3 167.8 F 16 NCAA div 1

in different heading scenarios
Gutierrez et al. [29] Effect of heading E 15.9 59 165 F 17 HIGH SCHOOL

on neurocognitive function
Nowak et al. [30] Assess the reliability E 19.7 62 168.3 F 23 COLLEGE

of concussion diagnosis >5 yrs
Tierney et al. [31] Headgear effect of PLA E 19.5 63.2 164 F 29 >5 yrs

Muller et al. [32] Asses neck and trunk
strengthening E 16.5 56 168 F 7 HIGH SCHOOL

Kenny et al. [33] Which kick produced
more impact E 19.9 65.5 169.3 F 13 VARSITY

Mihalik et al. [34] Characterize the impact E 19.8 64 168.2 F 34 NCAA div 1
Bretzin et al. [35] Compare PLA and RV E 20.25 66.9 158.7 F 8 NCAA div 1

with muscle strength

Table 2 shows, the instrument used (MMS = Mouth Mounted Sensors; HMS = Head
Mounted Sensor) the heading frequency, the main outcomes, and the variables mea-
sured. FA: forward acceleration; LA: left acceleration: RA: rotational acceleration; RV:
rotational velocity.
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Table 2. Instruments used, heading frequencies, outcomes, type of measure and results.

Author Instrument Heading Outcomes Measures PLA RA

Frequency
(if reported) PLA, PRA, PRV (G) (rad/s2)

Filben et al. [24] MMS Goal kicks corner 22.9 2189.3
shows higher PRA goal 24.3 2658.9

free 18 1843.3
live 18.8 1769.7

Reynolds et al. [25] MMS 5.7/practice No difference PLA, PRA 19.1 3687
compared with men in severity

Lynall et al. [26] MMS 7/90 min game More impacts PLA, PRA 12.51 2093
during practice

Filben et al. [27] MMS Experienced players PLA, PRA, RV 11.7 9450
shows higher 17.3 1560

PLA, PRA and RV
Caccese et al. [28] HMS Different field scenarios PLA, RA 28.2 7100

Influence PLA and RA
Gutierrez et al. [29] HMS descriptive study FA 5.83

LA 6.96
RA 6.27

Nowak et al. [30] HMS Head impact predicting PLA 16.1
concussion outcomes

Tierney et al. [31] MMS Head gear increase PLA PLA 21.52
Muller et al. [32] HMS 1.9/90 min Strength of neck PLA 10.9

muscle mitigate PLA
Kenny et al. [33] MMS 1.83/Athlete Long kick PLA, RA 22.2 2296

exposure time =higher impact
Mihalik et al. [34] MMS 10/Session Mild intensity impacts PLA, RA 19 3457

are not dangerous
Bretzin et al. [35] HMS Head mass and neck girth PLA, RV 24 1416

negatively correlate
with PLA and RV

PLA: peak lateral acceleration; PRA: peak rotational acceleration; PRV: peak
rotational velocity.

Among the retrieved studies, 11 were published after 2017, showing an increasing
interest in women’s safety in football in recent times. The summary of the main evidence
found in each review can be found in Table 1. Most studies tested single groups or parallel,
non-randomized groups. Seven studies employed a mouthpiece sensor, and five a head
mounted sensor. Three studies were observational, and nine were experimental.

Of the included articles, we compared the magnitude of impact between practice
and match setting, one studied the differences between male and females, two aimed at
characterize the heading in relation to different play scenarios, one studied the differences
in impact between young and experienced players, three studied the effect of measured
parameters on injury and neurocognitive functions and the relationship between impact
characteristics and the likelihood of developing a neurocognitive deficit, two correlated
neck muscle and strength with the magnitude of the impact. Two analyzed which kick
produced a higher impact in heading and one studied the dumping effect of headgear.

The mean sample size was 16.2 ± 8.7 subjects (range 7–34). Age, weight and height of
the studied subjects were respectively: 18.8 ± 1.7 years, 62.3 ± 2.9 kg and 167.1 ± 3.27 cm
(BMI 23.3 ± 2.3). 1 study didn’t report weight and height. Seven studies used NCAA div
1 players, two used high school players, one used players with >5 years of experience, one
used varsity and one used under 15 teams.

The measured impact parameters were: Peak Linear Acceleration (PLA; m/s2); Mean
Rotational Acceleration (RA; m/s2) and Mean Rotational Velocity (RV; m/s). One study
reported frontal acceleration and lateral acceleration (FA; and LA m/s2). The mean values
for PLA, RV and RA were 17.61 ± 6.27 m/s2; 25.84.6 ± 16.28.41 m/s and 8.27 ± 1.68 m/s2.
Six studies reported the frequency of heading using four different metrics (per training
session, per athletes’ exposure time, in training and in game). Exposure to heading ranges
from 2 to 10 per match/training unit. The measurement devices used were essentially of
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two types: head and mouth mounted sensors. The main outcomes were that goal heading
produced higher rotational acceleration in comparison to other games scenarios [24] and
game situations influence heading kinematics [28]. Other results were that no difference
was found between males and females in heading kinematics [25], the magnitude of
heading was found to be higher during practices than game [26], and experienced players
produced higher acceleration and velocities [27]. One study found that medium intensity
soccer heading didn’t produce significant impairment of neurocognitive function in the
short and long term [29,30]. The authors of [31] found that wearing a soft cells helmets
increase PLA. Other studies found that head mass and neck girth negatively correlate
with PLA and RV [32], and increasing the strength of the neck muscles mitigated PLA [35].
It was also found that the response to long kick produce higher magnitude kinematic
response [33,34].

4. Discussion

Although heading is a relatively rare event in a soccer game compared with other skills,
the health consequences of heading are of major concern and are the most investigated
topic in the literature. Thus, the underlying motivations of several of the examined studies
were the short and long-term outcomes of heading exposure. We noticed a comparison
of heading frequencies between the studies was difficult, because of the use of different
indexes. Rotational acceleration was the most studied parameter of heading. Differently
from other sports, soccer is the only situation where maximal rotational acceleration is
actively pursued in attempt to score a goal. In other sports, rotational acceleration is
passive and caused by an external perturbation which is either expected as in boxing [36]
or unexpected, as in a car crash [6]. The heading occurrence we found in females is
similar to another study that showed an exposure of 3.6 to 8.6 headings per match [37].
However, within the context of epidemiological studies, it is unclear how to formulate an
appropriate exposure metric. It has been proposed that estimates of the cumulative number
of heading impacts over a playing career should be used as the main exposure metric in
epidemiological studies of professional players [10]. The present state of knowledge does
not support the fact that heading in female soccer players is deleterious and this result
align with other review studies that focused on long term outcomes [38]. However, due to
the relevance of the topic for health and safety, further studies focusing on female players
are necessary: the existing studies on females are too few to draw a firm conclusion. Also,
it concerns the question of how much risk is personally and socially acceptable, given that
heading can also cause fatalities or permanent disabilities and cognitive problems at older
ages. It emerged from the literature that mastering the heading skill was found in more
experienced players. Although little is known about neck muscle in females, it was shown
that when normalized for body mass, the neck muscle mass of females does not differ from
males [39]. Protocols for strengthening the neck muscle has been evaluated in different
sports [40], but we only found two studies on this topic, that showed the need to increase the
muscle strength of the neck in females. On-field tactics during a match influence heading
occurrence, thus suggesting adopting different tactical arrangement in the presence of a
strong heading player. A player’s skills are also reflected in heading kinematics.

The available data about kinematics of the soccer heading in females are very scarce
and dealt with the heterogenous aspects of heading. A limitation of our review was that
we could not access non-English literature, and we did not review the coaching literature,
which may contain some suggestion for further studies. For each direction of research, we
found a maximum of two papers. The investigated aspects are sparse and there is no sound
body of knowledge on the different aspects of heading in female football players. However,
some evidence suggests that mild impact heading is not dangerous, head gears would
not help in preventing injuries, and the match situation influences heading. It remains a
problem that heading can cause serious outcomes in females. Further research is necessary
to constitute a clear body of knowledge on female soccer players heading. We identified the
following research directions for female soccer headings: (1) research connected to safety,
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and especially long-term observational studies of heading outcomes and the effect of the
use of protective devices; (2) research connected to performance, e.g., intervention studies
aimed at modifying of the heading biomechanics by increasing the strength of the neck
muscles or ameliorating the pose before heading in response to different games situation
(heading techniques interventions).

5. Conclusions

Further research is needed on female soccer players, to improve the existing knowledge
about heading safety and improve performance. Furthermore, the gap between males and
females’ players in this research field must be filled. Future research on biomechanics of
headings on females should consider a more in-depth analysis of the effects on soft tissue,
using simulation methods to build reliable models of a female’s head and implement the
measured accelerations. This approach could reduce the need for direct measurement on
the field and allow for broader and more complex experimental conditions in vivo.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/sports12120327/s1, Supplementary File: Reporting checklist for
systematic review.
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